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Run: 2111        Snarl:  7        Slice:  1 of 1

Reconstruction Summary
 Tracks:  1           Showers: 1

Primary Track>  Length:  2.9 Range E:  1.8 GeV Fit P: -1.9 GeV
   fPurity: 0.98  fComplete(Slice): 0.92  fComplete(All): 0.92
Primary Shower> PEs: 167.2  Energy:   1.1 GeV
   fPurity: 1.00   fComplete(Slice): 0.78   fComplete(All): 0.78

Monte Carlo Event. Generator Summary
Pnu=  2.63  Eshwr=  0.81  Pmu=  1.81  Eele=  0.00

AltTimeHist
Entries  121

Mean    37.63

RMS     18.13
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3 VFB

3.1 General description
The VFB (VA Frontend Board) interfaces directly with the three PMTs within the 

Muxbox and provides the first level in the chain of readout electronics. Its main function 
is to provide anode readout for three Hamamatsu M16 PMTs and trigger output signals in 
response to signals from the PMT’s common dynodes. Anode readout is implemented 
using specially fabricated VA chips. Triggers are processed by a multi-channel ASD 
(Amp-Shaper-Discriminator) chip. Support circuitry is provided for power distribution 
and biasing of the VA chips. A serial slow control interface is provided to adjust VA bias 
levels, enable critical voltage regulators, and monitor voltages and temperature. A block 
diagram is shown below in Figure 2.
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Figure 2-VFB Block Diagram

The VFB is considered to be a slave module as it has no autonomous operation of 
its own. In normal operation, a signal from any of its three PMTs causes a trigger signal 
to be sent to the VARC which in turn handles all sequencing necessary to read out the 
VA chip. In addition to the “normal” mode of operation, the VFB also has the ability to 
inject test pulses into the VA chips for calibration. 

Finally, one channel for each of two of the VA chips are dedicated to monitoring 
light from the Flasher system. This is done by means of PIN diode receivers and 
amplifiers to boost their signal to the appropriate size for the VA chips. 
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ãe�



yoqvti~�ª�=y}ce�\f�hai©lK�Pn@�poqfi�fyoz�t�ei~y .Qrtda�£�a|§r � i~�ªoqd�f�cwrm�=cty}f��µi�vei�d�f�- â   {!.�¢]Ë�¢�(HÈ
/³r � hÝç@·3· h�rtsFo�f�sEc���dg¢]Ë�¢�(HÈ�lÃsoqda�e|qim_rD�Ô�Í ÑËÎ E0ÉËÍ¥�adaoqfEcedªf�hai�ç9lK���Äy}i¨rt�as
��rxf¡r��=y}ce�7f�haiIs}o�¿¼¢eË�¢�(KsEoqd¼r3yce�Pda� à y}ce{aoqdª�ÅrtshaoqcedJÈ^jkhaim����rxyso�¸�i~yF��i~y��=cey��s
��i��ai~s�f¡rt|�s�a{Pfy�r � f�oqcedÀ« � ce����ctdu��c��ai � ctyyi � fozcedIrxda�R�~i�ycEs}�a�a�ay}i~s}sozctd�-Ås�artys}oq¸ à
� rxfozced!. Èk¢�cey�i¨r � h � h�rtdadPi~|9fhaiFç�l��k�Æs}fceyi�sKr/��i��ai~s�f¡rt|¦vxrt|z�aiQrtda��r�s}��rty}soq¸ � r à
f�ozctd/fhayi�shact|z�/��hao � hurtyi��ai�f�i~y}��oqdai~�/�=yct�Yr¥�ai~�ao � rxfi~��y�ad/f¡r   i~d���oqf�h�y�rxda�ace�1«
y�rxfhai~y!f�hartd�����dPc��aix«Sfyoq�e�ei~y}sm-Åi��a«Sr±��i~�ai�s}f�rt|½y�ad!. È¤jkhai�����rty}so�¸�i~y!f�hPi~d��urxf � hai~s
f�hai´yi��urxozdaoqda�w�aoz�toqf�o �¨rxfozcedPsQ��oqfhÇf�hai�ozyFi~|qi � f�yctdao � rt�a�Pyi~s}s�- � h�rtdadPi~|¬« � haoz�Èrtda�
ç¥·3·Éd)�a��{�i�ys�.³rtda����yoqfi~s³f�hai��Êoqd�f�c¥f��%c 2 �   |zceda� à �Ucey��{a�BÇ�i~y}s:ÈJj��%c�{a�BÇ�i~ys
rtyi��asi��Isc�fh�rxf%fhai@�S��rtys}oq¸�i�y � rtdu¸�|q|�ctdai���haoq|zi�f�hai�ctf�hai�y%oqsU{�i~oqda��y}i¨rt�©ct�Pf�{��
f�hai±rHç¥·�/°�Pyc � i~s}scey�È

l¯|§rty}�ei~y9f�h�rtd/i,¿P��i � f�i��usoqda�e|qi~s!y�rZf�i��%rtsJce{asi�y}vti~�u�P�ayoqda�@f�hai�ozdPs}f¡rx|z|§rZf�ozctd
ct�Àf�hPi�¢½rty³�ai�fi � f�cey�Èü/!vti~d�f��art|z|��e«�rx��f�i�yU�E� � h©i�Ç�cey}fUced�f�hai���rty}fUct��f�hai � ce|q|§rt{�cey�r à
f�ozctdÀ«�oqfk�%rts��Pozs � c�vei~y}i~��fh�rxf5f�hai±y�rZf�i@��rxs�haoq�ehai~s�f��=cey�yi � i~d�f�|��1ozdas�f¡rt|q|zi~�´�a|zrtdai�s~«
�ai � yi¨rxsi~�£i�¿���ctdai~d�f�ozrt|z|��m��o�f�h^f�oq��i���o�f�hËrI�ai � r¨� � cedas�f¡rtd�f±ct� L â �e�¤��r¨�Ss~«9rtda�
��rts � cedas}ozs�f�i~d�f!��o�f�hEs�f�yi�ss à ozdP�a� � i��/�ahaces}�ahacey}i~si�d � i�oqd�f�haiUÌÍ�9�Q¸a{�i�ys�¹ ºeº�º È�jkhai
|§rty}�eiQyrxf�i � rt�Psi~�^rxd3�ad�r ��� i��Pf¡rt{P|zi��Pi¨rt� à f�oq��i±ozd1f�hai�¢�rxy��ai�f�i � f�cey�È�Ë�d3cty�ai�y�f�c
yi~�P� � iEfhaiEy�rZf�iEr©harty�P�%rty}i�f�y}oz�e�ei�y5�%rts@oq���a|qi~��i~d�f�i���oqd�f�haiCç�l��k��È²jkhaiEfyoq� à
�ei~yKy}i~Î)�aoqyi~s�f��%cIce��f@ct�!f�hPi�f�haoqy}f�� à s}o�¿ � haoq�asKozdmf�hai�ç9lK���Ïfc©yi � ozi�vei/ru����dPc��ai
f�yoq�e�ei�y�{�i��=cey}i©f�hai�ç9lK�k���oz|q|Uce��f��a�Pf�rwhact|z�Çsoq�ed�rt|åÈØË�dg�Pyozd � oz�P|zi�fhai©f�y}oz�e�ti~y
yi~Î)�aoqyi���i�d)f5��r¨�©{�i±y}i~��c�vei~�m�a�ay}ozda�F{�i¨rt�Ðs�aoq|z|zs�È

jkhay}i~i.ç9lK�k�%skc �~� �a���ucedPi�ç¥·�/ � yrxf�ix«���o�f�h©s}o�¿Sf�i�i~d � yrxf�i�s�si�y}vSo � ozda�Qf�hai
i~d�f�oqyi¥�ai�fi � f�cey�È³jkhPi±�Poz�eo�f�o���i~�I��rZf¡rFozs�f�r   i�dm�=yct�Ði¨r � h ç9lK�k��ÕÑs�y}i¨rt�Pce�Pf�{a�BÇ�i~y
{)�^fhai � y�rxfi�ÕÑs���É
Ô��ªÒ0Ê%Ì�ÓßÍ ÐYÒ�É�Ñ�ÑYÐ=Í·-Ô�0(¥Õ#. È�(Kdµfhai©�0(¥Õ'fhaiu��rZf¡r1�=y}ce�\i¨r � h
ct�kf�hai�ç9lK���%sFozs � ce�E{aoqdai~�¼rxda�ªf�oq��i à scty}f�i��£oqd)fc�-=f��S�ao � rt|q|q�Ëcedaiusi � ceda�¼|zctda�Z.
f�oz��i��=yrt��i~s:ÈkjkhPi�f�oq��i��=y�rt��i~s5rty}i±fy�rtdas}��o�ffi~�mfc�fhaiQfyoz�t�ei~y��Årty�Ö��hPi~yi�i�vei�d�f
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{a�aoz|q�aozdP�Frtda�´¸�|qfi~y}ozda�Fc �~� �ays�È

_�DZU�TR};DfLYDG:�LY@!T��,C�DG:�LYT�@J>�O�:fN
jkhaiPÑ�i~rtyu�Pi�f�i � fcey©i~|qi � f�yctdao � sus}�Ss�f�i~� ��rxs©�ai~s}oz�edPi~�°f�c � ce��im��o�f�h×fhai��E� � h
haoz�ehPi~y@y�rZf�i~cx�%oqd)fi~yr � fozcedas�i�¿���i � fi~�£oqdwf�haiÌÑ5i¨rty¥�ai�f�i � f�cey K ÈFjkhai/�ai~s}oz�edËrt|q|zc���s
f�hai!Ñ5i¨rtyU�ai�fi � f�cey�fcE�aoz�toqf�o �~i5rxfUf�hai4j 2 ·�Û¡�@�5¢£yrxf�i�ct�pf�hai@·�rtozd�Ë�d>á}i � f�cey4-=i�ÈÑ�$È
ced � i±i�vti~y�� â w¤dPs�.���oqf�h��~i�ycu�Pi¨rt� à f�oq��i@�a�PyozdP��f�hPi�u Ý s8Ñ���· Ë�s�Poz|z|qs:ÈUjkhaiHÑ5i¨rty
i~|zi � fycedao � s�h�rtsKrx�a�ayc¨¿�oz��rxfi~|q�Ifhai�srt��i��P�Sd�rt��o � y�rxda�eiErxda� � h�rty}�ei�y}i~sct|z�Pfozced
rtskf�hai±¢½rtyki~|qi � f�yctdao � s:È

jkhai§Ñ�i¨rxymi�|zi � f�y}cedao � s´ozs´{�rts}i~�Æctd¹f�hPi£¢�i~y}��oq|§rt{WB!Ëÿ/ -��Ð��Ô�Í(�GÉgØ¡Ù9Ú�ÌòÐ
��Ê%ÍÏÍ ÉËÈhÌ©Ø´¦�ÚwÛpÈ�Ò�Ð=�GÉËÍ	. � haoz�£È¹jkhai�{�rtso �m� ozy � �ao�fuoqdgfhai � haoq�×ozs � ct����cesi��°ct�¥r
� �ay}yi~d�f±s�P|zoqf}f�i�y~«¦rI��rxfi~�^ozd�f�i��ey�rZf�cey@rxda�£r©yrtda�ei/s}i~|zi � fcey:ÈEjkhPi � haoq�^ozs¥rt{a|qi�f�c
r � haozi�vei¥�ai~rt� à foz��i��=yi�i@ce��i~y�rZf�ozctdI{)�©�asoqda�F�=ce�ay�oqd)fi~�eyrxf�cty�3xyrtda�eiKs}i~|qi � fcey���rtoqys
ozdw��rtyrt|z|qi~|p-Ås}i~i�¢�oz�BÈ 2 È â¨º . ÈQjkhai � ozy � �aoqfsKce��i~yrxf�iFoqdwi�¿Pr � f|q�3fhaiFs�rx��iE�%r¨�w{a�Pf
rtyi�we�$«¤ce�Pf!ct���ahartsik��oqfhFcedai�rtdPctf�hai�y:È9lWsozdP�e|zipu à {ao�f¤l�n¥�¼�aoq�eoqfo���i~s9fhaikce�Pf�a�Pf
vece|�f¡rt�ei5�=yce�fhai��=ce�Py%y�rxda�ei�s}i~|qi � fceys�ÈJjkhaiK�ai�f¡rtoq|zs³ct�pf�hai@B!Ëÿ/Çy}i¨rt�Ice��f��ay}c � i~ss
rtyi^�ai�s � y}oz{�i~�¹ozdWf�hai^dai,¿Sfm�=i��\��rtyrt�ey�rx�ahas:ÈÜ·m� � hÆct�Qf�hai^�aoqs � �Pssoqced � |zctsi~|��
�=ce|z|qcÝ��sUf�hai¥i�¿ � i~|z|qi~d�f�rtda�1��ctyi@i�¿�h�rx�as}foqvei±�ai�s � y}oz�Pfozced´ct�0¹ º j º È

��i¨rt�act�Pf�{�i~�tozdas���hai~d�ozda�a��f � �ayy}i~d�f��=y}ce�Ãr�ÕU·1j#rtdacS�aiQoqs � ce|q|zi � f�i��m{��
f�hai � �ayy}i~d�f¥s�P|zoqf}f�i�y:ÈKjkhaiFs}�a|zo�ffi~y5�aoqvSoz�Pi~s�fhaiEozdP�a�Pf � �ayy}i~d�f@ozd�fc©i~oq�eh�f@{aozdarty}� à
�%i�oz�eh�f�i��3y�rxda�ei~s�Þ=Ë 3 � «oË 3 º È�È:È
Ë 3 � j ã È5jkhai�ct�Pf��a��fKct�!i~r � h � �Pyyi�d�fKy�rxda�ei�oqs � ced à
dai � f�i~�3fc�fhai � �ayy}i~d�fKoqd)fi~�eyrxf�cty�rtdP���as}i~�3f�c � h�rty}�eiEr � rt��r � oqfcey:ÈkjkhPi � �ay}yi�d)f
ozd�f�i��ey�rxfozced��ah�rts}i@i~da�Ps���hPi~dIf�hai�s}��oqf � hai~s � cedadai � f�oqda�Ef�hPi@i~oz�th)f%y�rtdP�ei~s�fc�f�hai�ozy
� rt��r � oqfceys5rty}i � |zces}i~�JÈkjkhPozs5|zi¨r¨vti~sKrFvect|qf¡rx�ei¥�ayce��cey�f�ozctd�rt|Àf�c/f�hPiQoqda�a�Pf � �ay}yi�d)f
ßGÔ3ëNëNê�Ö�à�Üßæ�Ù�à�ËGíßðQ� Öáê'à´ð`ÞNË�Ûqà(ê�ÜßÞNÖ%ÜßÞ=à(ê�Ù5Õ#à(ÜßÖ5ÞCÚ�Ù�ê�ËºË�àqë$Ë�Õ#à(Ë�×»à(Ö�ÖqÕGÕ#ÛCê�ÜßÞ»à�ÉNË@áâË�Ù5ê ×NË#à(Ë9Õ7à�Ö5ê×NÛNê(ÜßÞNï�Ë�ÙáÕ�É�â íñÖ�ØZËGÞNË�ê(ïáðÝã ò$Ë�Ù5æ Ú(ëNÜßíñíã
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Fig. 1.  Block Diagram of the QIE
¢�oq�e�ay}i 2 È â~º Þ!lÏ{a|zc �¡  �aozrt�eyrt�Ücx�9fhaiQB!Ëÿ/ � haoz�K¹ º j º
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hai~|q��cedmi¨r � hwct��f�hai±ce�Pf�a�Pf � rt��r � oqfceys�ÈkjkhaiEozd�fi~�eyrxf�oqced´�ah�rts}i�f¡r   i~s�cedai � |zc �¡ 
� � � |qi�- â w¤das .ÆÈ

l���fi~y � �ay}yi�d)f�ozd�f�i��ey�rZf�ozctdÀ«Pf�hPi±vtce|qf�rt�ei~s5hai�|z�1cedmfhaiQi�oz�eh�f � rx��r � o�f�cey}s5rtyi
ce�Pf��P�Pf�fcucedPiQct��f�hai¥�=ce�ay�f�haiQy�rtdP�eiQs}i~|qi � fceys�Èkjkhai�yrtda�ei±si�|zi � f�cty��as}i~sKr � ce� à
��rty�rZf�cey³f�c � hacSces}iKf�haiKyrtda�ei�f�h�rxf%ozs%fhaiK��ces}f�rt�a�ay}ce�ay}o§rxfi��=ceyU�aoz�eo�f�o �¨rxfozcedJÈ¦jkhai
�ai~s}oz�edÇct��fhai � �ay}yi�d)f�s}�a|zo�ff�i�yErts}s�ay}i~sFf�harxf¨«!oqdÇ�ei~dai�y�rt|Ô«!ceda|��£cedPiIct��f�hai©i�oz�eh�f
ce�Pf��P�Pf�vtce|qf�rt�ei~s�|zoqi~s���oqf�hPozd´f�hai�fhai�oqda�a�Pf�y�rxda�ei�cx�¤f�hai�lKn¥��È½jkhai � ce���arty�rxfcey
ce�Pf��P�Pf�s¥f�hai�si�|zi � f�i��£vect|qf¡rx�ei/y�rtda�ti�oqd£rIf�hay}i~i�{aoqf¥�aoq�eoqf�rt|��=cey}�urZf±rtda�£ct��i�das�r
� h�rtdadai�|U�=y}ce�\f�hai � cey}yi~s}��ctda�aozdP� � rt�ar � o�f�cey�-ÅcedËf�hai � �ay}yi�d)fEozd�f�i��ey�rxfcey�.Kf�cmf�hai
lKn¥��È9¢�ozd�rx|z|q�t«Àf�hai � rt�ar � o�f�cey}sQoqdµf�hPi�oqd)fi~�eyrxf�cty�rty}i��Pozs � harty�ei��£f�cm�ayi���rty}i��=cey
f�hai¥dai,¿�f5y}i¨rt�act�Pf � � � |qi�È

jkhai�u à {ao�fFlKn¥�Ê�aoz�eo�f�o �~i~sQf�hai � ce����rtyrxf�ctyEvece|�f¡rt�ei´rxda�°rt�P��i�da�as/f�hai 2 à
{aoqf´yrtda�ei3fc¼fhai^yi�s�a|�f´ozd¯cey�Pi~yIf�c¼�eo�vei^r�*�c�rxfozda� à ��ceozd�f à |zo   i1yi~�Pyi~s}i~d�f¡rZf�ozctd
ct�Kf�hPi�soq�ed�rt|��=y}ce�äf�hPi��ahacxf�ce�E�P|qf�oq�a|zoqi~y�ÈÈj��UcÇrt�a�Poqf�oqced�rt|%{aoqfs~«   dac���d¯rts�f�hai
�%lKÕRË�nE«Crtyi�rt�a��i~da�Pi~�£fcmoq�ai~d�f�o����3��hao � h£ct��fhai/�=ce�ay � oqy � �Poqf�s@�Ui~y}iu�as}i~�JÈIjkhai
�aoz�eo�f�o �¨rxfozcedI�ay}c � i~s}s�f¡r   i~s��=ce�ay � |qc �¡ ´� � � |zi~s�-�o ã dPs�.5oqd1fctf¡rx|C{P�Pf�oqs��Poz��i~|zoqdai~�1sc
f�h�rxfK�aoz�eo�f�o �¨rxfozced � rxdwc ��� �ay��=ctyKi¨r � h � |zc �¡ m� � � |zi�È±jkhPiFy�rtda�tiEsi�|zi � f�oqcedÀ«²vtce|qf�rt�ei
ce�Pf��P�Pf�rtda� � rt��r � oqfceyF�aoqs � h�rty}�ei1�ah�rts}i´f�r   i�s�fhayi�i � |zc �¡ ª� � � |zi~s�-�j�o�das�. ÈÈjkhai
i~d�f�oqyiIyi~rt�gce�Pf/�ah�rxsit«U{�i��eozdPdaozda�3��o�f�hÇf�hPimÕ³·mjÜozda�P�Pf�rtda�¼i~dP�aozda�^��oqfhÇf�hai
s}f¡rxy}fEcx�k�aoz�toqf�o �¨rxfozced²«¦f�r   i�s��=ce�ay � |qc �¡ w� � � |zi�s:È3jkh)�as�«J�=ct�ayQ�arty�rt|q|zi�| � ozy � �ao�f�sQrtyi
dai~i��ai~�1�=ceyk�ai¨rx� à foz��i��=yi�i±ct��i�y�rxfozcedJÈ

¢�oq�e�ayi 2 È â j�shac���s@f�hPiElKn¥�Ïce�Pf�a�PfK�=y}ce�åfhai/B.Ëÿ/Ærxs@ru�=�ad � f�ozctdwct�Jf�hai
ozda�a��f � h�rty}�ei�ÈJjkhai¥hacey}o���ced�f¡rt|�s � rx|ziKoqd©f�haiK¸��t�ayi@oqsksce��i���h�rZf5rty{ao�f�yrty}��ozd©fh�rxf
oqf��ai~��i~dP�as©cedgf�hai1ozda�PoqvSoz�a�art| � ct����cedai�d)fs\-=ozdg��rty}fo � �a|§rtyEfhai�oqd�f�i~�ty�rxfceys�Õ � r à
��r � o�f�cey}s�.�oqd�f�hPi/B.Ëÿ/ � oqy � �aoqf:È@jkhai~y}i��=cey}it«pi¨r � h � hartdadai�|!�E�as}fK{�iEoqda�ai���i�da�ai~d�f|q�
� rt|qoz{ayrxf�i��JÈ9jkhPi � rx|zoz{Py�rxfozced¥ozs9�acedaiU�asoqda�Kr��aoz�eo�f¡rt|efcKrtdart|zce� � ctd)vti~y�f�i~y!�PyoqvSoqda��r
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Fig. 4.  Ideal QIE Transfer Function
(Ranges 5-7 not shown.)¢�oz�e�Pyi 2 È â jSÞ�jkhPi1B!Ëÿ/�lKn¥�»ce��f��a�Pf�rxsFrm�=�ad � f�oqcedÇct�kf�hPi©ozda�P�Pf � h�rty}�ei�È^jkhaiozda�ao�vSoz�a��rx|³|qozdai�sQs}hac��Äf�hai©ct�Pf��a��f��=ceyQy�rtda�ti~sF� à º Èm��rtdP�ei~s�j à omrxyiuc�Ç×s � rt|qi�f�cf�hai/yoq�eh�fVÈÌË�dËyi¨rx|zoqf��t«pf�hai/s � rt|zi�rt|qceda�©fhai�hPceyo �~ced�f¡rx|!rZ¿�ozs¥�E�as�f±{�i/�ai�f�i~y}��oqdai~�{)� � rt|qoz{ayrxf�oqced���o�f�h´rE�ay}i � ozsoqced � �Pyyi�d�f�s}ce�ay � i�È³¢�cey�i~r � h�u à {Poqf�l�n¥� � ce�ad�f5rtda�2 à {ao�fky�rxda�ei@f�hai¥s���s�f�i��Öf�hai�dm|qc�c   sk�a�´f�hPi � ceyy}i~s}��cedP�aozda� � h�rty}�ei+¹ º j º È
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�ayi � ozs}ozced�Û�c���|§rtdP�1�%�ayy}i~d�f���ce�ay � iK��hao � h � cedadPi � fs�f�cEfhai¥B.Ëÿ/Èoqda�a�Pf:È¤jkhai � rx| à
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yi~s}oz�ai5ozd��¥· ø � y�rZf�i~sUrt|qceda�@��oqfh©rP�¥· ø ��i¨rt�Pce�Pf%ÕJy}c � i~s}scey�ùÔ�[Y@Õ³û�ï)jkhai��[Y@Õ
�ayc�vSoz�ai�s%r � ctd)fyce|�oqd�f�i~y��År � ikfc±fhai5�=y}ced�f}þ�i~da���adao�f�s³rtda��yi~rt�as�\4]¤B=^~L`_�a�b¡N�c�ct����rxf¡r
�=yce�ÊcedaiKcx�Cfhai�f��Uc/ce�Pf��P�Pf�{a�Pò�i~y}skcedIi¨r � h´�adPoqf¨ï�jkoz��i~{a|qc �¡  skrty}i�f��S�ao � rt|z|��1ü��Zþ
�t�¤��sJ|qceda�a«���oqfh�i~r � h©y}i¨rt� � rt�as}ozda�±f�hai��=yctd)f�þ�i�da�u�adPoqfJf�c±s}��o�f � hufc±��y}oqf�oqda�±ozd�f�c
f�haiQctf�hai�y�{a��ò²i�yFù   dac���d^rts�r3L`dfe�^hgichjlkhmPû,ï�
�d3��rt|§nKi�f¨«½f�hai±f�oq��i¥ct�¤õaoz�eh�f���rxf¡r
ùÅsi�iK�%h²ï º ï º ï�üÝû!rty}i5y}i¨rt��ce�Pf³ced�i¨r � hu{a�Pò�i~y³s}�%rt�Àï!jkhPi��[Y@Õ!sUrtss}i~�E{a|qi��E�a|qfoz�a|qi
f�oz��i~{P|zc �¡  s9ozd�f�cKr�f�oq��i��=y�rt��i�ù=f��S�ao � rt|z|��±cedai�s}i � ctda�/|zceda��ûCrtdP�Fi�¿���cty}f¤fhai���rxf�r�f�c
r ó yrtd � h��5i~rt�ace�Pf�Õ!yc � i�ss}ceyFù ó ��Õ³û,ï�jkhai ó �5Õ!s��Pyc�vSoz�ai±rtd1ozd�f�i�y}�År � iQ{�i�f��Ui~i�d
f�haiJ�=yced�f�þ�i~dP�Q�adPoqf�sCrtdP�Qf�hPi³oqd�f�i~yr � foqvtiUy}�ad � ced�f�y}ce|)�ayc � i�ss9rtsC�Ui~|q|)rts¦�=cey}�%rty�Pozda�
f�oz��i��=yrt��i~sCct�½��rxf�rKrt|zctda��fc�f�haiUf�yoq�e�ei�yC�Årty}�mïCjkhai�fyoz�t�ei~y¦�Årty�#oqs9f�hPi%¸�ys�f!�a|zr � i
��hai~y}i�f�haiki�d)fozy}i��ai�fi � f�cey'n�s!��rZf¡r�oqs¤ced�þ�h�rtda�Àï�¢�cey�i~r � hFf�oz��iJ�=y�rt��iUfhai��Årty�#�acSi~s
f�hai@�=ce|q|zc���ozda�PÞ

¾po ceozdPs´fhai^f�oz��i��=yrt��i3�=yce� i~r � h ó �5ÕÖozd�fc×r¼soqda�e|zi^cedPiË�=ceyIfhaiË��hPce|zi
� �



�ai�fi � f�cey�ï

¾ ·mcedao�f�cey}sksoqda�e|zi�sky�rxfi~s�ï
¾ ¢�cey��s � rxda�aoz�arxf�i¥i�vti~d�f�s�ï
¾ �pc � rxf�i�s�rxda�´�ayc � i�ssi�s�|qoz�eh�fkoqdZö}i � f�ozctd � rt|qoz{ayrxf�oqced©��rxf�rFozd�f�c/s�P����rtyoqi~s�ï
¾ ¢�oz|�f�i�ys�i�vei~d�fsKr ��� cey}�aozda�Ffc/vxrty}ozce�Ps�f�yoq�e�ei�ykrt|z�tceyo�f�ha��s~ï
¾ Ì£y}oqfi~s�f�y}oz�e�ti~yi��´i�vei�d�f�s�fc/�aozs   ï
jkhai@f�y}oz�e�ti~yU�Årxy�Ä�=cey��s�rtdP�´¸a|qf�i�ys�i�vei�d)fs�ozd´r�f��Uc�s�f�i��1�Pyc � i~s}s~ï³nK�ay}ozda�

f�haiw¸�y}s}fms}f¡rx�eit«�fhaiËrt|z�tceyo�f�ha� � ctdas}fy� � f�s � rtda�aoq��rxfiwi�vei�d�f�s3{��Ws}i¨rty � haozda�¼�=cey
�eyce�P�askct�¦hao�f�s � |z�as�f�i~y}i~�´ozd©foz��itï9jkhai¥si � ceda�´s}f�rt�eiK¸�|�f�i�ys%fhai � rtdP�aoz��rZf�iKi�vei~d�fs
{)�1y}i~Î)�aozy}ozda�/f�harxf�fhai~y}i�i,¿Poqs}fKr�s�arxf�ozrt|pyi��eozcedmozd´��hao � hw· ce�Pf�ct�!ñ��a|§rxdai~s�ùÅ{��
�ai��Årt�P|qf�·rq º rtda�gñsqi�tû�rtyiIhPoqf¨ï ø vei�d)f � rtda�aoq��rxf�i�s/��rtss}ozda�3fhaozsFy}i~Î)�aoqyi~��i~d�f
rtyi�s�r¨vei��1fcE�aozs   s�f�ceyrt�eixï¤jkhaiKf�y}oz�e�ti~yJ�Årty�Êrt|qsc � ce���P�Pf�i�s~«��=cty%i¨r � h � hartdadai�|¬«ar
y�adadPozda�5��i~rtd±rtda�Q��·��±ct�Sf�hai � h�rxy�ei³�aozs�f�y}oz{a�PfozcedK�=ctyC|qoz�eh�fpoqdZö}i � f�oqced � rt|qoz{ayrxf�oqced
i�vei�d�f�s~ï!jkhPi%ozdP�aoqvSoz�P��rt|e�aoq�eoqfo��~rxf�oqcedas²�=y}ce�'|zoq�eh�f¦ozdZö}i � fozced±i�vti~d�f�s!rxyiJf�hai�dE�as�art|z|��
¸�|qfi~yi��mct�Pf�ct�Cf�hai¥��rxf�rZþ�s�f�y}i¨rt�Ðfc/yi~�P� � i¥f�hai¥��rZf¡rE��yo�ff�i�dIf�c/f¡rt��itï

ø vei�d)f³�=cey}�urxfozced�rtda�F¸�|�f�i~y}ozda����rts!�ti~dai�y�rt|q|q�Qdactf!�actdaikozdEfhai�f�y}oz�e�ei�y9�Årty}�
rxf/��rt|znKi�f~ïr
�das}fi¨rt�²«Ur � cedas}i~y�vtrZf�oqvtiIs}fy�rxfi~�t�Ë��rxs/rt�ace�Pfi~�Çoqd£��hao � hªfhaiu�Årty}�
soz���a|��¼s�r¨vei��Íi�d�f�ozy}imfoz��i��=y�rx��i�s�fcª�aozs   ï ø vei~d�fI�=cey}�urZf�ozctd×rtdP�×¸�|qfi~y}ozda�Ë��rts
s�a{as}i~Î)�ai�d)f|q�Ç�Pcedai©�as}ozda�3rtdÇc�<�ozdai��ayc � i�ss�ï^nKi�f¡rxoz|zs±yi���rty}�aozda�1f�hai��=cey��rxf�oqced
rtda�1si~|qi � f�ozctd1cx��i�vei~d�fsKrxf���rt|znKi�fk��oq|z|²{�i¥�ai~s � y}oz{�i~�1ozdm�%hÀï º ï
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�DC��[C � ��O� W����UW��H�F��l���:UWV	HS�-UW�
ÕU·1jÐhaoq�eh£vect|qf¡rx�ei©ozsF�Pyc�vSoz�ai��g{��ª�¦i¨�%yc��Wü ºtº ����rtozdP�=yrt��i~s � ced�f�y}ce|z|qi~�£vSo§rwr
hace��i~�ey}cÝ��dµ�ayct�ey�rt�1ï�jkhaiuðD�Ðs��Ss}f�i�� rxfQfhai�¢�rxy@�ai�fi � fcey�oqd � |q�a�ai�sQrxdªrt�Pfcxþ
�urxfi~�F��cedao�f�cey}ozda���ayc � i�ss!��hao � h/y}i¨rt�as¤fhai5Õ³·mjÈhPoz�ehEvtce|qf�rt�ei~sJrxda��rt�Zö}�as�f�sJrtd��
f�h�rxf@rtyi�fc�c©�Årxy�ce�PfKct�³y�rtda�titï¥jkhai/s}�Ss}fi~�\rx|zscuh�rtsKf�hPiFrt{aoq|zoqf��´fc©�aozsrt{a|qiFð��
cedÇr � y�rxfi�f�harxfEs}hac���sFsi~y}ozce�Ps�i~y}ycey}s~ïmjkhai©s}�Ss�f�i~� �asi��¼rxfF��rx|§nKi�fQ��rxsE��ctyi
y�a�aoq��i�d�f¡rty��eïkÕ³·mjÏhaoq�eh´vece|�f¡rt�ei�s5�Ui~y}i�s}i�fKctd � i�rxf�f�hai±{�i��eozdPdaozda��ct��i¨r � h3y}�ad�þ
daozda�I��i~y}ozcS�ÀïFñ5cmrx�Pf�ce��rxfi~� � ctyyi � fozcedasK�Ui~y}i��Pcedaitï�
�das}fi¨rt�À« � rx|zoz{Py�rxfozcedm��rxf¡r
��rts³�as}i~�ufc±fy�r �¡  rtda� � ctyyi � fU�=ceyJ��rtozd/�ay}oq��fs~ï¤nK�PyozdP�±fhai��arxf¡r@f¡r   oqda�a«ef�hPi�s}haoq��f
� yi���s��Psi~�×rwdai¨rty�þ�cedP|zozdPi©��ctdaoqfceyoqda���ay}c � i~s}s�fcËs}i¨rty � hÈ�=ceyFs}i~y}ozce�as/i�yyctys1ùÅcx�
��hao � hmrEvei~y��I�=i��'�Ui~y}i@�=ce�ada�½û,ï

�DC��[C�� � V	�sO��-UWVP�K�+V�H�F8��� UWVPOTHSUW��ORV��
jkhaiwù=ozd�r ��� �ayrxf�i�|q�wdart��i��½û�`�^h\�^�bh\Ta*gm�Wa*�-\4g�a*_¤_���ch\�^h�7ùÅn¥�k�aû@ozs±yi~s}��ctdasoq{a|ziF�=cey
��cedPoqf�ctyozdP��rxda��|qce�e�eoqda�ur/vxrtyoqi�f��´ct�Ji�d)vSoqyceda��i~d�f�rt|9Î)��rxd)foqfozi~s�ï�jkhaiEs}�Ss�f�i~�Érxf
f�hai@¢½rty%�ai�fi � fceyk|zct�esUfhai�f�i�����i~yrxf��Pyit«PhS�P��oq�aoqf���rtda�Iyrt�aced � ced�f�i�d)f5rZf�vxrtyoqce�as
|zc � rxfozcedas±ozdªfhai©i,¿P��i~y}oz��i~d�f¡rx|�h�rt|q|¬ï3jkhaiIs��Ss}f�i�� ozs�rt|zs}cwyi~s}��ctdasoq{a|ziu�=cty���ced�þ
oqf�ctyozdP�1fhai � �Pyyi�d�fFozdËf�hai©��rt�edPi�f�o � ¸ai~|z� � ceoq|zs~ï%�Jce|�f¡rt�ei�s�rxda� � �Pyyi�d�f�sFozdµf�hai
�=yced�f}þ�i~da� � y�rZf�i~sErtyi���cedPoqf�ctyi~�Ë{��µfhaim�	k2b� ´ÓWg�a*\T^�bh\ ]¡a*�¼_���ch\T^h� ùÔ�5ÕU�Pû¥��hao � h
� rtd � �Pf5��c��%i�y5oqd � rts}iQct�9si�yoqce�as���rtda�ti~y~ï

jkhai�n¥�k�Es}�Ss�f�i~�®��rts!dPctfJr¨vxrtoz|zrt{a|zi!�=cey9f�hai � �e�Pü�þ�� � ��rt|znKi�f!y}�adadaoqda�K��i~y}o�þ
c��as�ï¢
�das�f�i¨rx�À«�f�hai�h�rt|q|�fi~����i�y�rxf�ayi��%rtsJ��ctdaoqfceyi��E�asoqda�±r@sozdP�e|zix« � ce����i~y � o§rt|q|q�
�a�ay � hartsi��©f�hai�y��c � ce�a�a|qi�y}i¨rt��ce�Pf�{���rQ�Pi~�ao � rxfi~�IÕ³��ïP�S�Sd � hayctdao��~rxf�oqceduct�²f�i~�Fþ
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��i�y�rxf�ayiQrtda�m�ai�fi � fcey5��rxf¡r/��rxs��actdai�c�<�oqdaitï%ñ�cucxf�hai�y5Î)��rxd)foqfozi~s��Ui~yiQ|zce�t�ei~�
�a�ayoqda�Ff�hai � �t�Pü�þ�� � y�adadPozda�/��i~yoqc��Ps~ï

lWn¥�k�Qs��Ss}f�i��®�%rts¤oqdas}f�rt|z|qi~�Qrxf!��rx|§nKi�f9�ay}ozcey¦f�c�fhai � �e� � y}�adadaoqda�K��i~y}ozcS�Àï
jkhai�s���s�f�i��É|qce�e�ei��1fhai±fi~����i�y�rxf�ayiQrxf�vxrtyoqce�as5|zc � rxfozcedPs�rtyce�Pda�mfhaiQ�Pi�f�i � fcey~«
yi � cey�Pi~�×fhaim�Pyi~s}s�ay}i�oqdgfhai£1�%i�yi~d   c�v � ce�ad�f�i�ys�«�rtda�×�Pyc�vSoz�ai��°r^dS�P�E{�i�y�cx�
�ei~dai�yo � s � rt|qi~y}s±��hao � hµy}i � cey�ai��£f�hPi�yrxf�i/oqdµ{�i¨rt�ôrtda�|1�%i~yi�d   c�v � ce�Pd)fi~y}s~ïI¢�o þ
d�rt|z|��e«ZrtdQozd�f�i�y}�År � iJfc�fhai�� ø �5ñg��cedao�f�cey}ozda�ks��Ss}f�i��Ï��rts9�asi���f�c5|zct��fhai � �ay}yi~d�fs
ozd�{�i¨rx��|qozdai@��rt�edai�f�s�ïkjkhaiE��cedaoqfceyoqda�F��rxf�r � ce|z|qi � fi~�mozd � �e� � ��rts�rty � hPoqvei���f�c
f�hai¥i�¿���i~y}oz��i~d�f¤nÑs��urtoqdI��rxf�rt{�rts}itï

tXu�¥ ¦¨§s�I§P©[�¢x~�¨{Kª�w`«¤¬��ª®��«'x�}

jkhai5·�
�ñ�Y¥���ai�f�i � f�ctys³rtyi � rt|qoz{ayrxf�i����as}ozda�@cedF{�c�rty}� � h�rty}�eikozdÝö}i � fozced²«ertdF�a|�f�yrZþ
v�oqce|zi�f©� ø nô{�rts}i~�W|qoz�eh�f�ozdZö}i � fozcedÈs}�Ss}fi~�1« � ces��o � y�r¨�È�E�acedasurtda�°¸�dart|z|��Çf�hai
yi~s}��ctdasiKfc�¯�°�±¢°�²³°4´Irts���i¨rxs�ay}i~�´{���fhai¥��rt|znKi�f¨ï ø r � h1i�|zi���i�d)f�ct�pf�hai � rt|qoz{ayrZþ
f�ozctd©s}�Ss}fi~�Ö�%rtskozdPoqf�ozrt|z|��Eoq���a|qi~��i~d�f�i��Irtda�´y}oz�ecey}ce�as}|q�Ff�i�s}fi~�mrxf�f�hPi±��rt|§nKi�f¨ï¤l
�ai~s � yoq�Pf�oqced´ct�Cf�hai � rx|zoz{Py�rxfozced©harty�P�%rty}iQrxda�m�Pyc � i~�P�ayi±ozsk�ay}i~s}i~d�f�i��3ozd1�%hÀï���ï
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jkhaiU·�
�ñ�Y¥�Ki�¿���i~yoq��i�d�f¦�asi�s¦fhayi�iJozyctd½úxs � ozd�f�oq|z|zrxf�ceyafy�r �¡  oqda�xþ�srt���a|zoqda� � rt|zcey}oz��i�þ
f�i~y}s~«³i¨r � h � cedas}fy� � f�i��gfcw��i�y}�=cey}� ozdªfhaiIs�rx��iu�%r¨�eïªjkhPi´ñ�i¨rxyF�ai�fi � fceyE��oz|q|
��i~rts�ay}iIf�hai � ce����ceso�f�ozctdªct��fhai1dai~�Pfyoqdac^{�i~rt� rt{�ce�Pf1ü   �ä�=yce� f�hai1ñ���·�

f¡rty}�ei�f³��haoz|qi5fhai�¢�rxyU�ai�f�i � f�ctyU��oz|q|���i~rts�Pyi�fhai � ce����ces}oqfozced/ozd/f�hPi@��ce�P��rtd©oqyced
��oqdaiuþ�r^�Pozs}f�rtd � imct�P� � �   � �=y}ce� f�hPi´f�rty�ti�f¨ïgjkhai´f��%cµ�ai�fi � f�cey��ai~s}oz�ed¼��oz|q|
oz���ayc�vei�f�hai¥Î)��rt|qoqf���ct�¦f�hai@ces � oq|z|§rZf�ozctdu��i¨rts}�ayi���i�d)f�{��Is}�a�a�ay}i~s}sozdP��s���s�f�i��urxfo �

���



i~yy}ceys¥rxssc � ozrxf�i��w��oqf�h3fhaiFi�vti~d�fQy�rxfit«À{�i¨rt� � ce����ceso�f�ozctdÀ«²{�i¨rt�É��ctozd�f�oqda�Irtda�
i�vei�d�f�y}i � ctdas}fy� � f�ozctdÀï

lís��rt|z|qi~yQs � rx|zi©f�hPozy�Ç�Pi�f�i � fcey~«   dac���d°rts���rt|znKi�f~«J�%rts � ctdas}fy� � f�i~�¼f�c
��i~rts�ay}iEf�haiFy}i~s}��cedPsiFct�%·�
�ñsY±��fc@¯�°�±¢°�²³°4´^ozd�fhaiFi~dai�y�t�3y�rtda�tiF�Pï¹�Ýþ¡ü��Jî@i'��ï
jkhaim��rÝö}ceyF�Poqò�i~yi�d � i�su{�i�f��Ui~i�d×f�hai���rt|znKi�f�rtda�gf�hai1ñ5i¨rty�rtda�È¢½rty/�ai�fi � fceys
�%i�yi

º jkhaiQ��rt|§nKi�fk��rxs�dacxf��urt�tdai�fo��~i��Àï

º jkhai5s}f�i�i~|½�a|zrxf�i��ai�daso�f��e« � ce����ctsoqfozcedErtda��fhao �¡  dai�ss³�%i�yi5s|zoq�eh�f�|��E�ao�ò²i�yi~d�f
ù � ce���artyi@j9rt{Àï � ï�ü±rtda�1j�rx{Àï � ï � û�ï

º jkhai±s � oqd�f�oz|q|§rxfcey���c��P�a|zi�s��Ui~y}i�s}hacey}fi~y�rtda�mh�rt�3r/�adaoqÎ)�aiQy}ce�Pfozda��s � hai���i
�=yce�Êf�hai¥s�f�yoq��þ�i�da�askf�cFfhai¥��cS�a�a|qi�nÑskce�Pf�o � rt| � cedadPi � fcey~ï

º jkhaik|zi�da�tfhas¤ct�½f�hPi�yi~rt�ace�Pf � rt{a|qi~s�«ef�hace�P�eh � hacScesi�d/fc@yi��aycS�a� � i�f�hai�ñ5i¨rty
rtda�m¢½rty��ai�f�i � f�cey5|zoq�eh�fk|zi�vei�|zs~«P�aoqò�i~y}i~�Àï

º jkhaiQ��rt|§nKi�fk��rxs�dacxf��E�a|qfoz�a|qi�¿�i~�²ï

º l�d/i�¿Sfi~ydart|�f�yoq�e�ei�y���rxs³�Psi~�¼»�jkhai�·3úxñÍrxda� � ú � ÷ f�y}oz�e�ti~ys9�%i�yi5dactfJ�as}i~�Àï

º ø vei~d�f5�=cey��rxfozcedu�%rts5�acedai¥c�<�oqdaitï
jkhai1��rt|§nKi�fE�%rts/yi~s}��ctdasoq{a|ziu�=cty�vxrt|zoq��rxf�oqda�´f�hai � rt|zoq{ay�rxfozcedµ�ayc � i��a�ay}it«³i~s}f�rt{�þ
|zozs}haozdP�´fhai©rx{asce|q�Pf�i�i~dPi~y�x�µs � rt|qi�cx��f�hai�i�¿���i~y}oz��i~d�f¨«9��i~rts�ay}ozda�1f�hai/f�ct��ce|qce�eo þ
� rt|Csoq�ed�rxf�ayi±ct�¢¯�°½±¢°�²³°¡´mi�vti~d�f�s¥rtdP�3�ayc�vSoz�Pozda�ur�si�yoqi~s�cx�!{�i�d � ha��rty   s@rx��rtozdPs}f
��hao � h3�Pi�f�i � fcey�y}i~s��cedas}iFsoq�E�a|§rZf�ozctdask�ur¨�´{�iQvxrt|qoz��rxfi~�Àï�nKi�f¡rtoq|zs5rtda�myi�s�a|�f�s�cx�
f�haiQ��rt|znKi�f�i�¿���i~y}oz��i~d�fk��oz|q|À{�i@�Pyi~s}i~d�f�i��3ozdIfhai@�=ce|z|qcÝ��oqda� � h�rx�Pf�i�ys~ï
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¾ ¿ ÀÂÁ Ã�ÄÆÅ Ç

¾ ÀÉÈ¢Ê ÄËÃ Ì Á ÄÆÅ�ÀÍÃ�Î6Ï�Ð

Ñ[Ò�Ó ·�
�Ô�YzÕÖ¤×�Ø>Ù�Ú�Û½×ÝÜ�Ù>Þ³ßáà Ó Ü Ó Ö'Ü�Þ�Ûuù4â	×�Øäã Ó Ü,û�å�×�æ Óhç/è Þ³æ Ó àéÜ½ÞZÜ Ó æRÜ}þ�Ú Ó ×�ê�æPÙ>ßÜ Ò�Ó
â ølë Ôzì®ílÕ ø ×�æRÜ�îs×ÝØ�Ø8Ù�ß�æ½Ù ç Ûðï�ß�ß�Ù>ß�ñ èòÓ ÛðÙ�Þ2à�æ®àSï�Û½Ù>ß�ñ�Ü Ò�Ó�ó�Ó ×�Ûðæ~ô�õ³õPü�þTõ �SöZÑ[Ò�Ó
ø ×ÝæðÜ®îs×�Ø>ØIÚ Ó ×�ê~Ø�Ù>ß Ó æ è Û½Þ�÷2Ù�à Ó à�×%ê~Ù ç/Ó àæ�×�ê è Ø Ó Þ�ø Ò ×�à�Û½Þ�ß�æi×�ß�à Ó Ø Ó Ö'Ü½Û½Þ³ßSæ�åDÙ>Ü Ò
×�Ü½ï�ß-×�Ú�Ø Ó Ö Ó ß"Ü½Û�×�Ø.ê~Þ³ê Ó ß"Ü�ï�êÉÚ Ó ÜTå Ó`Ó ßõ ö ôÝþ¡ü¤õ8ù Ó �¥úÝÖi×�ß�à�×�ê�Þ³ê Ó ß"Ü½ï�êÉæ è Û Ó ×Ýà
ù4ú�´òûh´�ûPÞ�øD× èSè Û½Þ ç Ù�ê�×ÝÜ Ó Ø ó ü�ü öXÑ[ÒSÓ Ù�à Ó ß"Ü�ÙýÜ ó ÞÝø	Ù�ßSà�Ù>÷2Ù�àSï-×�Ø è ×�ÛRÜ�Ù>Ö`Ø Ó æiå�×�æ Ó æðÜ�×�Ú�þ
Ø�Ù�æ Ò�Ó à®Ú ó ×�Ö`Þ³ê�ÚSÙ�ß-×ÝÜ½Ù�Þ³ßiÞ�ø 1â Ó Û Ó ß�þ�Þ�÷ÿ×Ýß�à Ñ Ù�ê Ó Þ�ø��IØ>Ù�ñ Ò Ü.Ö`Þ�ï�ß"Ü Ó Ûðæ ö�� ß Óhç Ü Ó Û½ß-×ÝØ��
Ú Ó ×�ê Ü�ÛðÙ�ñ³ñ Ó Û¢å	×ÝæWÙ>ê è Ø Ó ê Ó ß"Ü Ó à è Û½Ù�Þ�Û¢Ü�ÞzÜ Ò�Ó ø ×�Ø�Ø-ô�õ³õ"ôPÛ½ï�ßSß�Ù�ß�ñ èòÓ Û½Ù>Þ/àSæ8ø7Þ�Ø�Ø�Þ�åDÙ>ß�ñ
×�ß�Ù>ß�Ù>Ü½Ùä×�Ø��¼×Ýß�à�ïSß�æ�×ÝÜ½Ù�æRø ×�Ö'Ü½Þ³Û ó �6×*Ü½Ü Ó ê è ÜPÜ�ÞXÖ`Þ³Ø>Ø Ó ÖhÜPà-×ÝÜ�×XïSæ½Ù�ßSñXà ó ßSÞ/à Ó Ü�ÛðÙ�ñ³ñ Ó Û½æ��
×�æ[Ù�ß@Ü Ò�Ó ·�
�Ô�YzÕ���×�Û	à Ó Ü Ó ÖhÜ�Þ³Û ö8Ñ[Ò�Ó Ö`Þ³ê�ÚSÙ�ß-×ÝÜ½Ù�Þ³ß=Þ�ø+Ú Ó ×�êÂÜ�ÛðÙ�ñ³ñ Ó Û	×Ýß�à è ×�ÛðÜ½Ù�Ö'Ø Ó
Ù�à Ó ß?Ü½Ùq¸-Ö`×ÝÜ�Ù>Þ³ß®×�Ø�Ø>Þ�å Ó àzÜ ÒSÓ â	×�Ø�ã Ó Ü+Ü�Þ�Ö`Þ³Ø>Ø Ó Ö'Ü+Û Ó Øä×ÝÜ½Ù>÷ Ó Ø óPè ï�Û Ó æ�×�ê è Ø Ó æ6ÞÝø Ó Ø Ó ÖhÜ�Û½Þ�ß�æ	�
è Ù�Þ³ßSæI×�ßSà�ê�ï�Þ³ßSæ	�³×Ýß�à è ÛðÞ�Ü�Þ³ßSæ	�ÝåDÙýÜ Ò å Ó Ø�Ø2þ2ßSÞ�åDßÿê~Þ³ê Ó ß"Ü�×DÙ�ßiÜ Ò�Ó Û�×Ýß�ñ Ó Ú Ó ÜTå Ó`Ó ß
õ ö ô�þ¡ü�õ8ù Ó �@úÝÖ ö�Ñ[ÒSÓ æ Ó æ½×�ê è Ø Ó æ å Ó Û Ó ïSæ Ó àÜ½Þ è Û Ó Ö`Ù>æ Ó Ø ó�
 ï-×Ýß?Ü½Ù>ø ó Ü ÒSÓ Û Ó æ è Þ³ß�æ Ó ÞÝø
Ü Ò�Ó ·�
�Ô�YzÕ~à Ó Ü Ó Ö'Ü½Þ³Û½æ�� è Û½Þ�÷ Ó Ü ÒSÓ ÷2Ùä×�ÚSÙ�Ø�ÙýÜ ó ÞÝø Ü Ò�Ó ·�
�Ô�YzÕ�Ö`×�Ø�Ù>Ú�Û�×*Ü�Ù�Þ�ß è Û½Þ2Ö Ó à�ï�Û Ó
×�ß�à è Û½Þ�÷2Ù�à Ó × æ Ó Û½Ù Ó æ�ÞÝøsÚ Ó ß�Ö Ò ê=×�Ûðþ?æ@×�ñ"×ÝÙ�ß�æRÜÿå Ò Ù�Ö Ò ·�Þ³ß"Ü Ó â	×�ÛðØ�Þ æ½Ù>ê�ï�Øä×*Ü�Ù�Þ�ß�æ
å Ó Û Ó Ö`Þ³ê è ×�Û Ó à ö
����������������������� "!�#�����$�% &�'���(�*)"+,��-/.&����-/.&�(0���-���!�1)������
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Ñ[Ò�Ó ñ�Þ"×�Ø�æ�Þ�ø6Ü Ò�Ó â	×�Øäã Ó Ü è Û½Þ�ñ³Û�×�êKå Ó Û Ó=<
º 
Tß"Ü Ó ñ�Û�×ÝÜ Ó Ü Ò�Ó ·�
�Ô�YzÕÿà Ó Ü Ó ÖhÜ�Þ³Û8Ö`Þ�ê è Þ³ß Ó ß?Ü½æ�Ù�ß"Ü�Þi×Pæ½ê�×�Ø>ØSÖ¤×ÝØ�Ù�ÚSÛ�×ÝÜ½Ù�Þ³ß�ê~Þ2à�þ

ï�Ø ÓÝö � Ó Û½Ùýø ó Ü Ò ×*Ü Ü Ò�Ó à Ó Ü Ó Ö'Ü�Þ�Û�×�ß�à è Û½Þ2à�ï�ÖhÜ�Ù�Þ�ß Ó Ø Ó ÖhÜ�ÛðÞ³ß�Ù�Ö'æsÞ èòÓ Û½×ÝÜ Ó à è ÛðÞ è þ
Ó ÛðØ ó ×¤å�× ó ø7Û½Þ³êKÜ Ò�Ó Øä×ÝÚ�Þ³Û½×ÝÜ�Þ�Û ó Ü Ó æRÜsÚ Ó ßSÖ Ò ö

º øIçSÓ Û½Ö'Ù�æ Ó Ü ÒSÓ ·�
�ÔsYzÕzØ>Ù�ñ Ò ÜAÙ>ß�> Ó ÖhÜ�Ù�Þ�ß®×Ýß�à®Ö'Þ³æ½ê~Ù�Ö�Û½× ó Ö¤×�Ø>Ù�Ú�Û½×ÝÜ�Ù>Þ³ß è ÛðÞ/Ö Ó à�ï�Û Ó �
ñ"×�ï�ñ�Ù�ß�ñ�Ü Ò�ÓzÓ�?�Ó Ö'Ü½Ù>÷ Ó ß Ó æ½æ åDÙýÜ Ò ê Ó ×�æðï�Û Ó ê Ó ß?Ü½æ ÞÝøIÚ Ó ×�ê è ×�ÛðÜ½Ù�Ö'Ø Ó æ ö

º · Ó ×Ýæ½ï�Û Ó Ü Ò�Ó Û Ó æ è Þ³ß�æ Ó ÞÝøòÜ Ò�Ó ·�
�ÔsYiÕ�à Ó Ü Ó Ö'Ü�Þ�Û½æ�Ü�Þ Ó Ø Ó ÖhÜ�ÛðÞ³ß�æ	� Ò ×�à�Û½Þ�ß�æ	�2×�ß�à
ê�ï�Þ³ßSælÙ>ßÿÜ Ò�Ó ê~Þ³ê Ó ß"Ü�ï�ê£Û�×�ß�ñ Ó õ ö ��þ¡ü�õ8ù Ó �@úÝÖ ö6Ñ[Ò�Ó Û Ó æ è Þ³ßSæ Ó Ù�ß�Ö'Ø�ï�à Ó æ�Ü Ò�Ó
Ü�Þ è Þ³Ø>Þ³ñ³Ù�Ö`×�Ø è ×ÝÜ½Ü Ó Ûðß�æzÙ�ß�à�ïSÖ Ó àéÚ ó à�Ù ?�Ó Û Ó ß"Ü è ×�ÛRÜ�Ù�Ö'Ø Ó æz×�æPå Ó Ø�Ø8×�æ�Ü Ò�Ó æðÙ�ñ³ß�×�Ø
Û Ó æ è Þ³ß�æ ÓÝö

º í�Û½Þ�÷2Ù�à Ó ×éæ Ó ÛðÙ Ó æ~Þ�øsÚ Ó ß�Ö Ò ê�×�Û½þ?æ@×Ýñ"×�Ù�ßSæðÜÿå Ò Ù>Ö Ò Ü Ò�Ó à Ó Ü Ó Ö'Ü�Þ�Û=æ½Ù>ê�ï�Ø�×ÝÜ�Ù>Þ³ß
è Û½Þ�ñ³Û�×�ê~æ[ê�× ó Ú Ó Ü½ï�ß Ó à ö

º â�Þ³ê è ×�Û Ó Ü Ò�Ó�è�Ó Ûðø7Þ³Ûðê=×�ßSÖ Ó ÞÝø-Ü Ò�Ó Ô Ó ×�Û¢×�ß�à@��×�Û6à Ó Ü Ó Ö'Ü½Þ³Û¢Û Ó ×�à�Þ�ïSÜ�æ½Ö ÒSÓ ê Ó æ ö
Ñ[Ò�Ó â	×�Ø�ã Ó Ü	�/×Ýæ½æ Ó ê�Ú�Ø Ó àZÙ�ß~Ü Ò�Ó æ è ÛðÙ�ß�ñÿ×Ýß�à@æ½ïSê�ê Ó ÛlÞ�ø6ô�õ³õ�ü$�2å�×�æ�Ü Ò�Ó ¸�Û½æðÜ

à Ó Ü Ó Ö'Ü½Þ³Û8Ú�ï�Ù>Ø>Ü¢Ú ó ·X
�Ô�YzÕ ö"Ñ[Ò�ÓDÓ ×ÝÛ½Ø ó ñ³Þ"×ÝØSÞ�øòÜ Ò�Ó â	×ÝØäã Ó Ü è Û½Þ³ñ�Û�×�êÆå	×�æ�Ü½ÞPæ½Ù�ê è Ø ó
×�æ½æðï�Û Ó Ü Ò ×ÝÜ=Ü Ò�Ó ÷Ý×�ÛðÙ�Þ³ï�æ�Ö`Þ³ê è Þ³ß Ó ß"Ü½æ=å�Þ�Û½þ Ó à Ü½Þ³ñ Ó Ü Ò�Ó Û@×�æ@à Ó æ½Ù>ñ³ß Ó à öBA�Ó Ö`×�ï�æ Ó
â	×�Øäã Ó Ü%Ö¤×�ê Ó ¸-Û½æRÜáê�×�ß ó Ù�ßSÙ>Ü�Ù�×�Ø è Û½Þ³Ú�Ø Ó ê~æ@å Ó Û Ó à�Ù�æðÖ`Þ�÷ Ó Û Ó à ×�ß�à Ö`Þ³ÛðÛ Ó ÖhÜ Ó à ×ÝÜ
â	×�Øäã Ó Ü��-×�Ø>Ø�Þ�åDÙ�ßSñ�ø7Þ³ÛD×ÿæ½ê~Þ/ÞÝÜ Ò�Ó Û[Ù�ß"Ü Ó ñ³Û�×ÝÜ½Ù�Þ³ß%×*Ü[Ü Ò�Ó ��×�ÛD×�ß�à�Ô Ó ×�Û[à Ó Ü Ó ÖhÜ�Þ³Ûðæ ö

ÕS×�ê è Ø Ó æ~Þ�ø Ó Ø Ó ÖhÜ�ÛðÞ³ß�æ	��ê�ï�Þ³ß�æ�×�ß�à Ò ×�à�ÛðÞ³ß�æ�å Ó Û Ó Ö`Þ³Ø>Ø Ó ÖhÜ Ó à Þ�÷ Ó Û=× åDÙ�à Ó
ê�Þ³ê Ó ß"Ü½ï�ê Û�×�ßSñ Ó�ö�Ñ[Ò�Ó æ Ó æ�×�ê è Ø Ó æDå Ó Û Ó ï�æ Ó àrÜ�Þ�ñ"×�ï�ñ Ó Ü ÒSÓ�Ó�?�Ó ÖhÜ�Ùý÷ Ó ß Ó æ½æPÞÝø�Ü Ò�Ó
Ö¤×�Ø>Ù�Ú�Û½×ÝÜ�Ù>Þ³ß è ÛðÞ/Ö Ó à�ï�Û Ó �2Ú ó Ö`Þ³ê è ×�ÛðÙ�ß�ñ�Ü Ò�Ó à Ó Ü Ó Ö'Ü½Þ³Û`n ælÛ Ó æ è Þ�ß�æ Ó ø7Þ³Û8æ�×�ê è Ø Ó æ�Þ�ø�Ü Ò�Ó

�Ý�



æ�×�ê Óÿè ×�ÛRÜ�Ù�Ö'Ø Ó æ Ü�×Ýþ Ó ß�×ÝÜPàSÙ ?�Ó Û Ó ß"ÜPÜ�Ù�ê Ó æ�� Ù�ßàSÙ ?�Ó Û Ó ß"ÜzÚ Ó ×�ê�Ø>Ù�ß Ó æ�×�ßSàéïSß�à Ó ÛPàSÙ>ø§þ
ø Ó Û Ó ß"ÜPÞ èòÓ Û�×*Ü�Ù�ßSñ=Ö`Þ�ß�à�Ù>Ü½Ù�Þ³ßSæ ö · Ó ×�æðï�Û Ó ê Ó ß?Ü½æPê=×Ýà Ó åDÙýÜ ÒáÓ Ø Ó Ö'Ü�ÛðÞ³ß�æP×Ýß�à Ò ×�àSÛ½Þ³ß�æ
Ü Ò�Ó Û Ó Ú ó æ Ó Ûð÷ Ó à�×�æ.Ú Ó ß�Ö Ò ê�×�Û½þ?æ.Ú ó å Ò Ù�Ö Ò Ü ÒSÓ Ö`×�Ø�Ù>Ú�Û�×*Ü�Ù�Þ�ß 
 ï-×�Ø>Ù>Ü ó Ö'Þ³ï�Ø>àiÚ Ó >ðï�à�ñ Ó à ö

Ñ[Ò�Ó â	×�Ø�ã Ó Ü�å�×�æÿÞ èòÓ Û½×ÝÜ Ó à åDÙýÜ Ò ÚòÞ�Ü Ò Ô Ó ×�Û�×Ýß�àC��×�Û�à Ó Ü Ó ÖhÜ�Þ³Û Ó Ø Ó Ö'Ü�ÛðÞ³ß�þ
Ù�Ö`æ ö Y�ß Ó Ú Ó ß Ó ¸�Ü�å�×�æ Ü Ò ×ÝÜ�Ú�ÞÝÜ Ò Û Ó ×Ýà�Þ³ïSÜ æ½Ö Ò�Ó ê Ó æsåWÞ³ï�Ø�àXÚ Ó ø7ï�Ø>Ø ó=Óhç/Ó ÛðÖ`Ù�æ Ó àrÙ>ßá×
Û Ó ×ÝØlåWÞ³Û½Ø>à Ó ß?÷2Ù>Û½Þ³ß�ê Ó ß"Ü è Û½Ù>Þ³ÛzÜ�ÞáÙ>ß�æðÜ�×�Ø�Ø�×ÝÜ�Ù>Þ³ß×ÝÜ®Ü Ò�Ó à Ó Ü Ó ÖhÜ�Þ³Û�æ½Ù>Ü Ó æ öD� à�à�ÙýÜ�Ù�Þ�ß�þ
×�Ø�Ø ó Þ è�Ó Û�×ÝÜ½Ù�ß�ñ=åDÙýÜ Ò ÚòÞ�Ü Ò æ Ó Ü�æPÞÝø Ó Ø Ó Ö'Ü�ÛðÞ³ß�Ù>Ö`æz×�Ø>Ø�Þ�å Ó àéâ	×�Øäã Ó ÜsÜ½ÞZæ Ó ×ÝÛ½Ö Ò ø7Þ³ÛP×�ß ó
à�Ù�æðÖ`Û Ó'è ×�ß�Ö ó Ù�ß%Û Ó æ è Þ³ß�æ Ó Ú Ó ÜTå Ó`Ó ß�Ü ÒSÓ ÜTåWÞ=à Ó Ü Ó Ö'Ü½Þ³Û½æ ö

Ñ[Ò�Ó ï�Ø>Ü½Ù�ê�×ÝÜ Ó ñ³Þ"×ÝØ¢Þ�ølÜ Ò�Óÿè ÛðÞ³ñ³Û½×�ê å�×�æPÜ�Þ%ê Ó ×�æðï�Û Ó Ü ÒSÓ Û Ó æ è Þ�ß�æ Ó Þ�ølÜ Ò�Ó
·�
�Ô�YzÕ à Ó Ü Ó Ö'Ü½Þ³Û½æ%Ü�Þ Ó Ø Ó Ö'Ü�ÛðÞ³ß�æ�� Ò ×�à�ÛðÞ³ß�æX×�ß�àMê�ïSÞ³ß�æ%Ù�ßpÜ Ò�Ó Ó ß Ó Û½ñ ó Û½×�ß�ñ Ó ÞÝø
Ù�ß"Ü Ó Û Ó æRÜDÜ�Þ�·�
�Ô�YzÕ ö

2u'E FG8r§ F §H56�:I|§�ª�· w¤«`}r§J5
Ñ[Ò�Ó âLK ë ÔËílÕDM è ÛðÞ�Ü�Þ³ßONTæ ó ß�Ö Ò Û½Þ�Ü½Û½Þ³ß�PQK8×�æðÜ�îs×�Ø>Ø%M��6Ù�ñ ö$RSöTS P è ÛðÞ�÷/Ù>à Ó ælê~Ù ç/Ó à~Ö`Þ³ê@N
è Þ³æðÙ>Ü½Ù�Þ³ß æ Ó Ö`Þ³ß�à�×�Û ó Ú Ó ×�ê~æ=Ù�ß Ü Ò�Ó ê�Þ³ê Ó ß"Ü½ï�ê Û�×�ßSñ Ó õ ö ô&N S&U ù ÓWVYX Ö[Z R�\�]4öËÑ[Ò�Ó
Ò ×�Ø�ØDå�×�æ@ï�æ Ó à ø7Þ³Û=æðÞ³ê Ó à Ó à�Ù�Ö`×ÝÜ Ó à Óhç/è�Ó Û½Ù>ê Ó ß?Ü½æ^M4ãH_ ë`� âa�	î ��ë íQP=×�æ=å Ó Ø>Ø�×�æ
Ü Ó æRÜ#N�Ú Ó ×�ê�æ ö�A�Ó ×�êÍå	×�æ Óhç Ü�Û½×�Ö'Ü Ó à=ø7ÛðÞ³ê Ü ÒSÓ ílÕ~ê�×�Ö Ò Ù>ß Ó ×�Ö`Ö'Þ³Û½à�Ù>ß�ñzÜ�Þ�× è�Ó Û½Ù>Þ/à�Ù>Ö
æ½ï èòÓ Û�NTÖ ó Ö'Ø Ó�ö�Ñ[ÒSÓ æ½ï è�Ó Û�NTÖ ó Ö`Ø Ó ÷Ý×�Û½Ù Ó à~Ù�ß~à�ï�Û�×*Ü�Ù�Þ�ß�ø7ÛðÞ³ê S ô�Ü�Þ�ô S³öb\ æ�×Ýß�à�å�×�æ�æðï�ÚcN
à�Ù>÷2Ù�à Ó àrÙ>ß?Ü½Þ@Ú-×�æðÙ�Ö®Ö ó Ö`Ø Ó æ	� Ó ×�Ö Ò Þ�ø�å Ò Ù>Ö Ò Ö`Þ³ÛðÛ Ó æ è Þ³ß�à Ó à Ü½ÞZ×=æ è�Ó Ö`Ùq¸�Ö Óhç Ü�Û½×�Ö'Ü½Ù�Þ³ß
Ø�Þ2Ö¤×ÝÜ½Ù�Þ³ß ö

�IÙ>ñ³ï�Û ÓYR�ö ô~æ Ò Þ�åDæ�×�ß Óhç ×�ê è Ø Ó Þ�ø¢×�æðï è�Ó Û�N�Ö ó Ö`Ø Ó�ö K ç Ü�Û�×ÝÖ'Ü�Ù>Þ³ß�æDÜ�Þ�Ü Ò�Ó K8×�æðÜ
îs×�Ø>Øs×�Û Ó Øä×�Ú Ó Ø Ó àdK � Õ Ñ`A ×�ß�àeK � Õ Ñ â ö K � Õ Ñ`A Ö ó Ö`Ø Ó æZå Ó Û Ó æ Ó ß"ÜXÜ½Þ Ü Ò�ÓÑ`f
Ú Ó ×�ê�Ø>Ù�ß Ó ø7Þ�ÛiïSæ Ó Ú ó Ü Ò�Ó ãH_ ëg� â Ófç/è�Ó Û½Ù�ê Ó ß"Ü ö�A�Ó ×Ýê ø7Û½Þ³ê�Ü Ò�Ó K � Õ Ñ â Ö ó Ö'Ø Ó æ
å	×�æ�æ è Ø>Ù>Ü�Ù>ß?Ü½ÞéÜTåWÞ:ÚSÛ�×�ß�Ö ÒSÓ æ=Ú ó ×�ß Ù�ÛðÞ³ß æ Ó`è Ü½ï�ê ê=×Ýñ³ß Ó Ü�×�ßSà ø7Þ2Ö`ï�æ Ó àpÞ�ß?Ü½Þ:×
è ×�Ù�ÛsÞ�øWÜ�×�Û½ñ Ó Ü�æ ö Õ Ó Ö'Þ³ß�à-×ÝÛ½Ù Ó æ è Û½Þ2à�ï�Ö Ó à:Þ ? Ü Ò�Ó Ü�×�Û½ñ Ó Ü�æPå Ó Û Ó à�Ù>æðÜ½Û½Ù�ÚSïSÜ Ó àrÜ�Þ%Ü Ò�Ó

h=i



�IÙ�ñ³ïSÛ ÓjR�öTSk<ÿÑ[Ò�Ó âLK ë ÔÂíWÕlK8×�æRÜÿî ×�Ø�ØW×�æ®÷2Ù Ó å Ó à ø7Û½Þ�ê ×ÝÚ�Þ�÷ ÓÝörÑ[Ò�Ó ô R ù ÓWVYX Ö
è Û½Þ�Ü½Þ³ß Ú Ó ×Ýê Ó ß"Ü Ó Ûðæ@Ü Ò�Ó�Ò ×�Ø>Ø[Þ³ß Ü ÒSÓ Ø�Þ�å Ó Û Ó à�ñ Ó Þ�ø�Ü Ò�Ó ¸-ñ�ï�Û ÓÝö íI×ÝÛðÜ�Ù>Ö`Ø Ó æ�×�Û Ó
è Û½Þ2à�ï�Ö Ó à Ú ó è Û½Þ�Ü½Þ³ß�Ù�ß"Ü Ó Û�×ÝÖ'Ü�Ù>Þ³ß�æÿÞ³ß�ÜTåWÞÜ�×�Ûðñ Ó Ü½æ�×Ýß�à à�Ù�æRÜ�Û½Ù>Ú�ïSÜ Ó à Ü�ÞÜ Ò�Ó ø7Þ³ï�Û
æ Ó Ö'Þ³ß�à-×ÝÛ ó Ú Ó ×�ê~Ø�Ù>ß Ó æ"N Ñ h � Ñ i � ÑJS õ~×�ß�à ÑJS$S³ö

f õ



PRO

SFT

PRO

SFT

PRO

SFTEASTC EASTC EASTCEASTB time

Basic Cycles

Extraction Destination�IÙ�ñ³ïSÛ ÓLR�ö ô <m� ß Óhç ×�ê è Ø Ó ílÕ�æðï è�Ó Û�N�Ö ó Ö`Ø Ó�ö¢Ñ[Ò�Ó ß�Þ�ê�Ù>ß-×�Ø2æ½ï èòÓ Û�NTÖ ó Ö'Ø Ó Ù�æ S�\Sö*f æ�Ø>Þ³ß�ñ
×�ß�à~Ö`Þ³ß"Ü�×ÝÙ�ß�æ S�R Ú-×�æðÙ�Ö[Ö ó Ö'Ø Ó æ öQA�Ó ×�ê Ù�æ Óhç Ü½Û�×�ÖhÜ Ó à=Þ³ß"Ü�ÞzÜ Ò�Ó K8×�æðÜ�îs×ÝØ�Ø è ÛðÞ/àSï�Ö'Ü½Ù�Þ³ß
Ü�×�Ûðñ Ó Ü½æ�à�ï�ÛðÙ�ß�ñáÜ Ò�Ó K � Õ Ñ â�Ö ó Ö'Ø Ó æ öéÑ[Ò�Ó Û Ó å Ó Û Ó ï è Ü½Þáø7Þ³ï�Û@K � Õ Ñ â�Ö ó Ö`Ø Ó æÿÙ�ß
Ó ×�Ö Ò æ½ï èòÓ Û�NTÖ ó Ö'Ø ÓÝö

Ñ h � Ñ i � ÑJS õ=×�ß�à ÑJSkS Ú Ó ×�ê~Ø�Ù�ß Ó æ ö�Ñ[Ò�Ó�ÑJS$S � ÑJS õ�×�ß�à Ñ i Ú Ó ×�ê~Ø�Ù�ß Ó æDæ Ò ×ÝÛ Ó Þ�ß Ó ÞÝø
Ü Ò�Ó Ü�×�Ûðñ Ó Ü½æ�×Ýß�à�Ü Ò�Ó ÞÝÜ Ò�Ó Û®Ù>æià Ó à�Ù>Ö¤×ÝÜ Ó à�Ü½ÞXÜ Ò�Ó~Ñ h Ú Ó ×�ê~Ø�Ù>ß Ó�ö~Ñ[Ò�Ó ê�Þ³ê Ó ß"Ü½ï�ê
Û�×�ß�ñ Ó ×�ß�àXÖ`Þ³ê è Þ�æ½Ù>Ü½Ù�Þ³ß=Þ�ø.Ü Ò�Ó æ Ó Ö`Þ³ßSà-×�Û ó Ú Ó ×Ýê�Ø>Ù�ß Ó æ�å	×Ýæ�Ø�×�Û½ñ Ó Ø ó à Ó Ü Ó Ûðê�Ù>ß Ó à%Ú ó
Ü Ò�Ó ×�ß�ñ�ï�Øä×�Û	×�Ö`Ö Ó`è Ü�×�ß�Ö Ó Þ�ø6Ü Ò�Ó Ø�Ù>ß Ó æWåDÙ>Ü Ò Û Ó æ èòÓ ÖhÜ Ü½Þ~Ü Ò�Ó Ü�×�Ûðñ Ó Ü ö

Ñ[Ò�Ó Û Ó å Ó Û Ó ï è Ü½Þ�ø7Þ³ïSÛnK � Õ Ñ â Ö ó Ö`Ø Ó æ èòÓ Û æ½ï èòÓ Û�NTÖ ó Ö'Ø Ó åDÙ>Ü Ò ×�ê~Ù�ßSÙ�ê�ï�ê
Û Ó`èòÓ Ü½Ù>Ü½Ù�Þ³ß@Ü½Ù�ê Ó Þ�ø¢ô öbR æ ö�Ñ[Ò�Ó à�ï�Û�×*Ü�Ù�Þ�ßZÞ�ø Ó ×�Ö Ò æ è Ù>Ø�Ø�å�×�æ × è�è ÛðÞ ç Ù>ê=×*Ü Ó Ø óoR õ³õ¢ê�æ ö
Ñ[Ò�Ó Ú Ó ×Ýê�Ø>Ù�ß Ó æ è Û½Þ�÷2Ù�à Ó à=ê~Þ³ê Ó ß"Ü�ïSê æ Ó Ø Ó ÖhÜ Ó àp�/ßSÞ³ßcNTæ Ó`è ×ÝÛ�×ÝÜ Ó à�¯�°�qr°�² ×�ß�àz´ è ×ÝÛ�N
Ü�Ù�Ö'Ø Ó æ ö K8×�Ö Ò Ú Ó ×�ê ×�Ø>æ½Þ@Ö'Þ³ß"Ü�×�Ù>ß Ó à± è Û½Þ2à�ï�Ö Ó àÙ�ßá¯¢°�q à Ó Ö`× ó æ ö®Ñ[ÒSÓ Ú Ó ×�ê~Ø�Ù�ß Ó æ
Ö`Þ³ï�Ø>àPÚ Ó Þ è�Ó Û�×ÝÜ Ó àzÙ�ß Ó ÙýÜ Ò�Ó Û è Þ³Øä×�ÛðÙ>Ü ó ×�ß�ài×ÝÜ+×ÝÛ½Ú�ÙýÜ�Û�×ÝÛ ó ê�Þ³ê Ó ß"Ü½ï�êGæ Ó ÜðÜ�Ù�ßSñ³æ åDÙ>Ü Ò Ù�ß
Ü Ò�Ó Ù�Û[ß�Þ³ê~Ù�ß�×�Ø¼Û½×�ß�ñ ÓÝö

K8×�Ö Ò Ú Ó ×�ê~Ø�Ù>ß ÓZÒ ×�æ�ÜTåWÞ�ø7Þ2Ö`ï�æðÙ�ß�ñéæðÜ�×�ñ Ó æ ö _Tß Ü Ò�Ó ¸�Û½æðÜ�æðÜ�×�ñ Ó æ Ó Ö`Þ³ß�à�×�Û ó
è ×�ÛðÜ½Ù�Ö'Ø Ó æ è ÛðÞ/àSï�Ö Ó àZÞ ? Ü Ò�Ó Ü�×�Ûðñ Ó Ülå Ó Û Ó ø7Þ/Ö'ï�æ Ó à@Ù�ß�Ú�Þ�Ü Ò Ü½Û�×�ß�æR÷ Ó Û½æ Ó à�Ù�Û Ó Ö'Ü½Ù�Þ³ßSæWÚ ó
× è ×ÝÙ�Û�Þ�ø 
 ï�×�à�Û½ï è Þ³Ø Ó ê=×�ñ�ß Ó Ü½æ	�2×�ß�à�Ü Ò�Ó Ú Ó ×�ê å�×�ælÚ Ó ß"Ü Ò Þ�Û½Ùsr'Þ³ß"Ü�×�Ø>Ø ó Ú ó ×zà�Ù è Þ³Ø Ó

fcS



ê=×�ñ�ß Ó Ü öéÑ[ÒSÓ àSÙ è Þ³Ø Ó ×�à�à Ó à àSÙ�æ èòÓ Ûðæ½Ù>Þ³ßtM ÓÝö ñ ö �8Ö`Þ�Û½Û Ó Øä×ÝÜ½Ù�Þ³ß:Ú Ó ÜTå Ó'Ó ß ê�Þ³ê Ó ß"Ü½ï�ê
×�ß�à�Ü½Û�×�ßSæð÷ Ó Û½æ Ó�è Þ�æ½Ù>Ü½Ù�Þ³ßuP6Ü�ÞzÜ Ò�Ó Ú Ó ×�ê ö6Ñ[Ò�Ó Ú Ó ×Ýê è ×�æ½æ Ó à@Þ�ß?Ü½Þ®Ü Ò�Ó æ Ó Ö`Þ�ß�à@æðÜ�×�ñ Ó
å Ò�Ó Û Ó ÙýÜ è ×�æðæ Ó àéÜ Ò Û½Þ³ïSñ Ò ×I¸ Ó Ø�àØ Ó ß�æ 
 ï-×Ýà�Û½ï è Þ³Ø Ó ø7Þ³Ø�Ø>Þ�å Ó àÚ ó ×@æ Ó Ö'Þ³ß�àéà�Ù è Þ³Ø ÓÝö
Ñ[Ò�Óv
 ï-×�à�Ûðï è Þ�Ø Ó N�à�Ù è Þ³Ø ÓXè ×�Ù�Û~Û Ó Ö`Þ³ê�ÚSÙ�ß Ó à à�Ù ?�Ó Û Ó ß"ÜZê~Þ³ê Ó ß"Ü�ï�ê Ü�Û½×&> Ó ÖhÜ�Þ³ÛðÙ Ó æ@Ù�ß
Þ³Û½à Ó Û�Ü½Þ:ê�×�þ Ó Ü Ò�Ó Ú Ó ×�ê à�Ù�æ è�Ó Û½æðÙ�Þ³ß ø7Û Ó'Ó ×ÝÜ�Ù>Ü½æ Ó ß�à è Þ³Ù�ß"Ü öMÑ[Ò�Ó�è Þ�æ½Ù>Ü½Ù�Þ³ß ×�ß�à
ø7Þ/Ö'ï�æ½Ù>ß�ñ×ÝÜ®Ü Ò�Ó@Ó ß�à è Þ³Ù�ß"Ü�Ö`Þ³ï�Ø>à Ú Ó ×�ØýÜ Ó Û Ó à Ú ó ÷�×ÝÛ ó Ù�ß�ñXÜ Ò�Ó Ö`ï�ÛðÛ Ó ß"Ü½æÿÙ�ß�×m¸�ß-×�Ø
è ×�Ù�Û+Þ�ø 
 ï-×�àSÛ½ï è Þ³Ø Ó æIØ>Þ/Ö`×ÝÜ Ó à�à�Þ�åDß�æðÜ½Û Ó ×�ê£ÞÝø-Ü Ò�Ó æ Ó Ö'Þ³ß�àÿà�Ù è Þ³Ø Ó�ö ã�ï�Û½Ù>ß�ñsæRÜ�×�ßSà-×�Û½à
à-×ÝÜ�×&N�Ü�×Ýþ2Ù>ß�ñzÜ Ò�Ó Ú Ó ×�ê å	×Ýæ�ø7Þ/Ö'ï�æ Ó à@Þ³ß"Ü�Þ�×®à�Þ�åDß�æRÜ�Û Ó ×�ê|Ú Ó ×�êÍÖ`Þ³ïSß?Ü Ó Û	Ø>Þ/Ö`×ÝÜ Ó à=×
ø Ó å Ö'êÉÙ�ßZø7ÛðÞ³ß"Ü ÞÝø�â	×�Ø�ã Ó Ü ö

Ñ[Ò�Ó Ù>ß?Ü Ó ß�æðÙ>Ü ó Þ�ø[Ü ÒSÓ æ Ó Ö`Þ³ß�à�×�Û ó Ú Ó ×�ê�æiå	×Ýæ�Ö`Þ³ß"Ü½Û½Þ³Ø>Ø Ó à:Ú ó ï�æðÙ�ß�ñÞ³ß Ó Þ³Û
ÜTå�Þ Ö`Þ³Ø>Ø�Ù�ê�×ÝÜ½Þ³Û½æ�Ü�Þ Ø�Ù>ê�ÙýÜ�Ü Ò�Ó Ú Ó ×�ê à�Ù>ê Ó ß�æ½Ù>Þ³ß�æZÙ�ßMÜ ÒSÓ ÷ Ó ÛRÜ�Ù�Ö`×�Øz×�ß�à Ò Þ³ÛðÙsr'Þ³ßcN
Ü�×�Ø6à�Ù�Û Ó Ö'Ü½Ù�Þ³ßSæ özÑ[Ò�Ó Ö`Þ�Ø�Ø�Ù>ê=×*Ü�Þ³ÛðæDå Ó Û Ó Ø�Þ2Ö¤×ÝÜ Ó àÙ>ßrØ�Þ�åÆà�Ù�æ è�Ó Û½æðÙ�Þ³ßæ Ó Ö'Ü½Ù�Þ³ßSæPÞ�ø8Ü Ò�Ó
Ú Ó ×�ê�Ø>Ù�ß Ó ×�ßSà Ò ×�à×~ß Ó ñ�Ø�Ù�ñ�Ù�Ú�Ø ÓPÓ�?�Ó Ö'Ü�Þ³ß�Ü Ò�Ó ê~Þ³ê Ó ß"Ü�ï�ê æ è Û Ó ×�à ösÑ[ÒSÓ ê�Þ�ê Ó ßcN
Ü�ï�êÉÚSÙ>Ü Ó M úf´�ûh´wP	Þ�ø+Ü Ò�Ó æ Ó Ö`Þ³ßSà-×�Û ó Ú Ó ×Ýê�æ[å�×�æ Ö'Þ³ß"Ü�ÛðÞ³Ø�Ø Ó àZÚ ó ×�ß�Þ�Ü Ò�Ó ÛDÖ'Þ³Ø�Ø>Ù�ê�×ÝÜ�Þ³Û
å Ò Ù�Ö Ò Ø>Ù�ê~Ù>Ü Ó à Ü ÒSÓ�Ò Þ�Û½Ùsr'Þ³ß"Ü�×�Ø Ófç Ü Ó ß"Ü@ÞÝø�Ü Ò�Ó Ú Ó ×�ê Ù>ß Ü ÒSÓ Û Ó ñ³Ù>Þ³ß Ú Ó ÜTå Ó`Ó ß Ü Ò�Ó
ÜTå�ÞràSÙ è Þ³Ø Ó æoM7Ù ö Ó�ö Ù>ßéÜ Ò�Ó=Ò Ù�ñ Ò à�Ù�æ è�Ó Û½æðÙ�Þ³ß è Þ³ÛRÜ�Ù>Þ³ß Þ�ø	Ü ÒSÓ Ú Ó ×�ê~Ø�Ù>ß Ó P ö=Ñ[Ò�Ó Ö`Þ³Ø>Ø�ÙxN
ê=×ÝÜ½Þ³Û½æ�Ö`Þ�ß�æ½Ù>æðÜ Ó àÞ�ø¢ÜTåWÞ@Ú�Û½×�æ½æQ>½×¤åDæ��Aô U Nzy³õ¢Ö`ê åDÙ>à Ó �òæ Ó ÜPæ½Ù>à Ó Ú ó æ½Ù>à Ó Ü½Þ=ø7Þ³Û½ê ×
æ½Ø�ÙýÜ�× èòÓ ÛðÜ½ï�Û Ó Z R h ]4ö Õ2Ü Ó`è�èòÓ Û�ê~Þ�Ü�Þ³Ûðæ	å Ó Û Ó ï�æ Ó à�Ü�Þ~Û Ó ê�ÞÝÜ Ó Ø ó Ö'Þ³ß"Ü�Û½Þ�Ø.Ü Ò�Ó × è�Ó ÛðÜ½ï�Û Ó
æ½Ùsr Ó�ö _Tß�à�Ùý÷2Ù�à�ï-×ÝØ6Ö'Þ³Ø�Ø>Ù�ê�×ÝÜ�Þ³Ûðæ	å Ó Û Ó7R�\ � h U Þ³Û i õ¢Ö`ê Ø�Þ³ßSñZ×�ß�àÛ Ó à�ï�Ö Ó àÜ ÒSÓ Ú Ó ×�ê
Ù�ß"Ü Ó ß�æ½ÙýÜ ó Ú ó × è�è ÛðÞ ç Ù>ê=×*Ü Ó Ø ó ÜTåWÞ�Þ�Û½à Ó Û½æDÞ�ø6ê=×�ñ�ß�Ù>Ü½ï�à Ó å Ò�Ó ß�ø7ï�Ø>Ø ó Ö`Ø>Þ³æ Ó à ö

_Tß è Û�×�ÖhÜ�Ù�Ö Ó �ÝÖ`Þ³Ø>Ø�Ù�ê�×ÝÜ½Þ³Û½æòå Ó Û Ó ß Ó ÷ Ó Û¢Þ èòÓ Û½×ÝÜ Ó àiåDÙýÜ Ò Ø Ó æðæ+Ü Ò ×�ß�× ô ö y¢ê�ê Ò ×�Ø>ø
× è�Ó ÛðÜ½ï�Û Ó Ù�ßXÞ³Û½à Ó Û�Ü½Þ=Û Ó à�ï�Ö Ó æ½Ö'Û�× è Ù�ß�ñ Ó�?�Ó Ö'Ü½æ öDÑ[Ò�Ó ú�´òûh´Xø7Þ³Û è Ù�Þ�ß�æ	� è ÛðÞ�Ü�Þ³ßSæ�×�ß�à
Ó Ø Ó Ö'Ü½Û½Þ³ß�æ�å�×�æ|{ S ü ö(V8Ó Û ó Ø�Þ�å Ù>ß"Ü Ó ßSæ½Ù>Ü½Ù Ó æ¢å Ó Û Ó ×�Ö Ò Ù Ó ÷ Ó àjN6Ú-×�æ Ó à~Þ³ß=×ÝàS÷2Ù�Ö Ó ø7ÛðÞ³ê
Ü Ò�Ó ílÕ æRÜ�× ? N�Ú ó à Ó ø7Þ2Ö`ï�æðæ½Ù>ß�ñXÜ Ò�Ó Ú Ó ×�ê ï è æðÜ�Û Ó ×�ê�Þ�øWÜ Ò�Ó Ù�ß"Ü Ó ß�æ½ÙýÜ ó Ö'Þ³ß"Ü�Û½Þ�Ø�Ø�Ù>ß�ñ
Ö`Þ³Ø>Ø�Ù�ê�×ÝÜ½Þ³Û½æ öéÑ[ÒSÓ à Ó ø7Þ/Ö'ï�æ½æðÙ�ß�ñéÖ¤×Ýï�æ Ó à ×Øä×ÝÛ½ñ Ó Û è Û½Þ è Þ³ÛRÜ�Ù�Þ�ß Þ�ø�Ü Ò�Ó Ú Ó ×�ê(Ü½Þ Ú Ó
Ö Ò Þ è�èòÓ àMÚ ó Ü Ò�Ó Ö`Þ�Ø�Ø�Ù>ê=×*Ü�Þ³Ûðæ ö _�Ü@å	×ÝæZÙ�ß"Ü Ó ß�à Ó à Ü Ò ×ÝÜ@Ü Ò�Ó >½×¤å è Þ³æðÙ>Ü½Ù�Þ³ß ×�Ø>å�× ó æ
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�IÙ�ñ³ïSÛ Ó}R�ö y < Ñ[Ò�Ó â	×�Øäã Ó ÜPÙ�ßrÜ Ò�Ó�ÑJS$SÿÓhç/èòÓ Û½Ù>ê Ó ß"Ü�×�Ø�×ÝÛ Ó × ö�Ñ[Ò�Ó Ú Ó ×�ê Ó ß"Ü Ó Û½æzÜ Ò�Ó
×�Û Ó ×�Ü Ò ÛðÞ³ï�ñ Ò Ü Ò�Ó�è Ù>Ü½Ö Ò Ù�ß�ñ~ê�×�ñ³ß Ó Ü@M7Ù�ßáñ�Û Ó`Ó ß�P Ù>ß�Ü ÒSÓ ï è�èòÓ Û Ø Ó ø Ü#N Ò ×�ß�àáÖ'Þ³Û½ß Ó ÛsÞÝø
Ü Ò�Ó~è�Ò Þ�Ü½Þ ö K8Ø Ó ÖhÜ�Û½Þ�ß�Ù�Ö'æ®×Ýß�à è�Ò Þ�Ü�Þ�Ü½ï�Ú Ó æ®×�Û Ó æðÜ½Þ³Û Ó à:Ù>ß Ü Ò�Ó Û�×�Ö�þ?æ�×ÝØ�Þ³ß�ñ�æ½Ù�à Ó Ü Ò�Ó
à Ó Ü Ó Ö'Ü½Þ³Û ö

Ú Ó æ Ó Üiæ ó ê�ê Ó Ü½Û½Ù>Ö�Ü�ÞZÜ Ò�Ó Ú Ó ×�ê × ç Ù�æ öÿÑ[Ò Ù�æPå	×Ýæ è ×�ÛðÜ½Ù�Ö`ïSØä×�ÛðØ ó Ù�ê è Þ³ÛRÜ�×�ß"Ü ø7Þ³ÛPÜ Ò�Ó
ê�Þ³ê Ó ß"Ü½ï�ê(æ Ó Ø Ó Ö'Ü½Ù�Þ³ß Ö`Þ�Ø�Ø�Ù>ê=×*Ü�Þ³Û��Iæ½Ù>ß�Ö Ó ×�ß ×�æ ó ê~ê Ó Ü�ÛðÙ�Ö@æ Ó ÜðÜ�Ù�ßSñ åWÞ³ï�Ø>à Ö`×�ï�æ Ó ×
æ Ò Ùýø ÜDÙ�ßZÜ Ò�Ó Ö Ó ß"Ü�Û½×�ØAê�Þ�ê Ó ß?Ü½ï�êÂÞÝøIÜ ÒSÓ Ú Ó ×Ýê ö

~a� � ��� � ��� ���"�B� �%�8�|�ROðV��
â	×�Øäã Ó Ü�Ö'Þ³Ø�Ø Ó ÖhÜ Ó à à-×ÝÜ�×�Ù�ß ÜTåWÞ Ú Ó ×�ê~Ø�Ù�ß Ó æ}N ÑJSkS ×�ß�à Ñ h öMÑ[Ò�ÓáÑJSkS Ú Ó ×�ê~Ø�Ù>ß Ó
M æ Ò Þ�åDß Ù>ß^�IÙ�ñ öwR�ö�R P ×ÝÖ`Ö Ó'è Ü Ó à�æ Ó Ö'Þ³ß�à-×�Û óè ×�ÛRÜ�Ù>Ö`Ø Ó æ è ÛðÞ/àSï�Ö Ó àéÙ>ßrÜ Ò�Ó ×�ß�ñ³ï�Ø�×�ÛsÛ Ó N

f y



Ñ ×�Ûðñ Ó Ü½æ ×¤÷Ý×�Ù>Øä×�Ú�Ø Ó ø7Þ³Û	Ü Ò�ÓzÑJS$S Ú Ó ×�ê�Ø>Ù�ß ÓÝö
Ô ïSê�Ú Ó Û â�Þ³ê è Þ³æ½ÙýÜ�Ù�Þ�ß ã�Ù�ê Ó ß�æðÙ�Þ³ßSæYM ê~ê�P â�Þ³ê�ê Ó ß"ÜS � ß�Õ Ü Ò Ù>ßXæðÖ`Û Ó`Ó ß Ø�Þ�åËÙ>ß"Ü Ó ßSæ½Ù>Ü ó
ô â�ï � Rj� ô Uy â�ï � Rj�vU õR A�Ó��B� � R�� ôÝõ³õ � � ô�õ � y Ó Ø Ó Ö'Ü½Û½Þ³ß Ó ßSÛ½Ù�Ö ÒSÓ àU � Ø � U@�lS&U õ\ A�Ó��B� y �^U@� ô�õ�õ � � S õ � y Ó Ø Ó Ö'Ü½Û½Þ³ß Ó ßSÛ½Ù�Ö ÒSÓ àh � ß�Õ Ü Ò Ù>ßXæðÖ`Û Ó`Ó ß Ø�Þ�åËÙ>ß"Ü Ó ßSæ½Ù>Ü óf â�ï � Rj�lS õ³õi � Ø Ü Ò Ù>ßXæðÖ`Û Ó`Ó ß Ø�Þ�åËÙ>ß"Ü Ó ßSæ½Ù>Ü óS õ � Ø � U@� ô U õ ê=× ç Ù>ê�ï�ê ó Ù Ó Ø>àS$S � Ø � U@� ô�õ³õS ô � Ø � f õ �lS æ Ò�Ó'Ó Ü�NlØ�Þ�å Ù>ß"Ü Ó ßSæ½Ù>Ü ó

Ñ ×�ÚSØ Ó�R�ö�S$<.Ñ ×�Ûðñ Ó Ü½æI×¤÷Ý×�Ù>Øä×�Ú�Ø Ó ø7Þ³Û.ï�æ Ó åDÙ>Ü Ò®ÑJSkS³ö6Ñ[ÒSÓ Ü�×ÝÛ½ñ Ó Ü�æAå Ó Û Ó æ Ò ×�Û Ó à�Ú Ó ÜTå Ó`Ó ß
Ü Ò�Ó�Ñ i � ÑJS õ%×�ßSà ÑJSkS Ú Ó ×�ê~Ø�Ù>ß Ó æ�åDÙ>Ü Ò Ü Ò�Ó î �së í Óhç/è�Ó Û½Ù>ê Ó ß?Ü�M Ñ i P Ò ×¤÷2Ù�ß�ñZà Ó
ø ×�Ö'Ü½ÞPÖ`Þ³ß"Ü�ÛðÞ³Ø ö6Ñ[Ò�Ó ß�Þ�Ü�×ÝÜ�Ù>Þ³ß7� � ��� Ù�ßSà�Ù�Ö`×ÝÜ Ó æ¢Ü Ò�Ó Ü�×�Û½ñ Ó Ü�Ù�æ�Ö ó Ø�Ù�ßSà�Û½Ù>Ö¤×�Ø�� � ê~ê
Ù�ßXà�Ùä×�ê Ó Ü Ó Û�� A ê~ê Ù�ßXØ Ó ßSñ�Ü Ò ö�Ñ[Ò�Ó ßSÞ�Ü�×ÝÜ½Ù�Þ³ßD� �^���v� Ù�ßSà�Ù�Ö`×ÝÜ Ó æDÜ Ò�Ó ÷ Ó ÛRÜ�Ù�Ö`×�Ø
×�ß�à Ò Þ³Û½ÙTr`Þ³ß"Ü�×�Ø è Û½Þx¸-Ø Ó ×�ß�à Ü Ò Ù�Ö�þ?ß Ó æðæ=Þ�ø�× è ×�Û�×�Ø>Ø Ó Ø Ó`è Ù èòÓ à Ü�×ÝÛ½ñ Ó Ü ö _Tß Þ³Ûðà Ó ÛÿÜ�Þ
Ó ß Ò ×Ýß�Ö Ó Ö`Þ³ß"÷ Ó Û½æðÙ�Þ³ß@ÞÝø¼Ü ÒSÓ è�Ò Þ�Ü�Þ³ßSæ è ÛðÞ/à�ïSÖ Ó à�Ù�ß�¯���à Ó Ö¤× ó æ	��×zÜ½ï�ß�ñ³æRÜ Ó ß=à�Ù�æðþ�å	×�æ
×ÝÜ½Ü�×�Ö Ò�Ó à%Ü�Þ�Ü ÒSÓ àSÞ�åDßSæðÜ�Û Ó ×�ê æ Ó ÖhÜ�Ù�Þ�ßXÞÝø Ó Ø Ó ÖhÜ�Û½Þ�ß Ó ß�Û½Ù>Ö Ò�Ó àXÜ�×�Ûðñ Ó Ü½æ ö
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Bending Magnet
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QFO4 USCER
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T11 Beamline

BHZ1QFO2QDE1

Horizontal Collimator

Target

Primary Beam

Vertical Collimator

QFO4

Beamline: Restriced Access

BHZ2

3.900 m

3.100 m

1.600 m

3.700 m

2.500 m
7.3 m

3.200 m

5.500 m 2.300 m 2.600 m

3.200 m

12.5 m
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�IÙ�ñ³ïSÛ Ó�R�ö*Uc<IÑ[ÒSÓ Ö`Þ�ê è Þ³æ½ÙýÜ�Ù>Þ³ßÿÞ�øòÜ Ò�Ó�ÑJS$S ×Ýß�à Ñ h Ú Ó ×�ê~Ø�Ù�ß Ó æ�×�æ è ï�ÚSØ�Ù�æ Ò�Ó à~Ú ó Ü Ò�Ó
íWÕ@æRÜ�× ? Z R�\=]4ö�Ñ[Ò�Ó ílÕ S�f$f�Óhç/èòÓ ÛðÙ�ê Ó ß"ÜDê=×Ýà Ó Ü ÒSÓ ê Ó ×�æ½ï�Û Ó ê Ó ß"Ü�æDÞ�ø Ñ h ×�ß�à ÑJS$S
å	×�æDÖ Ò ×ÝÛ�×�ÖhÜ Ó ÛðÙsr Ó àáàSï�Û½Ù>ß�ñ~×j× � ô�Ú Ó ×�êÂÜ Ó æRÜ öQA Þ�Ü Ò ê Ó ×Ýæ½ï�Û Ó ê Ó ß"Ü�æ ×�Û Ó å Ó Ø>ØAÞ�÷ Ó Û
×�à Ó Ö¤×Ýà Ó Þ�Ø�à ö

ñ³Ù�Þ³ß S	R�fÙØ�ROÚ�\ÙØ ôÖM4îaP �gS�\ÙØ�S�ÚjS i Ø h M V P/ê~Û�×�àPåDÙýÜ Ò Û Ó æ èòÓ Ö'Ü.Ü½ÞDÜ Ò�Ó8è Û½Ù>ê=×ÝÛ ó Ú Ó ×�ê × ç Ù>æ ö
Ñ[Ò�Ó Ú Ó ×�ê~Ø�Ù>ß Ó8Ò ×�à�×sß�Þ�ê�Ù>ß-×�Ø"ê~Þ³ê Ó ß"Ü�ï�ê�Û�×Ýß�ñ Ó ÞÝøòõ öÆU N�y öb\ ù ÓWVYX Ö ö6Ñ[ÒSÓ M Ö Ò ×ÝÛ½ñ Ó à
è ×�ÛðÜ½Ù�Ö'Ø Ó P�Ú Ó ×Ýê Ö`Þ³ê è Þ�æ½Ù>Ü½Ù�Þ³ß@å�×�æ�à�Þ³ê~Ù�ß-×*Ü Ó à%Ú óXè Ù�Þ�ß�æ�×�ß�à è Û½Þ�Ü½Þ³ß�æDø7Þ³ÛDê�Þ�ê Ó ßcN
Ü�ï�ê æ Ó Ü½Ü½Ù�ß�ñ³æ�×�ÚòÞ�÷ ÓÛU õ³õJ· Ó�VYX Ö ö K�Ø Ó Ö'Ü½Û½Þ³ßSæ®å Ó Û Ó à�Þ³ê~Ù�ß-×�ß"Ü®Ú Ó Ø�Þ�å U õ�õJ· Ó�VJX Ök�
Ú�ïSÜlÜ Ò�Ó Ù�Û8Ö`Þ³ß"Ü½Û½Ù�ÚSïSÜ�Ù>Þ³ß�à Ó Ö'Û Ó ×Ýæ Ó à Ófç/è Þ³ß Ó ß"Ü�Ù�×�Ø�Ø ó åDÙ>Ü Ò Ü Ò�Ó Ú Ó ×�êÍê�Þ�ê Ó ß?Ü½ï�êÜM7æ Ó`Ó
�IÙ�ñ öcR�ö*U P ö

·á×�ñ�ß Ó Ü�æ Ó ÜðÜ�Ù>ß�ñ³æ8å Ó Û Ó à Ó Û½Ùý÷ Ó à�ø7Û½Þ�ê Ü�×�Ú�Ø Ó ælÞ³Û½Ù>ñ³Ù�ß�×�Ø�Ø ó®è Û Ó`è ×�Û Ó à=Ú ó Ü Ò�Ó ílÕ
æðÜ�× ? Z R�f�]¡ö _TßéÖ`Þ2Þ è�Ó Û�×ÝÜ½Ù�Þ³ßråDÙýÜ Ò ê=×ÝÖ Ò Ù�ß ÓÿÓfç/è�Ó ÛðÜ�æ��6Ü Ò�Ó · � ã è Û½Þ³ñ�Û�×�êÝZ R i ] å	×�æ
ï�æ Ó à�Ü�Þ~Û Ó Ö¤×�Ø>Ö`ï�Ø�×ÝÜ Ó æðÞ³ê Ó æ Ó ÜðÜ�Ù>ß�ñ³æ�Ù�ß%Þ³Û½à Ó Û[Ü�Þ~×�Ö'Ö`Þ³ï�ß"Ü�ø7Þ³Û[æ½ê�×�Ø>Ø Ö Ò ×�ß�ñ Ó æ�Ù�ß%Ü Ò�Ó
Ú Ó ×�ê�Ø>Ù�ß Ó Øä× ó Þ�ïSÜ ö¢Ñ[ÒSÓiè Û½Þ³ñ³Û½×�ê�å	×�æ�×�Ø>æ½Þ�ïSæ Ó à%Ü�ÞÿÖ`×�Ø�Ö'ï�Øä×*Ü Ó ê�×�ñ³ß Ó Ü	Ö'ï�Û½Û Ó ß"Ü�æ[ø7Þ³Û
Ü Ò�Ó M Þ³ÛðÙ�ñ³Ù>ß-×�Ø�Ø ó ï�ß"Ü�×�Ú�ïSØä×ÝÜ Ó à�P�õ öbR ×�ß�àáõ ö*\ ù Ó�VJX ÖiÚ Ó ×�ê æ Ó ÜðÜ�Ù>ß�ñ³æ öDÑ ×�Ú�Ø Ó�R�ö ô~Ø>Ù�æRÜ�æ

f h



Ü Ò�Ó ê�×�ñ³ß Ó ÜDÖ`ï�ÛðÛ Ó ß"Ü½æ�Ü Ò ×ÝÜ[å Ó Û Ó ï�æ Ó àáàSï�Û½Ù>ß�ñ�à-×ÝÜ�×ÿÖ'Þ³Ø�Ø Ó Ö'Ü½Ù�Þ³ß ö
Ñ[Ò�ÓZÑJS$S Ú Ó ×Ýê�Ø>Ù�ß Ó æ Ò ×�Û Ó æÿÙ>Ü�æ è Û½Þ2à�ï�ÖhÜ�Ù>Þ³ß:Ü�×ÝÛ½ñ Ó Ü�åDÙ>Ü Ò Ü ÒSÓ@Ñ i ×�ß�à ÑJS õ

Ú Ó ×�ê�Ø>Ù�ß Ó æ ö.Ñ ×�Ú�Ø Ó�R�ö�S æ Ò Þ�åDæ6Ü Ò�Ó ×¤÷Ý×�Ù>Øä×�Ú�Ø Ó Ü�×�Ûðñ Ó Ü½æ ö _Tßÿô�õ�õ"ôc��Ü Ò�ÓlÑ i ï�æ Ó ÛLM4î �së íQP
Ò ×�àáà Ó ø ×�ÖhÜ�Þ=Ö'Þ³ß"Ü�ÛðÞ³Ø6ÞÝø¢Ü Ò�Ó Ü�×�Ûðñ Ó Ü æ Ó Ø Ó Ö'Ü�Ù>Þ³ß » Ñ ×ÝÛ½ñ Ó Ü�æsæðÙ ç ×�ßSà Ó Ø Ó ÷ Ó ßáå Ó Û Ó ï�æ Ó à
Ù�ßpÜ ÒSÓ à-×ÝÜ�×&N�Ü�×Ýþ2Ù>ß�ñ öÆÑ[Ò�Ó Þ³ß�Ø ó à�Ù ?¼Ó Û Ó ß�Ö Ó Ú Ó ÜTå Ó`Ó ß Ü Ò�Ó ÜTåWÞ�Ü�×�Ûðñ Ó Ü½æ@å	×Ýæ%Ü Ò ×ÝÜ
Ü Ò�Ó�Ó Ø Ó Ö'Ü�ÛðÞ³ßÖ`Þ�ß?Ü Ó ß"ÜzÞ�ø�Ü Ò�Ó Ú Ó ×�ê å	×�æPæðÞ³ê Ó å Ò ×ÝÜ�Øä×�Ûðñ Ó ÛDåDÙ>Ü Ò Ü�×�Ûðñ Ó Üsæ½Ù ç�ö K�Ø Ó ÖWN
Ü�Û½Þ�ß�æiå Ó Û Ó Ü�×�ñ³ñ Ó àp�AåDÙ>Ü Ò�Ò Ù�ñ ÒéÓWÞ Ö`Ù Ó ß�Ö ó �¢Ú ó Ü Ò Û Ó æ Ò Þ³Ø�à�ßâ Ó Û Ó ß�þÝÞ�÷�Ö`Þ�ï�ß"Ü Ó Ûðæ�M7æ Ó`Ó
Õ Ó ÖhÜ�Ù�Þ�ß RSöbR�ö ô$P'��Û Ó ß�à Ó ÛðÙ�ß�ñ�Ü ÒSÓ àSÙ ?�Ó Û Ó ß�Ö Ó ï�ßSÙ�ê è Þ³ÛRÜ�×�ß"Ü	ø7Þ�Û	Ü Ò�ÓzÒ ×�àSÛ½Þ³ß�×�ß-×�Ø ó æ½Ù�æ ö

_Tß ÑJSkS �+Ü Ò�Ó~Ò Þ³Û½ÙTr`Þ³ß"Ü�×�ØgM ê~Þ³ê Ó ß"Ü�ï�ê�æ Ó Ø Ó ÖhÜ�Ù�Þ�ß�PzÖ'Þ³Ø�Ø>Ù�ê�×ÝÜ�Þ�Û Ò ×ÝØ>øàN�× è�Ó ÛðÜ�ïSÛ Ó
å	×�æ�æ Ó Ü�Ú Ó ÜTå Ó'Ó ß ô ö y�N fSöTS ê~êD�Sà Ó'è�Ó ß�à�Ù�ßSñ�Þ³ß%Ü ÒSÓ Ú Ó ×ÝêÉÙ�ß"Ü Ó ß�æ½ÙýÜ ó³ölÑ[Ò�Ózè Û Ó à�Ù�ÖhÜ Ó à
úf´òûf´iå�×�æ+Ø Ó æ½æAÜ Ò ×Ýß S üMø7Þ³Û+×�Ø�ØÝæ Ó ÜðÜ�Ù>ß�ñ³æ"Z R$f=]¡ö+Ñ[Ò�Ó ÷ Ó ÛðÜ�Ù>Ö¤×�Ø"Ö'Þ³Ø�Ø>Ù�ê�×ÝÜ�Þ�Û Ò ×ÝØ>øàN�× è�Ó ÛðÜ�ïSÛ Ó
å	×�æ�æ Ó Ü	Ù�ß�Ü Ò�Ó Û½×�ß�ñ ÓnR�ö õ&N�y \Sö õ¢ê~êá�?×�Ö'Ö`Þ³Ûðà�Ù�ßSñ®Ü�Þ®Ü Ò�Ó Ú Ó ×�ê|Ù>ß"Ü Ó ßSæ½Ù>Ü ó ×�ßSà=Ü Ò�Ó à Ó N
æ½Ù�Û Ó àXÛ�×ÝÜ Ó Þ�ø¢à-×*Ü�×ÿÖ`Þ³Ø>Ø Ó Ö'Ü�Ù>Þ³ß ö ��Þ�Û�ê~Þ³ê Ó ß"Ü�ïSêÂæ Ó Ü½Ü½Ù�ß�ñ³æ�Ú Ó Ø�Þ�åâ{ S$Ø*f ù Ó�VJX ÖzÜ Ò�Ó
æ Ó Ö'Þ³ß�à-×ÝÛ óvã ï ç ×ÝÜPÜ Ò�Ó à Ó Ü Ó Ö'Ü�Þ�Ûià Ó Ö`Û Ó ×�æ Ó àéåDÙ>Ü Ò Ü Ò�Ó Ú Ó ×�ê ê~Þ³ê Ó ß"Ü�ï�ê ö â�Þ³ßSæ Ó N

 ï Ó ß"Ü�Ø ó ��Ö'Þ³Ø�Ø>Ù�ê�×ÝÜ�Þ�Û½æ�å Ó Û Ó Þ è�Ó ß Ó à®Ù�ßzÞ³Û½à Ó ÛAÜ�Þ�Ù�ß�Ö'Û Ó ×�æ Ó Ü ÒSÓ Û½×ÝÜ Ó Þ�ø/à-×ÝÜ�×�Ö'Þ³Ø�Ø Ó Ö'Ü½Ù�Þ³ß ö
Ñ[Ò�Ó ú�´òûh´%å�×�æDß�Þ�Ü�æ Ó ß�æ½ÙýÜ�Ùý÷ Ó Ü�ÞÿÜ ÒSÓ ÷ Ó ÛRÜ�Ù�Ö`×�ØAÖ`Þ�Ø�Ø�Ù>ê=×*Ü�Þ³Û Ò ×�ØýøàN�× èòÓ ÛRÜ�ï�Û Ó�ö

~a� � � � � ��� �åäæ� �%�8�K�#ç�è��
Ñ[Ò�Ó ×�ßSñ³ï�Øä×ÝÛ8×�Ö`Ö Ó`è Ü�×�ß�Ö Ó Þ�ø¼Ü Ò�Ó Ñ h Ú Ó ×�ê~Ø�Ù�ß Ó å	×�æ Ú@S ô Øbf M4îaPh° ÚJRÖØ õuM V P/ê�Û½×�à�åDÙ>Ü Ò
Û Ó æ è�Ó Ö'ÜZÜ½Þ Ü Ò�Ó Ú Ó ×�ê à�Ù>Û Ó ÖhÜ�Ù>Þ³ßéM ÓÝö ñ ö ��×lr Ó Û½Þ à Ó ñ�Û Ó`Óè Û½Þ2à�ï�Ö'Ü½Ù�Þ³ßM×Ýß�ñ³Ø Ó P ö Ñ[Ò�Ó
Ú Ó ×�ê�Ø>Ù�ß ÓáÒ ×�æX×�ß�Þ³ê~Ù�ß-×�Ø ê�Þ�ê Ó ß?Ü½ï�ê Û½×�ß�ñ Ó Þ�ø�õ ö*U N S õ ö õ8ù Ó�VJX Ö×�ß�à Ù�æ%æ Ò Þ�åDß
Ù�ß^�IÙ>ñ ö�R�ö h ö�Ñ[ÒSÓ Ú Ó ×Ýê�Ö`Þ�ê è Þ³æ½ÙýÜ�Ù>Þ³ßáå�×�æzà�Þ³ê~Ù�ß-×ÝÜ Ó àÚ óè Ù>Þ³ß�æz×�ßSà è Û½Þ�Ü½Þ³ß�æ�ø7Þ³Û
ê�Þ³ê Ó ß"Ü½ï�ê£æ Ó ÜðÜ�Ù�ßSñ³æ�×�ÚòÞ�÷ Ó ô�ù Ó�VYX Ö ö�A�Ó Ø�Þ�å ô�ù ÓWVYX Ö Ó Ø Ó Ö'Ü½Û½Þ³ß�æ�àSÞ³ê�Ù>ß-×ÝÜ Ó àp�*åDÙ>Ü Ò
Ü Ò�Ó Ù�Û[Ö`Þ�ß?Ü Ó ß"Ü à Ó Ö'Û Ó ×Ýæ½Ù�ßSñ ÓfçSè Þ³ß Ó ß"Ü�Ùä×ÝØ�Ø ó åDÙ>Ü Ò Ü Ò�Ó Ú Ó ×�êÉê~Þ³ê Ó ß"Ü�ï�ê ö

Ñ[Ò�Ó�Ñ h ê=×�ñ�ß Ó Ü æ Ó Ü½Ü�Ù>ß�ñ³æ���æ Ò Þ�åDßÙ�ß Ñ ×�Ú�Ø Ó�RSöbR ��å Ó Û Ó à Ó ÛðÙ>÷ Ó àrø7Û½Þ�êÉÜ�×�Ú�Ø Ó æ
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�IÙ�ñ³ïSÛ ÓjR�ö*\c<ÿÑ[Ò�Ó â	×�Ø�ã Ó Ü®Ù�ß:Ü Ò�Ó=Ñ h ÓfçSèòÓ ÛðÙ�ê Ó ß"Ü�×ÝØ�×�Û Ó × ö�Ñ[Ò�Ó Ú Ó ×�ê Ó ß?Ü Ó Ûðæ�Ü Ò�Ó
×�Û Ó ×=Þ³ßáÜ Ò�Ó Ø�Þ�å Ó Û�Ø Ó ø Ü�N Ò ×�ßSàáæ½Ù>à Ó Þ�øIÜ Ò�Ó�èSÒ Þ�Ü�Þ@×�ß�à è ÛðÞ/Ö Ó`Ó àSæ�Ü Ò ÛðÞ³ï�ñ Ò × Ò Þ³Ø Ó Ù�ß
Ü Ò�Ó Øä×�Ûðñ Ó æ è�Ó Ö'Ü½Û½Þ³ê Ó Ü Ó Ûsê�×�ñ³ß Ó Ü}M Ú�Ø>ï Ó P ö Ñ[Ò�Ó ê=×Ýñ³ß Ó Ü�å�×�æ�ß�Þ�Ü Ó ß Ó Û½ñ�Ùsr Ó àà�ï�ÛðÙ�ß�ñ
Ü Ò�Ó à-×ÝÜ�×�N�Ü�×�þ?Ù�ß�ñ ö
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Horizontal Collimator
Horizontal Collimator
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BHZ1 QFO1
QDE2

QFO3

Quad: Vertical Focus

Quad: Horizontal Focus

Bending Magnet

Legend

CalDet

QDE4
BHZ2

QFO5
DVT1

USTOF

Reference Focus DSTOF
USCER MIDCER

DSCER

Experimental Area
Beamline : Restricted Access

T7 Beamline

4.87 m

2.38 m
2.38 m

3.500 m

6.16 m

9.100 m

5.000 m

3.000 m
3.150 m

2.800 m

7.61 m

�IÙ�ñ³ïSÛÓHR�öh <�Ñ[Ò�Ó Øä×ó Þ³ïSÜDÞ�ø+ÜÒ�ÓzÑh ÚÓ ×�ê~Ø�Ù�ßÓ Ù�ßZÜÒSÓ âLKë Ô�íWÕÛK8×�æðÜî×�Ø�Øö
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Ñ ×�Ûðñ Ó Ü½æs×¤÷Ý×�Ù>Øä×�Ú�Ø Ó ø7Þ³Û	Ü Ò�ÓzÑ h Ú Ó ×�ê�Ø>Ù�ß ÓÝö
Ô ï�ê�Ú Ó Û â�Þ³ê è Þ�æ½Ù>Ü½Ù�Þ³ß ã�Ù�ê Ó ßSæ½Ù�Þ�ß�æYM ê~êoP â�Þ³ê~ê Ó ß"ÜS � ß�Õ Ü Ò Ù>ß%æ½Ö`Û Ó`Ó ß Ø>Þ�åGÙ�ß"Ü Ó ß�æðÙ>Ü ó
ô � Ø �C� � y �^U õ � � ô�õ � y Ó Ø Ó ÖhÜ�ÛðÞ³ß Ó ß�ÛðÙ�Ö Ò�Ó ày � Ø � U@� ô U õR N N è ×Ýæ½æ�×Ýñ Ó M ß�ÞÿÜ�×ÝÛ½ñ Ó Ü'PU � Ø � U@�lS i õ\ � Øsö�÷Jø�ù â�Û � U@�lS i õh N N è ×Ýæ½æ�×Ýñ Óf � Ø �C� � y �lS ô U�� � ô�õ � y Ó Ø Ó ÖhÜ�ÛðÞ³ß Ó ß�ÛðÙ�Ö Ò�Ó ài â�ï y � ô �[S�\ õS õ � Øsö�÷Jø æ½Ö'Û Ó`Ó ßCM�ú&PS$S � Ø Rj�[S i õS ô N N è ×Ýæ½æ�×Ýñ Ó

Ñ ×�ÚSØ ÓûR�ö y < Ñ ×�Ûðñ Ó Ü½æ%×�÷Ý×�Ù>Øä×�ÚSØ Ó ø7Þ³ÛZï�æ Ó åDÙýÜ ÒMÑ h ö£Ñ[Ò�Ó Ü�×�Ûðñ Ó Ü½æ=å Ó Û Ó à Ó àSÙ�Ö¤×*Ü Ó à
Ü�Þ Ü ÒSÓÑ h Ø>Ù�ß Ó ×�ß�à Ö`Þ�ï�Ø�àMÚ Ó Ö Ò ×�ß�ñ Ó à ×�æZà Ó æðÙ�Û Ó à ö£Ñ[Ò�Ó ß�Þ�Ü�×*Ü�Ù�Þ�ßd� � ���
Ù�ß�à�Ù>Ö¤×ÝÜ Ó æ�Ü Ò�Ó Ü�×�Ûðñ Ó ÜzÙ>æPÖ ó Ø�Ù>ß�à�Û½Ù>Ö¤×�Ø�� � ê~ê�Ù�ßàSÙä×�ê Ó Ü Ó Û	� A ê~ê�Ù�ßØ Ó ß�ñÝÜ Ò öÿÑ[Ò�Ó
ß�Þ�Ü�×*Ü�Ù�Þ�ßo� ���B��� Ù�ßSà�Ù�Ö`×ÝÜ Ó ælÜ Ò�Ó ÷ Ó ÛðÜ½Ù�Ö¤×ÝØ ×�ß�à Ò Þ³Û½ÙTr`Þ³ß"Ü�×�Ø è Û½Þt¸-Ø Ó ×�ßSà=Ü Ò Ù>Ö�þ?ß Ó æðæ
Þ�ø�× è ×�Û½×�Ø�Ø Ó Ø Ó`è Ù è�Ó à Ü�×�Ûðñ Ó Ü ö _TßGÞ�Û½à Ó Û%Ü½Þ Ó ß Ò ×Ýß�Ö Ó Ö`Þ³ß"÷ Ó Û½æðÙ�Þ³ßGÞ�øiÜ Ò�Ó è�Ò ÞÝÜ�Þ³ß�æ
è Û½Þ2à�ï�Ö Ó à�Ù>ßz¯p�Ià Ó Ö¤× ó æ	�?×[Ü�ï�ß�ñ�æðÜ Ó ß�à�Ù>æ½þ�å�×�æ¢×ÝÜðÜ�×�Ö ÒSÓ à®Ü½Þ�Ü Ò�Ó à�Þ�åDß�æðÜ½Û Ó ×Ýê£æ Ó Ö'Ü½Ù�Þ³ß
Þ�ø Ó Ø Ó Ö'Ü�ÛðÞ³ß Ó ß�ÛðÙ�Ö Ò�Ó àXÜ�×�Û½ñ Ó Ü�æ ö
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·á×�ñ�ß Ó Ü�Ö`ïSÛ½Û Ó ß"Üsæ Ó Ü½Ü½Ù�ß�ñ�æDø7Þ�Û	Ü Ò�ÓzÑ h Ú Ó ×�ê�Ø>Ù�ß Ó
ígM¡ù Ó�VYX Ö�P A î �(S ü �m÷ S ü ãJKlô ü �m÷Yy ü ãJK R A î � ô ü �m÷ U

õ öÆU S i ö õ�õ y i ö*fcS y i ö*fkR ô�õ ö õ"ô ôky ö ôky y U/ö õ³õ S�R�ö i fS�ö õ y fSö õ�õ h=i ö*\ y hki ö*\ h R õ ö õ$y R�\Sö�R�\ h õ ö õ³õ ô i ö i \S�ö ô R�U/ö*\ õ i U/öÆUkU i U2ö*\ÙS R�f/ö õ$y U$U/ö h U fkR�ö õ³õ y U/ö i US�öbR U y ö ôÝõ S$SkS³öbR h S$SkS³öÆU�R Uk\/ö õ$y \�U/ö õ$y i fSö õ³õ RÖS³ö i RS�ö*\ \ õ ö*f õ S ô h öbR õ S ô h öbR h \kRSö õ$y h R�ö y"ô S$S ô ö õ³õ R h ö i yS�ö*f \kfSöbR õ S�R y ö yky S�R y öbRÙS h ô ö õ U f y öb\ y S ô \Sö õ³õ U y ö i y
ô ö õ h \Sö õ�õ S&U i ö ô R S&U i ö yky f õ ö õ"ô i ô öbf h S�R õ ö õ³õ U i ö i S
ô ö ô f y ö*\ õ S h U/öTS�U S h U/ö ô \ f$f/ö õ"ô S õ"ô ö�S�\ S&U=R�ö õ³õ \�U/öbf i
ô öbR i S³ö ôÝõ S i S³öTSkS S i S³ö ô S i \/ö õ h S$S$S³ö*U õ S�\$fSö õ³õ h S³ö i õ
ô ö*\ i fSö*f õ ô�õ \Sö i f ô�õ h öTSkS S õ RSö õ S S ô�õ ö h S S�f ô ö õ³õ h$h öbf h
ô ö*f S õ \Sö�R õ ô³ô�ô ö i \ ô³ô=y ö õ f S$S ô ö õ f S y³õ ö õ i S i \Sö õ³õ f y öbf iy ö õ SkS�R�ö õ³õ ôky fSö*fcS ôky fSö i U S$S i ö i$i S y i ö ô R ô S$S³ö õ³õ f i öbfkRy ö ô S ô S³öb\ õ ô U�R�ö h S ô U�R�ö*fk\ S ô h ö i�h S�R�fSö*U y ô³ô R�ö õ³õ i U/öbf ôy öbR S ô i ö ô�õ ô h õ ö*\ ô ô h õ ö h f S y U2ö i \ S&U h öbf õ ôky fSö õ³õ S õ S³öbf õy ö*\ S y \Söbf õ ô fk\SöÆU ô ô fk\Sö*\ i S�R y ö i U S�\ h ö õ f ô U ô ö õ³õ S õ h ö h fy ö*f S	R$R�ö�R õ y³õ³ô öbR ô y³õ³ô ö*\ õ S&UcS�ö i R S h \Sö y \ ô \$\Sö õ³õ S$S y ö h \RSö õ S�U ô ö õ³õ y S�fSö y³ô y S�fSöÆUOS S&U i ö i y S�f�U/öb\ y ô f ô ö õ³õ S$S i ö h UU2ö õ S�f i ö õ³õ y i$h ö h U y i$h ö iki S i$i ö i R ôky"ô ö ô³ô y U ô ö õ³õ S�R i öb\�U\/ö õ ô�ô h ö õ³õ R hkh ö õ i R hkh ö y f ô R õ öTS�\ ô hki ö y$y RÖS i ö õ³õ S hki ö*U hh ö õ ô \$\Sö õ³õ U$U=\Sö y³ô U$U=\Sö*\$U ô f õ ö*f õ y"ô h ö�R�\ R i R�ö õ³õ ô�õ i ö*Uk\f/ö õ y�õ U/ö õ³õ \ y U/öbR ô \ y U/ö h=i y"ô³ô ö ô³ô y h$h ö�R�\ Uk\kR�ö õ³õ ôky i öb\$fi ö õ y R h ö õ³õ h S	R�ö y \ h S	R�ö h f y \kRSö i y R y³õ ö h R \kR õ ö õ³õ ô h õ ö õ RS õ ö õ y i U/ö õ³õ hki y öTS	R hki y ö*\cS R õ i ö h U R i õ ö õ f h õ fSö õ³õ y³õ³õ ö h f

Ñ ×�ÚSØ ÓoRSöbRÖ<�Ñ[Ò�Ó ê�×�ñ³ß Ó Ü®Ö`ï�ÛðÛ Ó ß"Ü�æ Ó Ü½Ü½Ù�ß�ñ�æ�ï�æ Ó à�Ù�ß:Ü Ò�Ó@Ñ h Ú Ó ×�ê~Ø�Ù>ß Ó�ö â�ï�ÛðÛ Ó ß"Ü½æ
×�Û Ó ñ³Ùý÷ Ó ßéÙ�ß �®öAÑ[Ò�Ó ßSÞ�Ü�×ÝÜ½Ù�Þ³ß ü ãJK ç?ç M ü �m÷ ç2ç P�Ù�ßSà�Ù�Ö`×ÝÜ Ó ÷ Ó ÛðÜ½Ù�Ö`×�ØgM Ò Þ�Û½Ùsr'Þ³ß"Ü�×�ØàP
ø7Þ/Ö'ï�æ½Ù>ß�ñ 
 ï�×�à�Û½ï è Þ³Ø Ó æ ö7A î �òç?ç M AQV�Ñ�ç?ç PPÙ>ß�à�Ù>Ö¤×ÝÜ Ó æ Ò Þ³ÛðÙsr'Þ³ß"Ü�×�Ø`M ÷ Ó ÛðÜ�Ù>Ö¤×�ØàPsÚ Ó ß�àcN
Ù�ß�ñ ê�×�ñ³ß Ó Ü�æ ö _Tß"Ü Ó Û½ê Ó àSÙä×ÝÜ Ó ê�Þ³ê Ó ß"Ü½ï�ê æ Ó Ü½Ü½Ù�ß�ñ³æ��Wæðï�Ö Ò ×Ýæ�Ü Ò Þ³æ Ó Ú Ó ÜTå Ó`Ó ß õ ö*U N
õ ö*f ù Ó�VJX ÖPå Ó Û Ó Ù�ß"Ü Ó Û è Þ³Ø�×ÝÜ Ó àXÚ�×�æ Ó à�Þ³ß%÷Ý×�Ø�ï Ó æ[Ù�ßZÜ Ò Ù�æ	Ü�×�Ú�Ø ÓÝö
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è Û Ó'è ×�Û Ó à�Ú ó Ü ÒSÓ íWÕ�æRÜ�× ?6ö(� æ¢Ù�ß®Ü Ò�Ó[ÑJS$S Ú Ó ×�ê�Ø>Ù�ß Ó �ÝÜ Ò�Ó · � ã è Û½Þ³ñ³Û½×�ê å	×Ýæ�ï�æ Ó à
Ü�Þ�ï è à-×ÝÜ Ó Ü Ò�Ó æ Ó ÜðÜ�Ù>ß�ñ³æDÙ�ß%Û Ó ×�Ö'Ü½Ù�Þ³ßZÜ½Þ~æðê=×ÝØ�Ø¼Ö Ò ×�ß�ñ Ó æ Ù>ß%Ü Ò�Ó ê=×Ýñ³ß Ó Ü è Þ³æðÙ>Ü�Ù>Þ³ß�æ ö

Ñ[Ò�ÓéÑ h Ú Ó ×Ýê�Ø>Ù�ß ÓrÒ ×�æX× à Ó à�Ù>Ö¤×ÝÜ Ó àMÜ�×�Ûðñ Ó Ü%æRÜ�×ÝÜ½Ù�Þ³ßp� Ò Þ³Ø>à�Ù�ß�ñ Ü Ò�Ó æ Ó Ü�ÞÝø
ï�æ Ó Û�æ Ó Ø Ó Ö'Ü�×�Ú�Ø Ó Ü�×�Û½ñ Ó Ü�æ%Ø>Ù�æðÜ Ó àMÙ�ß Ñ ×�Ú�Ø ÓýRSö y ö�Ñ[Ò�Ó Ö Ò Þ�Ù�Ö Ó Þ�ø®Ü�×�Ûðñ Ó Ü%à Ó`èòÓ ß�à Ó à
Þ³ß Ü Ò�Ó Ú Ó ×Ýê(ê~Þ³ê Ó ß"Ü�ï�êD� è Û½Ù>ê=×ÝÛ ó Ú Ó ×�ê¨Ù�ß"Ü Ó ß�æ½ÙýÜ ó ×�ß�à Ûðï�ß è Øä×�ß ö ù Ó ß Ó Û�×ÝØ�Ø ó �
×�ß Ó Ø Ó Ö'Ü½Û½Þ³ß Ó ß�ÛðÙ�Ö Ò�Ó à Ü�×�Û½ñ Ó ÜDM Ü�×�Ûðñ Ó ÜÿôáÙ�ß Ñ ×�Ú�Ø ÓoR�ö y�Pzå�×�æÿï�æ Ó à�ø7Þ³Û®ê�Þ³ê Ó ß"Ü½ï�ê
æ Ó ÜðÜ�Ù>ß�ñ³æ�Ú Ó Ø�Þ�åþy8ù Ó�VYX Ö ö �-Þ³ÛIÚ Ó ×�ê ê~Þ³ê Ó ß"Ü�×�×ÝÚ�Þ�÷ Ó ô ö*f ù Ó�VJX Ök�"Ûðï�ß�æ¢å Ó Û Ó Ü�×�þ Ó ß
Ù�ß Ó ÙýÜ Ò�Ó Û Ò ×�à�ÛðÞ³ß Þ³Û Ó Ø Ó ÖhÜ�ÛðÞ³ß ê�Þ2à Ó�öiÑ[Ò�Ó�Ó Ø Ó ÖhÜ�Û½Þ�ßéê~Þ2à Ó Ù�ßSÖ`Ø�ïSà Ó à æ½Ù>ñ³ß-×�Ø>æ ø7ÛðÞ³ê
Ü Ò�Ó Ü Ò Û Ó æ Ò Þ³Ø>àeßâ Ó Û Ó ß�þ�Þ�÷�Ö'Þ³ï�ß"Ü Ó Û½æ8Ù�ß�Ü Ò�Ó Ü�ÛðÙ�ñ³ñ Ó Û¢Ø�Þ�ñ³Ù�ÖaM æ Ó`Ó Õ Ó ÖhÜ�Ù>Þ³ß R�ö y�P ö¢Ñ ×�Ûðñ Ó Ülô
å	×�æ�ï�æ Ó àZÙ�ß=Ü Ò�ÓsÓ Ø Ó ÖhÜ�ÛðÞ³ß@Ü�ÛðÙ�ñ³ñ Ó Û Ó à=Û½ïSß�æ ö _TßZÞ³Ûðà Ó ÛlÜ�Þ�Û Ó à�ïSÖ Ó Ü ÒSÓ Ú Ó ×�êKÙ�ß"Ü Ó ß�æ½ÙýÜ ó
ø7Þ³Û Ò ×�à�ÛðÞ³ßXÛ½ï�ß�æ��ò×~æðÖ`Û Ó'Ó ßáÜ�×�Û½ñ Ó Ü�M7Ü�×�Û½ñ Ó Ü S Ù�ß Ñ ×�ÚSØ ÓJR�ö y�P�å	×Ýæ�Ü ó2è Ù>Ö¤×�Ø>Ø ó ï�æ Ó à�ø7Þ³Û
ê�Þ³ê Ó ß"Ü½ï�êÉæ Ó Ü½Ü½Ù�ß�ñ³æ�×�ÚòÞ�÷ Ó h ù ÓWVYX Ö ö�� ßr×ÝØ�ï�ê~Ù�ß?ï�ê�Ü�×�Ûðñ Ó ÜÿM Ü�×�Ûðñ Ó Ügy�P�å�×�æ�ï�æ Ó à
à�ï�Û½Ù>ß�ñ Ò ×�à�Û½Þ�ß:Û½ïSß�æÿ×ÝÜ®Ù�ß"Ü Ó Û½ê Ó à�Ù�×ÝÜ Ó�Ó ß Ó Ûðñ³Ù Ó æ öXÑ[Ò�Ó Ü Ó æðÜ�NTÚ Ó ×�ê Û Ó æ½ï�ØýÜ�æ�×�Û Ó ß�Þ�Ü
Óhç/è�Ó Ö'Ü Ó à�Ü½Þ�à Ó`èòÓ ß�àXÞ³ß%Ü Ò�Ó Ü�×ÝÛ½ñ Ó ÜDÖ`Þ³ê è Þ�æ½Ù>Ü½Ù�Þ³ß ö

Ñ[Ò�Ó®Ñ h Ú Ó ×�ê~Ø�Ù>ß ÓPÒ ×�æ�Þ³ß Ó ÷ Ó ÛðÜ�Ù>Ö¤×�Ø+×�ßSàXÜTåWÞ Ò Þ³ÛðÙsr'Þ³ß"Ü�×�ØAÖ'Þ³Ø�Ø>Ù�ê�×ÝÜ�Þ³Ûðæ ö�Ñ[Ò�Ó
¸-Û½æRÜ Ò Þ³Û½ÙTr`Þ³ß"Ü�×�Ø�Ö'Þ³Ø�Ø>Ù�ê�×ÝÜ�Þ�ÛW×Ýß�à@Ü Ò�Ó ÷ Ó ÛRÜ�Ù>Ö¤×�Ø Ö'Þ³Ø�Ø>Ù�ê�×ÝÜ�Þ�Û¢å Ó Û Ó ï�æ Ó àZÜ�ÞÿÖ`Þ�ß?Ü½Û½Þ³Ø�Ü Ò�Ó
Ú Ó ×�ê(Ù>ß?Ü Ó ß�æðÙ>Ü ó�ö�Ñ[Ò�Ó ÷ Ó ÛðÜ½Ù�Ö`×�Ø Ò ×ÝØ>øàN�× è�Ó ÛðÜ�ïSÛ Ó å�×�æ�÷Ý×�Û½Ù Ó à�Ù>ß:Ü Ò�Ó Û½×�ß�ñ Ó Ú Ó ÜTå Ó`Ó ß
y�N R õ¢ê~êD�/å Ò Ù>Ø Ó Ü Ò�ÓiÒ Þ³ÛðÙsr'Þ³ß"Ü�×�Ø Ò ×�Ø>øàNT× è�Ó ÛðÜ½ï�Û Ó ÷Ý×�ÛðÙ Ó àXÞ�÷ Ó ÛHy�N \ ê�ê ö�� ×�Û½ñ Ó Ûs× è�Ó Û�N
Ü�ï�Û Ó æ�å Ó Û Ó ï�æ Ó à ×*Ü�Ø�Þ�å�ê~Þ³ê Ó ß"Ü�ï�ê æ Ó ÜðÜ�Ù�ßSñ³æÿ×�ß�à å ÒSÓ ß Ü ÒSÓ æ½Ö'Û Ó`Ó ß�Ü�×�Ûðñ Ó Ü®å	×�æ
Ó ê è Ø�Þ ó³Ó à ösÑ[ÒSÓ æ Ó Ö`Þ³ß�à Ò Þ�Û½Ùsr'Þ³ß"Ü�×�Ø.Ö'Þ³Ø�Ø>Ù�ê�×ÝÜ�Þ³Û	å�×�æ�ïSæ Ó àrÜ½Þ@Ö`Þ�ß?Ü½Û½Þ³Ø.Ü ÒSÓ ê�Þ�ê Ó ßcN
Ü�ï�êKæ è Û Ó ×�àX×�ßSàp�SÜ�Þ�×�Ø Ó æðæ Ó Û�à Ó ñ³Û Ó`Ó ��Ü Ò�Ó Ú Ó ×ÝêÂÙ�ß"Ü Ó ß�æðÙ>Ü ó³ö î ×�Ø>øàNT× èòÓ ÛðÜ½ï�Û Ó æ Ó Ü½Ü�Ù>ß�ñ³æ
÷�×ÝÛ½Ù Ó àáÚ Ó ÜTå Ó`Ó ß:ô ö*f N \ ê�ê ö	Ñ[Ò�Ó�Óhç/è�Ó Ö'Ü Ó àê~Þ³ê Ó ß"Ü�ï�ê æ è Û Ó ×�àrå	×ÝæsØ Ó æ½æ�Ü Ò ×�ß S ü
ø7Þ³ÛD×�Ø�Ø¼Û½ï�ß�æ ö
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Ñ[Ò�Ó Ö`×�Ø�Ù>Ú�Û�×ÝÜ½Ù�Þ³ßMà Ó Ü Ó Ö'Ü�Þ�Û M7åDÙýÜ Ò �ò×ÝÛ�ã Ó Ü Ó Ö'Ü�Þ�Û Ó Ø Ó ÖhÜ�ÛðÞ³ß�Ù�Ö'æ�P@å	×ÝærÞ³Û½Ù>ñ³Ù�ß�×�Ø�Ø ó Ù>ßcN
Ü Ó ßSà Ó à~Ü�ÞzÞ èòÓ Û�×*Ü Ó Ù�ß~×�ø7Û Ó'Ó Ûðï�ß�ß�Ù>ß�ñiê�Þ2à Ó Ù�à Ó ß"Ü�Ù>Ö¤×�ØSÜ½ÞPÜ Ò ×ÝÜ8ÞÝø¼Ü ÒSÓ ��×�Û8ã Ó Ü Ó Ö'Ü�Þ�Û ö
_TßXÜ Ò�Ó ø7Û Ó`Ó Ûðï�ß�ß�Ù>ß�ñ�ê~Þ2à ÓPÓ ×�Ö ÒÛV,� Ö Ò Ù è å	×�æ�Ù�ßSà Ó`èòÓ ß�à Ó ß"Ü�Ø ó Û Ó ×�à�Þ�ïSÜDå Ò�Ó ßXÜ Ò�Ó
æ½Ù�ñ�ß-×�Ø¼ø7ÛðÞ³ê|Ü Ò�Ó ×�æ½æðÞ/Ö'Ùä×ÝÜ Ó àXà ó ß�Þ/à ÓiÓfç Ö Ó`Ó à Ó àr×�Ü Ò Û Ó æ Ò Þ³Ø>à%Þ�ø¢× è�è Û½Þ ç Ù�ê�×ÝÜ Ó Ø ó�S ûky
è�Ò Þ�Ü½Þ Ó Ø Ó ÖhÜ�ÛðÞ³ß ö�Ñ[Ò�Ó ø7Û Ó`Ó Û½ï�ßSß�Ù�ß�ñ%à-×*Ü�×@å	×ÝæzÜ Ò�Ó ß Ü�Ù>ê Ó æ½Þ³ÛRÜ Ó à�×�ß�àÜ Ò�Ó �ò×ÝÛzã Ó N
Ü Ó ÖhÜ�Þ³Û è Øä×�ß Ó Ü�Û½Ù>ñ³ñ Ó Û	×�Ø>ñ³Þ³Û½ÙýÜ Ò ê å�×�æ�× è�è Ø�Ù Ó à@Ú ó Ü Ò�Ó ã �gü�ö�Ñ[ÒSÓ Ù�ß�ÙýÜ�Ùä×ÝØòà�×ÝÜ�×�ø7ÛðÞ³ê
Ü Ò�Ó ø ×�Ø>ØAô�õ³õ S Ú Ó ×ÝêÂÜ Ó æðÜDå	×ÝæDÜ�×�þ Ó ßáÙ>ß%Ü Ò Ù�æ[ê~Þ2à Ó�ö

K8×�Û½Ø ó ×�ß-×�Ø ó æ½Ù�æ+Þ�ø�Ü Ò�Ó ôÝõ³õ S à-×ÝÜ�×�æ Ò Þ�å Ó àÿÜ Ò ×ÝÜ6Ü Ò�Ó Û Ó å�×�æ¢×�æ½Ù>ñ³ß�Ùq¸�Ö¤×�ß"Ü Ó�?�Ó Ö'Ü
à�ï Ó Ü�ÞXÛ Ó ×�à�Þ³ïSÜzà Ó ×�àcN¡Ü�Ù>ê ÓÝö Kl×ÝÖ Ò V,� Ö Ò Ù è Ù�ß�Ö'ï�Û½æi×ÝÜiØ Ó ×�æRÜi×á{ U ±�&~à Ó ×�àcN¡Ü�Ù�ê Ó
å Ò Ù�Ø Ó Ú Ó Ù�ß�ñ�Û Ó ×�à%Þ³ïSÜ	�SÜ ÒSÓ ÚSï�Ø�þ~å Ò Ù�Ö Ò Þ/Ö'Ö`ï�ÛðæDà�ï�Û½Ù>ß�ñÿà�Ù>ñ³Ù>Ü½Ùsr¤×*Ü�Ù�Þ�ß ö Õ2Ù�ß�Ö Ó æ½Ù ç�V(�
Ö Ò Ù è æ�×�Û Ó ê�ï�Ø>Ü½Ù è Ø Óhç/Ó àéÞ³ß"Ü�ÞáÞ³ß Ó�V ·3· � ãzâ ê~Þ2à�ï�Ø Ó �+Ü Ò�Ó à Ó ×�àcN¡Ü�Ù�ê Ó Ú Ó Ö`Þ³ê Ó æ
×�à�à�ÙýÜ�Ù>÷ Ó Ú Ó Ö`×�ï�æ Ó Ü Ò�Ó Ö Ò Ù è æ[×ÝÛ Ó àSÙ�ñ³ÙýÜ�Ùsr Ó à�Ù�ß=æðï�Ö`Ö Ó æðæ½Ù�Þ�ß öWÑ[Ò ï�æ��SÜ ÒSÓ Û Ó ×�à�Þ³ïSÜ�à Ó ×Ýà
Ü�Ù�ê Ó ø7Þ³Û~Þ³ß ÓáV,� Ö Ò Ù è Ö`×�ß Ú Ó ×Ýæ=Øä×ÝÛ½ñ Ó ×�æo{ y³õ¢±�&á×�ßSàpÙ�æ~à Ó`èòÓ ßSà Ó ß"ÜZÞ³ß Ü Ò�Ó
×�Ö'Ü½Ù>÷2Ù>Ü ó Þ�ø6Ü Ò�Ó Þ�Ü ÒSÓ ÛDÖ Ò Ù è æ�æ Ó ÛR÷ Ó àáÚ ó Ü Ò�Ó æ Ò ×�Û Ó à V ·3· ö

Ñ[Ò�Ó Û Ó ×�à�Þ³ïSÜ�à Ó ×�àcN�Ü½Ù�ê Ó Ö¤×Ýß Ú Ó ïSß�à Ó ÛðæðÜ½Þ/Þ2à Ùýø�× Ö`Þ�ê è Û Ó`Ò�Ó ß�æ½Ùý÷ Ó Û Ó Ö`Þ³Ûðà
Þ�øWÜ Ò�Ó Û Ó ×�à�Þ³ï/Ü Ò Ù�æRÜ�Þ³Û ó Þ�ø Ó ×�Ö Ò Ö Ò Ù è Ù>æPþ Ó'è Ü ö('PÓ`Ó'è Ù�ßSñXæðï�Ö Ò ×%Û Ó Ö'Þ³Û½à è Û Ó Ö`Ø>ï�à Ó æ
Ü Ò�Ó × è�è Ø>Ù�Ö`×ÝÜ�Ù>Þ³ß�Þ�øz× è Øä×Ýß Ó Ü�Û½Ù>ñ³ñ Ó Û~Ú ó Ü Ò�Ó ã �gü æ½Ù>ß�Ö Ó æ½Þ³ê Ó Þ�øsÜ Ò�Ó ß Ó Ö Ó æ½æ½×�Û ó
Ù�ßSø7Þ³Ûðê=×*Ü�Ù�Þ�ßáå�Þ�ï�Ø�à Ú Ó Ø>Þ³æðÜ öjA�Ó Ö`×�ï�æ Ó Þ�ølÜ Ò Ù>æ	�+×�Ø>Ø¢à-×ÝÜ�×Zå�×�æzåDÛ½ÙýÜ½Ü Ó ß�Þ�ïSÜPÜ�ÞXà�Ù�æðþ
×�ß�à�×�ß-×�Ø ó æðÙ�æ8Ö`Þ2à Ó å	×ÝæWà Ó ÷ Ó Ø�Þ èòÓ à=Ü½ÞiÜ½Û�×�Ö�þ�Ü Ò�Ó à Ó ×Ýà�Ü�Ù>ê Ó æRÜ�×ÝÜ½ï�ælÞ�ø¼Ü Ò�Ó à Ó Ü Ó Ö'Ü½Þ³Û ö
ùzÞ2Þ/à Ó ÷ Ó ß"Ü½æWå Ó Û Ó Ü ÒSÓ ß=æ Ó Ø Ó Ö'Ü Ó à�Ú ó Ü½Ù�ê Ó æ½Þ�ÛðÜ�Ù>ß�ñzÙ�ß�àSÙ>÷2Ù�à�ï�×�Ø Ò ÙýÜ�æ�Ù�ß"Ü½Þ Ó ÷ Ó ß"Ü½æ	×�ß�à
Û Ó	
 ï�Ù>Û½Ù>ß�ñ�Ü Ò ×ÝÜ�Ü Ò�Ó à Ó Ü Ó ÖhÜ�Þ³Û�å�×�æD×�Ø>Ù>÷ Ó ×ÝÜWÜ Ò�Ó Ü½Ù�ê Ó Þ�øAÜ Ò Þ³æ ÓPÓ ÷ Ó ß"Ü ö8Ñ[Ò Ù�æ�ê�Þ2à Ó ÞÝø
Û½ï�ß�ßSÙ�ß�ñ�Ù�æ[þ?ß�Þ�åDßá×�æz�")+*,*.-�/103242657/ ö

AWó Ü½Û�×�Ö�þ?Ù>ß�ñ�Ü Ò�Ó à Ó ×�àcN¡Ü�Ù�ê Ó æRÜ�×ÝÜ½ï�æ%Þ�øzÜ Ò�Ó à Ó Ü Ó ÖhÜ�Þ³Û��P× æ�×Ýê è Ø Ó Þ�ø®ñ³Þ2Þ/à
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Ó ÷ Ó ß"Ü�æÿå Ó Û Ó Ù>æ½Þ³Ø�×ÝÜ Ó à ö × ßSø7Þ�ÛðÜ�ïSß-×ÝÜ Ó Ø ó Ü ÒSÓZè Û½Þ2Ö Ó æ½æ�å�×�æ�÷ Ó Û ó Ù>ß Ó�Þ Ö'Ù Ó ß"Ü�ø7Þ�Û®ÜTåWÞ
Û Ó ×Ýæ½Þ³ß�æ ö �IÙ>Û½æðÜ	� Ò Ù>ñ Ò Ü�ÛðÙ�ñ³ñ Ó ÛsÛ½×ÝÜ Ó æPê=×Ýà Ó Ù>Üsß Ó Ö Ó æ½æ½×�Û ó Ü½ÞZÙ�ß Ò Ù�Ú�ÙýÜ�Û Ó ×�à�Þ³ï/ÜPÞ�ølÜ Ò�Ó
Ó ß"Ü�Ù>Û Ó à Ó Ü Ó Ö'Ü½Þ³ÛWø7Þ³ÛL{ f õ"ü Þ�ø Ó ×�Ö Ò æ è Ù�Ø>Ø ö Õ Ó Ö`Þ�ß�àp� Ó ×�Ö Ò�V,� Ö Ò Ù è å	×Ýæ	æðÜ½Ù�Ø�Ø-à ó ßSÞ/à Ó
Ü�Û½Ù>ñ³ñ Ó Û Ó àX×�ßSà�Û Ó ×�àXÞ³ïSÜ�Ù�ßSà Ó`èòÓ ß�à Ó ß"Ü�Ø ó Þ�ø¢×ÝØ�Ø Þ�Ü Ò�Ó Ûðæ ö� ×�Û½ñ Ó Ù>ß�æðÜ�×�ß"Ü�×�ß Ó Þ³ï�æ�Û�×ÝÜ Ó æ
×�ß�à ßSÞ³Ù�æ Ó Ù>ß Ü Ò�ÓáÓfçSèòÓ ÛðÙ�ê Ó ß"Ü�×ÝØ Ò ×�Ø�Ø M7Ö`Þ³ê~Ù�ß�ñ ø7Û½Þ�ê Û Ó æ½Ù�àSï-×�Ø�Û�×�à�Ù>Þ"×�ÖhÜ�Ù>÷2ÙýÜ ó ×�ß�à
ß Ó ïSÜ½Û½Þ³ßSæ	ø7Û½Þ³êK×�à�>½×ÝÖ Ó ß"ÜDÚ Ó ×�ê~Ø�Ù>ß Ó æW×�æ�å Ó Ø>Ø ×�æ	íU· Ñ à-×ÝÛ½þ~Ö`ï�ÛðÛ Ó ß"Ü�PWÖ`Þ³ï è Ø Ó à@åDÙ>Ü Ò
Ü Ò�Ó Ù�ßSà Ó`èòÓ ß�à Ó ß�Ö Ó Þ�ø Ó ×�Ö Ò Ö Ò Ù è ×�ßSà Ø Ó à�Ü�Þ�× Ò Ù�ñ Ò Ù>ß�Ö`Ù>à Ó ß�Ö Ó Þ�ø98�:h�*�<;�=6/ >*�<>�)�:
à Ó ×�àXÜ�Ù>ê ÓÝöWÑ[Ò�Ó Û Ó æ½ï�ØýÜ å�×�æDÜ Ò ×*Ü ê�×�ß ó%Ó ÷ Ó ß"Ü�æ Ò ×�àXÞ³ß Ó Þ³Û[ÜTå�Þ�à Ó ×�à�Ö Ò Ù è æ ö	Ñ[Ò�Ó
Ö`Þ³ê�ÚSÙ�ß-×ÝÜ½Ù�Þ³ß~Þ�ø f õ³üÍÛ Ó ×�à=Þ³ïSÜ[Ù>ß Ò Ù�ÚSÙ>Ü�Ù>Þ³ß~×�ß�àZ×Ýæ ó ß�Ö Ò ÛðÞ³ß�Þ³ï�æ[à Ó ×�àSÜ½Ù�ê Ó ê�×�à Ó Ü Ò�Ó
Þ�÷ Ó Û½×�Ø�Ø ÓWÞ Ö'Ù Ó ß�Ö ó ø7Þ³Û[Ö'Þ³Ø�Ø Ó ÖhÜ�Ù�ßSñ�ø7ï�Ø�Ø ó Ø>Ù>÷ ÓPÓ ÷ Ó ß"Ü�æsÞ�ßXÜ Ò�Ó Þ³Û½à Ó Û[Þ�øI×�ø Ó å èòÓ Û½Ö Ó ß"Ü ö

?A@CB4�����
DE	������F�G������� �"!G!G�+H�I<$
A�Ó Ö`×�ï�æ Ó ÞÝø�Ü Ò�Ó Ü Ò�Ó Ø�Þ�å ÓWÞ Ö'Ù Ó ß�Ö ó Þ�ø�Ü Ò�Ó ô�õ³õ S Þ è�Ó Û�×ÝÜ½Ù�Þ³ßp��Ü ÒSÓ ×�Ú�Ù>Ø�Ù>Ü ó Ü½Þ=Ü�ÛðÙ�ñ³ñ Ó Û
â	×�Øäã Ó Ü~åDÙýÜ Ò Óhç Ü Ó Û½ß-×�Ø æ½Ù>ñ³ß-×�Ø>æ�å�×�æ=×�à�à Ó àpø7Þ³ÛÿÜ Ò�Ó ø ×�Ø�Ø�ô�õ�õ"ôéÚ Ó ×�ê Ü Ó æRÜ ö Kl×ÝÖ Ò
V(�së â£å	×Ýæ®Û Ó Ö`Þ�ßP¸-ñ³ï�Û Ó à æðÞ�Ü Ò ×ÝÜzÜ Ò�Ó ø7Û Ó'Ó Ûðï�ß�ß�Ù>ß�ñáê~Þ2à Ó Ö`Þ³ï�Ø>à�Ú Ó~Ó ß-×�ÚSØ Ó à ø7Þ³Û
×�æ Ò Þ³ÛðÜ~Ü�Ù>ê Ó M U õ³õ¢ß�æ P�Ú ó Ü Ò�Ó × è�è Ø>Ù�Ö`×ÝÜ�Ù>Þ³ß�Þ�øP× Ñ[ÑJ� è ï�Ø�æ Ó�ö Ñ[Ò�ÓXÑ[ÑJ� è ï�Ø>æ Ó æ
å Ó Û Ó ñ Ó ß Ó Û�×ÝÜ Ó à�Ú ó Ü Ò�Ó Ö`Þ³Ù>ß�Ö`Ù>à Ó ßSÖ Ó Þ�øIÜTåWÞ~Ú Ó ×�êÉÖ`Þ�ï�ß"Ü Ó Ûðæsæ Ó`è ×�Û½×ÝÜ Ó à�Ú ó æ Ó ÷ Ó Û�×�Ø
ê Ó Ü Ó Ûðæ�M7æ Ó`Ó=Ñ ×�Ú ö,R�öb\ P ö�Ñ[Ò�Ó Ú Ó ×�ê Ö`Þ³ï�ß"Ü Ó Û½æ®å Ó Û Ó ×�Ø>æ½Þ�ïSÜ�Ù>Ø�Ùsr Ó àéÚ ó Ü Ò�Ó Ü½Ù�ê Ó ÞÝø
ã Ù�ñ Ò Üsæ ó æðÜ Ó ê öPÑ[Ò�Ó Ö`Þ�Ù�ß�Ö'Ù�à Ó ß�Ö Ó Ü½Û½Ù>ñ³ñ Ó Û�Ø�Þ�ñ³Ù�ÖzÙ�æ æ Ò Þ�åDß Ù�ß��IÙ�ñ öwRSö*fSösÑ[Ò�Ó Ü�ÛðÙ�ñ³ñ Ó Û
Ø�Þ³ñ³Ù>Öså�×�æDï�æ Ó à�Ü�Þ Ó ß�æ½ï�Û Ó Ü Ò ×ÝÜ <
S³ö`� U õ¢±.&�÷ Ó Ü½Þ�å	×�æD×Ýæ½æ Ó ÛðÜ Ó àX×Ýø Ü Ó Û Ó ×�Ö Ò Ü�ÛðÙ�ñ³ñ Ó Û ö¢Ñ[Ò Ù�æWå�×�æ[à�Þ�ß Ó Ü�Þ�×�Ø�Ø>Þ�å Ü Ò�Ó

à Ó Ü Ó ÖhÜ�Þ³Û[Ü�Þ�Û Ó Ö`Þ�÷ Ó ÛsÖ'Þ³ê è Ø Ó Ü Ó Ø ó Ú Ó ø7Þ�Û Ó Ü Ò�Ó ß Ófç Ü�Ü½Û½Ù>ñ³ñ Ó Û ö
ô öDÑ ÛðÙ�ñ³ñ Ó Û½Ù>ß�ñ å	×�æ=Ù�ß Ò Ù>Ú�Ù>Ü Ó à å Ò�Ó ß Ó ÷ Ó ÛZÜ Ò�Ó Ü�Ù�ê Ó Þ�ø ã Ù�ñ Ò Ü Ñ ãzâÂÚ�ï ?�Ó Û�å	×�æ

ø7ï�Ø�Ø ö�Ñ[Ò Ù>æ Ó ß�æðï�Û Ó à�Ü Ò ×ÝÜ Ó ÷ Ó Û ó Ü�Û½Ù>ñ³ñ Ó Û Ó à Ó ÷ Ó ß"Ü Ò ×�à�×Zñ³Þ/Þ2àrÜ�Ù>ê Ó Þ�ø ã Ù�ñ Ò Ü
ê Ó ×�æ½ïSÛ Ó ê Ó ß"Ü ö

i U



y ö`� ÷ Ó Ü½Þ~å�×�æ�×�æðæ Ó ÛRÜ Ó àáà�ï�ÛðÙ�ß�ñ V,��ë â Ú�ï ?�Ó ÛDæðå�× è æ ö
R�öK� Ù�ñ Ò ÜDÙ�ß&> Ó Ö'Ü½Ù�Þ³ß ã ×�æ Ò Ù>ß�ñÿå	×Ýæ Ù>ß Ò Ù�ÚSÙ>Ü Ó àZà�ï�ÛðÙ�ß�ñÿÚ Ó ×�êÂæ è Ù>Ø�Ø�æ ö
U/ögA�Ó ÜTå Ó`Ó ß@Ú Ó ×�ê æ è Ù�Ø>Ø�æ¢Ü Ò�Ó à Ó Ü Ó Ö'Ü½Þ³Û8å	×�æ8Ü�ÛðÙ�ñ³ñ Ó Û Ó à�Ù�ß�æ ó ß�ÖDåDÙ>Ü Òjã ×Ýæ Ò�Ó ælø7ÛðÞ³ê

Ü Ò�Ó Ø>Ù�ñ Ò Ü[Ù>ß�> Ó ÖhÜ�Ù�Þ�ßZæ ó æðÜ Ó ê ö
\Sö ÷ è Ü�Ù>Þ³ß-×�Ø>Ø ó ��Ü Ò Û Ó æ Ò Þ³Ø>à�ßâ Ó Û Ó ß�þÝÞ�÷ÿÖ`Þ³ïSß?Ü Ó Ûðæ¢Ö`Þ³ïSØ�à�Ú Ó Ù>ß�Ö`Ø>ï�à Ó à®Ù�ß�Ü Ò�Ó Ü½Û½Ù>ñ³ñ Ó Û ö

Ñ[Ò�Ó ø Ó ×ÝÜ�ï�Û Ó å�×�æ�Ü ó2è Ù>Ö¤×�Ø>Ø ó ï�æ Ó à@Ü½Þ�Ö`Þ³Ø>Ø Ó Ö'Ü Ó Ø Ó Ö'Ü½Û½Þ³ßvM4×�ß�à=æ½ï è�è Û Ó æðæ Ò ×�à�ÛðÞ³ß�P
Ó ÷ Ó ß"Ü�æ�ø7Þ�Û Ò Ù�ñ Ò�Ó Ûzê�Þ³ê Ó ß"Ü½ï�ê Ú Ó ×�ê æ Ó Ü½Ü½Ù�ß�ñ�æoM ×�ÚòÞ�÷ ÓoR ù Ó�VJX Ö�Ù�ß Ñ h ×�ß�à
y8ù ÓWVYX ÖzÙ>ß ÑJS$S P ö
Ñ[Ò�Ó Ü�Ù>ê Ó Þ�øWÜ Ò�Ó Ü½Û½Ù�ñ�ñ Ó ÛPÛ Ó Øä×*Ü�Ù>÷ Ó Ü�Þ%Ü Ò�Ó Ü½Ù�ê Ó Þ�øWÜ Ò�Ó~Ó ÷ Ó ß"Ü�Ù�æPÛ½×ÝÜ ÒSÓ ÛzÙ�ê@N

è Þ³ÛRÜ�×�ß"Ü ö:Ñ[Ò�Ó ô�õ³õ³ôáÛ½ï�ß�ßSÙ�ß�ñ èòÓ Û½Ù>Þ/à:ïSÜ�Ù>Ø�Ùsr Ó à V,� Ó Ø Ó Ö'Ü½Û½Þ³ßSÙ�Ö`æ�å Ò Ù�Ö Ò æ Ò × è�Ó ×�ß�à
Ò Þ³Ø�àéÜ Ò�Ó í³· Ñ æ½Ù�ñ�ß-×�Ø öÛAWÓ Ö¤×Ýï�æ Ó ÞÝø	Ü Ò Ù>æ	�+Ü Ò�Ó Ü½Û½Ù>ñ³ñ Ó ÛzæðÙ�ñ³ß-×ÝØ8å�×�æÿ×ÝØ�Ø�Þ�å Ó à Ü�Þ×ÝÛ�N
Û½Ù>÷ Ó Þ³ß Ü Ò�ÓoV,��ë â Ù>ß è ïSÜ½æ�×ÝÜ�×�ß ó Ü½Ù�ê Ó ï è Ü½Þ^{ U õ�õ¢ß�æ�×Ýø Ü Ó ÛiÜ Ò�Ó@Ó ÷ Ó ß?Ü ö Ñ[Ò Ù�æ
×�Ø�Ø>Þ�å Ó àZÖ`×�Ú�Ø Ó Ø Ó ß�ñ�Ü Ò æ�Ü�ÞÿÚ Ó Ö Ò Þ³æ Ó ßXÙ�ßZÞ³Ûðà Ó Û�Ü½Þ�Ö`Þ³ß"÷ Ó ß�Ù Ó ß"Ü�Ø ó Û½Þ³ï/Ü Ó æ½Ù>ñ³ß-×�Ø>æWø7ÛðÞ³ê
Ü Ò�Ó Ú Ó ×�ê¨Ö`Þ�ï�ß"Ü Ó Ûðæ�Ü�ÞrÜ Ò�Ó Ü�ÛðÙ�ñ³ñ Ó Û�Ø>Þ³ñ³Ù�Ö~Ö`Û½×ÝÜ Ó ×�ß�à ø7Û½Þ�ê¨Ü Ò�Ó Û Ó Ü�ÞrÜ ÒSÓoV(�së â�æ ö
Ñ[Ò�Ó ô�õ�õ$yÿÛ½ï�ß�ßSÙ�ß�ñ è�Ó Û½Ù>Þ/à%ø Ó ×ÝÜ½ï�Û Ó àr×�ê�Ù ç Ü�ï�Û Ó ÞÝø ü _�K ×�ß�à V(�ÆÓ Ø Ó Ö'Ü½Û½Þ³ßSÙ�Ö`æ ö�Ñ[Ò�Ó
ü _�K Ó Ø Ó Ö'Ü½Û½Þ³ß�Ù>Ö`æDÛ Ó�
 ï�Ù�Û Ó à%Ü Ò�Ó Ü�ÛðÙ�ñ³ñ Ó Û	Ü�Þ~×�ÛðÛ½Ùý÷ Ó ß�Þ~Øä×ÝÜ Ó Û	Ü Ò ×�ßá{ S�f õ¢ß�æ�×Ýø Ü Ó Û[Ü Ò�Ó
Ó ÷ Ó ß"Ü ö�Ñ[Ò Ù>æÿÛ Ó	
 ï�Ù>Û Ó ê Ó ß?Ü�ê�×�à Ó Ü Ò�Ó ï�æ Ó Þ�ø ÷ Ó Û ó æ Ò Þ�ÛðÜ��8à�Ù>Û Ó Ö'Ü�Ø ó ÛðÞ³ïSÜ Ó à Ö¤×�Ú�Ø Ó æ
ß Ó Ö Ó æ½æ½×�Û ó�ö

� àSà�Ù>Ü½Ù�Þ³ß-×ÝØ�Ø ó �	Ü Ò�Ó Ü½Û½Ù>ñ³ñ Ó Û=Ø�Þ³ñ³Ù>Ö�å�×�æX×�Ú�Ø Ó Ü�Þ�ï�æ Ó Ü Ò�Ó Ú Ó ×�ê æ è Ù>Ø�ØsæðÙ�ñ³ß�×�Ø
ø7Û½Þ³ê Ü ÒSÓ ×�Ö'Ö Ó Ø Ó Û½×ÝÜ�Þ³Û Ö`Þ³ê è Ø Óhç Ü�Þ Ó ß-×�ÚSØ Ó Ü Ò�Ó à Ó Ü Ó Ö'Ü½Þ³ÛsÜ�Þ�Ü�×�þ Ó ß?ï�Ø�Ø.Ü�ÛðÙ�ñ³ñ Ó ÛDà-×ÝÜ�×
Ù�ß Ú Ó ÜTå Ó'Ó ß æ è Ù�Ø>Ø�æ öÿÑ[Ò Ù�æPø Ó ×*Ü�ï�Û Ó å�×�æiï�æ Ó à�Ü½ÞXÜ�×�þ Ó Ö`Þ³æðê�Ù>ÖÿÛ�× ó Ö`×�Ø�Ù>Ú�Û�×ÝÜ½Ù�Þ³ßáà-×ÝÜ�×
à�ï�Û½Ù>ß�ñáæðÞ³ê Ó Ü Ó æðÜÿÚ Ó ×Ýê¨Ûðï�ß�æ öá�MÒ�Ó ß�Û½ï�ß�ßSÙ�ß�ñXåDÙ>Ü Ò Ô Ó ×ÝÛ�ã Ó Ü Ó ÖhÜ�Þ³Û Ó Ø Ó Ö'Ü½Û½Þ³ß�Ù>Ö`æ
Ü Ò�Ó Ü½Û½Ù�ñ�ñ Ó Û	Ø>Þ³ñ³Ù>Ö�å�×�æ�×�Ø�æðÞÿï�æ Ó àXÜ½ÞÿÙ�ß�æ Ó ÛRÜ�×�æ½Þ�Ö¤×�Ø>Ø Ó àMLNO)�;70�8O*<-�0 �90 �62sÜ�Ù>ê Ó æðÜ�×�ê è
Ù�ß"Ü�ÞZÜ ÒSÓ à�×ÝÜ�×%æðÜ½Û Ó ×Ýê ö�Ñ[Ò Ù>æzå�×�æzà�Þ³ß Ó�Ó ×�Ö Ò æ Ó Ö'Þ³ß�à�×�ßSà:×�Ø>Ø�Þ�å Ó àÜ Ò�Ó Ô Ó ×�Ûi×�ß�à
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Delay

Threshold

Width

MON

OUT

IN OUT

PS 715

Mode

Width

LRS 465

IN A

IN B

IN C

IN D

VETO

OUT
LIN

OUT

OUT

100 ns
Mode

Width

LRS 465

IN A

IN B

IN C

IN D

VETO

OUT
LIN

OUT

OUT

2/2

Delay

Threshold

Width

MON

OUT

IN OUT

PS 715

OUT

OUT

IN

LRS 429 A

OUT

OUT

IN

LRS 429 A

OUT

OUT

IN

LRS 429 A

OUT

OUT

IN

LRS 429 A
Mode
Width

LRS 465

IN A

IN B

IN C

IN D

VETO

OUT
LIN

OUT

OUT

sec
LRS 222

Width

START

STOP

OR

BLANK

NIM

DEL

TTL

NIM

50 µ

OUT

OUT

IN

LRS 429 A

Mode
LRS 688AL

TTL NIM

Norm

Pulser Mon.

Delay

Threshold

Width

MON

OUT

IN OUT

PS 715
1ns
300 mV

Width

LRS 623B

Threshold 300 mV

IN OUT

Buffer Swap

Mode
LRS 688AL

TTL NIM

Comp
70ns

NIM ECL

LRS 4616

NIM ECL

LRS 4616

NIM ECL

LRS 4616

CAEN 775

COM

BUSY

CH0
CH2

LRS 4616

ECL NIM

Ribbon Cable
120 ns

TDC Busy from CAEN 775

LRS 222
Width

START

STOP

OR

BLANK

NIM

DEL

TTL

NIM

sec11 µ

Width

LRS 623B

Threshold 300 mV

IN OUT

3 Outputs to CAEN 775:

1 Input from CAEN 775:
         Line 5) TDC Busy

        Line 1) Downstream TOF (Stop)
        Line 2) Middle TOF (Stop)
        Line 4) Common Start

Ribbon Cable:

OUT

OUT

IN

LRS 429 A

OUT

OUT

IN

LRS 429 A
Mode
LRS 688AL

NIM TTL

Norm

PMT 2

Mike Kordosky
2 October, 2002

CalDet Trigger System

US+DS Mid+DS LowE Mid+DS US+Mid

ID1

1D2

OD1

OD2

202 32

29

77

78

32

29

147

148

202

201172

77

78

77

78

TOF Delay Settings

4ns

100 ns *

4 ns

−50 mV

100 ns

100 ns
2/2

2ns

2ns

2ns

2ns

To Scaler

To Scaler

To Scaler
(Gated Coincidences)

To Scaler

50 ns
1/1

(Ungated Coincidences)

Trigger OR

61ns

Veto TDC Coincidences

Veto during buffer swap

Dead time after trigger

TOF Trigger

LI Trigger

TOF Veto OR

Trigger Veto

2ns

2ns

TDC Busy to coincidence unit

Veto after coincidence

TOF Tag

4ns

(x6)
PMT 1

To VARCs 60ns

Trigger Fanout

US or Mid

DS or Mid

ID1

ID2

OD1

OD2

5ns

6ns 8ns

−50 mV

21ns

2ns

1ns

(8 or 23 ns)

5ns

3ns

0.5ns

2ns

5ns

2ns

3ns

3ns

6ns 60ns

2ns

2ns

NOTES:
*   For p < 1GeV output pulse width = 150 ns

(ns)

�IÙ�ñ³ïSÛÓ�R�öbfÙ<%A�Ó ×�êËÜ�ÛðÙ�ñ³ñÓ Û.×�ß�àzÜ�Ù>êÓ Þ�øã Ù�ñÒ ÜÓ ØÓ Ö'Ü½Û½Þ³ßSÙ�Ö`æAæó æðÜÓ ê< ø ×�Ø>Ø"ô�õ³õ³ô	ø ×ÝÛ� ø ×�Û
Û½ï�ß�ßSÙ�ß�ñö
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�ò×ÝÛ[à Ó Ü Ó Ö'Ü½Þ³ÛDÖ`Ø>Þ/Ö�þ?æ[Ü�Þ�Ú Óiè Û Ó Ö'Ù�æ Ó Ø ó æ ó ß�Ö Ò ÛðÞ³ß�Ùsr Ó à�ÞOP~Ù�ß ÓÝö
Ñ[Ò�Ó	Ófç Ü Ó Ûðß-×�Ø2Ü�Û½Ù>ñ³ñ Ó Û+Ù>ß�Ö`Û Ó ×�æ Ó à�Ü Ò�Ó�ÓWÞ Ö'Ù Ó ß�Ö ó Þ�ø-à-×*Ü�×�Ü�×�þ?Ù�ß�ñ Ú ó ×Dø ×�Ö'Ü½Þ³Û6ÞÝø

×�Ø�ê~Þ³æðÜ S õ³õ ö â�Þ³ê è ×�ÛðÙ�æðÞ³ß�æDåDÙ>Ü Ò ô�õ³õ S à-×*Ü�×�æ Ò Þ�å Ó àrÜ Ò ×*Ü Ü Ò�Ó Û Ó å�×�æsßSÞ@× è�è ×�Û Ó ß?Ü
Ú�Ùä×�æ[Ù>ß"Ü�Û½Þ2à�ï�Ö Ó àXÚ ó Ü Ò�Ó Ü½Û½Ù�ñ�ñ Ó Û ö

Õ/Þ³ê Ó ×�àSà�Ù>Ü½Ù�Þ³ß-×ÝØ�ø Ó ×ÝÜ�ïSÛ Ó æWå Ó Û Ó ×�à�à Ó àZÜ�Þ�Ü Ò�Ó Ü½Û½Ù�ñ�ñ Ó ÛWæ ó æðÜ Ó ê|ø7Þ�Û�Ü Ò�Ó ô�õ³õ$y
ø ×�Ø�Ø2Ú Ó ×�ê�Ü Ó æRÜ ö¢Ñ[Ò Ù�æ¢Ûðï�ß�ß�Ù>ß�ñ è�Ó Û½Ù>Þ/à�å�×�æ¢ïSæ Ó à�Ü�Þsà�Ù�Û Ó Ö'Ü½Ø ó Ö`Þ³ê è ×�Û Ó Ü Ò�Ó Ô Ó ×�Û�×�ß�à
�ò×ÝÛ+à Ó Ü Ó Ö'Ü½Þ³Û Ó Ø Ó ÖhÜ�ÛðÞ³ß�Ù�Ö'æ¢×�æ.å Ó Ø�Ø2×�æ6Û½ï�ßiåDÙ>Ü Ò Ô Ó ×�Û6ã Ó Ü Ó Ö'Ü½Þ³Û Ó Ø Ó ÖhÜ�ÛðÞ³ß�Ù�Ö'æ6Þ�ß�Ø ó�ö6Ñ[Ò�Ó
Ü�Û½Ù>ñ³ñ Ó ÛIæ ó æRÜ Ó ê å�×�æ�ê~Þ/àSÙq¸ Ó à�æ½Ø>Ù�ñ Ò Ü�Ø ó Ü�ÞPÚ Ó Ü½Ü Ó Û8×�Ö'Ö`Þ³ê~ê~Þ/à-×*Ü Ó Ü Ò�Ó Ô Ó ×�Û8ã Ó Ü Ó ÖhÜ�Þ³Û
Ó Ø Ó Ö'Ü½Û½Þ³ß�Ù>Ö`æ ö�Ñ[Ò�Ó ê~Þ2à�Ùq¸-Ö`×ÝÜ�Ù>Þ³ß�ælå Ó Û Ók<
S³öDÑ[Ò�Ó�U õ¢±�&P÷ Ó Ü½Þ�å�×�æDÙ�ß�Ö'Û Ó ×�æ Ó àXÜ½Þ h õ¢±.& ö
ô öDÑ[Ò�Ó Ú Ó ×ÝêKæ è Ù�Ø>Ø-æ½Ù>ñ³ß-×�Ø-ø7Û½Þ�ê Ü Ò�Ó ×�Ö`Ö Ó Ø Ó Û�×ÝÜ½Þ³ÛlÖ`Þ³ê è Ø Ófç å	×Ýæ�ï�æ Ó à@Ü�Þ�M Þ è Ü�Ù�Þ�ßcN

×�Ø�Ø ó PDæRÜ�×�ÛRÜiÕ�ù ��Ñ KGÛ Ó ×�à�Þ³ï/ÜPÙ�ßáÜ Ò�Ó Ô Ó ×�ÛPã Ó Ü Ó Ö'Ü�Þ�Û Ó Ø Ó Ö'Ü½Û½Þ³ßSÙ�Ö`æ özÑ[Ò Ù�æ�Ûðï�ßcN
ß�Ù�ßSñ=ê~Þ/à Ó M þ?ß�Þ�åDßé×�æRQTSU-V57/f�G8O*
W
X�Y[ZCQ P è Û Ó ÷ Ó ß"Ü Ó àéÜ Ò�Ó�Ó Ø Ó ÖhÜ�ÛðÞ³ß�Ù�Ö'æ ø7ÛðÞ³ê
Ú Ó Ù�ß�ñ Óhç Ü Ó Û½ß-×ÝØ�Ø ó Ü½Û½Ù>ñ³ñ Ó Û Ó à ö _Tß�æRÜ Ó ×�àp�[ÜTå Ó ß"Ü ó Ö`Þ�ß?Ü½Ù�ñ³ïSÞ³ï�æ�Ô Ó ×ÝÛ@ã Ó Ü Ó ÖhÜ�Þ³Û
Ü�Ù>ê Ó æðØ�Ù>Ö Ó æ	å Ó Û Ó Û Ó ×�àSÞ³ïSÜ è�Ó Û½Ù>Þ/à�Ù>Ö¤×�Ø>Ø ó à�ïSÛ½Ù�ßSñ Ó ×�Ö Ò æ è Ù�Ø>Ø ö

y ö��MÒ�Ó ß�Ù>ß7K ç Ü Ó Û½ß�×�Ø�Õ�ù ��Ñ K�Ûðï�ß�ß�Ù>ß�ñPê�Þ2à Ó ��Ü Ò�Ó[Ñ ÷J�ræ ó æRÜ Ó ê å	×ÝælÙ>ß Ò Ù>Ú�Ù>Ü Ó à
ï�ß�Ø Ó æ½æ�×�ß%Õ�ù ��Ñ K�Û Ó ×�à�Þ³ïSÜlå�×�æ	Þ³ß�ñ�Þ³Ù�ß�ñiÙ�ß~Ü Ò�Ó Ô Ó ×�Û�ã Ó Ü Ó Ö'Ü�Þ�Û Ó Ø Ó ÖhÜ�Û½Þ�ß�Ù�Ö'æ ö
Ñ[Ò Ù�æ�å�×�æPà�Þ�ß Ó Ù�ßÞ³Ûðà Ó Û�Ü½Þ%×�æ½æðï�Û Ó Ü Ò ×ÝÜ Ó ×ÝÖ ÒéÓ ÷ Ó ß?Ü®Ö`Þ�ï�Ø�àÚ Ó Û Ó ×�à Þ³ïSÜPÚ ó
Ú�ÞÝÜ Ò Ü Ò�Ó Ô Ó ×�Û�×�ß�àá��×�Û[ã Ó Ü Ó ÖhÜ�Þ³Û Ó Ø Ó ÖhÜ�ÛðÞ³ß�Ù�Ö'æ ö

R�ö`� Ö`Þ�Ù�ß�Ö'Ù�à Ó ß�Ö Ó Ú Ó ÜTå Ó'Ó ß Ü Ò Û Ó`Ó Ú Ó ×�ê Ö`Þ�ï�ß"Ü Ó Ûðæ�å	×ÝæPÛ Ó	
 ï�Ù>Û Ó à öPÑ[Ò Ù�æ ø Ó ×ÝÜ½ï�Û Ó
å	×Ýæÿ×�à�à Ó à:Ü�Þáæ½ï è�è Û Ó æðæ Ó ÷ Ó ß"Ü�æÿÙ>ß�å Ò Ù>Ö Ò Ü Ò�Ó�è ×�ÛðÜ½Ù�Ö'Ø Ó Ü�Û½×�÷ Ó Ûðæ Ó à�Ü Ò�Ó Ø�Ù>ñ Ò Ü
ñ³ï�Ù>à Ó Þ�ø6Ü Ò�Ó ê�Þ³æRÜ�à�Þ�åDß�æðÜ½Û Ó ×Ýê Ö'Þ³ï�ß"Ü Ó Û öWÑ[Ò�Ó Ü½Ù�ê Ó Þ�ø ã Ù�ñ Ò Ü�ê Ó ×�æ½ïSÛ Ó à%ø7Þ³Û
Ü Ò�Ó æ ÓZÓ ÷ Ó ß"Ü½æ�à�Ù ?¼Ó Û Ó à�æ ó æðÜ Ó ê�×ÝÜ�Ù>Ö¤×�Ø>Ø ó Ú ó ×�ÚòÞ³ïSÜ~ôIßSæ�ø7Û½Þ³ê Ü Ò ×ÝÜÿê Ó ×�æðï�Û Ó à
å Ò�Ó ßXÜ Ò�Ózè ×ÝÛðÜ�Ù>Ö`Ø Ó Ü�Û½×�÷ Ó Ûðæ Ó àXÜ Ò�Ó æðÖ`Ù�ß"Ü½Ù�Ø�Ø�×ÝÜ�Þ�Û ö
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Ñ ×�ÚSØ Ó R�öÆUO<�Ñ[Ò�Ó�èSÒ Þ�Ü�ÞÝÜ�ï�Ú Ó æs×�ß�àáæðÖ`Ù>ß?Ü½Ù�Ø>Øä×ÝÜ½Þ³Û	à�Ù>ê Ó ß�æ½Ù>Þ³ß�æDø7Þ³Û[Ü Ò�Ó Ú Ó ×�ê Ö`Þ³ïSß?Ü Ó Ûðæ
ï�æ Ó àáÙ�ß�ô�õ�õ"ô&N�õky ö

Ñ[Ò�Ó`ã-Óhç Ù>Ú�Ø Ó �2ÚSïSÜlæ½Ù�ê è Ø Ó � Óhç Ü Ó Û½ß�×�Ø-Ü�Û½Ù>ñ³ñ Ó Û Ó ß-×ÝÚ�Ø Ó à@â	×�Ø�ã Ó Ü�Ü½Þ®Ö'Þ³Ø�Ø Ó Ö'Ü Ò Ù�ñ Ò
æðÜ�×*Ü�Ù�æRÜ�Ù>Ö`æ	� Ò Ù>ñ ÒC
 ï-×�Ø�ÙýÜ ó à-×*Ü�× ö Ñ[ÒSÓ Ü½Û½Ù>ñ³ñ Ó Û�å�×�æÿ÷ Ó Û½æ½×ÝÜ�Ù>Ø Ó ×�ß�à Ö'Þ³ï�Ø�à Ú Ó Û Ó Ö'Þ³ßcN
¸-ñ³ï�Û Ó à ×�æ@à Ó æ½Ù>Û Ó à ö ÷�ß Þ2Ö`Ö`×�æ½Ù>Þ³ßp�Dß Ó å Ü�ÛðÙ�ñ³ñ Ó Û½Ù>ß�ñ:æðÖ Ò�Ó ê Ó æ@å Ó Û Ó è Û½Þ è Þ³æ Ó àM×ÝÜ
Ú�Û Ó ×�þ"ø ×�æðÜ	×�ß�à=Ù>ê è Ø Ó ê Ó ß"Ü Ó à�Ú Ó ø7Þ³Û Ó Ø�ïSß�Ö Ò ö�� ælÜ Ò�Ó ô�õ³õ S Ûðï�ß�ß�Ù>ß�ñ è ÛðÞ�÷ Ó à��-â	×�Ø�ã Ó Ü
å�Þ³ïSØ�àZß�Þ�Ü Ò ×¤÷ Ó Ú Ó'Ó ßX×�Ú�Ø Ó Ü�Þÿê Ó`Ó Ü[Ù>Ü½æ Óhç/èòÓ ÛðÙ�ê Ó ß"Ü�×�Ø�ñ³Þ"×�Ø>æWåDÙýÜ Ò Þ³ï/Ü	Ü Ò�ÓPÓfç Ü Ó Ûðß-×�Ø
Ü�Û½Ù>ñ³ñ Ó Û ö
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Ü�Þ�Ü½ï�Ú Ó æDÖ`Þ³ï è Ø Ó àZ÷2Ùä×�Ø>Ù�ñ Ò Ü�ñ³ï�Ù�à Ó Ü�Þ è Øä×ÝæðÜ�Ù>Ö�æ½Ö'Ù�ß"Ü�Ù>Ø�Ø�×ÝÜ�Þ³Û è ×�àSà�Ø Ó æ M æ Ó'ÓzÑ ×�Ú öÖR�ö�R�öTS P ö
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A�Ó ×�ê � Ù>ß Ó â�Þ³ßP¸-ñ³ïSÛ�×ÝÜ½Ù�Þ³ß ã�Ù�æðÜ�×�ß�Ö Ó M êoP â�Þ³ê~ê Ó ß"Ü
Ñ h ×�Õ@Ü�Þ~ãzÕ i öTS ß�Þ�Û½ê�×�Ø Û½ïSß�ß�Ù�ßSñ=ôÝõ³õ"ô
ÑJSkS ×�Õ@Ü�Þ~ãzÕ S ô öÆU õ Øbf ù ÓWV ûÝÖ���´��ty Øb\ ù Ó�V ûÝÖ
ÑJSkS ·á_�ã�Ü�Þ~ãzÕ h ö y ´r�Mõ Øbf ù Ó�V ûÝÖ
ÑJSkS ×�Õ=Ü�Þu·á_�ã RSöÆU ×�ßSñ³Ø Ó Ûðï�ß�ß�Ù>ß�ñ�ô�õ³õ"ô
Ñ h ×�Õ@Ü�Þ~ãzÕ i öTS ×�Ø>Ø¼Ûðï�ß�ß�Ù>ß�ñ�ê~Þ2à Ó æ�ô�õ�õ$y
ÑJSkS ×�Õ@Ü�Þ~ãzÕ f/ö õ ×�Ø>Ø¼Ûðï�ß�ß�Ù>ß�ñ�ê~Þ2à Ó æ�ô�õ�õ$y

Ñ ×ÝÚ�Ø ÓJR�öb\Ù<8Ñ[Ò�Ó Ü�Ù>ê Ó Þ�ø ã Ù�ñ Ò ÜDÚ-×�æ Ó Ø>Ù�ß Ó æ�ïSæ Ó à�Ù�ß@Ü Ò�Ó ø ×�Ø�Ø.ôÝõ³õ"ô&Nzy�Ú Ó ×�êÂÜ Ó æðÜ½æ ö

Ñ[Ò�Ó æ½Ù>ñ³ß-×�Ø ø7ÛðÞ³ê Ó ×�Ö Ò Ö'Þ³ï�ß"Ü Ó Û�å�×�æ�æ Ó ß"Ü�Ü Ò ÛðÞ³ï�ñ Ò Ö`Þ³× ç Ùä×�Ø Ö`×�Ú�Ø Ó Ü½Þ=×�Ôg_�·
Ö`Û�×*Ü Ó Ö`Þ³ß"Ü�×ÝÙ�ß�Ù>ß�ñ�Ü Ò�Ó Ü½Û½Ù>ñ³ñ Ó Û Ó Ø Ó Ö'Ü�ÛðÞ³ß�Ù>Ö`æ ö6Ñ[Ò�Ó Ø Ó ß�ñÝÜ Ò ×Ýß�à®Ü ó2èòÓ Þ�øSÖ¤×�Ú�Ø Ó à Ó`èòÓ ß�à Ó à
Þ³ßXÜ Ò�Óiè Þ³æðÙ>Ü½Ù�Þ³ß%Þ�ø6Ü Ò�Ó Ö`Þ³ïSß?Ü Ó Ûðæs×�ßSà�Ü ÒSÓ Ûðï�ß�ß�Ù>ß�ñ�ê~Þ2à Ó�ö� Þ�å à�Ù�æ è�Ó Û½æ½Ù>Þ³ßXÖ¤×�Ú�Ø Ó æ
å Ó Û Ó ï�æ Ó à�å Ò�Ó ß Ó ÷ Ó Û è Û�×ÝÖ'Ü�Ù>Ö¤×�ÚSØ Ó�ö®Ñ[Ò�Ó�è�Ò Þ�Ü½Þ�Ü�ïSÚ Ó�Ò Ù>ñ Ò ÷³Þ³ØýÜ�×�ñ Ó æ�å Ó Û Ó æðï è�è Ø>Ù Ó à
Ú ó × �AÓ â�Û½Þ ó�R õ$y³ô�Ø�Þ2Ö¤×ÝÜ Ó à%Ù�ß@Ü Ò�Ó Ö`Þ³ï�ß"Ü½Ù�ß�ñ Ò Þ³ïSæ Ó ×�à�>½×�Ö Ó ß"ÜDÜ�Þ�Ü Ò�ÓzÓhç/è�Ó Û½Ù>ê Ó ß?Ü�×�Ø
×�Û Ó × ö K8×�Ö Ò�è�Ò Þ�Ü½Þ�Ü�ï�Ú Ó å	×Ýæ Ó ßSÖ¤×�æ Ó à Ù>ß�×%Ö ó Ø>Ù�ß�à�ÛðÙ�Ö`×�Ø¢ê�ïcN�ê Ó Ü�×�ØIæ Ò Ù Ó Ø�àéÙ�ßéÞ³Ûðà Ó Û
Ü�Þ�à Ó Ö'Û Ó ×�æ Ó Ü Ò�ÓzÓ�?�Ó ÖhÜ�Þ�øIê�×�ñ³ß Ó Ü�Ù>Ö�¸ Ó Ø�à�æ[ø7Û½Þ�êÉß Ó ×ÝÛ½Ú ó Ú Ó ×�ê Ó Ø Ó ê Ó ß?Ü½æ ö

����D"s
wG�.B
Õ/Ù�ñ³ß�×�Ø�æiø7Û½Þ³ê Ó ×ÝÖ Ò ÞÝø�Ü Ò�Ó ÜTåWÞ Ö`Þ³ï�ß"Ü Ó Û½æ�å Ó Û Ó ø Ó à�Ù�ß"Ü½Þ×í Ò Ù�Ø>Ø�Ù è æ h S�U Ö`Þ³ßSæðÜ�×Ýß?Ü
ø7Û�×�ÖhÜ�Ù�Þ�ß�à�Ù>æ½Ö'Û½Ù�ê~Ù�ß�×ÝÜ�Þ³ÛgM4âL�¢ãYP�Ö Ò ×�ß�ß Ó Ø ö¢Ñ[ÒSÓ âL�¢ãËæ Ò × è Ù>ß�ñ®Ü½Ù�ê Ó å�×�æWæ Ó Ü	×ÝÜ R ß�æ ö
÷Pß Ó Þ³ïSÜ è ïSÜ®ø7Û½Þ³ê Ó ×�Ö Ò Ö Ò ×�ßSß Ó ØWÞ�ø[Ü Ò�Ó h S&U å	×Ýæ�Û½Þ³ï/Ü Ó à�Ü�Þr× �AÓ â�Û½Þ ó R�\�U Ø�Þ³ñ³Ù>Ö
ï�ß�Ù>Ü`M æ Ó'Ó �IÙ�ñ ö=R�ö�S ô$P öIÑ[Ò Ù>æ¢ï�ß�ÙýÜ�Ö`Þ�ß�æðÜ½Û½ï�ÖhÜ Ó à�Ü ÒSÓ Ö`Þ³Ù>ß�Ö`Ù>à Ó ß�Ö Ó Ü�ÛðÙ�ñ³ñ Ó Û ö+Ñ[Ò�Ó Þ³ïSÜ è ïSÜ
Þ�ø6Ü Ò�ÓYR�\�U å�×�æDæ Ó ß"Ü�Ü�Þ~× �.Ó â�Û½Þ ó�R�\cS�\ Ü�Þ�Ú Ó Ö'Þ³ß"÷ Ó ÛRÜ Ó àáÜ�ÞjKlâ ��ö-Ñ[Ò�Ó Ö'Þ³ß"÷ Ó ÛðÜ Ó à
æ½Ù�ñ�ß-×�Ø å�×�æ Ü Ò�Ó ßræ Ó ß"Ü�Þ�÷ Ó ÛP× S ô�õ¢ß�æ Û½Ù>Ú�Ú�Þ�ß�Ö`×�Ú�Ø Ó Ü�Þ�Ü ÒSÓ Ö`Þ�ê�ê~Þ³ßXæðÜ�×ÝÛðÜ Ù�ß è ï/Ü ÞÝø
×�â � K8Ô h$h U}V ·�K Ñ ãzâMê�Þ2à�ï�Ø Ó�ö

Ñ[Ò�Ó Û Ó Ö Ó`è Ü�Ù�Þ�ßéÞÝø�Ö'Þ³ê�ê~Þ³ßæRÜ�×�ÛRÜ®Ú ó Ü Ò�Ó�Ñ ãzâ Ü½Û½Ù>ñ³ñ Ó Û Ó àÜ ÒSÓ Û½×�ê è NTï è ÞÝø
Ü Ò�Ó Ü�Ù>ê Ó Ü½Þ�×Ýê è Ø>Ù>Ü½ï�à Ó Ö'Þ³ß"÷ Ó Ûðæ½Ù>Þ³ßvM Ñ,� â�P�æ Ó Ö'Ü�Ù>Þ³ß�Ü Ò�Ó Û Ó Ú ó Ú Ó ñ³Ù>ß�ß�Ù�ßSñ�Ü Ò�Ó Ü�Ù>ê Ó ÞÝø
ã Ù�ñ Ò Ü�ê Ó ×�æðï�Û Ó ê Ó ß?Ü ö�Ñ[Ò�ÓiÑ ÷J� ê Ó ×Ýæ½ï�Û Ó ê Ó ß"Ü ø7Þ�Û Ó ×�Ö Ò Ö'Þ³ï�ß"Ü Ó Û�å�×�æDÜ Ó Û½ê~Ù�ß-×ÝÜ Ó à
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�IÙ�ñ³ïSÛ ÓaRSöTS ô < �¡  æðÖ`Þ èòÓ Ü�Û½×�Ö Ób¢ æ½Ö Ò�Ó ê=×*Ü�Ù�Ösæ Ò Þ�åDÙ�ßSñ�Ü Ò�Ó Ù>ß è ïSÜ½æ�Ü�Þ�Ü Ò�Ó Ö`Þ�Ù�ß�Ö'Ù�à Ó ß�Ö Ó
ï�ß�Ù>ÜnM ×�Õ Ñ ÷Y� ×�ßSà@ãzÕ Ñ ÷J��P�×�ß�à�Ü Ò�Ó Ö`Þ³Ù>ß�Ö`Ù>à Ó ßSÖ Ó Þ³ïSÜ è ïSÜ öIÑ[Ò�Ó ãzÕ Ñ ÷J�éæðÙ�ñ³ß�×�Ø
Ö`Þ³ê Ó æWØä×ÝÜ Ó Û8Ü Ò ×�ß�Ü Ò�Ó ×sÕ Ñ ÷J�:æ½Ù>ñ³ß-×�Øò×�ßSà=Ü Ò�Ó Û Ó Ú ó æ Ó Ü�æ�Ü Ò�Ó Ü½Ù�ê Ó Þ�ø.Ö'Þ³Ù�ßSÖ`Ù�à Ó ß�Ö Ó�ö
Ñ[Ò�Ó à�Ùä×Ýñ³Û�×�êÍÙ>æ	æ Ò Þ�åDßX×�æ�Ù>Ü�åWÞ³ï�Ø>à@Ú Ó Þ³ß%×�ßZÞ³æðÖ`Ù>Ø�Ø�Þ�æ½Ö`Þ è�Ó Ü�ÛðÙ�ñ³ñ Ó Û Ó à@Þ³ß@Ü ÒSÓ Ö`Þ³Ù>ßcN
Ö`Ù�à Ó ß�Ö Ó�ö
ï è Þ�ßáÜ Ò�Ó Û Ó Ö Ó`è Ü�Ù�Þ�ßrÞ�øl×=æRÜ�Þ è æðÙ�ñ³ß�×�Ø+×ÝÜsÜ Ò�Ó�Ñ ãzâ ö�Ñ[Ò�Ó æðÜ½Þ è æðÙ�ñ³ß-×ÝØ�æDå Ó Û Ó Ü�×�þ Ó ß
ø7Û½Þ³êÉÜ Ò�Ó Þ�ïSÜ è ï/ÜsÞ�øIÜ Ò�Ó í Ò Ù�Ø>Ø�Ù è æ h S&U ×�ß�àáÖ`×�Ú�Ø Ó à Ó Øä× ó³Ó àrÚ Ó ø7Þ³Û Ó Ú Ó Ù>ß�ñ�Ö'Þ³ß"÷ Ó ÛðÜ Ó à
Ü�Þ�KWâ � ×Ýß�à è ×Ýæ½æ Ó àrÞ�÷ Ó Û�Ü Ò�Ó�S ô�õ~ßSæ ÛðÙ�Ú�ÚòÞ³ß%Ö¤×�ÚSØ Ó Ü�Þ�Ü Ò�ÓiÑ ãzâ ö�Ñ[Ò�Ó ×Ýê�Þ³ïSß?ÜDÞÝø
à Ó Ø�× ó M h$h ß�æ�Ù>ß�ô�õ�õ"ôc� S	R h ß�æ�Ù>ß�ô�õ³õky�PPå�×�æ®Ö Ò Þ³æ Ó ß Ù�ß:Þ�Û½à Ó Û®Ü�Þr×�æ½æðï�Û Ó Ü Ò ×ÝÜ®Ü Ò�Ó
æðÜ�Þ è æðÙ�ñ³ß-×ÝØ�æ[×�ÛðÛ½Ùý÷ Ó ×ÝÜ[Ü ÒSÓiÑ ãzâMê�Þ�Û Ó Ü Ò ×�ß S&U ß�æ�×Ýø Ü Ó Û[Ü Ò�Ó Ö`Þ�ê�ê~Þ³ßZæðÜ�×�ÛðÜ ö

Ñ[Ò�Ó®Ñ ãzâ Ö`Þ�ê�ê Ó ß�Ö Ó à%åDÙ>Ü Ò à�Ù>ñ³Ù>Ü½Ùsr`×ÝÜ�Ù>Þ³ß�ø7Þ³Ø>Ø�Þ�åDÙ�ßSñ�Ü Ò�Ó Û Ó Ö Ó'è Ü�Ù>Þ³ß�ÞÝø Ó ×ÝÖ Ò
æðÜ�Þ è æðÙ�ñ³ß�×�Ø öPÑ[Ò�Ó ê~Þ2à�ï�Ø Ó å	×ÝæPÞ è�Ó Û�×ÝÜ Ó àÙ>ßÙ>Ü�æ ê�Þ�æðÜPæ Ó ß�æðÙ>Ü�Ùý÷ Ó ê~Þ/à Ó � ó Ù Ó Ø�à�Ù>ß�ñ@×
y UIè æ � Õ A åDÙ>Ü Ò × S ô�NTÚ�ÙýÜ�M S�R y ö y \ ßSæ�PiÛ½×�ß�ñ ÓÝöÛ� ø Ü Ó Û®àSÙ�ñ³ÙýÜ�Ùsr`×ÝÜ�Ù>Þ³ßrÜ ÒSÓ Û Ó æ½ï�ØýÜ�æ�×�Û Ó
è Øä×�Ö Ó àzÙ�ß"Ü½Þ ×	Ü Ò Ù�ÛRÜ ó N¡ÜTå�Þ Ó ÷ Ó ß"Ü6Ú�ï ?�Ó ÛAÜ�Þ�×¤å�×�Ù>Ü.Û Ó ×�à�Þ�ïSÜ ö K¢÷ Ó ß"Ü½æIÙ�ß�Ü Ò�Ó Ú�ï ?�Ó ÛAå Ó Û Ó
Ü�Ù�ê Ó N�Þ³Û½à Ó Û Ó à Ú�ïSÜ®ß�Þ�ÜzÜ�Ù>ê Ó NTæðÜ�×�ê è�Ó à ö�Ñ[Ò�Ó àSÙ�ñ³ÙýÜ�Ùsr`×ÝÜ�Ù>Þ³ß èòÓ ÛðÙ�Þ2àéØ�×�æðÜ Ó à[{ S$S ±�& ö
ã�ï�Û½Ù>ß�ñ=Ü Ò ×ÝÜPÜ�Ù>ê Ó Ü Ò�ÓÿÑ ãzâ Ö`Þ³ïSØ�àß�Þ�Ü�Û Ó æ è Þ�ß�àéÜ½Þ%×@ß Ó å Ö`Þ³ê~ê~Þ³ßræðÜ�×�ÛðÜzæðÙ�ñ³ß�×�Ø
×�ß�àéß�Þ�Ü�Ù�¸ Ó àÜ Ò�Ó ï�æ Ó Û®Ú ó æ Ó Ü½Ü½Ù�ß�ñ%Ü ÒSÓ�A ×�Õ�£|Þ³ïSÜ è ïSÜ®×�ÖhÜ�Ù>÷ Ó�ö�Ñ[Ò�ÓjA ×sÕ�£ÉæðÙ�ñ³ß�×�Ø
å	×�æ ×�Ø>æ½Þ~×�æ½æ Ó ÛRÜ Ó àXå Ò�Ó ß�Ü Ò�Ó Ü Ò Ù�ÛðÜ ó N¡ÜTå�Þ Ó ÷ Ó ß"Ü�Ú�ï ?¼Ó Û�Þ�ßXÜ Ò�Ó®Ñ ãzâ å	×Ýæ�ø7ï�Ø>Ø ö�Ñ[Ò�Ó
Ü�Ù�ê Ó Þ�ø ã Ù>ñ Ò ÜDæ ó æðÜ Ó ê ï�æ Ó à�Ü Ò�Ó A ×�Õ�££æðÙ�ñ³ß-×ÝØ¼Ü�Þÿ÷ Ó Ü�Þ�×�ß ó ø7ï�ÛRÜ Ò�Ó Û�Ö'Þ³Ù�ßSÖ`Ù�à Ó ß�Ö Ó æ ö

S õ R



proton

time

pion

STOP TDC2 (DS TOF)

STOP TDC0 (US TOF)

COMMON START

35 ps TDC counts
600 700 800 900 1000 1100 1200 1300
0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400

TOF TDC 0

  eµ  π

p

35 ps TDC counts
1200 1220 1240 1260 1280 1300
0

2000

4000

6000

8000

10000

12000

TOF TDC 2

common start
Correlated with

35 ps TDC counts
100 200 300 400 500 600 700

0

200

400

600

800

1000

1200

1400

1600

1800

2000

TOF TDC 2 - TOF TDC 0

  eµ  π

p

�IÙ�ñ³ïSÛ ÓQR�öTS y <,� æ½Ö'Þ è�Ó Ü½Û�×�Ö Ó æðÖ Ò�Ó ê�×ÝÜ�Ù>Ö	Þ�ø�æðÙ�ñ³ß-×ÝØ�æ+Ù�ß è ï/ÜIÜ�Þ�Ü Ò�Ó�Ñ ãzâ ê~Þ/àSï�Ø ÓÝö6Ñ[Ò�Ó
Ü�Ù�ê Ó ÞÝø â�÷¥·3·�÷zÔMÕ Ñ,�sëIÑ Ù>æ¢æ Ó Ü8Ú ó Ü Ò�Ó Ö'Þ³ï�ß"Ü Ó Û�Ö`Þ³ÛðÛ Ó æ è Þ³ß�à�Ù>ß�ñ�Ü�Þ Ñ ãzâ[ô öIÑ[Ò Ù�æ
Û Ó æðï�Ø>Ü½æ Ù>ßá×�ß-×�ÛðÛ½Þ�å à�Ù>æðÜ½Û½Ù�ÚSïSÜ�Ù>Þ³ß%Þ�øIÜ½Ù�ê Ó æDÞ³ß Ñ ãzâ[ô ö	Ñ å�Þ~Ü�Û½×�Ö Ó æ�×�Û Ó æ Ò Þ�åDßáø7Þ³Û
Ñ ãzâ	õÙ�ÝÞ�ß Ó ø7Þ�Û è Û½Þ�Ü½Þ³ß�æQ�*Ü Ò�Ó Þ�Ü ÒSÓ Û.ø7Þ³Û è Ù�Þ�ß�æ ö+Ñ[Ò�ÓlÒ Ù�æRÜ�Þ³ñ³Û½×�ê~æAæ Ò Þ�å�à�Ù>æðÜ½Û½Ù�ÚSïSÜ�Ù>Þ³ß�æ
ø7Þ³Û Ñ ãzâ	õ%×�ß�à Ñ ãzâ[ô M7Ö Ó ß?Ü Ó ÛzÛ½Ù>ñ Ò Üi×�ß�à Ø Ó ø Ü'Ps×Ýß�àéÜ Ò�Ó à�Ù ?¼Ó Û Ó ßSÖ Ó�Ñ ãzâ[ô&N Ñ ãzâ	õM ÚòÞ�Ü½Ü½Þ³ê�P ö¢Ñ[Ò�Ó à-×ÝÜ�×~Ù>æ	ø7Û½Þ³êÂ× S ù ÓWV Ûðï�ß%åDÙ>Ü Ò × S ô ö*U êÉÚ-×Ýæ Ó Ø>Ù�ß ÓÝö
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Ñ[Ò�Ó[Ñ ãzâ ê~Þ/à�ïSØ Ó å�×�æ�Û Ó ×�àÿÞ³ï/Ü�Ú ó Ü Ò�Ó ã �gü Þ³ß�Ö Ó	Ó ÷ Ó Û ójU õ¢ê~æIØ�Þ�ß�ñsÜ�Ù>ê Ó N
Ú�Ø�Þ2Ö�þ öIÑ8ó/è Ù�Ö¤×ÝØ�Ø ó Ü ÒSÓ Û Ó å Ó Û Ó ê�ï�Ø>Ü½Ù è Ø ÓWÓ ÷ Ó ß"Ü½æWÙ>ß�Ü Ò�Ó[Ñ ãzâ�Ú�ï ?�Ó Û ö Õ/Ù�ßSÖ Ó Ü ÒSÓ[Ñ ãzâ
à�Ù�à ß�Þ�ÜÿÜ½Ù�ê Ó æðÜ�×�ê è Ó ×�Ö Ò Ó ÷ Ó ß?Ü	�	æ½Þ�ê Ó ×�àSà�Ù>Ü½Ù�Þ³ß-×ÝØ�Ù�ß/ø7Þ³Û½ê�×ÝÜ�Ù>Þ³ß�å�×�æ~ß Ó`Ó à Ó à Ù�ß
Þ³Û½à Ó Û�Ü�Þÿê�×ÝÜ½Ö Ò ï èZÑ ãzâMàSÙ�ñ³ÙýÜ�Ùsr`×ÝÜ�Ù>Þ³ß�æ�åDÙ>Ü ÒZÒ Ù>Ü½æ�Ù>ß@Ü Ò�Ó à Ó Ü Ó Ö'Ü½Þ³Û ö8Ñ[Ò�Ó ê�×ÝÜ�Ö Ò Ù�ß�ñ
å	×�æI×�Ö`Ö'Þ³ê è Ø�Ù>æ Ò�Ó à®Ú ó ï�æ½Ù>ß�ñ Ü Ò�ÓlÑ ãzâ�Ö`Þ³Ù>ß�Ö`Ù>à Ó ßSÖ Ó Þ�ïSÜ è ï/Ü6Ü½Þsñ Ó ß Ó Û½×ÝÜ Ó × Ñ ÷J�mN¡Ü�×�ñ
Ò Ù>ÜzÞ³ß�×�ßéÞ�Ü ÒSÓ ÛðåDÙ>æ Ó�Ó ê è Ü óûV,� Ö Ò ×�ß�ß Ó Ø ö�Ñ[Ò�Ó Ü�Ù>ê�Ù>ß�ñ@Þ�øWÜ Ò�Ó Ü�×Ýñ%å�×�æ®×�à�>ðï�æRÜ Ó à
M7÷2Ùä×=Ö`×�Ú�Ø Ó à Ó Øä× ó P�Ù�ß�Þ³Û½à Ó ÛsÜ½Þ@æ ó ß�Ö Ò ÛðÞ³ß�ÙTr Ó Ù>Ü�åDÙ>Ü ÒrÒ ÙýÜ�æsÙ>ß�Ü Ò�Ó à Ó Ü Ó ÖhÜ�Þ³Û ö ã�ï�ÛðÙ�ß�ñ
Ü Ò�Ó ÞOP~Ù>ß Ó ×�ß-×�Ø ó æ½Ù�æ Ó ×�Ö Ò Þ³ß Ó æ Ó Ö`Þ�ß�à�Ü½Ù�ê Ó ø7Û�×Ýê Ó å�×�æ è ÛðÞ/Ö Ó æ½æ Ó à�Ú ó Ü�Ù�ê Ó N�æ½Þ³ÛRÜ�Ù>ß�ñ
Ò Ù>Ü½æ�Ù>ß"Ü�Þ Ó ÷ Ó ß"Ü�æs×�ß�àXê=×ÝÜ½Ö Ò Ù�ßSñ�Ü Ò�ÓiÓ ÷ Ó ß"Ü�æ åDÙýÜ ÒXÑ ãzâ Û Ó ×�à�Þ�ïSÜ�æ ö�Ñ[Ò�Ó ¸-Û½æRÜ Ó ÷ Ó ß"Ü
åDÙ>Ü Ò × Ñ ÷J�mN�Ü�×�ñ®å�×�æ�Ü Ò�Ó ß@ê�×ÝÜ½Ö Ò�Ó àZï è åDÙ>Ü Ò Ü Ò�Ó ¸-Û½æRÜ Ñ ãzâ Û Ó ×�à�Þ³ïSÜ	�/Ü Ò�Ó æ Ó Ö`Þ³ßSà
Ó ÷ Ó ß"Ü=åDÙ>Ü Ò Ü Ò�Ó æ Ó Ö`Þ³ß�à Ñ ãzâKÛ Ó ×�à�Þ�ïSÜ�×�ß�à æðÞ�Þ�ß ö Ñ[Ò Ù�æ�æ½Ö ÒSÓ ê Ó Û Ó Ø�Ù Ó à Þ³ß Ü Ò�Ó
ø ×�Ö'Ü[Ü Ò ×ÝÜ Ñ ãzâ Ó ÷ Ó ß"Ü�æDå Ó Û Ó æðÜ½Þ³Û Ó àXÙ>ßZæ Ó�
 ï Ó ß"Ü�Ù�×�ØAÞ³Û½à Ó Û[Ù�ß@Ü Ò�Ó ê~Þ/à�ïSØ ÓO¤ æ	Ù>ß?Ü Ó Ûðß-×�Ø
Ú�ï ?�Ó Û ö ÷PÖ'Ö¤×�æðÙ�Þ³ß�×�Ø�Ø ó Ü Ò�Ó ß?ï�ê�Ú Ó Û=Þ�ø Ñ ÷J�mN¡Ü�×�ñ Ò Ù>Ü½æ=Ù�ßp×�Ü�Ù>ê Ó Ú�Ø�Þ2Ö�þ�å	×Ýæ@ß�Þ�Ü
Ó	
 ï-×�Ø.Ü�Þ�Ü Ò�Ó ß?ï�ê�Ú Ó Û�Þ�ø Ñ ãzâ Ó ÷ Ó ß"Ü�æ�Ù>ßXÜ Ò�Ó ê~Þ2à�ï�Ø Ó�¤ æDÚ�ï ?¼Ó Û ö�� ß�ï�ß-×�ê�Ú�Ù�ñ³ïSÞ³ï�æ
ê=×ÝÜ½Ö Ò Ù�ßSñáÖ`Þ�ï�Ø�à ßSÞ�Ü�Ú Ó à�Þ�ß Ó Ù>ß:Ü Ò Ù>æ�Ö`×�æ Ó ×Ýß�à:Ü ÒSÓ=Ñ ãzâ à-×ÝÜ�×�ø7Û½Þ³ê Ü Ò ×ÝÜ®Ü�Ù�ê Ó
ø7Û�×�ê Ó å�×�æ[Ù�ñ³ßSÞ³Û Ó à ö�Ñ[Ò�Ó Û Ó æ½ï�ØýÜ�Ù>ß�ñ Ó ÷ Ó ß"Ü�æ�Øä×�Ö�þ Ó àZÜ�Ù>ê Ó Þ�ø ã Ù�ñ Ò Ü	Ù�ßSø7Þ³Ûðê=×*Ü�Ù�Þ�ß@×�ß�à
å Ó Û Ó ñ Ó ß Ó Û�×�Ø>Ø ó Ü Ò ÛðÞ�åDßáÞ³ïSÜDÙ>ß%æ½ï�Ú�æ Ó	
 ï Ó ß?ÜP×�ß-×�Ø ó æðÙ�æ ö

¥ �
D"	,¦�§���§
Ñ[Ò�Ó à�×ÝÜ�×Zø7Û½Þ³ê Ó ×�Ö Ò Ñ ÷J� Ó ÷ Ó ß"Ü�Ö'Þ³ß�æ½Ù>æðÜ Ó à:ÞÝø	Þ³ß ÓDS ô&N�Ú�Ù>ÜPåWÞ³Ûðà�ø7Þ³Û Ó ×�Ö Ò Þ�øWÜ Ò�Ó
ÜTå�ÞzÖ`Þ�ï�ß"Ü Ó Ûðæ ö �-Þ³Û Ó ×�Ö Ò Ö`Þ³ï�ß"Ü Ó Û¢Ü ÒSÓ å�Þ³Ûðà�Û Ó Ö'Þ³Û½à Ó àÿÜ Ò�Ó ×�ê~Þ³ï�ß"Ü�ÞÝøòÜ½Ù�ê Ó M Ù>ß7y UIè æ
Ö`Þ³ï�ß"Ü½æ�P Ú Ó ÜTå Ó`Ó ß Ü Ò�Ó ×�æðæ Ó ÛðÜ�Ù>Þ³ßrÞ�ø¢Ö`Þ³ê~ê�Þ�ßáæðÜ�×�ÛðÜ�×�ß�àáÜ Ò�Ó Û Ó Ö Ó`è Ü½Ù�Þ³ßÞ�øIÜ Ò�Ó æRÜ�Þ è
æ½Ù�ñ�ß-×�Ø ö6Ñ[Ò�Ó æ è�Ó Ö`Ùq¸�Ö�÷�×ÝØ�ï Ó Þ�øAÜ ÒSÓ à-×ÝÜ�×®å�Þ�Û½à@å�×�æ[×�ÛðÚ�Ù>Ü½Û�×�Û ó æðÙ�ß�Ö Ó Ù>ÜWà Ó'è�Ó ß�à Ó à%Þ³ß
Ü Ò�Ó ×Ýê�Þ³ïSß?ÜsÞ�ø�Ö`×�Ú�Ø Ó ×�ß�à Ó Ø Ó ÖhÜ�ÛðÞ³ß�Ù�Ö'æsà Ó Øä× ó Ú Ó ÜTå Ó'Ó ßÜ Ò�Ó à�Ù�æðÖ`Û½Ù>ê�Ù>ß-×ÝÜ½Þ³Û[Þ³ïSÜ è ïSÜ�æ
×�ß�à�Ü Ò�Ó Ù>ß è ïSÜ½æ6Þ³ßiÜ Ò�ÓWÑ ãzâ öÝÑ[ÒSÓ ê Ó ×�æ½ïSÛ Ó à Ñ ãzâ�÷�×ÝØ�ï Ó ø7Û½Þ³ê Þ�ß Ó Þ�øSÜ Ò�Ó Ö`Þ³ïSß?Ü Ó Ûðæ
M Ù�ßiÜ Ò Ù>æIÖ`×�æ Ó Ü Ò�Ó ãzÕiÞ³ß Ó PAå	×Ýæ Ò Ù�ñ Ò Ø ó Ö'Þ³Û½Û Ó Øä×*Ü Ó àiåDÙ>Ü Ò Ü Ò�Ó Ü�Ù>ê Ó Þ�ø�Ü Ò�Ó Ö`Þ�Ù�ß�Ö'Ù�à Ó ß�Ö Ó
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æ½Ù�ßSÖ Ó Ü Ò�Ó Ü�Ù>ê Ó Þ�ø�Ü ÒSÓ Ö`Þ³Ù>ß�Ö`Ù>à Ó ßSÖ Ó M ×�ß�à Ò�Ó ß�Ö Ó Ö'Þ³ê~ê�Þ³ß®æðÜ�×�ÛðÜ�P+å	×Ýæ�à Ó Ü Ó Û½ê~Ù�ß Ó à�Ú ó
Ü Ò�Ó Þ�÷ Ó Û½Ø�× è Þ�ø-Ü Ò�Ó Ø�Þ�ñ³Ù�Ö è ï�Ø>æ Ó æ¢ø7Û½Þ³ê Ü ÒSÓ ÜTå�ÞPÖ'Þ³ï�ß"Ü Ó Û½ægM7æ Ó`Ó �6Ù�ñ ö&R�ö�S y�P öIÑ[Ò�Ó åDÙ>àSÜ Ò
Þ�ø¼Ü Ò�Ó Ö`Þ³ÛðÛ Ó Ø�×ÝÜ Ó à�Ö Ò ×�ß�ß Ó Ø ¤ æ Ñ ãzâ à�Ù�æRÜ�Û½Ù>Ú�ïSÜ½Ù�Þ³ßÿå�×�æ�×Pê Ó ×�æðï�Û Ó Þ�ø�Ü Ò�Ó >ðÙ>ÜðÜ Ó Û�Ù�ß�Ü Ò�Ó
Þ³ïSÜ è ïSÜ�Þ�ø6Ü Ò�Ó Ö`Þ³Ù>ß�Ö`Ù>à Ó ßSÖ Ó ê�Þ2à�ï�Ø Ó�ö � >ðÙýÜ½Ü Ó Û[Þ�ø { ôHùCy�Ö'Þ³ï�ß"Ü�æDå�×�æDÞ³Ú�æ Ó Ûð÷ Ó à ö

Ñ[Ò�Ó >ðÙýÜ½Ü Ó Û�Ù>ß=Ü Ò�Ó Ö`Þ³Ù>ß�Ö`Ù>à Ó ß�Ö Ó å�×�æ	Û Ó ê�Þ�÷ Ó à%Ú ó Ö'Þ³ß�æ½Ù>à Ó ÛðÙ�ß�ñ®Ü Ò�Ó àSÙ ?�Ó Û Ó ß�Ö Ó
Ñ ãzâ[ô&N Ñ ãzâ	õ ö � ßM×�ÛðÚ�Ù>Ü½Û�×�Û ó Þ ? æ Ó Ü%Ø Ó ø ÜZà�ï Ó Ü½Þ�Ö¤×�ÚSØ Ó Ø Ó ß�ñ�Ü Ò æ@æðÜ½Ù�Ø>ØsÛ Ó ê=×ÝÙ�ß Ó à ö
Ñ[Ò ×ÝÜ~Þ ? æ Ó Ü~å�×�æ�ïSß�Ù�ê è Þ�ÛðÜ�×Ýß?Ü�æðÙ�ß�Ö Ó Ü Ò�ÓXÑ ÷J�Ææ ó æRÜ Ó ê å�×�æ è Û½Ù>ê=×ÝÛ½Ù�Ø ó ï�æ Ó à ø7Þ³Û
è ×�ÛðÜ½Ù�Ö'Ø Ó Ù�à Ó ß?Ü½Ùq¸-Ö`×ÝÜ�Ù>Þ³ß�Û½×ÝÜ Ò�Ó Û6Ü Ò ×�ß�×�ß�×�ÖhÜ�ï-×ÝØSê Ó ×�æðï�Û Ó ÞÝø-Ü Ò�Ó æ è�Ó'Ó à�Þ�ø�Û Ó Øä×*Ü�Ù>÷2Ù>æðÜ�Ù>Ö
è ×�ÛðÜ½Ù�Ö'Ø Ó æ öDÑ[Ò�Ó à�Ù>æðÜ�×Ýß�Ö Ó Ù�ß�Ü½Ù�ê Ó Þ�ø ã Ù�ñ Ò Ü Ú Ó ÜTå Ó`Ó ß è ×ÝÛðÜ�Ù>Ö`Ø Ó æ è�Ó Ö`Ù Ó æsåDÙýÜ Ò ê�×�æðæ Ó æ¨ ì ×�ßSà ¨ ö ×�ß�àXê�Þ�ê Ó ß?Ü½ï�ê£´�Ù�æ[ßSÞ�Ü�×�Û½ÚSÙ>Ü�Û½×�Û ó Ú�ïSÜDÙ>æ�Ù>ß�æðÜ Ó ×�à%ñ³Ùý÷ Ó ß�Ú ó

©uª ì ö�«¬ ® ¯° S"� ¨ ö ì´ ö ù S"� ¨ öö´ ö²±³ M R�ö�S P
å Ò�Ó Û Ó ¬ Ù>æ	Ü Ò�Ó à�Ù>æðÜ�×�ß�Ö Ó Ú Ó ÜTå Ó`Ó ßáÖ`Þ�ï�ß"Ü Ó Ûðæs×Ýß�à ® Ù>æ	Ü Ò�Ó æ è�Ó'Ó àXÞ�ø¢Ø>Ù�ñ Ò Ü ö

�IÙ>ñ³ï�Û Ó æ R�ö�S�R N RSöTS&U æ Ò Þ�å à�Ù>æðÜ�ÛðÙ�Ú�ï/Ü�Ù�Þ�ß�æ�ê Ó ×�æðï�Û Ó à Ù>ß ÑJS$S àSï�Û½Ù>ß�ñrÜ Ò�Ó ø ×�Ø>Ø
ô�õ³õ"ô@Û½ïSß�ß�Ù�ßSñ èòÓ ÛðÙ�Þ2à ö�Ñ[Ò�Ó à�Ù�æRÜ�Û½Ù>Ú�ïSÜ½Ù�Þ³ßrø7Þ³Û Ò ×�à�Û½Þ�ß�æ�M ×�ß�àéê�ï�Þ³ßSæ�P�Ù�æPæ Ò Þ�åDß Ù�ß
Ú�Øä×�Ö�þ ö K�Ø Ó Ö'Ü½Û½Þ³ß�æWå Ó Û Ó Ù�ßSà Ó`èòÓ ß�à Ó ß"Ü�Ø ó æ Ó Ø Ó Ö'Ü Ó àZÚ ó Ü ÒSÓ ßâ Ó Û Ó ß�þÝÞ�÷@æ ó æðÜ Ó ê ×�ßSà%×�Û Ó
æ Ò Þ�åDßXÙ�ß%Ú�Ø�ï Ó�ö�Ñ[Ò�Ózè Þ³æ½ÙýÜ�Ù�Þ�ßZ×�ß�à%åDÙ�àSÜ Ò Þ�ø.Ü Ò�ÓzÒ ×�àSÛ½Þ³ß èòÓ ×�þ?æDÙ�æ Ó æðÜ�Ù>ê=×*Ü Ó àZÚ ó ×
Ö`Þ³ê�ÚSÙ�ß Ó à´¸SÜDÞ�ø�ôÿùz×�ï�æðæ½Ù�×�ß�æ[åDÙ>Ü Ò × ã ×ÝÜDÚ-×�Ö�þ?ñ³ÛðÞ³ï�ß�à ö"A�Ó ÜTå Ó'Ó ß S�öbR N�ô öbf ù ÓWVYX ÖP×
æ½ê�×�Ø�Ø"Ö'Þ³ß"Ü�Û½Ù>Ú�ïSÜ½Ù�Þ³ßzø7Û½Þ³êËþÝ×ÝÞ³ß�æIÖ`×�ß�Ú Ó à�Ù�æRÜ�Ù�ßSñ³ï�Ù�æ Ò�Ó à®×�ß�à�×�ß�×Ýà�à�Ù>Ü½Ù�Þ³ß�×�Ø?ùz×�ï�æ½æðÙä×�ß
Ù�æ¢ï�æ Ó à~Ù�ß�Ü Ò�Ó ¸�Ü ö A�Ó Ø>Þ�å S³ö ô�ù Ó�VYX Ö[ß�ÞPþ*×�Þ³ß�æ8×�Û Ó Þ³Ú�æ Ó Ûð÷ Ó à=×�ß�à�×�ÚòÞ�÷ Ó ô öbf ù ÓWVYX Ö
þÝ×ÝÞ³ß�æX×�Û Ó Ü½Þ/Þ Û Ó Øä×*Ü�Ù>÷2Ù>æðÜ�Ù>Ö�Ü½Þ Ú Ó à�Ù>æðÜ�Ù>ß�ñ³ï�Ù>æ Ò�Ó à ø7Û½Þ³ê è Ù�Þ³ßSæ öÍÑ[Ò�Ó è ×�Û½×�ê Ó Ü Ó Û½æ
à�Ù�æ è Øä× ó³Ó à�Þ�ß[�IÙ>ñ öpR�ö�S�R N R�ö�S&U Ö`Þ³ÛðÛ Ó æ è Þ³ß�à�Ü½ÞZÜ Ò�Ó ùi×Ýï�æ½æðÙä×�ß ê Ó ×�ß M ÓÝö ñ ö � \ ê Ó ×�ßuPW�
ë ·rÕáM ÓÝö ñ ö � \ Û½ê~æ�P�×�ß�à=æ½Ö¤×ÝØ Ó M Ó�ö ñ ö � \ ß�Þ³Ûðê�PR×�ß�à�×®Ö`Þ�ß�æðÜ�×�ß"Ü	Ú-×�Ö�þ?ñ³ÛðÞ³ï�ß�àvM Ú�þ?ñ³Ûðà�P ö
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htof
Entries  44807
Mean   172.36
RMS     20.40

 / ndf 2χ  244.58 / 90
 norm π   11.52± 1337.49 
 mean π    0.04± 155.19 
 rms  π    0.04±   6.66 

K norm      0.00±   0.00 
K mean      0.00± -9999.00 
K rms       0.00±  10.00 
p norm     11.35± 1204.90 
p mean      0.05± 193.94 
p rms       0.04±   5.82 
bkgrd       0.66±   7.40 
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htof
Entries  44807
Mean   172.36
RMS     20.40

 / ndf 2χ  244.58 / 90
 norm π   11.52± 1337.49 
 mean π    0.04± 155.19 
 rms  π    0.04±   6.66 

K norm      0.00±   0.00 
K mean      0.00± -9999.00 
K rms       0.00±  10.00 
p norm     11.35± 1204.90 
p mean      0.05± 193.94 
p rms       0.04±   5.82 
bkgrd       0.66±   7.40 

run 40926 : + 3.6 GeV


 / ndf 2χ   52.54 / 30

e norm      1.16±  12.35 

e mean      0.51± 154.80 

e rms       0.44±   6.50 

 / ndf 2χ   52.54 / 30

e norm      1.16±  12.35 

e mean      0.51± 154.80 

e rms       0.44±   6.50 

htof
Entries  17599
Mean   186.55
RMS     39.10

 / ndf 2χ  159.31 / 126
 norm π    8.81± 624.87 
 mean π    0.06± 157.34 
 rms  π    0.06±   5.53 

K norm      1.49±  15.76 
K mean      0.88± 179.59 
K rms       0.71±   6.09 
p norm      6.50± 355.19 
p mean      0.08± 238.63 
p rms       0.06±   5.38 
bkgrd       0.24±   2.67 

tdc ticks
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htof
Entries  17599
Mean   186.55
RMS     39.10

 / ndf 2χ  159.31 / 126
 norm π    8.81± 624.87 
 mean π    0.06± 157.34 
 rms  π    0.06±   5.53 

K norm      1.49±  15.76 
K mean      0.88± 179.59 
K rms       0.71±   6.09 
p norm      6.50± 355.19 
p mean      0.08± 238.63 
p rms       0.06±   5.38 
bkgrd       0.24±   2.67 

run 40912 : +2.4 GeV


 / ndf 2χ   21.63 / 28

e norm      1.09±   7.86 

e mean      0.58± 156.08 

e rms       0.63±   5.48 

 / ndf 2χ   21.63 / 28

e norm      1.09±   7.86 

e mean      0.58± 156.08 

e rms       0.63±   5.48 
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htof
Entries  56566
Mean   229.58
RMS    184.10

 / ndf 2χ  1910.09 / 483
 norm π   13.03± 1803.32 
 mean π    0.04± 117.47 
 rms  π    0.03±   7.33 

K norm      0.00±   0.00 
K mean      0.00± -9999.00 
K rms       0.00±  10.00 
p norm      8.01± 592.67 
p mean      0.07± 543.49 
p rms       0.07±   7.16 
bkgrd       0.11±   4.75 
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htof
Entries  56566
Mean   229.58
RMS    184.10

 / ndf 2χ  1910.09 / 483
 norm π   13.03± 1803.32 
 mean π    0.04± 117.47 
 rms  π    0.03±   7.33 

K norm      0.00±   0.00 
K mean      0.00± -9999.00 
K rms       0.00±  10.00 
p norm      8.01± 592.67 
p mean      0.07± 543.49 
p rms       0.07±   7.16 
bkgrd       0.11±   4.75 

run 40622 : +1 GeV


 / ndf 2χ  635.70 / 378

e norm      5.82± 349.69 

e mean      0.09± 106.42 

e rms       0.08±   7.04 

 / ndf 2χ  635.70 / 378

e norm      5.82± 349.69 

e mean      0.09± 106.42 

e rms       0.08±   7.04 

htof
Entries  27912
Mean   373.93
RMS    225.04

 / ndf 2χ  406.17 / 248
 norm π    8.85± 1062.51 
 mean π    0.05± 266.81 
 rms  π    0.04±   8.29 

K norm      0.00±   0.00 
K mean      0.00± -9999.00 
K rms       0.00±  10.00 
p norm      4.16± 214.92 
p mean      0.14± 848.86 
p rms       0.11±   8.70 
bkgrd       0.09±   1.34 

tdc ticks
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htof
Entries  27912
Mean   373.93
RMS    225.04

 / ndf 2χ  406.17 / 248
 norm π    8.85± 1062.51 
 mean π    0.05± 266.81 
 rms  π    0.04±   8.29 

K norm      0.00±   0.00 
K mean      0.00± -9999.00 
K rms       0.00±  10.00 
p norm      4.16± 214.92 
p mean      0.14± 848.86 
p rms       0.11±   8.70 
bkgrd       0.09±   1.34 

run 40781 : +600 MeV


 / ndf 2χ   86.48 / 64

e norm      7.65± 732.09 

e mean      0.07± 250.35 

e rms       0.05±   7.84 

 / ndf 2χ   86.48 / 64

e norm      7.65± 732.09 

e mean      0.07± 250.35 

e rms       0.05±   7.84 
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TOF TDC Difference: T11

 / p  separationπ  σ3

Calculated for 12m paddle distance

Measured in T11
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htof
Entries  52606
Mean   2150.97
RMS     20.71

 / ndf 2χ  199.23 / 89
 norm π   14.55± 2205.63 
 mean π    0.04± 2138.69 
 rms  π    0.03±   6.67 

K norm      0.00±   0.00 
K mean      0.00± -9999.00 
K rms       0.00±  10.00 
p norm      9.55± 906.17 
p mean      0.05± 2182.16 
p rms       0.04±   6.28 
bkgrd       0.72±   6.31 
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htof
Entries  52606
Mean   2150.97
RMS     20.71

 / ndf 2χ  199.23 / 89
 norm π   14.55± 2205.63 
 mean π    0.04± 2138.69 
 rms  π    0.03±   6.67 

K norm      0.00±   0.00 
K mean      0.00± -9999.00 
K rms       0.00±  10.00 
p norm      9.55± 906.17 
p mean      0.05± 2182.16 
p rms       0.04±   6.28 
bkgrd       0.72±   6.31 

run 50487 : +2.8 GeV


 / ndf 2χ   62.32 / 51

e norm      7.65± 601.82 

e mean      0.07± 2137.79 

e rms       0.05±   6.35 

 / ndf 2χ   62.32 / 51

e norm      7.65± 601.82 

e mean      0.07± 2137.79 

e rms       0.05±   6.35 

hpk
Entries  12162
Mean   2175.34
RMS     11.16

 / ndf 2χ   73.55 / 78
K norm      1.99±  48.10 
K mean      0.38± 2147.58 
K rms       0.33±   8.41 
p norm      8.56± 684.59 
p mean      0.07± 2178.16 
p rms       0.05±   6.30 
bkgrd       0.40±   0.75 
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hpk
Entries  12162
Mean   2175.34
RMS     11.16

 / ndf 2χ   73.55 / 78
K norm      1.99±  48.10 
K mean      0.38± 2147.58 
K rms       0.33±   8.41 
p norm      8.56± 684.59 
p mean      0.07± 2178.16 
p rms       0.05±   6.30 
bkgrd       0.40±   0.75 

run 50266 : +3.0 GeV


 / ndf 2χ   64.95 / 45

e norm      4.28± 185.22 

e mean      0.12± 2137.51 

e rms       0.09±   6.43 

 / ndf 2χ   64.95 / 45

e norm      4.28± 185.22 

e mean      0.12± 2137.51 

e rms       0.09±   6.43 

 / ndf 2χ  263.98 / 68

 norm π   14.37± 2157.56 

 mean π    0.04± 2137.98 

 rms  π    0.03±   6.62 

 / ndf 2χ  263.98 / 68

 norm π   14.37± 2157.56 

 mean π    0.04± 2137.98 

 rms  π    0.03±   6.62 
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K norm    140.89

K mean    2154.55

K rms       9.92

p norm    671.99

p mean    2160.77

p rms       5.65

bkgrd       0.12

35ps TDC ticks
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K norm    140.89

K mean    2154.55

K rms       9.92

p norm    671.99

p mean    2160.77

p rms       5.65

bkgrd       0.12

Time of Flight : run 50549 : +4 GeV

e norm    240.63

e mean    2138.73

e rms       6.11

e norm    240.63

e mean    2138.73

e rms       6.11

 norm π  1930.38

 mean π  2138.83

 rms  π    6.51

 norm π  1930.38

 mean π  2138.83

 rms  π    6.51

µ π

e

p

K

K norm    352.35

K mean    423.69

K rms       5.16

p norm    3860.36

p mean    437.90

p rms       3.21

bkgrd      11.60

35ps TDC ticks
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K norm    352.35

K mean    423.69

K rms       5.16

p norm    3860.36

p mean    437.90

p rms       3.21

bkgrd      11.60

Time of Flight : run 70644 : +4 GeV
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�IÙ�ñ³ïSÛ Ó`R�ö�S�fÙ<IÑ[ÒSÓ Ü�Ù>ê Ó Þ�ø ã Ù�ñ Ò ÜWà�Ù>æðÜ�ÛðÙ�Ú�ï/Ü�Ù�Þ�ß�ø7Þ�Û8ÜTåWÞ�Ûðï�ß�æWÜ�×�þ Ó ßZ×ÝÜ R�ö õ8ù ÓWVYX Ö�Ù�ß
Ü Ò�Ó[Ñ h Ú Ó ×�ê~Ø�Ù>ß Ó�ö í�Ù�Þ³ßSæ�×�ß�à�ê�ï�Þ�ß�æ	�"×Ýæ�Ù�à Ó ß?Ü½Ùq¸ Ó àÿÚ ó ×�æ½Ù>ß�ñ³Ø Ó ßâ Ó Û Ó ß�þÝÞ�÷�Ö'Þ³ï�ß"Ü Ó Û	�
×�Û Ó æ Ò Þ�åDß Ù>ß ÚSØ�ï ÓÝö K�Ø Ó Ö'Ü�ÛðÞ³ß�æ��Wæ Ò Þ�åDß Ù�ß�ñ�Û Ó`Ó ßp�8å Ó Û Ó æ Ó Ø Ó ÖhÜ Ó à Ú ó Û Ó	
 ï�Ù�ÛðÙ�ß�ñ ×
æ½Ù�ñ�ß-×�Ø�Ù>ß ÚòÞ�Ü Ò ßâ Ó Û Ó ßSþ�Þ�÷ Ö`Þ³ï�ß"Ü Ó Û½æ ö í�Û½ÞÝÜ�Þ³ß�æ[M4×Ýæ%å Ó Ø>Øz×�æX× æðê=×ÝØ�Øsß?ï�ê�Ú Ó ÛXÞÝø
þÝ×ÝÞ³ß�æ�P�å Ó Û Ó æ Ó Ø Ó Ö'Ü Ó à Ú ó Û Ó�
 ïSÙ�Û½Ù>ß�ñXß�Þ�æðÙ�ñ³ß�×�Ø�Ù�ß ÚòÞ�Ü Ò ßâ Ó Û Ó ß�þ�Þ�÷éÖ`Þ�ï�ß"Ü Ó Ûðæ öZÑ[Ò�Ó
à-×ÝÜ�×�Ù�ß�Ü Ò�Ó ï èSè�Ó Û�¸-ñ³ïSÛ Ó å�×�æ�Ö'Þ³Ø�Ø Ó Ö'Ü Ó àrÙ>ßô�õ�õ"ôc��×�ß�àáÜ Ò�Ó ÚòÞ�Ü½Ü½Þ³ê Ù�æ�ø7Û½Þ³ê ô�õ³õky ö
Ñ[Ò�Ó æ½Ö`×�Ø Ó Þ³ßáÜ Ò�Ó Þ³Ûðà�Ù�ß�×ÝÜ Ó Ù�æDÜ Ò�Ó ß2ïSê�Ú Ó Û�Þ�ø Ó ÷ Ó ß?Ü½æ è�Ó ÛHy UIè æ Ñ ãzâ Ö`Þ³ï�ß"Ü@M Ù ö Ó�ö �
Ü�Ù�Ö�þcP ö

S$S ô



Ò ×�àXß�Þ ßâ Ó Û Ó ß�þ�Þ�÷Xæ½Ù>ñ³ß-×�Ø ×�ß�à�×�Û Ó æ Ò Þ�åDßáÙ�ß%Ú�Ø�×�Ö�þ ö
Ñ[Ò�Ó Ü½Ù�ê Ó Þ�ø ã Ù>ñ Ò ÜPÛ Ó æ½Þ³Ø>ïSÜ�Ù>Þ³ß�å�×�æPÙ>ê è ÛðÞ�÷ Ó àÙ>ßáÜ ÒSÓÿÑ h ô�õ³õ$y=Ûðï�ß�ß�Ù>ß�ñ@Ú ó

Ù�ß�æRÜ�×�Ø>Ø�Ù�ßSñ[ß Ó åY� Ò Ù�ñ Ò�Ó Û 
 ï-×ÝØ�Ù>Ü ó Ö'Þ³ï�ß"Ü Ó Û½æ ö �IÙ�ñ�ï�Û Ó�R�ö�S�f Ö'Þ³ê è ×�Û Ó æ+ÜTåWÞ�à�Ù>æðÜ½Û½Ù�ÚSïSÜ�Ù>Þ³ß�æ
N[Þ³ß Ó ø7Û½Þ³ê ô�õ�õ"ô�×�ßSàáÜ Ò�Ó Þ�Ü Ò�Ó Û ø7ÛðÞ³ê ô�õ³õ$y ö�Ñ[Ò�Ó ßâ Ó Û Ó ß�þ�Þ�÷æ ó æRÜ Ó ê å�×�æ�ï�æ Ó àrÜ�Þ
æ Ó Ø Ó ÖhÜ Ó Ø Ó ÖhÜ�ÛðÞ³ß�æ�M ñ³Û Ó`Ó ß:Ù�ßÜ Ò�Ó ¸-ñ³ï�Û Ó PW� è Ù>Þ³ß�æ X ê�ï�Þ³ß�æ�M7Ú�Ø�ï Ó PP×�ß�à è Û½Þ�Ü½Þ³ß�æ X þ*×�Þ³ß�æ
M Û Ó à�P öIÑ[Ò�Ó Û Ó æ½Þ³Ø>ïSÜ�Ù>Þ³ßp��×�æ¢ê Ó ×�æðï�Û Ó àÿÚ ó Ü Ò�Ó åDÙ�àSÜ Ò Þ�ø-Ü Ò�Ó ùi×�ïSæ½æ½Ù�×�ß�¸�Ü½æ	�"Ù>ê è ÛðÞ�÷ Ó à
Ú ó × è�è ÛðÞ ç Ù>ê=×ÝÜ Ó Ø ó�R õ"ü ö

× ß/ø7Þ³ÛðÜ½ï�ß-×ÝÜ Ó Ø ó ��Ü Ò�Ó ß Ó å Ö`Þ�ï�ß"Ü Ó Ûðæ�å Ó Û Ó ê~Þ³Û Ó æ Ó ßSæ½Ù>Ü½Ù>÷ Ó Ü½Þ�æRÜ�Û½× ó ê=×�ñ�ß Ó Ü½Ù�Ö
¸ Ó Ø>à�æ ö _Tß Ñ h �8Ú�Þ�Ü Ò Ü Ò�Ó ï è æðÜ½Û Ó ×Ýê ×�ß�à à�Þ�åDß�æRÜ�Û Ó ×�ê Ö'Þ³ï�ß"Ü Ó Û½æ�å Ó Û Ó Ø>Þ/Ö`×ÝÜ Ó à�Ù�ß
¸ Ó Ø>à�ø7Û Ó'Ó Û Ó ñ³Ù>Þ³ß�æ�M æ Ó`Ó �IÙ>ñ ö�R�ö�S$S P ö ã�ï�Û½Ù>ß�ñ%Ü Ò�Ó ô�õ³õ$y%Û½ï�ßSß�Ù�ß�ñ�Ù�ß ÑJS$S �+Ü Ò�Ó ê�Ù>àcN
à�Ø Ó ×�ß�à�à�Þ�åDß�æðÜ½Û Ó ×�ê Ö'Þ³ï�ß"Ü Ó Û½æ�å Ó Û Ó ï�æ Ó àáÜ½Þ~ø7Þ�Û½ê Ö`Þ�Ù�ß�Ö'Ù�à Ó ß�Ö Ó æ}M Ü Ò�Ó Ù�ß-×�Ö'Ö Ó æ½Ù�ÚSØ Ó
ï è æðÜ½Û Ó ×�ê Ö'Þ³ï�ß"Ü Ó Û å�×�æsÜ½Þ/Þ�ø ×�Û ×�å�× ó Ü½Þ è ÛðÞ�÷/Ù>à Ó Ü Ò�Ó Ü½Û½Ù>ñ³ñ Ó ÛDæðÙ�ñ³ß-×ÝØ.ø7Þ�Û�Ü Ò�Ó Ô Ó ×�Û
ã Ó Ü Ó Ö'Ü½Þ³Û Ó Ø Ó ÖhÜ�ÛðÞ³ß�Ù�Ö'æ�P öGÑ[Ò�Ó ê�Ù>à�à�Ø Ó Ö'Þ³ï�ß"Ü Ó Û=å	×Ýæ@Ù�ß�æRÜ�×�Ø>Ø Ó à�{ y³õ¢Ö'ê ø7ÛðÞ³ê Ü Ò�Ó
A"V�Ñ õ S ê�×�ñ³ß Ó Ü7M7æ Ó'Ó �IÙ�ñ ö R�ö i P'�¼Ú�ïSÜ�æðÜ�Û½× ó ¸ Ó Ø�à�æsÛ Ó àSï�Ö Ó à Ü Ò�Ó Û Ó æ½Þ�Ø�ïSÜ½Ù�Þ³ß ö _TßrÜ Ò�Ó
Ó ß�àp��Ü Ò�Ózè�Ó Ûðø7Þ³Ûðê=×Ýß�Ö Ó Ù�ß ÑJSkS ô�õ�õ$y�å	×�æDæðÙ�ê~Ù�Øä×ÝÛlÜ½Þ~Ü Ò�Ó ô�õ³õ"ô èòÓ ÛRø7Þ³Û½ê�×�ß�Ö Ó�ö

~a� ~a� � �ÃÂ � Ä� �.�-�mèÆÅg+�ÇmJoKp6lS�+�?�§�§d�6�zBv�FD"	�BvÈ
��w��4¦
ßâ Ó Û Ó ß�þ�Þ�÷ÿÛ½×�à�Ù�×ÝÜ�Ù>Þ³ß®Ù>æ Ó ê�ÙýÜ½Ü Ó à®å Ò�Ó ß�Ö Ò ×�Û½ñ Ó à è ×�ÛRÜ�Ù>Ö`Ø Ó æ6Ü½Û�×¤÷ Ó Ø/Ü Ò Û½Þ³ï�ñ Ò ×�ê Ó à�Ù�ïSê
×ÝÜ�×áæ è�Ó'Ó à Øä×�Ûðñ Ó ÛiÜ Ò ×Ýß Ü Ò�Ó æ è�Ó'Ó à Þ�øDØ�Ù>ñ Ò Ü�Ù>ß:Ü Ò ×ÝÜÿê Ó à�Ù>ï�ê öáÑ[Ò�Ó Û�×�àSÙä×ÝÜ½Ù�Þ³ßéÙ�æ
Ó ê~Ù>Ü½Ü Ó à ×*Ü%×�ß ×�ß�ñ³Ø ÓxÉ�Ê M7Ü Ò�Ó ßâ Ó Û Ó ß�þÝÞ�÷ ×�ß�ñ³Ø Ó P�åDÙýÜ Ò Û Ó æ èòÓ ÖhÜ%Ü�Þ Ü ÒSÓè ×�ÛðÜ½Ù�Ö'Ø ÓO¤ æ
Ü�Û�×�> Ó Ö'Ü½Þ³Û ó ×�Ö`Ö'Þ³Û½à�Ù>ß�ñÿÜ�ÞÿÜ ÒSÓ ø7Þ�Û½ê�ï�Ø�× <É�Ê « Ö'Þ³æbË ìJÌ SÍ�ÎÐÏ M R�ö ô$P
å Ò�Ó Û Ó Î Ù�æ	Ü Ò�Ó Ù�ß�à Óhç ÞÝø¢Û Ó ø7Û�×�ÖhÜ�Ù>Þ³ß ö

S$S y



�MÒ�Ó ß ìÑbÒÔÓ S � è ×�ÛRÜ�Ù�Ö'Ø Ó æ@×�Û Ó ×�ÚòÞ�÷ Ó Ü Ò Û Ó æ Ò Þ³Ø�àM×Ýß�à Ó ê~Ù>Ü ßâ Ó Û Ó ß�þÝÞ�÷MÛ½×�N
à�Ùä×ÝÜ½Ù�Þ³ß åDÙ>Ü Ò ×�ß Ù�ß"Ü Ó ß�æ½ÙýÜ ó è Û½Þ è Þ³ÛRÜ�Ù�Þ�ß-×�Ø	Ü�Þ�æ½Ù>ß ö É�Ê�öGÑ[Ò�Ó ßâ Ó Û Ó ß�þÝÞ�÷p×�ß�ñ³Ø Ó ê�× ó
Ú ÓÿÓfçSè Û Ó æðæ Ó à ×�æz×@ø7ï�ß�ÖhÜ�Ù>Þ³ßÞ�ø8Ü Ò�Ó�è ×ÝÛðÜ�Ù>Ö`Ø Ó ê~Þ³ê Ó ß"Ü�ï�ê ×�ß�à ñ"×�æ è Û Ó æðæ½ï�Û Ó�öÿÑ[Ò�Ó
Û Ó Ø�×ÝÜ�Ù>Þ³ß�æ Ò Ù è Ú Ó ÜTå Ó`Ó ß�Ü ÒSÓiè Û Ó æðæ½ï�Û Ó ×�ßSà%Ü Ò�Ó Ù�ß�à Óhç Þ�ø6Û Ó ø7Û�×�ÖhÜ�Ù>Þ³ß%Ù�æ

Î�« S|�ÖÕ%× M R�ö y�P
åDÙ>Ü Ò Ü Ò�Ó�è Û Ó æðæ½ï�Û ÓØ× Ù>ßZ×ÝÜ½ê�Þ³æ è�Ò�Ó Û Ó æ	×�ß�à Õ « RÖØ�Sg�^S õ Ë�Ù ×ÝÜ�ê Ë ì ö�Ñ[ÒSÓ ÷�×ÝØ�ï Ó Þ�ø.þ
à Ó`èòÓ ß�àSæ Þ³ß%Ü ÒSÓ ñ³×�æD×�ß�àXÙ�æ[Ø>Ù�æðÜ Ó à Ò�Ó Û Ó ø7Þ³Û�â�÷Hö ö × æðÙ�ß�ñÿÜ ÒSÓ Ù>à Ó ß"Ü½Ù>Ü ó

æ½Ù�ß öÚ Ö'Þ³æ Ë ì6ÛGÜ « S ù Û ö M R�ö�R P
Þ³ß Ó ¸-ß�à�æ

æ½Ù>ß ö É�Ê « S ù S"�ÞÝàß¾ ßM S"�áÕ%× P ö M R�ö*U P
â ô Õ%× ù ¨ ö

´ ö M R�öb\ Pã ô Õ%× ø7Þ³Û Ó Ø Ó ÖhÜ�ÛðÞ³ß�æ M R�ö h P
Ñ[Ò�Ó Û Ó Øä×ÝÜ½Ù�Þ³ß ø7Þ³Û Ó Ø Ó ÖhÜ�ÛðÞ³ß�æ=å�×�æ@÷Ý×�Ø�Ù>à Þ�÷ Ó Û@Ü Ò�ÓáÓ ß"Ü�Ù>Û Ó Û½×�ß�ñ Ó ÞÝø è Û Ó æðæ½ï�Û Ó æX×�ß�à
ê�Þ³ê Ó ß"Ü½ï�ê æ Ó Ü½Ü½Ù�ß�ñ�ælïSæ Ó à�Ù�ßÿÜ ÒSÓ à�×ÝÜ�×ÝÜ�×�þ?Ù�ß�ñ ö �-Þ³Û�ê~Þ/à Ó Û�×*Ü Ó[è Û Ó æ½æðï�Û Ó æJM Ó U ×ÝÜ�êjP
×�ß�àéê�Þ³ê Ó ß"Ü�×^M Ó S õWù Ó�V ûÝÖ�PsÜ Ò�Ó ßâ Ó Û Ó ß�þ�Þ�÷:×�ß�ñ³Ø Ó Ù�æzØ Ó æ½æPÜ Ò ×�ß R{ä`ö �IÙ�ñ�ï�Û Ó@R�ö�S i
æ Ò Þ�åDæsÜ Ò�Ó Ü Ò Û Ó æ Ò Þ³Ø>à è Û Ó æ½æðï�Û Ó ÷/æ ö Ü Ò�Ó Ú Ó ×Ýê ê~Þ³ê Ó ß"Ü�ïSêÉø7Þ³Û ±I°½¯�°�q ö K�Ø Ó Ö'Ü½Û½Þ³ß�æ
×�Û Ó ×�ÚòÞ�÷ Ó Ü Ò Û Ó æ Ò Þ³Ø�àXÞ�÷ Ó ÛDÜ Ò�ÓzÓ ß"Ü�Ù>Û Ó Û�×Ýß�ñ Ó Þ�ø+Ü Ò�Ó ¸-ñ³ïSÛ Ó�ö

qrDE��s.tuDE�v�xw6yz���4y��F�{t
Ñ[Ò�Ó ílÕ Ö`Þ³ê è Ø Ófç æ½ï è�è Ø�Ù Ó à Ü Ò Û Ó æ Ò Þ³Ø>à ßâ Ó Û Ó ß�þ�Þ�÷ Ö'Þ³ï�ß"Ü Ó Û½æ@ø7Þ³Û�ï�æ Ó Ù>ß Ü Ò�Ó K8×�æðÜ
îs×�Ø>ØIÜ Ó æðÜ®Ú Ó ×�ê�æ�Z R$\�]4ö�Ñ[Ò�Ó æ Ó Ö`Þ³ï�ß"Ü Ó Û½æ®Ö`Þ³ßSæ½Ù�æRÜ Ó à:Þ�ø�×�Ø�ïSê�Ù>ß2ïSê Ü�ïSÚ Ó æiåDÙýÜ Ò ×XàSÙ�N
×�ê Ó Ü Ó Û@Þ�ø S&U Ö'ê ö�Ñ[Ò�Ó Ü½ï�Ú Ó æZÖ¤×�ê Ó Ù>ß S ê æ Ó Ö'Ü½Ù�Þ³ßSæ@Ü Ò ×ÝÜ@Ö`Þ³ï�Ø>àpÚ Ó >ðÞ³Ù�ß Ó à Ü�Þ
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�IÙ�ñ³ïSÛ Ó7R�ö�S i <iÑ[Ò�Ó ßâ Ó Û Ó ßSþ�Þ�÷�Ü Ò Û Ó æ Ò Þ�Ø�à è Û Ó æðæ½ï�Û Ó ÷2æ ö ê~Þ³ê Ó ß"Ü�ïSê ø7Þ³Ûz±¢°½¯�°�q Ù�ß
â�÷Jö ö�A Øä×�Ö�þ@Ø>Ù�ß Ó æ	æ Ò Þ�åËÜ Ò�Ózè Û Ó æ½æðï�Û Ó æ Ó Ü½Ü½Ù�ß�ñ³æ[ø7Þ³ÛWÜ Ò�ÓzÑ h Ö`Þ³ï�ß"Ü Ó Û½æ�Ù�ßXôÝõ³õ"ô ö�Ñ[Ò�Ó
æ½Ù�ßSñ³Ø ÓPÑJS$S Ö'Þ³ï�ß"Ü Ó Û�å�×�æ è Û Ó æ½æðï�Û½ÙTr Ó àá×ÝÜ S ×ÝÜ½êÂø7Þ³ÛD×�Ø>Ø¼ê~Þ³ê Ó ß"Ü�× ö

ê=×�þ Ó ×=Ö'Þ³ï�ß"Ü Ó ÛPÞ�ø8Ü Ò�Ó à Ó æ½Ù>Û Ó àØ Ó ßSñ�Ü Ò öYA Þ�Ü ÒÓ ß�à�æPÞ�ø�Ü Ò�Ó Ö`Þ�ï�ß"Ü Ó Û�å Ó Û Ó Ö¤× èSè�Ó à
åDÙ>Ü Ò õ öb\ ê~ê Ü Ò Ù�Ö�þ×ÝØ�ï�ê~Ù�ß�ÙTr Ó à^· ó Øä×�Û�ø7Þ�Ù�Ø�æ ö®Ñ[ÒSÓ Ö'Þ³ï�ß"Ü Ó Û½æzå Ó Û Ó�Ó	
 ï�Ù è�èòÓ à åDÙ>Ü Ò\ ílô�õ"ô�õ ü è�Ò Þ�Ü�Þ�Ü½ï�Ú Ó æ�åDÙýÜ Ò 
 ï-×�ÛRÜ r@åDÙ�ßSà�Þ�åDæ öéÑ[Ò�ÓZè�Ò Þ�Ü½Þ�Ü�ïSÚ Ó æ�å Ó Û Ó Þ èòÓ Û�×*Ü Ó à
Ú Ó ÜTå Ó'Ó ß ôÝõ³õ³õr×�ßSà ô=y³õ³õ V�ö6Ñ[Ò�Ó à�Þ�åDß�æRÜ�Û Ó ×�ê Ó ß�à ÞÝø Ó ×�Ö Ò Ö`Þ³ïSß?Ü Ó Û Ò ×�à ×rÜ Ò Ù�ß
ê�Ù>Û½Û½Þ�ÛIå Ò Ù�Ö Ò à Ó�ã�Ó Ö'Ü Ó à ßâ Ó Û Ó ß�þ�Þ�÷~Ø�Ù>ñ Ò Ü"{ i õ ä à�Þ�åDß?å�×�Ûðà=Ü�ÞPÜ ÒSÓ è�Ò Þ�Ü�Þ�Ü½ï�Ú Ó�ö¢Ñ[Ò�Ó
ßâ Ó Û Ó ß�þ�Þ�÷�Ö`Þ³ïSß?Ü Ó Ûðæ å Ó Û Ó ¸-Ø�Ø Ó àZåDÙ>Ü Ò â�÷Hös×ÝÜ è Û Ó æ½æ½ïSÛ Ó æsÚ Ó ÜTå Ó'Ó ß õ ö�S ×Ýß�à RSö y�×ÝÜ½ê
M4×�Ú�æðÞ³Ø�ï/Ü Ó P ö ÷�ß Ó Þ�ø6Ü Ò�Ó ßâ Ó Û Ó ß�þÝÞ�÷XÖ'Þ³ï�ß"Ü Ó Û½æ�Ù�æ[æ Ò Þ�åDß�Ù�ßD�IÙ>ñ öÙR�ö ô�õ ö

Ñ[Ò�Ó�ÑJS$S Ú Ó ×Ýê�Ø>Ù�ß Ó�Ò ×�æ®Þ�ß Ó�U ê ßâ Ó Û Ó ß�þÝÞ�÷�Ö`Þ�ï�ß"Ü Ó Ûiæ½ÙýÜ�ï-×*Ü Ó à�Ù�ßé×�ßéÙ�ß-×ÝÖWN
Ö Ó æðæ½Ù>Ú�Ø Óÿè Þ³ÛðÜ½Ù�Þ³ßÞÝølÜ Ò�Ó Ú Ó ×�ê~Ø�Ù�ß Ó ï è æRÜ�Û Ó ×�ê ÞÝøWÜ Ò�ÓÿÓhç/èòÓ Û½Ù>ê Ó ß"Ü�×�Ø�×ÝÛ Ó × ö _Tß�ô�õ³õ$y

S$S�U



�IÙ�ñ³ïSÛ ÓYR�ö ô�õ <L� Ü Ò Û Ó æ Ò Þ³Ø�à ßâ Ó Û Ó ß�þ�Þ�÷áÖ`Þ³ï�ß"Ü Ó Û�æðï è�è Ø>Ù Ó àXø7Þ³Û�ï�æ Ó Ù�ß�Ü Ò�Ó K8×�æRÜPî ×�Ø�Ø öA�Ó ×�ê Ó ß"Ü Ó Û½æ�Ü Ò�Ó Ö'Þ³ï�ß"Ü Ó ÛPÞ³ßrÜ Ò�Ó Ø Ó ø Ü ö ßâ Ó Û Ó ß�þÝÞ�÷ è�Ò Þ�Ü½Þ³ß�æP×ÝÛ Ó Û½×�à�Ùä×*Ü Ó à�ø7Þ³Ûðå�×�Û½à
×�ß�à@Ü ÒSÓ ßZÛ ÓWã-Ó ÖhÜ Ó à�à�Þ�åDß"å�×�Û½à%Þ ? ×�ê�Ù>Û½ÛðÞ³ÛWÙ>ß�æ½Ù>à Ó Ü Ò�Ó Ö'Þ³ï�ß"Ü Ó Û ö8Ñ[Ò�ÓPè�Ò ÞÝÜ�Þ³ß�æ	×�Û Ó
à Ó Ü Ó Ö'Ü Ó à�Ú ó × è�Ò Þ�Ü�Þ�Ü½ï�Ú Ó Ø>Þ/Ö`×ÝÜ Ó à%×ÝÜDÜ Ò�ÓzÓ ß�à�ÞÝø6Ü Ò�Ó Ö`Þ³ï�ß"Ü Ó Û ¤ æD÷ Ó ÛRÜ�Ù>Ö¤×�Ø.×�Ûðê ö

×~æ Ó Ö`Þ�ß�àvy ö�R ê Ö`Þ³ïSß?Ü Ó ÛDå	×Ýæ�×�Ø>æ½Þ~ï�æ Ó àáÙ�ß ÑJS$S³öWÑ[Ò�Ó Ö'Þ³ï�ß"Ü Ó Û å�×�æ�Ø�Þ2Ö¤×ÝÜ Ó àXÙ�ß%Ü Ò�Ó
Óhç/è�Ó Û½Ù>ê Ó ß?Ü�×�Ø/×�Û Ó ×�åDÙ>Ü Ò ÙýÜ�æIàSÞ�åDßSæðÜ�Û Ó ×�ê�ø ×�Ö ÓaS³öbf ê ø7Û½Þ³ê Ü Ò�Ó ø7ÛðÞ³ß"Ü¢Þ�ø�Ü Ò�Ó â	×ÝØäã Ó Ü ö
Ñ[Ò�ÓPÑ h Ú Ó ×�ê~Ø�Ù�ß Ó Ò ×ÝàZÞ³ß ÓHR�ö�R êKÖ`Þ³ï�ß"Ü Ó Û[Ù�ßSæðÜ�×ÝØ�Ø Ó à=Ù>ß=Ü Ò�Ó æ Ò Ù Ó Ø�à Ó à%×�Û Ó ×�à�Ù>Û Ó ÖhÜ�Ø ó
ï è æðÜ½Û Ó ×�ê|ÞÝø Ü Ò�Ó Óhç/èòÓ Û½Ù>ê Ó ß"Ü�×�Øò×�Û Ó × ö � æ Ó Ö`Þ³ß�àÛy öbR êÍÖ'Þ³ï�ß"Ü Ó ÛYM7Ü Ò�Ó æ½×�ê Ó Ö`Þ�ï�ß"Ü Ó Û
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� à�Ù ?¼Ó Û Ó ß"Ü�Ü Ó Ö Ò ß�Ù 
 ï Ó å	×ÝælïSæ Ó àÿÜ½ÞPê Ó ×�æ½ï�Û Ó Ü Ò�Ó[ÓWÞ Ö`Ù Ó ß�Ö ó Þ�ø�Ü Ò�Ó	Ñ h Ö'Þ³ï�ßcN
Ü Ó Ûðæ®Ù>ß ôÝõ³õ$y ö�Ñ[Ò�Ó ê Ó ×Ýæ½ï�Û Ó ê Ó ß"Ü®å�×�æ®ê=×�à Ó åDÙýÜ Ò Ü Ò�Ó Ú Ó ×�ê ê~Þ³ê Ó ß"Ü�ï�ê�æ Ó Ü�×ÝÜ
S ù ÓWVYX Ö�M4×Ýßá×�ÛðÚ�Ù>Ü½Û�×�Û ó Ö Ò Þ³Ù�Ö Ó ê�×�à Ó Þ³ßSØ ó Ú Ó Ö`×�ï�æ Ó Ü ÒSÓ ø7Û½×�Ö'Ü½Ù�Þ³ßZÞÝø Ó Ø Ó ÖhÜ�Û½Þ�ß�æ[å	×�æ
{ i õ"ü ×ÝÜ S ù Ó�VJX Ö�P ö(�MÒ Ù�Ø Ó Þ³ß Ó Ö`Þ³ïSß?Ü Ó Û8å	×Ýæ è Û Ó æðæ½ï�ÛðÙsr Ó àZ×ÝÜ�ôz×ÝÜ�ê~Þ³æ èSÒ�Ó Û Ó ælÛ½ï�ß�æ
å Ó Û Ó Ü�×�þ Ó ß~Ù�ß�å Ò Ù>Ö Ò Ü Ò�Ó[è Û Ó æ½æðï�Û Ó Ù�ß�Ü Ò�Ó æ Ó Ö`Þ³ß�à~Ö`Þ�ï�ß"Ü Ó Û�å�×�æ�÷Ý×�Û½Ù Ó à ö(A Þ�Ü Ò Ö'Þ³ï�ßcN
Ü Ó Ûðæ[×�Û Ó ÷2Ù�ÛRÜ�ï-×�Ø>Ø ó�S õ³õ"ü Ó�Þ Ö`Ù Ó ß"ÜD×ÝÜ	× è Û Ó æðæ½ï�Û Ó Þ�ø6ô�×ÝÜ½ê�Þ³æ è�Ò�Ó Û Ó æ ö�Ñ[Ò�ÓPÓ�Þ Ö'Ù Ó ßSÖ ó
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Ù�æ	Ü ÒSÓ ßXÖ`Þ³ê è ïSÜ Ó à�×�æ <
� ì « Î ìÎ ö M R�ö�S õ�P

ú � ì « � ì M S ù � ì PÎ�ö M R�ö�S$S P
_Tß Ü Ò�Ó ø7Þ³Û½ê�ï�Øä× Ó ×�ÚòÞ�÷ Ó Ö`Þ³ï�ß"Ü Ó Û�ôáÙ�æ�×ÝÜ�ÜTå�Þ�×ÝÜ�ê~Þ³æ è�Ò�Ó Û Ó æ~×�ß�à�Ü Ò�ÓZè Û Ó æ½æðï�Û Ó Ù�ß
Ö`Þ³ï�ß"Ü Ó Û S Ù>æ	÷Ý×�Û½Ù Ó à ö�Ñ[Ò�Ó Û Ó æ½ïSØ>Ü�æ�×�Û Ó æ Ò Þ�åDßáÙ>ß Ñ ×�Ú öuR�ö*f/ö

× è æRÜ�Û Ó ×�ê â�Þ³ï�ß"Ü Ó Û�M R�ö�R êoP
í8Û Ó æðæ½ï�Û Ó M ×ÝÜ�êoP æðÙ�ß ö É�Ê"�lS õ Ù K Þ Ö'Ù Ó ßSÖ ó M¡ü7P

õ öTS õ õ öbf ô ô UkÚ7S
õ ö ô�õ S³öb\kR hki Ú7S
õ ö y³õ ô ö�R�\ i \$Ú7S
õ öÆU õ R�ö�S õ S õ³õ Ú7S

ã�Þ�åDßSæðÜ�Û Ó ×�ê â�Þ³ï�ß"Ü Ó Û}M y öbR ê�P
í8Û Ó æðæ½ï�Û Ó M ×ÝÜ�êoP æðÙ�ß ö É�Ê"�lS õ Ù K Þ Ö'Ù Ó ßSÖ ó M¡ü7P

õ öTS ô õ ö i f y h Ú7S
õ ö ô�õ S³öb\kR \kR�Ú7S
õ ö y³õ ô ö�R�\ f�UkÚ7S
õ öbR i R�ö õ"ô i UkÚ7S
õ ö h õ U/ö h R i f$Ú7SS�ö õ³õ fSö ô�õ i$i Ú7S

Ñ ×�ÚSØ ÓJR�öbfÙ< K�Ø Ó Ö'Ü½Û½Þ³ßZÜ�×Ýñ³ñ³Ù�ßSñ Ó�Þ Ö`Ù Ó ß�Ö ó ø7Þ³Û	Ü ÒSÓ ï è æðÜ½Û Ó ×�ê M�×sÕÖP	×�ß�à%à�Þ�åDß�æRÜ�Û Ó ×�êM4ãzÕÖP�ßâ Ó Û Ó ßSþ�Þ�÷XÖ`Þ³ï�ß"Ü Ó Û½æ�Ù�ß Ñ h �òôÝõ³õ$y ö

�-Þ³Ûÿ×ñ³Ùý÷ Ó ß�Ö'Þ³ï�ß"Ü Ó Û	�lß Ó ñ�Ø Ó ÖhÜ�Ù>ß�ñ ×�ß ó à�ÛðÙ>ø Ü ÓW?¼Ó Ö'Ü½æ�M Ó�ö ñ ö �lñ³×�Ù�ß�à�ÛðÙ>ø Ü®åDÙ>Ü Ò
Ü�Ù�ê Ó Pz×�ß�à è ×ÝÜ Ò Ø Ó ß�ñÝÜ Ò ÓW?¼Ó Ö'Ü�æ���Ü Ò�Ó æðÙ�ñ³ß�×�Ø��I×�ß�à Ò�Ó ß�Ö Ó Ü Ò�Ó@Ó�Þ Ö'Ù Ó ßSÖ ó �8Ö`×�ß Þ³ß�Ø ó
à Ó`èòÓ ß�àáÞ³ßáæðÙ�ß ö É�Êfö	Ñ[Ò�Ó Û Ó ø7Þ³Û Ó �òÜ½Þ=× èSè Ø ó Ü Ò�Ó ê Ó ×Ýæ½ï�Û Ó à ÓWÞ Ö'Ù Ó ß�Ö`Ù Ó æDÜ�Þ=ÞÝÜ Ò�Ó Û è ×ÝÛ�N
Ü�Ù�Ö'Ø Ó æ èòÓ Ö'Ù Ó æ�Þ³ß Ó Þ³ß�Ø ó ß Ó`Ó à�æ®Ü½Þ è ×ÝÛ�×�ê Ó Ü Ó Û½ÙTr Ó Ü Ò�Ó ê åDÙ>Ü Ò Û Ó æ èòÓ ÖhÜ�Ü�Þ�æ½Ù>ß ö É�Ê�ö _�ø
Ü Ò�ÓÿÓWÞ Ö'Ù Ó ß�Ö ó Þ�ø8Ü Ò�Ó Ö`Þ³ï�ß"Ü Ó Û½æPå�×�æzà�Þ³ê~Ù�ß-×*Ü Ó àÚ ó í+Þ³Ù�æðæ½Þ³ß æRÜ�×ÝÜ½Ù�æðÜ½Ù�Ö'æPÞ³ß Ó åWÞ³ï�Ø�à
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Óhç/è�Ó Ö'ÜD×iø7ï�ß�Ö'Ü½Ù�Þ³ß�Þ�øAÜ ÒSÓ ø7Þ³Ûðê � « S ù Ófç/è M�ù Õ Û PlÜ�ÞQ¸�Ü�Ü Ò�Ó à-×*Ü�× ö ×�ßSø7Þ³ÛRÜ�ï�ß-×*Ü Ó Ø ó
Ü Ò Ù>æ~æðÙ�ê è Ø Ó ø7Þ�Û½ê�ï�Ø�×rà�Ù�à ß�Þ�Ü è ÛðÞ�÷/Ù>à Ó ×�ß ×�à Ó	
 ï-×*Ü Ó à Ó æ½Ö'Û½Ù è Ü�Ù>Þ³ß Þ�øsÜ Ò�Ó à�×ÝÜ�× Ù�ß
Ñ ×�Ú öuR�ö*f/ö

Ñ[Ò�Ó Û Ó ×�à�Þ³ïSÜ Ó Ø Ó ÖhÜ�ÛðÞ³ß�Ù�Ö'æzï�æ Ó à�åDÙ>Ü Ò Ü Ò�Ó ßâ Ó Û Ó ß�þÝÞ�÷éÖ'Þ³ï�ß"Ü Ó Û½æ�Ù>ß�ô�õ³õ$y Ò ×�à
×%Ü Ò Û Ó æ Ò Þ³Ø>à�� S�èSÒ Þ�Ü�Þ Ó Ø Ó ÖhÜ�Û½Þ�ß ö �-Þ³ÛzØ�Þ�å Ø>Ù�ñ Ò ÜzØ Ó ÷ Ó Ø�æoM Ù ö ÓÝö �+æ½ê�×�Ø�Ø¢÷Ý×�Ø>ï Ó æzÞ�ø�Ü Ò�Ó
ßâ Ó Û Ó ß�þ�Þ�÷X×�ßSñ³Ø Ó P8Ü Ò Ù�æ�ê�×�à Ó Ü Ò�Ó�ÓWÞ Ö`Ù Ó ß�Ö ó Þ�ø.Ü Ò�Ó Ö`Þ³ï�ß"Ü Ó Û[à Ó Ö`Û Ó ×�æ Ó ê~Þ³Û Ó Û�× è Ù�à�Ø ó
åDÙ>Ü Ò æ½Ù�ß ö É�Ê Ü Ò ×�ß�í6Þ�Ù�æ½æðÞ³ßÿæðÜ�×ÝÜ�Ù>æðÜ½Ù�Ö`æI×�Ø�Ø>Þ�åDæ ö+Ñ[Ò�Ó ï è æRÜ�Û Ó ×�êÆÖ`Þ³ï�ß"Ü Ó Û¢å�×�æ�Þ èòÓ Û�×*Ü Ó à
×ÝÜl×Pñ"×�Ù�ß~× èSè Û½Þ ç Ù�ê�×ÝÜ Ó Ø ó ÜTå�ÞzÜ�Ù>ê Ó æ¢Ø�Þ�å Ó Û�Ü Ò ×�ß~Ü Ò ×ÝÜ8Þ�øòÜ ÒSÓ àSÞ�åDßSæðÜ�Û Ó ×�êÍÖ'Þ³ï�ß"Ü Ó Û	�
ê=×�þ?Ù>ß�ñrÜ Ò�ÓZÓW?¼Ó Ö'Ü~ê~Þ³Û Ó æ Ó ÷ Ó Û Ó Ü Ò�Ó Û ÓÝöl� ÷Ý×�Û½Ù Ó Ü ó ÞÝø ø7ï�ßSÖ'Ü�Ù>Þ³ß�æ�å Ó Û ÓXÓ ÷Ý×�Ø�ï-×*Ü Ó à
Ù�ß Þ�Û½à Ó Û=Ü�Þ è ×�Û�×Ýê Ó Ü Ó ÛðÙsr Ó Ü ÒSÓáÓ�Þ Ö'Ù Ó ßSÖ ó Ö'ï�Ûð÷ Ó�ö Ñ[Ò�Ó ø7ï�ß�Ö'Ü½Ù�Þ³ßSæ�å Ó Û Ó Û Ó	
 ï�Ù>Û Ó à
Ü�Þrê~Þ³ß�Þ�Ü½Þ³ß�Ù>Ö¤×�Ø>Ø ó Ù>ß�Ö`Û Ó ×�æ Ó åDÙ>Ü Ò æ½Ù>ß ö É�Ê �8×�æ ó ê è Ü�ÞÝÜ�Ù�Ö`×�Ø�Ø ó × è�è Û½Þ"×�Ö Ò Ù�ß�ñrïSß�Ù>Ü ó ø7Þ³Û
Øä×�Ûðñ Ó ÷�×ÝØ�ï Ó æ®Þ�ø�Ü Ò�Ó ßâ Ó Û Ó ß�þÝÞ�÷ ×�ß�ñ³Ø Ó�ö Õ2ï�Ö Ò × è ×�Û�×�ê Ó Ü Ó ÛðÙsr¤×*Ü�Ù�Þ�ßéÙ>æ è Û Ó æ Ó ß"Ü Ó à Ù�ß
�IÙ�ñ öcR�ö ô S³ö�Ñ[Ò�Ó ø7Þ³Û½ê�ï�Øä× Ó ï�æ Ó àá×�Û Ók<

� « S ù Ú Óhç/è M�ù�� � Û P � Óhç/è M�ù�� ì Û ö P Ü × è æRÜ�Û Ó ×�ê M R�ö�S ô$P« S ù Ú � � Óhç/è M�ù�� ì Û P � M S ù�� � P Ófç/è M�ù��uö Û ö P Ü ã�Þ�åDß�æRÜ�Û Ó ×�ê M R�ö�S y�P
î Ó Û Ó Û «Gæ½Ù>ß ö É�Ê�ö¢Ñ[Ò�Ó�è ×ÝÛ�×�ê Ó Ü Ó Û½ÙTr¤×ÝÜ½Ù�Þ³ßSæ�Ö¤×�ß@Ú Ó ï�æ Ó à@Ü�Þ�Ö`×�Ø�Ö'ï�Øä×*Ü Ó Ü Ò�Ó Ö`Þ³ïSß?Ü½Ù�ß�ñ
Ó�Þ Ö`Ù Ó ß�Ö ó ø7Þ³ÛP×�ß óáè ×�ÛðÜ½Ù�Ö'Ø Ó æ è�Ó Ö`Ù Ó æ	�.ñ³Ùý÷ Ó ßrÜ Ò�Óÿè Û Ó æ½æðï�Û Ó ×�ß�à ê~Þ³ê Ó ß"Ü�ï�ê öY� æz×�ß
Óhç ×�ê è Ø Ó �k�IÙ>ñ ö�R�ö ô³ô[æ Ò Þ�åDæ+Ü Ò�Ó Ö¤×�Ø>Ö`ï�Ø�×ÝÜ Ó àPÜ�×�ñ³ñ�Ù�ß�ñ Ó�Þ Ö'Ù Ó ßSÖ ó ø7Þ³Û.ê�ï�Þ³ßSæ+å Ò�Ó ß�ÚòÞ�Ü Ò
Ö`Þ³ï�ß"Ü Ó Û½æW×�Û Ó�è Û Ó æðæ½ï�ÛðÙsr Ó àZ×ÝÜ RSö y�×ÝÜ½ê N.Ü ÒSÓ ê�× ç Ù�ê�ï�ê ×�Ø>Ø�Þ�å Ó àÿ÷Ý×�Ø�ï ÓÝö ·�ïSÞ³ß�æ8åDÙ>Ü Ò
ê�Þ³ê Ó ß"Ü½ï�ê�Ø�×�Û½ñ Ó ÛsÜ Ò ×�ß { S$Ø i ù ÓWVYX ÖÿÖ`×�ßéÚ Ó Ü�×�ñ³ñ Ó à åDÙýÜ Ò Ò Ù>ñ ÒÓ�Þ Ö`Ù Ó ß�Ö ó³ö �-Þ³Û
>ðï�æðÜ Ü Ò ×ÝÜ Û Ó ×�æ½Þ�ßp�¼à�ïSÛ½Ù�ßSñ�Ü ÒSÓ ô�õ³õky~Ûðï�ß�ß�Ù>ß�ñÖ�òà-×ÝÜ�×�å Ó Û Ó Ö'Þ³Ø�Ø Ó ÖhÜ Ó àá×ÝÜ ê�Þ³ê Ó ß"Ü½ï�ê
æ Ó ÜðÜ�Ù>ß�ñ³æ�Þ�ø S³öbf ×Ýß�à@ô ö õ8ù Ó�VJX ÖD×�ß�à R�ö y�×ÝÜ�ê£Ù�ß�ÚòÞ�Ü Ò Ö`Þ�ï�ß"Ü Ó Ûðæ	�2Ù�ßÿÞ³Ûðà Ó Û�Ü½Þ è Û½Þ�÷2Ù�à Ó
× Ò Ù�ñ Ò%è ï�ÛðÙ>Ü ó ê�ï�Þ³ß%æ�×�ê è Ø Ó�ö

Ñ[Ò�ÓéÑJS$S Ú Ó ×�ê�Ø>Ù�ß Ó Þ³ß�Ø ó Ò ×�àG× æðÙ�ß�ñ�Ø Ó ßâ Ó Û Ó ß�þÝÞ�÷GÖ'Þ³ï�ß"Ü Ó Û�Ù>ßGô�õ³õ"ô�×�ß�à
Ü Ò�Ó Û Ó ø7Þ�Û Ó Ü Ò�ÓÿÓ�Þ Ö`Ù Ó ß�Ö ó Ö'Þ³ï�Ø�àßSÞ�Ü�Ú Ó ê Ó ×�æðï�Û Ó àéÙ>ßáÜ ÒSÓ ø ×�æ Ò Ù�Þ³ßrÞ�ïSÜ�Ø>Ù�ß Ó à×�ÚòÞ�÷ Ó�ö
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Ñ[Ò�Ó Ö`Þ³ï�ß"Ü Ó Û	å�×�æ U êÂØ�Þ�ß�ñÖ�2Ú�ïSÜDÞ�Ü Ò�Ó ÛRåDÙ�æ ÓzÒ ×Ýà@Ü Ò�Ó æ½×�ê Ó à Ó æ½Ù>ñ³ßX×�æ�Ü Ò�Ó Ö`Þ³ïSß?Ü Ó Ûðæ
Ó ê è Ø�Þ ó³Ó àáÙ>ß Ñ h ö �IÙ�ñ�ï�Û ÓYR�ö ôky�æ Ò Þ�åDæ Ü Ò�Ó Ö`Þ³ï�ß"Ü Ó Û è ï�Ø�æ Ó N Ò�Ó Ù>ñ Ò Ü ø7Þ³ÛDà�Ù ?¼Ó Û Ó ß?Ü�ê~Þ=N
ê Ó ß?Ü½ï�ê�æ Ó Ü½Ü�Ù>ß�ñ³æ�×�ß�à S ×ÝÜ½ê è Û Ó æ½æ½ïSÛ Ó�ölÑ[Ò�Ó�èòÓ ×Ýþ~ÞÝøAÜ Ò�Ó à�Ù�æRÜ�Û½Ù>Ú�ïSÜ½Ù�Þ³ß~à�Ù�à�ß�Þ�Ü�à Ó N
è�Ó ß�à=æRÜ�Û½Þ�ß�ñ³Ø ó Þ³ß~Ü Ò�Ó Ú Ó ×�êÍê�Þ�ê Ó ß?Ü½ï�ê M ×�æ Óhç/è�Ó Ö'Ü Ó à�Pl×�ß�à�å	×�ælå Ó Ø�Ø�×�ÚòÞ�÷ Ó r Ó Û½Þ ö
Ñ[Ò�Ó Ø�Þ�å è ï�Ø>æ Ó N Ò�Ó Ù>ñ Ò Ü�Ü�×ÝÙ�Ø+Þ�ø8Ü Ò�Ó àSÙ�æðÜ½Û½Ù>Ú�ïSÜ�Ù>Þ³ß�æ à�Ù�àß�ÞÝÜ Óhç Ü Ó ß�à Ú Ó Ø�Þ�å S õ³õ � ãzâ
Ö`Þ³ï�ß"Ü½æ ö Ñ[Ò�Ó Ö`Þ�ï�ß"Ü Ó Û�Ù�æ�Ü Ò Þ�ï�ñ Ò Ü=Ü½Þ:Ú Ó ×ÝÜ�Ø Ó ×�æðÜ=×�æ Ó�Þ Ö`Ù Ó ß"ÜZ×�æ~Ü Ò�Ó ï è æRÜ�Û Ó ×�ê
Ö`Þ³ï�ß"Ü Ó Û8Ù�ß Ñ h Ú-×�æ Ó à=Þ�ß~ÙýÜ�æ�æðÞ³ê Ó å Ò ×ÝÜ8ñ³Û Ó ×ÝÜ Ó Û�Ø Ó ß�ñ�Ü Ò �³Ü ÒSÓ Ù>à Ó ß"Ü½Ù�Ö¤×ÝØ�Ö`Þ³ßSæðÜ�Ûðï�Ö'Ü½Ù�Þ³ß
×�ß�à%Ü Ò�Ó ê Ó ×�æðï�Û Ó à è ïSØ�æ Ó N Ò�Ó Ù�ñ Ò Ü ö

2���� FG8�� E �!��E "$#�e
ãP×ÝÜ�×�å Ó Û Ó Ö'Þ³Ø�Ø Ó Ö'Ü Ó àZåDÙ>Ü Ò â	×�Øäã Ó ÜDÛ½ï�ß�ßSÙ�ß�ñ�Ù�ß Ófç Ü Ó Ûðß-×�ØAÜ�ÛðÙ�ñ³ñ Ó Û	ê~Þ/à Ó àSï�Û½Ù>ß�ñÿÜ Ò�Ó
ø ×�Ø�Ø ô�õ³õ³ô�Û½ï�ßSß�Ù�ß�ñ è�Ó Û½Ù�Þ2à Ù>ß Ñ h ×�ßSà ÑJS$S³ö Ñ[Ò�Ó Ûðï�ß�æ=å Ó Û Ó Ü�×�þ Ó ßM×ÝÜ=à�Ù�æðÖ`Û Ó Ü Ó
Ú Ó ×�ê ê~Þ³ê Ó ß"Ü�×éÛ�×�ßSñ³Ù�ß�ñéø7Û½Þ³ê ô�õ³õª· Ó�V Ü½Þ S õ�ù Ó�V �	×�ßSàpÙ�ßpÚòÞ�Ü Òpè Þ�Øä×�ÛðÙ>Ü�Ù Ó æ ö
Ñ ×�ÚSØ Ó æ R�ö i � R�ö�S õsØ>Ù�æRÜ6Ü Ò�Ó Û½ïSß�æIÜ Ò ×ÝÜIå Ó Û Ó ø7Þ³ï�ß�àÿï�æ Ó ø7ï�Ø/ø7Þ³Û¢×�ß�×�Ø ó æ½Ù>æ6ÞÝøòÜ Ò�Ó�Ò ×�à�Û½Þ�ß�Ù�Ö
Û Ó æ è Þ�ß�æ ÓÝö

â	×�Û Ó å	×Ýæ Ü�×Ýþ Ó ßrÜ½Þ=Û Ó`èòÓ ×ÝÜ�×=ß?ï�ê�Ú Ó ÛsØ>Þ�å ê�Þ�ê Ó ß?Ü½ï�ê æ Ó Ü½Ü�Ù>ß�ñ³æ Ù�ß�Ü Ò�Ó�Ñ h
Ú Ó ×�ê�Ø>Ù�ß Ó Ù>ß Þ³Û½à Ó Û®Ü½Þræ Ó ×�Û½Ö Ò ø7Þ�Û�æ ó æRÜ Ó ê�×ÝÜ½Ù�Ö=àSÙ ?�Ó Û Ó ß�Ö Ó æÿÚ Ó ÜTå Ó'Ó ß ÑJS$S ×Ýß�à Ñ h ö
ë ï�ßSæ�×ÝÜlê~Þ³ê Ó ß"Ü�×zØä×�Ûðñ Ó Û¢Ü Ò ×�ß \ ù ÓWVYX ÖDå Ó Û Ó Ü�×�þ Ó ß~åDÙ>Ü Ò Ü ÒSÓ ß�Þ�ê�Ù>ß-×�Ø Ò Ù>ñ Ò ÷³Þ³ØýÜ#N
×�ñ Ó ×Ýß�à%×�Ø�æðÞ®åDÙýÜ Ò Ü ÒSÓ�Ò Ù�ñ Ò ÷³Þ�Ø>Ü�×Ýñ Ó Û Ó à�ï�Ö Ó à%Ú ó ô U ÷³Þ³ØýÜ�æ�Ù>ß@Þ³Ûðà Ó ÛlÜ�Þÿï�ß�à Ó Û½æRÜ�×�ßSà
M è Û Ó à�Þ³ê~Ù�ß�×�ß"Ü�Ø ó�Ó Ø Ó Ö'Ü½Û½Þ³ß�Ù>Ö`æ P8æ½×ÝÜ�ï�Û½×ÝÜ�Ù>Þ³ß Ó�?�Ó Ö'Ü½æ ö â Ó ÛRÜ�×�Ù>ß�æ è�Ó Ö`Ù�×�Ø�Û½ï�ß�æHM ÓÝö ñ ö �?åDÙ>Ü Ò
×�Ø>Ü Ó Û Ó à%à ó ß�Þ/à Ó Ü Ò Û Ó æ Ò Þ³Ø>à�æ�P Ò ×¤÷ Ó Ú Ó`Ó ß Ófç Ö'Ø�ï�à Ó à�ø7ÛðÞ³ê|Ü Ò�Ó ¸-ñ³ï�Û Ó æ ö

�IÙ>ñ³ï�Û Ó æ R�ö ô R ×�ßSà R�ö ô U æ Ò Þ�å Ü Ò�Ó ß?ï�ê�Ú Ó Û	Þ�ø&%(' � �%Ö`Þ³Ø>Ø Ó ÖhÜ Ó àZ×ÝÜ Ó ×�Ö Ò Ú Ó ×�ê
ê�Þ³ê Ó ß"Ü½ï�êÍæ Ó Ü½Ü�Ù>ß�ñ ö�Ñ[Ò�Ó ¸-ñ³ï�Û Ó æ	Ù>ß�à�Ù>Ö¤×ÝÜ Ó Ü Ò�Ó ß?ï�ê�Ú Ó ÛWÞ�ø Ó ÷ Ó ß"Ü½æ[Ú Ó ø7Þ³Û Ó ×�ß ó Ö'ïSÜ�æ
å Ó Û Ó × è�è Ø�Ù Ó à ö,� ÜlØ Ó ×ÝæðÜ S|��S õ Ù ×�ßSà@×�æ8ê�×�ß ó ×�æ Ra��S õ � % ' Ó ÷ Ó ß"Ü�æ�å Ó Û Ó Ö'Þ³Ø�Ø Ó ÖhÜ Ó à
×ÝÜ Ó ×�Ö Ò ê~Þ³ê Ó ß"Ü�ï�êÆæ Ó Ü½Ü�Ù>ß�ñ ö ·Xï�Ø>Ü½Ù è Ø Ó æ½Ö`×ÝÜ½Ü Ó ÛðÙ�ß�ñi×�ß�à Ó ß Ó Ûðñ ó Ø�Þ�æ½æ�Û Ó æ½ï�ØýÜ Ó à~Ù>ßÿÜ Ò�Ó
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Ö`Þ³Ø>Ø Ó ÖhÜ�Ù>Þ³ßZÞ�ø6Û Ó Ø�×ÝÜ�Ùý÷ Ó Ø ó ø Ó å è Û½Þ�Ü½Þ³ß Ó ÷ Ó ß?Ü½æs×*Ü�Ü Ò�Ó Ø�Þ�å Ó æðÜ�ê~Þ³ê Ó ß"Ü�ï�ê|æ Ó Ü½Ü�Ù>ß�ñ³æ ö
ãP×ÝÜ�×Då Ó Û Ó Ö`Þ³Ø>Ø Ó Ö'Ü Ó àiåDÙýÜ Ò Ü Ò�Ó à Ó Ü Ó Ö'Ü½Þ³Û.Ü�ï�Ûðß Ó àÿ×*Ü¢×ny³õ ä ×Ýß�ñ³Ø Ó Ü½Þ Ü ÒSÓ Ú Ó ×�ê@N

Ø�Ù�ß Ó�ö ÷PßSØ ó Ü Ò�Ó ¸�Û½æðÜiÜTå Ó ß"Ü ó N�ø7Þ³ï�Û è Øä×�ß Ó æPå Ó Û Ó Û Ó ×Ýà:Þ³ïSÜià�ï Ó Ü�ÞXæ è ×�Ö Ó ×�ß�à Ü�Ù�ê Ó
Ö`Þ³ß�æRÜ�Û½×�Ù�ß"Ü�æ ö9� Þ�å ê~Þ³ê Ó ß"Ü�ï�ê æ Ó Ü½Ü½Ù�ß�ñ³æ�å Ó Û Ó�Ó ê èSÒ ×�æ½ÙTr Ó àéÙ>ßÞ³Û½à Ó Û�Ü�ÞZê�× ç Ù�ê~Ùsr Ó
Ò ×�à�ÛðÞ³ß�Ù�ÖPæ Ò Þ�å Ó Û Ö'Þ³ß"Ü�×�Ù>ß�ê Ó ß"Ü ö�Ñ[Ò�Ó ô�õ³õ³ô�×Ýß�ñ³Ø Ó Û½ï�ß�æ ×�Û Ó Ø�Ù�æRÜ Ó àXÙ>ß Ñ ×�Ú öuR�öTSkS³ö

2���) 9+* ,.-0/21^]2� _�`���e�-0/ba314*5-./dc�e f6��]7�814-./dc�e 9:,�/7-.�8,�/2*
Ñ[Ò�ÓáÒ ×Ýà�Û½Þ³ß æ�×�ê è Ø Ó æ�å Ó Û Ó æ Ó Ø Ó Ö'Ü Ó àpï�æðÙ�ß�ñéÜ�Ù>ê Ó Þ�ø ã Ù�ñ Ò Ü=×�ß�à ßâ Ó Û Ó ß�þ�Þ�÷ Ù�ßSø7Þ³Û�N
ê=×ÝÜ½Ù�Þ³ß ö Ñ[Ò�Órè ÛðÞ/Ö Ó à�ï�Û Ó à�Ù ?¼Ó Û Ó àpæ½Þ³ê Ó å Ò ×ÝÜ@Ú Ó ÜTå Ó`Ó ßMÜ Ò�Ó ÜTåWÞ�Ú Ó ×�ê~Ø�Ù>ß Ó æ~×�ß�à
Ö Ò ×�ß�ñ Ó àáåDÙ>Ü Ò Ü Ò�Ó Ú Ó ×Ýê ê�Þ³ê Ó ß"Ü½ï�ê öWÑ[Ò�Ó æ Ó Ø Ó Ö'Ü½Ù�Þ³ß è Û½Þ2Ö Ó æ½æ Ö¤×�ß�ê�Þ³æRÜ�Ø�Þ³ñ³Ù>Ö¤×�Ø>Ø ó
Ú Ó æ è Ø�Ù>Ü	ï è Ù>ß"Ü�Þ�Ø�Þ�åË×�ß�à Ò Ù�ñ ÒZÓ ß Ó Ûðñ ó ê Ó Ü Ò Þ/à�æ ö

Ñ[Ò�Ó Ø�Þ�å Ó ß Ó Û½ñ ó à-×ÝÜ�×@Ù�ß�Ö'Ø�ï�à Ó à Ó ÷ Ó Û ó Ü Ò Ù�ß�ñXÖ`Þ�Ø�Ø Ó Ö'Ü Ó àÙ�ß ÑJSkS ×�ß�àÜ Ò�ÓÿÑ h
à-×ÝÜ�× Ú Ó Ø�Þ�å y8ù ÓWVYX Ö ö �-Þ³Û�Ü Ò Þ³æ Ó à�×ÝÜ�×Ü Ò�Ó Ü½Ù�ê Ó Þ�ø ã Ù�ñ Ò Ü~æ ó æðÜ Ó ê å�×�æ~ï�æ Ó à Ü�Þ
à�Ù�æRÜ�Ù�ßSñ³ï�Ù�æ Ò Ú Ó ÜTå Ó`Ó ß Ü ÒSÓ %&;&<�×�ß�à�� æ½×�ê è Ø Ó æ özÑ[Ò�Ó æ Ó'è ×�Û�×*Ü�Ù�Þ�ßrå	×�æPÚ Ó ÜðÜ Ó Û�Ü Ò ×�ß
\O½ ×*ÜI×ÝØ�Ø³ê~Þ³ê Ó ß"Ü�×�M æ Ó`Ó �IÙ�ñ ö	R�öTS�\ P ö ùi×Ýï�æ½æðÙä×�ß¥¸�Ü�æ���æðï�Ö Ò ×�æ.Ü Ò Þ³æ Ó Ù�ß��IÙ�ñ ö�R�ö�S�R N RSöTS&U �
å Ó Û Ó ï�æ Ó à=Ü�ÞzÖ Ò ×�Û½×�Ö'Ü Ó ÛðÙsr Ó Ü ÒSÓ ê Ó ×Ýß=×�ßSà ½ Þ�ø¼Ü Ò�ÓDè Ù�Þ�ß�×Ýß�à è ÛðÞ�Ü�Þ�ß�Ü½Ù�ê Ó Þ�ø ã Ù�ñ Ò Ü
à�Ù�æRÜ�Û½Ù>Ú�ïSÜ½Ù�Þ³ß�æ ö K�÷ Ó ß"Ü�æ6å Ó Û Ó æ Ó Ø Ó Ö'Ü Ó à�ø7ÛðÞ³ê ×�Û Ó ñ�Ù�Þ³ß Ú ô ØÆU�½ ×�ÛðÞ³ï�ß�àiÜ Ò�Ó ê Ó ×�ß®÷Ý×�Ø>ï Ó
Þ�ø-Ü Ò�Ó %%×�ß�à�� Ñ ÷J� èòÓ ×Ýþ2æ ö �-Þ³ÛIØ>Þ�å Ó ß Ó Û½ñ ó Û½ï�ßSß�Ù�ß�ñ Ü Ò�Ó ßâ Ó Û Ó ß�þ�Þ�÷ÿÖ'Þ³ï�ß"Ü Ó Û½æ¢å Ó Û Ó
è Û Ó æ½æ½ïSÛ½Ùsr Ó à�Ú Ó Ø>Þ�å Ü Ò�Ó ; Ü Ò Û Ó æ Ò Þ³Ø>à�×�ß�à�ï�æ Ó à Ü�Þ�Ü�×�ñ Ó Ø Ó Ö'Ü�ÛðÞ³ß�æ ö K¢÷ Ó ß"Ü�æ�åDÙýÜ Ò ×
æ½Ù�ñ�ß-×�Ø Ù>ß�×Ýß ó ßâ Ó Û Ó ß�þ�Þ�÷XÖ`Þ�ï�ß"Ü Ó ÛDå Ó Û Ó ß�Þ�Ü�×ÝÖ`Ö Ó'è Ü Ó à�ø7Þ³ÛD×Ýß-×�Ø ó æðÙ�æD×�æ Ò ×�àSÛ½Þ³ß�æ ö

Ñ[Ò�Ó Ò Ù�ñ Ò~Ó ß Ó Û½ñ ó à�×ÝÜ�×zå Ó Û Ó Ö'Þ³Ø�Ø Ó ÖhÜ Ó à~Ù�ß Ñ h ×*Ü�ê~Þ³ê Ó ß"Ü�×>=ty8ù Ó�VYX Ö ö �-Þ³Û
ê�Þ³ê Ó ß"Ü½ï�ê£æ Ó ÜðÜ�Ù�ßSñ³æ�×�ÚòÞ�÷ ÓLR ù Ó�VJX Ö	Ü Ò�Ó�Ñ ÷Y�ræ ó æðÜ Ó ê å�×�æ�ï�ß-×�ÚSØ Ó Ü½Þ è Û½Þ�÷2Ù�à Ó M Þ³ß
Ù>Ü�æiÞ�åDß�P®×XÖ`Ø Ó ×�ß�æ Ó`è ×�Û�×ÝÜ½Ù�Þ³ß�Ú Ó ÜTå Ó'Ó ß�Ü ÒSÓ %&;&<=×�ß�à?�:æ�×�ê è Ø Ó æ ö%Ñ Þr×�Ö'Ö`Þ³ê è Ø�Ù>æ Ò
Ü Ò�Ó àSÙ�æ½Ö'Û½Ù>ê�Ù>ß-×ÝÜ�Ù>Þ³ßp�³Ü Ò�Ó ï è æRÜ�Û Ó ×�ê ßâ Ó Û Ó ß�þ�Þ�÷ZÖ'Þ³ï�ß"Ü Ó Û	å	×�æ è Û Ó æðæ½ï�ÛðÙsr Ó àXÚ Ó Ø�Þ�åMÜ Ò�Ó; Ü Ò Û Ó æ Ò Þ�Ø�àX×�ß�àZÜ ÒSÓ à�Þ�åDß�æðÜ½Û Ó ×Ýê Ö`Þ³ï�ß"Ü Ó Û[å	×Ýæ è Û Ó æðæ½ï�ÛðÙsr Ó àr×ÝÚ�Þ�÷ Ó Ü Ò�Ó Ü Ò Û Ó æ Ò Þ³Ø�à

S ô U



ë ï�ß�æDï�æ Ó àáÙ>ß@Ü Ò�ÓzÒ ×Ýà�Û½Þ³ß�×�ß-×ÝØ ó æ½Ù>æ <�ÑJS$S ô�õ³õ³ôA�Ó ×�ê � Ù�ß Ó í6Þ�Øä×�ÛðÙ>Ü ó ·�Þ³ê Ó ß"Ü½ï�ê M¡ù Ó�VJX Ö�P ë ï�ß�æ
ÑJS$S � õ ö�R R õ hkh$h
ÑJS$S N õ ö�R R õ hkh U
ÑJS$S � õ öb\ R õ h fÙS
ÑJS$S N õ öb\ R õ h f y
ÑJS$S � õ öbf R õ fcS y
ÑJS$S N õ öbf R õ f ô S
ÑJS$S � S³ö õ R õ \ ô³ô
ÑJS$S N S³ö õ R õ h Ukf
ÑJS$S � S³ö ô R õ fk\ ô
ÑJS$S N S³ö ô R õ f h R
ÑJS$S � S³ö�R R õ h õ i
ÑJS$S N S³ö�R R õ h \ õ
ÑJS$S � S³öb\ R õ fcS h
ÑJS$S N S³öb\ R õ fkf õ
ÑJS$S � S³öbf R õ \cS�\
ÑJS$S N S³öbf R õ h \ y
ÑJS$S � ô ö õ R õ h S&U
ÑJS$S N ô ö õ R õ h ô³ô
ÑJS$S � ô ö ô R õ h f�U
ÑJS$S N ô ö ô R õ f õ i
ÑJS$S � ô ö�R R õ i S ô
ÑJS$S N ô ö�R R õ i S�R
ÑJS$S � ô öb\ R õ h ô f
ÑJS$S N ô öb\ R õ h U õ
ÑJS$S � ô öbf R õ i ô³ô
ÑJS$S � y ö õ R õ i ô R
ÑJS$S � y ö ô R õ f=R$R
ÑJS$S N y ö ô R õ f i \
ÑJS$S � y öb\ R õ i ô \
ÑJS$S N y öb\ R õ h=i$i

Ñ ×�ÚSØ Ó`R�ö i <6ÑJSkS Ûðï�ß�ælï�æ Ó à=Ù�ß Ò ×Ýà�Û½Þ³ß�×�ß-×ÝØ ó æ½Ù>æ ö¢Ñ[Ò�Ó�ÑJS$S Ú Ó ×�ê~Ø�Ù>ß Ó	Ò ×�æW×�ß~Þ Þ Ö`Ù�×�Ø
Û�×�ß�ñ Ó ÞÝø¢õ ö*U Nzy öÆU ù Ó�V�ö

S ô \



ë ï�ß�æDï�æ Ó à�Ù�ßZÜ Ò�ÓzÒ ×Ýà�Û½Þ³ßX×�ß�×�Ø ó æ½Ù>æ <�Ñ h ô�õ³õ"ôAWÓ ×�ê � Ù>ß Ó í+Þ³Øä×ÝÛ½Ù>Ü ó ·XÞ³ê Ó ß"Ü�ï�ê M4ù ÓWVYX Ö�P ë ï�ß�æ
Ñ h � S�ö õ U õ U õ U � U õ \kR h MA@CBEDcP
Ñ h N S�ö õ U õ R Ukf � U õ \kR yÖMA@CBFDcP
Ñ h � ô ö õ U õ R i S
Ñ h N ô ö õ U õ R U=R
Ñ h � ô öbR U õ R�f y
Ñ h N ô öbR U õ R�\ ô
Ñ h � ô ö*f U õ R�f h
Ñ h N ô ö*f U õ R�fÙS
Ñ h � y ö õ U õ³ô \$\
Ñ h N y ö õ U õ³ô�õ \
Ñ h � RSö õ U õ U=R i
Ñ h N RSö õ U õ U$U y
Ñ h � U2ö õ U õ U=R U
Ñ h N U2ö õ U õ U$U$U
Ñ h � \/ö õ U õ U=RÖS
Ñ h N \/ö õ U õ Ukf$f
Ñ h � h ö õ U õ \ i�h MG@CBHDcP
Ñ h N h ö õ U õ \ i U MG@CBHDcP
Ñ h � f/ö õ U õ R õ \
Ñ h N f/ö õ U õ U i R
Ñ h � i ö õ U õ R õ"ôc� U õ \$f h MA@CBEDcP
Ñ h N i ö õ U õ RÖS ôc� U õ \ i S MA@CBEDcP
Ñ h � S õ ö õ U õ R õ R � U õ \$f yuMA@CBEDcP
Ñ h N S õ ö õ U õ R õ f � U õ \ i yuMA@CBEDcP

Ñ ×�ÚSØ Ó R�öTS õ <	Ñ h Ûðï�ß�æ ï�æ Ó àÙ�ß Ò ×�à�Û½Þ�ßr×�ß-×ÝØ ó æ½Ù>æ ö[Ñ[Ò�Ó ßSÞ�Ü�×ÝÜ½Ù�Þ³ß[MA@�BIDcP�Ù>ß�à�Ù>Ö¤×ÝÜ Ó æ
Ü Ò ×ÝÜ�Ü Ò�Ó í³· Ñ Ò Ù>ñ Ò ÷³Þ�Ø>Ü�×Ýñ Ó æ�å Ó Û Ó Û Ó à�ï�Ö Ó à ö8Ñ[Ò�ÓPÑ h Ú Ó ×�ê Ò ×�æ[×ÝßZÞ Þ Ö`Ùä×ÝØ�Û½×�ß�ñ Ó
Þ�ø¢õ öÆU N S õ ö õ�ù ÓWV�ö

S ô h
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�IÙ�ñ³ïSÛ ÓJR�ö ô Uc<8Ñ[Ò�Ó ß?ï�ê�Ú Ó ÛDÞ�ø Ò Ù�ñ Ò%Ó ß Ó Û½ñ ó MJ�x¼�y Ø*\ ù Ó�V PL%&' � � Ó ÷ Ó ß"Ü�æsÖ'Þ³Ø�Ø Ó ÖhÜ Ó à
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y³õ ä ×�ßSñ³Ø Ó Ûðï�ß�æ <8ÑJS$S ô�õ�õ"ô
·�Þ³ê Ó ß"Ü½ï�ê M¡ù Ó�VJX Ö�P í6Þ³Ø�×�Û½ÙýÜ ó ë ï�ß�æ
õ öbf � RÖS õ�õ f
õ öbf N RÖS õ S$SS³ö õ � RÖS õ S yS³ö õ N RÖS õ S&US³ö ô � RÖS õ S h

Ñ ×�ÚSØ ÓgR�öTSkS$<¢ë ï�ß�æ8Ü�×�þ Ó ß=åDÙýÜ Ò Ü Ò�Ó à Ó Ü Ó ÖhÜ�Þ³ÛlÞ³Û½Ù Ó ß"Ü Ó à@×ÝÜ�× y³õ ä ×Ýß�ñ³Ø Ó Ü½Þ®Ü ÒSÓ Ú Ó ×�ê@N
Ø�Ù�ß Ó�ö ÷�ß�Ø ó Ü ÒSÓ ¸�Û½æðÜsô R�è Ø�×�ß Ó æDå Ó Û Ó Û Ó ×�àXÞ³ïSÜ ö

M æ Ó'Ó �IÙ�ñ öwR�ö�S i P ö í�Ù�Þ�ß Ó ÷ Ó ß?Ü½æiå Ó Û Ó æ Ó Ø Ó ÖhÜ Ó à Ú ó Û Ó	
 ï�Ù�ÛðÙ�ß�ñ%×@æðÙ�ñ³ß�×�ØIÙ>ßrÜ Ò�Ó à�Þ�åDßcN
æðÜ�Û Ó ×�ê ßâ Ó Û Ó ß�þÝÞ�÷ Ö'Þ³ï�ß"Ü Ó ÛPÚ�ïSÜPßSÞ�Ü�Ü ÒSÓ ï è æðÜ½Û Ó ×�ê ö K¢÷ Ó ß"Ü�æzåDÙ>Ü Ò æðÙ�ñ³ß�×�Ø�æ Ù�ßrÚòÞ�Ü Ò
Ö`Þ³ï�ß"Ü Ó Û½ælå Ó Û Ó Ù�à Ó ß"Ü�Ùq¸ Ó à�×�æ Ó Ø Ó Ö'Ü½Û½Þ³ß�æW×�ß�à�Ü Ò Þ³æ Ó åDÙ>Ü Ò Þ³ïSÜl×zæ½Ù>ñ³ß-×�Ø�å Ó Û Ó Ù>à Ó ß"Ü�Ù�¸ Ó à
×�æ è Û½Þ�Ü½Þ³ß�æ ö K�÷ Ó ß"Ü�æ~å Ó Û Ó Ü Ò�Ó ß Û Ó	
 ï�Ù>Û Ó à Ü�Þ Ú Ó åDÙ>Ü Ò Ù�ß Ú ô ØÆU�½ Þ�ø�Ü ÒSÓXÓfç/è�Ó Ö'Ü Ó à
Ü�Ù�ê Ó Þ�ø ã Ù�ñ Ò Ü ö�Ñ[Ò Ù�æDÛ Ó	
 ï�Ù�Û Ó ê Ó ß"Ü Û Ó > Ó Ö'Ü Ó àáæ è ï�ÛðÙ�Þ³ï�æ[Ü½Û½Ù�ñ�ñ Ó Ûðæ	� è ×ÝÛðÜ�Ù>Ö`ï�Ø�×�Û½Ø ó Ù�ß%Ü Ò�Ó
è Û½Þ�Ü½Þ³ß%æ�×�ê è Ø Ó�ö

Ñ[Ò�Ó æ Ó Ø Ó Ö'Ü½Ù�Þ³ß è Û½Þ2Ö Ó àSï�Û Ó Û Ó æ½ïSØ>Ü Ó àZÙ�ß Ó Ø Ó Ö'Ü�ÛðÞ³ßp�/Ö`Þ³ê�ÚSÙ�ß Ó à è Ù�Þ�ßZ×�ß�àZê�ïSÞ³ßp�
×�ß�à è ÛðÞ�Ü�Þ�ßræ�×�ê è Ø Ó æ ög� Ü�æðÞ³ê Ó ê~Þ³ê Ó ß"Ü�ï�ê æ Ó Ü½Ü½Ù�ß�ñ�æ�þ*×�Þ³ß�æ�å Ó Û Ó ×�Ø>æ½Þ�Ù�à Ó ß?Ü½Ùq¸ Ó à ö
�IÙ�ñ³ïSÛ Ó æ R�öb\ N R�ö ô h æ Ò Þ�å�Ü Ò�Ó ê Ó ×�æ½ï�Û Ó à�Ö'Þ³ê è Þ³æðÙ>Ü�Ù>Þ³ß Þ�ø[Ü ÒSÓ@ÑJS$S ×�ßSà Ñ h Ú Ó ×�ê~æ ö
Õ2Ü�×ÝÜ½Ù�æRÜ�Ù�Ö`×�Ø Ó ÛðÛ½Þ³Ûðæ�×�Û Ó Ü½Þ/Þ�æ½ê�×�Ø�Ø Ü½Þ=Ú Ó æ Ó`Ó ß ö _TßáÜ Ò�Ó ¸-ñ�ï�Û Ó æ	�¼à�×ÝÜ�×�å Ó Û Ó Ö'Þ³Ø�Ø Ó ÖhÜ Ó à
åDÙ>Ü Ò ê~Þ³Û Ó Ü Ò ×�ß~Þ³ß Ó Ü�×�Ûðñ Ó Ü	�"å Ò Ù�Ö Ò~Óhç/è Ø�×�Ù�ß�æ8æðÞ³ê Ó Þ�øòÜ ÒSÓ æðÖ¤×ÝÜðÜ Ó Û ö�Ñ[Ò�Óa� y8ù ÓWVYX Ö
è Þ³Ù>ß"Ü6Ü�×�þ Ó ß�Ù�ß ÑJS$S�Ò ×Ýàÿ×�ß�×Ýß�Þ³ê�×�Ø�Þ³ïSæ½Ø ósÒ Ù�ñ Ò�è Ù>Þ³ß�Ö'Þ³ß"Ü Ó ß"Ü¢×�ß�à�å�×�æ è Þ³æðæ½Ù�ÚSØ ó Ö`Þ�Ø�N
Ø Ó ÖhÜ Ó à=åDÙ>Ü Ò ×�æ½Ö'Û Ó'Ó ßp�-Û½×ÝÜ Ò�Ó ÛWÜ Ò ×�ß=Ü Ò Ù�Ö�þ��/Ü�×�Û½ñ Ó Ü ö�Ñ[ÒSÓ ñ Ó ß Ó Û�×ÝØòÜ½Û Ó ßSàZà�Ù�æ è Øä× ó³Ó àZÙ�ß
Ü Ò�Ó ÜTå�ÞQ¸-ñ³ï�Û Ó æ	×Ýñ³Û Ó'Ó æWåDÙýÜ Ò Ü Ò�Ó Û Ó æ½ï�ØýÜ�æ è ï�Ú�Ø>Ù�æ ÒSÓ à=Ú ó Ü ÒSÓ ílÕ�æRÜ�× ? M æ Ó`Ó �IÙ�ñ ökR�öÆU P ö

Ñ[Ò�ÓiÓ Ø Ó Ö'Ü½Û½Þ³ß%Ö'Þ³ß"Ü�×�ê~Ù�ß-×*Ü�Ù�Þ�ß@Ù�ß@Ü Ò�Ózè Ù�Þ³ßZæ½×�ê è Ø Ó å�×�æDÖ¤×�Ø>Ö`ï�Ø�×ÝÜ Ó à@ø7Þ³Û Ó ×ÝÖ Ò
Ú Ó ×�ê�Ø>Ù�ß ÓÝöHA ÞÝÜ Ò Ü ÒSÓ Ü�Ù>ê Ó Þ�ø ã Ù�ñ Ò ÜP×�ß�àæßâ Ó Û Ó ß�þÝÞ�÷Ù�ßSø7Þ�Û½ê�×ÝÜ�Ù>Þ³ßXå�×�æ�ïSæ Ó à Ù>ßrÜ Ò�Ó
Ö¤×�Ø>Ö`ï�Ø�×ÝÜ�Ù>Þ³ß ölÑ[Ò�Ó�Ó Ø Ó ÖhÜ�ÛðÞ³ßr×�ßSà è Ù>Þ³ß�Ö'Þ³ê è Þ³æðÙ>Ü½Ù�Þ³ß%Þ�ø6Ü Ò�Ó Ú Ó ×�êÉå Ó Û Ó Ü�×�þ Ó ßáø7ÛðÞ³ê

S ô i
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Beam Composition: Positives: T11 2002
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Beam Composition: Negatives: T11 2002
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�IÙ�ñ³ïSÛ ÓaRSö ô h < · Ó ×Ýæ½ï�Û Ó àXÖ`Þ³ê è Þ�æ½Ù>Ü½Ù�Þ³ß~Þ�ø.Ü ÒSÓ�Ñ h Ú Ó ×�ê�Ø>Ù�ß Ó � è Þ³æðÙ>Ü½Ù>÷ Ó ×�ß�àZß Ó ñ"×ÝÜ�Ùý÷ Ó
è Þ³Ø�×�Û½ÙýÜ�Ù Ó æ ö8Ñ[Ò�Ó®è Þ�Ù�ß"Ü ×ÝÜ � y8ù Ó�VJX ÖiÙ�æ�×�ß�Þ³ê�×�Ø>Þ³ï�æD×�ß�àXå	×Ýæ è Þ³æ½æðÙ�Ú�Ø ó Ü�×�þ Ó ßXåDÙ>Ü Ò
Ü Ò�Ó æ½Ö'Û Ó`Ó ß=Ü�×ÝÛ½ñ Ó ÜHM7Û�×ÝÜ Ò�Ó Û8Ü Ò ×�ß~Ü Ò�Ó�Ó Ø Ó Ö'Ü½Û½Þ³ß Ó ß�ÛðÙ�Ö Ò�Ó à�Ü�×ÝÛ½ñ Ó ÜWÞÝøA×�à�>½×ÝÖ Ó ß"Ü è Þ�Ù�ß"Ü�æ P ö
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�IÙ�ñ ömR�öb\Sö _Tß ÑJSkS ��Ü Ò�Ó æðÙ�ß�ñ³Ø Ó ßâ Ó Û Ó ßSþ�Þ�÷ Ö`Þ³ïSß?Ü Ó Ûÿå�×�æÿÖ`Þ³ßSæ Ó ÛR÷Ý×ÝÜ�Ùý÷ Ó Ø ó�Ó æRÜ�Ù>ê=×ÝÜ Ó à
Ü�Þ�Ú Ó i f ü Ó�Þ Ö'Ù Ó ß"Ü�Þ�÷ Ó ÛDÜ Ò�ÓzÓ ß"Ü�Ù>Û Ó ê~Þ³ê Ó ß"Ü�ï�ê|Û�×�ßSñ Ó�ö�Ñ[Ò Ù>æ[å	×�æDæðÞ³ê Ó å Ò ×ÝÜ�Ø Ó æ½æ
Ó�Þ Ö`Ù Ó ß"Ü�Ü Ò ×�ß�Ü Ò�Ó~Ñ h Ö`Þ³ïSß?Ü Ó Ûðæ�×ÝÜiÜ Ò�Ó æ�×Ýê Ó~è Û Ó æ½æðï�Û Ó M S ×ÝÜ�êoP ö=Ñ[Ò�Ó Ö`×�Ø�Ö'ï�Øä×ÝÜ Ó à
Ó Ø Ó Ö'Ü½Û½Þ³ßÖ'Þ³ß"Ü�×�ê~Ù�ß-×*Ü�Ù�Þ�ßXå�×�æPØ Ó æ½æsÜ Ò ×�ß õ ö y"ü Þ�÷ Ó Û�Ü Ò�Ó�Ó ß?Ü½Ù�Û Ó ê�Þ�ê Ó ß?Ü½ï�ê Û�×�ß�ñ Ó �
åDÙ>Ü Ò ×ÿê�× ç Ù�ê�ï�êÂ×ÝÜ S ù Ó�VYX Ö ø ö

·�Þ³ê Ó ß"Ü½ï�ê M¡ù Ó�VJX Ö�P í�Û Ó æðæ½ï�Û Ó M ×ÝÜ�êoP K Þ Ö'Ù Ó ßSÖ ó M¡ü7P� Ó y Ø õ S³ö õ iki ö i Ú õ ö�Sy Ø õ(�M��� \cØ õ õ ö y�õ i \$Ú7S\ÙØ õ Ó �r� i Ø õ õ öTS�U \ h Ú7S�r¼ i Ø õ õ öTS ô R õ Úæf
Ñ ×�ÚSØ Ó�R�ö�S ô < K Þ Ö`Ù Ó ß�Ö'Ù Ó æ+ï�æ Ó à®Ü½ÞDÖ¤×�Ø>Ö`ï�Ø�×ÝÜ Ó Ü Ò�Ó8Ó Ø Ó Ö'Ü½Û½Þ³ßiÖ`Þ³ß"Ü�×�ê�Ù>ß-×ÝÜ½Ù�Þ³ß�ÞÝøSÜ ÒSÓlè Ù�Þ³ß
æ�×�ê è Ø Ó Ù>ß Ñ h ö�A�Ó Ø>Þ�å�y8ù ÓWVYX Ö�æ½Ù>ñ³ß-×�Ø>æ�Ù�ß Ó ÙýÜ Ò�Ó ÛlÞÝø Ü Ò�Ó ï è æðÜ�Û Ó ×�ê�Þ³Û8à�Þ�åDß�æRÜ�Û Ó ×�êßâ Ó Û Ó ß�þ�Þ�÷MÖ'Þ³ï�ß"Ü Ó Û½æ%å Ó Û Ó ï�æ Ó à Ü½Þ�Û Ó > Ó Ö'Ü Ó Ø Ó ÖhÜ�ÛðÞ³ß�æ ö � ÚòÞ�÷ Ó y8ù ÓWVYX ÖÞ�ß�Ø ó Ü Ò�Ó
ï è æðÜ½Û Ó ×�ê Ö`Þ³ïSß?Ü Ó Û[å�×�æ ïSæ Ó à ö

_Tß Ñ h �*Ü Ò�ÓWÓ�Þ Ö`Ù Ó ß�Ö ó Þ�ø�Ü Ò�Ó ï è æðÜ½Û Ó ×Ýê ßâ Ó Û Ó ßSþ�Þ�÷�Ö'Þ³ï�ß"Ü Ó ÛIå	×Ýæ Ó ÷Ý×�Ø>ï-×ÝÜ Ó à�Ú ó
ï�æ½Ù>ß�ñ[Ü Ò�Ó8è Û Ó æ½æðï�Û Ó æ Ó Ü½Ü½Ù�ß�ñ³æ.Ù>ßY�IÙ�ñ ö�R�ö�S i Ü�ÞDÖ¤×�Ø>Ö`ï�Ø�×ÝÜ Ó æ½Ù�ß ö M É�Ê P ×�ß�àPÜ ÒSÓ ßiØ�Þ2Þ³þ?Ù�ß�ñ[ï è
Ü Ò�Ó�ÓWÞ Ö'Ù Ó ß�Ö ó ïSæ½Ù�ßSñn�6Ù�ñ öWR�ö ô S³ö.Ñ[Ò�Ó Ö¤×�Ø>Ö`ï�Ø�×ÝÜ Ó à Ó�Þ Ö`Ù Ó ß�Ö'Ù Ó æ6×ÝÛ Ó æ Ò Þ�åDß®Ù>ß Ñ ×�Ú ö�R�ö�S ô ö
Ñ[Ò�Ó Ú Ó ×�ê Ö`Þ�ê è Þ³æ½ÙýÜ�Ù>Þ³ß:å�×�æ~Ü�×�þ Ó ß ø7ÛðÞ³êÝ�6Ù�ñ³ï�Û Ó�R�ö ô h ö Ñ[Ò�Ó Û Ó æ½ï�ØýÜ�Ù>ß�ñ Ó Ø Ó Ö'Ü½Û½Þ³ß
Ö`Þ³ß"Ü�×Ýê�Ù>ß-×ÝÜ�Ù>Þ³ß�å�×�æ8Ø Ó æ½æ�Ü Ò ×Ýß�õ öÆU ü ø7Þ³Û�ê~Þ³ê Ó ß"Ü�ï�ê£æ Ó ÜðÜ�Ù>ß�ñ³æ�Ú Ó Ø�Þ�å S õ8ù Ó�VYX Ö ö � Ü
S õ8ù ÓWVYX Ö=�-Ü Ò�Ó Ö`Þ³ß"Ü�×Ýê�Ù>ß-×ÝÜ�Ù>Þ³ß@å�×�æPô Ø y Ú õ Ø i ü��òà�ï Ó Ü�Þ~Ü Ò�Ó Ø�Þ�å ÓWÞ Ö`Ù Ó ß�Ö ó Þ�øIÜ Ò�Ó
ï è æðÜ½Û Ó ×�ê ßâ Ó Û Ó ß�þÝÞ�÷XÖ'Þ³ï�ß"Ü Ó Û ö

K8×�Ö ÒáÓ ÷ Ó ß?Ü å	×Ýæ Û Ó	
 ï�Ù�Û Ó àXÜ�Þ Ò ×¤÷ Ó Û Ó ×Ýæ½Þ³ß-×ÝÚ�Ø Ó Ü�Ù>ê�Ù>ß�ñ�åDÙ>Ü Ò Û Ó æ è�Ó Ö'Ü Ü�Þ�Ü Ò�Ó
Ü�Ù�ê Ó Þ�ø¼Ü Ò�Ó Ü½Û½Ù>ñ³ñ Ó Û8×ÝæWà Ó ¸-ß Ó àZÚ ó ×PÜ Ó æðÜ	æRÜ�×ÝÜ½Ù�æRÜ�Ù�ÖDà Ó æ½Ö'Û½Ù�Ú Ó à=Ú Ó Ø�Þ�å ö¢Ñ[Ò Ù>æWÛ Ó	
 ï�Ù�Û Ó N
ê Ó ß?Ü@æ½ï è�è Û Ó æðæ Ó à è Ù>Ø Ó N�ï èpÓ ÷ Ó ß"Ü½æá×�ßSà Þ/Ö'Ö¤×�æðÙ�Þ³ß-×ÝØsæ è ï�Û½Ù>Þ³ï�æ@Ü�ÛðÙ�ñ³ñ Ó Û½æ ö ��Þ�Û Ó ×ÝÖ ÒNçæCèvéMèvøùþ7èké
Oýé�êVîïð�ëbíkê ë7ôÐÿOëbó�ø îïøýëbíQPOéROùë�ñTSVUTéRW.X1êØñCò7ó^ó�ìvÿ�ÿvð�é�ó�ó�é�öQP2Y îïèvéØîïøýôÐéMë�Z0[�øùþ7èdîó�éçÿOéçð ò�îïøýëbí\POé îFñ<éçé�í^é
Oýé�êVîïð�ëbí�ó.ò1í�ö^ÿvøùë7í�ó
]
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Ó ÷ Ó ß"Ü��.Ü Ò�Ó Ü�Ù>ê�Ù>ß�ñ=å�×�æzÖ¤×�Ø>Ö`ï�Ø�×ÝÜ Ó àÚ ó Ò Ù�æRÜ�Þ³ñ³Û½×�ê~ê�Ù>ß�ñ�Ü Ò�Ó Ü�Ù>ê Ó ÞÝø Ó ×�Ö Ò�Ò Ù>Üi×�ß�à
Ü Ò�Ó ßrÖ`Þ³ê è ×�ÛðÙ�ß�ñ�Ü ÒSÓ Û Ó æ½ï�ØýÜ�Ù>ß�ñ Ò Ù>æðÜ½Þ³ñ³Û�×ÝêÉÜ�Þ@×~Ü Ó ê è Ø�×ÝÜ ÓzÒ Ù>æðÜ�Þ�ñ³Û�×�ê Ö'Þ³ß�æRÜ�Û½ïSÖ'Ü Ó à
ø7Û½Þ³ê à-×*Ü�×ÿÜ�×�þ Ó ß×ÝÜ Ø�Þ�å Ù>ß"Ü Ó ßSæ½Ù>Ü ó�ö[Ñ[Ò�ÓiÒ�Ó Ù>ñ Ò ÜsÞ�ø Ó ×�Ö Ò ÚSÙ�ßXÙ�ß%Ü Ò�Ó Ü Ó ê è Ø�×ÝÜ ÓzÒ Ù>æ�N
Ü�Þ³ñ³Û½×�ê�Ö`Þ³ÛðÛ Ó æ è Þ³ß�à Ó à@Ü�Þ�Ü Ò�Ó ×¤÷ Ó Û�×�ñ Ó ø7Û�×�ÖhÜ�Ù�Þ�ß=Þ�ø Ò Ù>Ü�æ è�Ó Û Ó ÷ Ó ß"ÜDÙ>ß=Ü Ò ×*Ü	Ú�Ù>ß ö �-Þ³Û
Ó ×�Ö ÒXÓ ÷ Ó ß"ÜP×�Ü Ó æðÜ�æðÜ�×ÝÜ�Ù>æðÜ½Ù�Ö�å�×�æ Ö`×�Ø�Ö'ï�Øä×*Ü Ó à%×ÝÖ`Ö`Þ�Û½à�Ù>ß�ñÿÜ�Þ <¹ « ô�_^a` Mb; ` ù Û ` P � Ø�ß Ì Û `; ` Ï M R�ö�S�R P
Ñ[Ò�Ó æ½ï�ê Ù>æPÞ�÷ Ó ÛPÜ Ò�Ó Ú�Ù�ßSæPÙ�ßrÜ ÒSÓ Ü½Ù�ê~Ù�ß�ñ Ò Ù�æRÜ�Þ³ñ�Û�×�ê ö î Ó Û Ó!� Ù>æsÜ Ò�Ó ß?ï�ê�Ú Ó ÛPÞÝø
Ò Ù>Ü½æ	�c; ` Ù�æ�Ü Ò�Ó�Ófç/è�Ó Ö'Ü Ó à Ú�Ù�ßrÖ'Þ³ß"Ü Ó ß?Üi×Ýß�à Û ` Ù�æ�Ü Ò�Ó ê Ó ×�æ½ï�Û Ó àÚ�Ù>ßrÖ`Þ�ß?Ü Ó ß"Ü özÑ[Ò�Ó
Óhç/è�Ó Ö'Ü Ó àrÚ�Ù>ß�Ö'Þ³ß"Ü Ó ß?Ü å	×ÝæsÖ¤×ÝØ�Ö`ïSØä×ÝÜ Ó àX×�æ � ê�ïSØ>Ü�Ù è Ø�Ù Ó àZÚ ó Ü ÒSÓ®Ò�Ó Ù�ñ Ò Ü�Þ�ø¢Ü Ò�Ó Ú�Ù�ß
Ù�ß%Ü Ò�Ó Ü Ó ê è Øä×ÝÜ ÓiÒ Ù�æðÜ½Þ³ñ³Û½×�ê ö�Ñ[ÒSÓ Ü Ó æðÜ æðÜ�×ÝÜ�Ù>æðÜ�Ù>Ök��Ö'Þ³Ø�Ø>Þ 
 ï�Ù�×�Ø�Ø ó þ2ßSÞ�åDßá×�æ9>�*�;�=60ed���Ù�æ
æ½Ù�ê~Ù�Ø�×�Û.Ü�Þ®×zÛ Ó à�ïSÖ Ó àgf ö Ù�ßÿå Ò Ù>Ö Ò Ü Ò�Ó Ö`Þ³ß"Ü Ó ß"Ü�ÞÝø Ó ×�Ö Ò Ú�Ù>ß�Ù�æ¢Ü�Û Ó ×ÝÜ Ó à�×�æl×®í+Þ³Ù�æðæ½Þ³ß
à�Ù�æRÜ�Û½Ù>Ú�ïSÜ Ó àrÛ½×�ß�à�Þ³ê ß?ï�ê�Ú Ó Û ö K¢÷ Ó ß"Ü½æzåDÙýÜ Ò ×Ýß�Þ³ê�×�Ø�Þ³ïSæDÜ½Ù�ê~Ù�ß�ñ Ò ×�àØ�×�Û½ñ Ó ÷Ý×�Ø>ï Ó æ
Þ�øDÞ³Ø�Ö Ò Ù ô ö �IÙ�ñ�ï�Û ÓjR�ö ô f æ Ò Þ�åDæ�Ü Ò�Ó Ü Ó æðÜ�æðÜ�×*Ü�Ù�æRÜ�Ù>Ö=×ÝÜ�×�ø Ó åKê~Þ³ê Ó ß"Ü�ï�ê æ Ó Ü½Ü½Ù�ß�ñ�æ ö
_TßrÜ Ò�Ó ¸�ñ³ï�Û Ó �¼Ü ÒSÓ æ Ò ×Ýà Ó à Ò Ù>æðÜ�Þ�ñ³Û�×�ê å�×�æPÖ`Þ�ê è ï/Ü Ó àÚ ó æ�×�ê è Ø>Ù�ß�ñ~Ü Ò�Ó Ü Ó ê è Øä×*Ü Ó
Ò Ù�æRÜ�Þ³ñ³Û½×�ê�ø7Þ³Û Ó ÷ Ó ß"Ü�æ8åDÙ>Ü Ò!� Ò Ù>Ü�æ��³å Ò�Ó Û Óh� Ù>Ü�æ Ó Øýøòå�×�æ8Û�×Ýß�à�Þ³ê~Ø ó ñ Ó ß Ó Û½×ÝÜ Ó à~ø7ÛðÞ³ê
à�Ù�æRÜ�Û½Ù>Ú�ïSÜ½Ù�Þ³ß�æ[ÞÝø¢Ü Ò�Ó ß?ï�ê�Ú Ó Û�Þ�ø Ò Ù>Ü�æ ×ÝÜ Ó ×ÝÖ Ò ê�Þ�ê Ó ß?Ü½ï�êÉæ Ó Ü½Ü½Ù�ß�ñ ö	Ñ[Ò�Ó Û Ó æðï�Ø>Ü½Ù�ß�ñ
Ò Ù�æRÜ�Þ³ñ³Û½×�êÉ× è�è Û½Þ ç Ù�ê�×ÝÜ Ó æ	Ü ÒSÓ àSÙ�æðÜ½Û½Ù>Ú�ïSÜ�Ù>Þ³ß@ø7Þ³Û Ó ÷ Ó ß"Ü½æ�åDÙýÜ Ò Ù�à Ó ×�Ø¼Ü�Ù>ê�Ù>ß�ñ ö

A ×�æ Ó àZÞ³ß�Ü Ò�Ó æ Ò × èòÓ Þ�ø¼Ü Ò�Ó Ù�à Ó ×�ØòÜ½Ù�ê~Ù�ß�ñzà�Ù>æðÜ½Û½Ù�ÚSïSÜ�Ù>Þ³ß=×Ýß�à Ò ×�ßSà@æ½Ö`×�ß�ß�Ù>ß�ñÖ�
Ó ÷ Ó ß"Ü�æÿå Ó Û Ó Û Ó�
 ï�Ù�Û Ó à Ü�Þ Ò ×�÷ Ó Þ³Ø�Ö Ò Ù ô Ó SkØ õ öÑ åWÞ Ó ÷ Ó ß"Ü�æ�Û Ó ê�Þ�÷ Ó à Ú ó Ü ÒSÓ Ö`ïSÜ
×�Û Ó æ Ò Þ�å Ù>ß^�IÙ�ñ ö��®öTS ô ö K¢÷ Ó ß"Ü�æzåDÙ>Ü Ò Ø�×�Û½ñ Ó Mç¼ U P�÷Ý×�Ø�ï Ó æ�Þ�ølÞ³Ø>Ö Ò Ù ô~å Ó Û Ó�Ó ×�æ ó Ü�Þ
Ù�à Ó ß?Ü½Ù>ø ó Ú ó�Óhó³Ó ×�æ¢Ú Ó Ù>ß�ñ�Ö¤×Ýï�æ Ó à�Ú ó ÜTå�Þ è ×�ÛRÜ�Ù>Ö`Ø Ó æ�M Ó�ö ñ ö �"Þ�÷ Ó Û½Ø�× è�è Ù>ß�ñ Ó ÷ Ó ß"Ü½æ�P ö8Ñ[Ò�Ó
Þ³Ø�Ö Ò Ùäô®Ö`ï/ÜDÛ Ó ê~Þ�÷ Ó à�Ú Ó ÜTå Ó`Ó ß�Þ³ß Ó ×�ß�àI¸�÷ ÓPèòÓ ÛðÖ Ó ß?Ü�Þ�ø Ó ÷ Ó ß"Ü½æs×�ßSà%å�×�æ[Ö'Þ³Û½Û Ó Øä×*Ü Ó à
åDÙ>Ü Ò Ü ÒSÓ Ú Ó ×�ê Ù>ß"Ü Ó ßSæ½Ù>Ü ó M7æ Ó'Ó Z U õ ] P ö=Ñ[ÒSÓ ø7Û�×ÝÖ'Ü�Ù>Þ³ß Þ�ø Ó ÷ Ó ß"Ü½æ�åDÙ>Ü Ò Þ³Ø>Ö Ò Ù ô Ó S$Ø õ
Ü Ò ×ÝÜ Ò ×�àZÜTå�Þ è ×�ÛRÜ�Ù�Ö'Ø Ó æ�å	×Ýæ�ßSÞ�ÜDÖ Ò ×�Û½×�Ö'Ü Ó Û½ÙTr Ó àp�-Ú�ïSÜDÙ>æ Ó æðÜ½Ù�ê�×ÝÜ Ó à@Ü�Þ�Ú Ó Ø Ó æðæ[Ü Ò ×�ß
{ ô³ü|Ú-×�æ Ó àXÞ³ß Ò ×�ß�àXæ½Ö`×�ß�ß�Ù>ß�ñ ö
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olchi2
�IÙ�ñ³ïSÛ Ó�R�ö ô fÙ<+Ñ[Ò�Ó Þ³Ø�Ö Ò Ùäô Ü�Ù>ê�Ù>ß�ñ�æðÜ�×ÝÜ�Ù>æðÜ½Ù�Ö	ø7Þ³Û è Ù>Þ³ß�æ8×ÝÜW×�ø Ó å ê�Þ�ê Ó ß?Ü½ï�ê æ Ó Ü½Ü½Ù�ß�ñ�æ ö
Ñ[Ò�Ó ¸-Ø>Ø Ó à Ò Ù�æRÜ�Þ³ñ�Û�×�ê Ö`Þ�Û½Û Ó æ è Þ³ß�à�æ�Ü½Þ�Ü Ò�Ó Ù�à Ó ×�Ø Óhç/èòÓ Ö'Ü�×ÝÜ�Ù>Þ³ßrÖ`×�Ø�Ö'ï�Øä×ÝÜ Ó àrÚ ó æ�×�ê@N
è Ø�Ù>ß�ñ~Ü Ò�Ó Ü�Ù�ê~Ù�ßSñ�Ü Ó ê è Øä×*Ü Ó�ö[Ñ[ÒSÓ ÜTåWÞ Ò Ù�æRÜ�Þ³ñ�Û�×�ê~æDÙ�ß Ó ×�Ö Ò ¸-ñ�ï�Û Ó ×�Û Ó ß�Þ³Ûðê=×�Ø>Ùsr Ó à
Ü�Þ Ò ×¤÷ Ó Ü Ò�Ó æ½×�ê Ó ×�Û Ó × ö
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·�Ù>æ½Ù�à Ó ß"Ü�Ù�¸ Ó à Ó ÷ Ó ß"Ü�æ®å Ó Û Ó ï�æðï-×�Ø>Ø ó Ü Ò Þ³æ Ó Ù>ßéå Ò Ù>Ö Ò Ü Ò�Ó ¸-Û½æRÜ è ×ÝÛðÜ�Ù>Ö`Ø Ó å	×�æ
Ù�ß�Ü½Ù�ê Ó åDÙ>Ü Ò Ü Ò�Ó Ü�ÛðÙ�ñ³ñ Ó Ûl×�ß�à@Ö'Û Ó ×*Ü Ó à Ò Ù>Ü�ælÞ³ß�ê�Þ³æRÜ�ÞÝø Ü Ò�Ó Ö Ò Ù è æ�Ù�ß~Ü Ò�Ó ¸-Û½æRÜ`{ ô�õ
è Øä×�ß Ó æ�ÞÝø	Ü Ò�Ó à Ó Ü Ó Ö'Ü½Þ³Û ö�Ñ[Ò�Ó ê Ó ×�æðï�Û Ó à:Ü�Ù>ê Ó Þ�ø	Ü Ò�Ó=Ò Ù>Üiø7Û½Þ³ê Ó ×ÝÖ Ò Ö Ò ×�ß�ß Ó Ø�Þ³ß
×=ñ³Ù>÷ Ó ß V,� Ö Ò Ù è å	×�æsà Ó Ü Ó Û½ê~Ù�ß Ó à ×�Ö'Ö`Þ³Ûðà�Ù�ß�ñ�Ü�Þ=Ü Ò�Ó Ü�Ù>ê Ó Þ�ø8Ü ÒSÓ à ó ß�Þ2à Ó Ü�ÛðÙ�ñ³ñ Ó Û
å Ò Ù�Ö Ò Ù>ß=Ü�ïSÛ½ß=å�×�æ�æ Ó Ü[Ú ó Ü Ò�Ó ¸-Û½æRÜ Ò ÙýÜ�Þ³ß~Ü Ò�Ó Ö Ò Ù è öIÑ[Ò�Ó Û Ó ø7Þ³Û Ó � Ò ÙýÜ�æWÖ`Û Ó ×ÝÜ Ó à@Ú ó ×
æ Ó Ö'Þ³ß�à è ×ÝÛðÜ�Ù>Ö`Ø Ó åWÞ³ï�Ø>àáÚ Ó ×�æðæ½Þ2Ö`Ù�×ÝÜ Ó àáåDÙ>Ü Ò Ü ÒSÓ Ü�Ù>ê Ó Þ�øIÜ Ò�Ó ¸-Û½æRÜ Ò ÙýÜ Þ�ßáÜ Ò�Ó Ö Ò Ù è
×�ß�à:Ö'Þ³ï�Ø>à × è�èòÓ ×ÝÛiÜ½Þ Ò × èSè�Ó ß�×ÝÜzÜ Ò�Ó æ�×�ê Ó Ü�Ù�ê Ó ×�æzÜ Ò�Ó Ù�ß�ÙýÜ�Ùä×ÝØ è ×�ÛRÜ�Ù>Ö`Ø ÓÝöo�MÒ�Ó ß
Ü Ò�Ó Ù�ßSÙ>Ü�Ù�×�Ø è ×�ÛðÜ½Ù�Ö'Ø Ó Ö'Û Ó ×*Ü Ó à Ò ÙýÜ�æDÞ³ß%ê�Þ�æðÜDÞ�ø+Ü Ò�Ó Ö Ò Ù è æDÙ�ßZÜ ÒSÓ ¸�Û½æðÜDÜTå Ó ß"Ü óXè Øä×Ýß Ó æ
Ü Ò�Ó Û Ó å�×�æ+Ø�ÙýÜ½Ü�Ø Ó ×¤÷�×ÝÙ�Øä×ÝÚ�Ø Ó Ù>ßSø7Þ³Ûðê=×ÝÜ½Ù�Þ³ßPÞ�ßiÜ Ò�Ó Ü½Ù�ê~Ù�ß�ñ[Þ�ø/Ü Ò�Ó æ Ó Ö`Þ³ßSà è ×�ÛRÜ�Ù�Ö'Ø ÓÝö Õ/ïSÖ Ò
Ó ÷ Ó ß"Ü�æ å Ó Û Ó àSÙ Þ Ö`ï�ØýÜ	Ü�Þ~Û Ó > Ó ÖhÜ�åDÙýÜ Ò Ü ÒSÓ Þ�Ø�Ö Ò Ùäô�æðÜ�×*Ü�Ù�æRÜ�Ù>Ö ö

Ñ[Ò�Ó Ù�à Ó ß?Ü½Ù>Ü ó Þ�øIÜ Ò�Ó Þ�÷ Ó ÛðØä× èSè Ù�ß�ñ è ×�ÛRÜ�Ù>Ö`Ø Ó Ù>æ Ófç/è�Ó Ö'Ü Ó àrÜ�Þ�Ú Ó ï�ß�Ö'Þ³Û½Û Ó Øä×*Ü Ó à
åDÙ>Ü Ò Ü Ò�Ó Ù�à Ó ß"Ü�Ù>Ü ó Þ�øSÜ Ò�ÓWè ×�ÛðÜ½Ù�Ö'Ø Ó å Ò Ù�Ö Ò Ö¤×�ï�æ Ó à�Ü Ò�Ó Ü½Û½Ù�ñ�ñ Ó Û ö _Tß�Ü Ò ×ÝÜ6Ö¤×�æ Ó �³Ü Ò�Ó�è ×ÝÛ�N
Ü�Ù�Ö'Ø Ó Ü ó2è�Ó Ù>æ�à�Ù>æðÜ½Û½Ù�ÚSïSÜ Ó àZ×�Ö`Ö'Þ³Û½àSÙ�ß�ñiÜ�Þ�Ü Ò�Ó Ú Ó ×�ê�Ö`Þ�ê è Þ³æ½ÙýÜ�Ù>Þ³ß�æ Ò Þ�åDß%Ù�ß��6Ù�ñ ö R�öb\ N
R�ö ô h ö �-Þ³ÛÿÜ Ò�Ó ê�×&>ðÞ³Û½ÙýÜ ó Þ�ø�ê�Þ³ê Ó ß"Ü½ï�ê æ Ó Ü½Ü½Ù�ß�ñ³æ�Ü ÒSÓ Þ�÷ Ó Û½Ø�× è�è Ù>ß�ñ è ×ÝÛðÜ�Ù>Ö`Ø Ó å	×�æ
ê�Þ³æRÜ�Ø>Ù�þ Ó Ø ó Ü�Þ�Ú Ó × Ò ×�àSÛ½Þ³ß=×�ß�à�Ü Ò ï�æ�Ü ÒSÓ æðÙ�ñ³ß-×ÝØòê Ó ×Ýæ½ï�Û Ó à@Ù>ß�Þ�÷ Ó Û½Ø�× è�è Ù>ß�ñ Ó ÷ Ó ß"Ü½æ
Ù�æ ÓfçSèòÓ ÖhÜ Ó àp��Þ�ß%×�÷ Ó Û½×�ñ Ó �-Ü½ÞÿÚ Ó ß�Þ�ê~Þ³Û Ó Ü Ò ×�ßZÜTåWÞ�Ü½Ù�ê Ó æ�Ü Ò�Ó æ½Ù>ñ³ß-×�Ø�ê Ó ×�æ½ï�Û Ó àXÙ�ß
æ½Ù�ßSñ³Ø Ó�Ò ×�à�Û½Þ�ß Ó ÷ Ó ß?Ü½æ ö�Ñ[Ò�Ó Ú�Ù�×�æPÙ�ß"Ü�ÛðÞ/àSï�Ö Ó àéÙ>ß"Ü�Þ@Ü ÒSÓ Û Ó æ è Þ³ßSæ Ó å�Þ�ï�Ø�àÜ ÒSÓ Û Ó ø7Þ³Û Ó
Ú Ó�Ó�
 ï-×�Ø¢Ü�Þ@Ü Ò�Ó ø7Û½×�Ö'Ü½Ù�Þ³ßrÞÝø�×ÝÖ`Ö Ó'è Ü Ó à Ó ÷ Ó ß?Ü½æPå Ò Ù�Ö Ò Ò ×�àÜTåWÞ è ×�ÛðÜ½Ù�Ö'Ø Ó æ öJ� ê�Þ�Û Ó
à Ó Ü�×�Ù�Ø Ó àZæðÜ½ï�à ó Þ�ø è Ù�Ø Ó NTï è=Ó ÷ Ó ß"Ü�æDå�Þ³ïSØ�àZÛ Ó�
 ï�Ù�Û Ó ×ÿø7ïSØ�Ø¼æðÙ�ê�ïSØä×ÝÜ½Ù�Þ³ß~Þ�ø6Þ�÷ Ó ÛðØä× è�è Ù�ß�ñ
Ó ÷ Ó ß"Ü�æ�å Ò Ù�Ö Ò å�×�æ�à�Ù Þ Ö'ï�Ø>Ü6Ü�ÞPÙ>ê è Ø Ó ê Ó ß"Ü6Ù�ß�Ü Ò�Ó ·á_�Ôa÷iÕ�à Ó Ü Ó Ö'Ü�Þ�Û�æ½Ù�ê�ï�Øä×ÝÜ½Ù�Þ³ß®×�ß�à
Ù�æ[Û Ó ñ"×�Ûðà Ó à�×�æ�×�Ü�Þ è Ù>Ö�ø7Þ³Û	ø7ïSÜ½ï�Û Ó Ù�ß"÷ Ó æðÜ½Ù�ñ"×*Ü�Ù�Þ�ß ö
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i j kÂÁ Ã�ÄÆÅ l

i kÉÈ¢Ê ÄËÃ i k È�Înm Å�kÍÃ�Î6Ï�Ð

Ñ[Ò Ù�æZæ Ó Ö'Ü½Ù�Þ³ßpø7Þ2Ö`ïSæ Ó æ%Þ³ßpÜ Ò�Ó Ö¤×ÝØ�Ù�ÚSÛ�×ÝÜ½Ù�Þ³ß Ò ×�ÛðàSå	×ÝÛ Ó ×�ß�à è ÛðÞ/Ö Ó à�ïSÛ Ó æ Ó ê è Ø>Þ ó³Ó à
×ÝÜZÜ Ò�Ó â	×�Ø�ã Ó Ü ö â	×�Øäã Ó Ü@å�×�æXÜ Ò�Ó ¸-ÛðæðÜXà Ó Ü Ó ÖhÜ�Þ³Û%Ú�ï�Ù>Ø>ÜZÚ ó ·D_�ÔH÷zÕG×�ßSàp��×�æZÞÝø
Ü Ò Ù>æ�åDÛ½Ù>Ü½Ù�ß�ñÙ� Ù�æsÜ Ò�Ó Þ³ß�Ø ó à Ó Ü Ó ÖhÜ�Þ³ÛPÜ½Þ@ø7ï�Ø�Ø óáÓfçSÓ Û½Ö'Ù�æ Ó Ü ÒSÓ Ö¤×�Ø>Ù�Ú�Û½×ÝÜ�Ù>Þ³ßrÖ Ò ×�Ù>ß ö�Ñ[Ò�Ó
Ö¤×�Ø>Ù�Ú�Û½×ÝÜ�Ù>Þ³ß è Û½Þ2Ö Ó à�ï�Û Ó å	×�æ è Ù�Þ³ß Ó`Ó Û Ó à%×ÝÜ[â	×�Øäã Ó Ü	×Ýß�à@Ù�ælø7ï�ß�ÖhÜ�Ù�Þ�ß-×�Ø�Ø ó Ù�à Ó ß"Ü�Ù>Ö¤×�Ø-Ü�Þ
Ü Ò ×ÝÜ è Ø�×�ß�ß Ó àXø7Þ³ÛDï�æ Ó Ù>ßXÜ Ò�Ó Ô Ó ×�Û ×�ß�à���×�ÛDà Ó Ü Ó Ö'Ü½Þ³Û½æ ö _Tß�à Ó'Ó àp��Ù>ÜDÖ¤×Ýß�ß�Þ�Ü Ú Ó ×�ß ó
Þ�Ü Ò�Ó ÛPå	× ó Ù>ø8Ü Ò�Ó�Ò ×�à�ÛðÞ³ß�Ù�Ö�×Ýß�à Ó Ø Ó Ö'Ü�ÛðÞ³ê�×�ñ³ß Ó Ü�Ù�Ö�Û Ó æ è Þ�ß�æ Ó ê Ó ×�æ½ïSÛ Ó à:×ÝÜ®â	×�Ø�ã Ó Ü
Ù�æ	Ü�Þ�Ú Ó Ü�Û�×Ýß�æ è ×ÝÛ Ó ß"Ü½Ø ó × èSè Ø�Ù Ó à%Þ³ß"Ü�ÞÿÜ ÒSÓ ÞÝÜ Ò�Ó ÛDÜTåWÞ~à Ó Ü Ó Ö'Ü½Þ³Û½æ ö

�k��3 oqpr�8,.ps/2��t c76F- 8�� 9u*u]v/2wC,�*x-0/dc�e 9�8�* /�e
Ñ[Ò�Ó Ö`×�Ø�Ù>Ú�Û�×ÝÜ½Ù�Þ³ß è ÛðÞ/Ö Ó à�ïSÛ Ó ïSæ Ó à Ú ó ·á_�Ôa÷zÕ Ù�æ~à Ó æðÙ�ñ³ß Ó à Ü½Þ ×�Ø>Ø�Þ�å|Ü Ò�ÓáÓ ß Ó Ûðñ ó
à Ó`è Þ³æ½ÙýÜ Ó à Ù�ß:Ü Ò�Ó à Ó Ü Ó Ö'Ü½Þ³Û�Ü�ÞáÚ Ó à Ó à�ïSÖ Ó à�ø7ÛðÞ³ê Ü Ò�Ó æ½Ù�ñ�ß-×�Ø�æiÞ³Ú�æ Ó ÛR÷ Ó à�ø7ÛðÞ³ê Ü Ò�Ó
à Ó Ü Ó Ö'Ü½Þ³Û ö8Ñ[Ò�Ó æ ó æRÜ Ó ê ê�ï�æðÜ <
y â�Þ³Û½Û Ó ÖhÜ�ø7Þ�Û[ñ"×�Ù�ßZ÷Ý×�ÛðÙä×ÝÜ½Ù�Þ³ß�æWÚ Ó ÜTå Ó'Ó ß èSÒ Þ�Ü�ÞÝÜ�ï�Ú Ózè Ù ç/Ó Ø>æ ö

y Ñ Û½×�Ö�þZñ"×�Ù>ß@÷Ý×�Û½Ù�×ÝÜ�Ù>Þ³ß�æ	Þ�÷ Ó Û[Ü�Ù�ê Ó�ö
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y K ç ×Ýê�Ù>ß Ó Ü Ò�Ó Û Ó æ è Þ³ß�æ Ó ÞÝøIÜ ÒSÓièSÒ Þ�Ü�ÞÝÜ�ï�Ú Ó æ�×�ß�à Ó Ø Ó ÖhÜ�Û½Þ�ß�Ù�Ö'æ�Þ�÷ Ó Û�×~Û½×�ß�ñ Ó ÞÝø
Ø�Ù>ñ Ò Ü[Ø Ó ÷ Ó Ø>æ ö

y â�Þ³Û½Û Ó ÖhÜ@ø7Þ³Û�÷�×ÝÛ½Ùä×*Ü�Ù�Þ�ß�æ�Ù�ß Ü Ò�Ó�
 ï-×Ýß?Ü½ï�ê ×Ýß�àpÖ`Þ�Ø�Ø Ó Ö'Ü½Ù�Þ³ß Ó�Þ Ö`Ù Ó ß�Ö ó ÞÝøPÜ Ò�Ó
è�Ò Þ�Ü½Þ�Ü�ïSÚ Ó æ ö

y â�Þ³Û½Û Ó ÖhÜPø7Þ³Û�æðÜ½Û½Ù è N�Ü½Þ=NTæRÜ�Û½Ù è ÷Ý×�ÛðÙä×ÝÜ½Ù�Þ³ß�æ Ù�ßØ>Ù�ñ Ò Ü Þ³ïSÜ è ïSÜi×�æ�å Ó Ø�Ø¢×�æsÜ ÒSÓÿÓ�?�Ó Ö'Ü
Þ�øI×ÝÜ½Ü Ó ß?ï-×ÝÜ½Ù�Þ³ßX×�Ø>Þ³ß�ñÿÛ Ó ×�à�Þ³ï/Ü Ö`×�Ú�Ø Ó æ�×�ß�àX×ÝÜDÞ è Ü�Ù�Ö`×�Ø Ö'Þ³ß�ß Ó Ö'Ü�Ù>Þ³ß�æ ö

Ñ[Ò�Ó Ö`×�Ø�Ù>Ú�Û�×*Ü�Ù�Þ�ß è Û½Þ2Ö Ó à�ï�Û Ó ê�ïSæðÜ/¸-ß-×�Ø>Ø ó Ü�Û½×�ß�æ½Ø�×ÝÜ Ó Ü Ò�Ó æ½Ù�ñ�ß-×�Ø�æÿÙ>ß�Ü Ò�Ó à Ó Ü Ó ÖhÜ�Þ³Û
Ù�ß"Ü�Þé×æðÜ�×�ß�à-×�Ûðà ê�ï�Þ³ß Ó ß Ó Û½ñ ó ïSß�Ù>ÜÿåDÙýÜ Ò å Ò Ù�Ö Ò Ü ÒSÓ Û Ó æ è Þ³ßSæ Ó Ü�Þ Ò ×�à�ÛðÞ³ß�æ~×�ß�à
Ó Ø Ó Ö'Ü½Û½Þ³ß�æDÖ`×�ß�Ú Ó Ü�Û½×�ß�æ è Þ³ÛRÜ Ó à%Ü�ÞÿÜ Ò�Ó Ô Ó ×ÝÛD×�ß�àá�ò×ÝÛ[à Ó Ü Ó Ö'Ü½Þ³Û½æ ö

�k�'E z�/	;j86- _�e5{(�|14-./dc�e 9u*u]v/vwC,0*x-0/dc�e
Ñ[Ò�Ó�� Ù�ñ Ò Üj_Tß�> Ó Ö'Ü�Ù>Þ³ßBM~}&�#P�æ ó æðÜ Ó ê ø7Þ³Ûðê Ó à Ü Ò�Ó Ö'Þ³Û Ó Þ�ø�Ü ÒSÓ â	×�Ø�ã Ó Ü�Ö¤×�Ø>Ù�Ú�Û½×ÝÜ�Ù>Þ³ß
æ½Ö Ò�Ó ê ÓÝöWÑ[Ò�Ó æ ó æRÜ Ó ê å�×�æDÛ Ó æ è Þ³ß�æðÙ�Ú�Ø Ó ø7Þ�Û <
y · Ó ×Ýæ½ï�ÛðÙ�ß�ñzÜ Ò�Ó ñ"×�Ù>ß�ÞÝø�Ü Ò�Ó èSÒ Þ�Ü�Þ�ê�ï�Ø>Ü½Ù è Ø>Ù Ó Û½æ ö.Ñ[Ò ×*Ü�Ù>æ	�?ê Ó ×�æ½ïSÛ½Ù�ßSñzÜ Ò�Ó�è�Ò Þ=N

Ü�Þ³ê�ï�Ø>Ü½Ù è Ø>Ù Ó Û�Þ³ïSÜ è ïSÜ¢Ö Ò ×�Û½ñ Ó M Ù>ß � ãzâ�Ö`Þ³ïSß?Ü½æ�P+ø7Þ�Û6×�þ?ß�Þ�åDßÿÙ�ß è ï/ÜIØ>Ù�ñ Ò Ü.Ø Ó ÷ Ó Ø ö

y â Ò ×�Û½×�Ö'Ü Ó Û½ÙTr`Ù>ß�ñ�Ü Ò�Ó Û Ó æ è Þ³ßSæ Ó Þ�ø�Ü Ò�Ó[èSÒ Þ�Ü�Þ�ê�ï�Ø>Ü½Ù è Ø>Ù Ó Û½æ+×ÝÜ8à�Ù ?¼Ó Û Ó ß"Ü8Ø>Ù�ñ Ò Ü¢Ø Ó ÷�N
Ó Ø>æ ö�Ñ[Ò�Ó Û Ó æ è Þ³ß�æ Ó Þ�øI×�íU· Ñ ÷ ö Ø>Ù�ñ Ò Ü[Ø Ó ÷ Ó ØAÙ�æ[þ?ß�Þ�åDßá×�æ�×�2{8O0e� ;7)+/��O5 ö

y Ñ Û½×�Ö�þ?Ù�ß�ñ~æ Ò Þ³ÛðÜ[Ü Ó Û½êÂñ"×�Ù�ß%Ö Ò ×Ýß�ñ Ó æ ö

y ·á×�þ?Ù�ßSñæ½ï�Û Ó Ü Ò ×ÝÜ�Ü Ò�Ó@èSÒ Þ�Ü�Þ�ê�ï�Ø>Ü½Ù è Ø>Ù Ó Û½æ	� Ó Ø Ó Ö'Ü½Û½Þ³ßSÙ�Ö`æ�×�ß�à�Þ è Ü½Ù�Ö`×�Ø�Ö`×�Ú�Ø�Ù>ß�ñ
å Ó Û Ó ø7ï�ß�ÖhÜ�Ù�Þ�ß�Ù�ß�ñ è Û½Þ èòÓ ÛðØ ó³ö
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ã�ï�Û½Ù>ß�ñ � _Dà-×ÝÜ�×@Ö'Þ³Ø�Ø Ó ÖhÜ�Ù�Þ�ßp��Ù>ß�à�Ùý÷/Ù>à�ï-×�Ø è�Ò Þ�Ü�Þ³ê�ï�Ø>Ü½Ù è Ø>Ù Ó Û è Ù ç/Ó Ø�æ�å Ó Û Ó Ù�Ø>Ø�ï�ê~Ù�ß�×ÝÜ Ó à
åDÙ>Ü Ò�è ïSØ�æ Ó æ8Þ�øòØ�Ù�ñ Ò Ü�×ÝÜl×�å Ó Ø�Ø�Ö'Þ³ß"Ü�Û½Þ�Ø�Ø Ó àÿØ Ó ÷ Ó Ø7ì ö í�Û½Ù>Þ³ÛIÜ½Þ®×PÚ Ó ×�ê£Û½ï�ßSß�Ù�ß�ñ èòÓ ÛðÙ�Þ2àp�
Ü Ò�Ó%è�Ò ÞÝÜ�Þ³ê�ïSØ>Ü�Ù è Ø�Ù Ó Ûiñ"×�Ù>ß�æ�å Ó Û Ó Ö Ò ×�Û½×�Ö'Ü Ó Û½ÙTr Ó à ï�æðÙ�ß�ñé×à Ó à�Ù�Ö`×ÝÜ Ó àp� Ò Ù>ñ Ò æðÜ�×ÝÜ�Ù>æ�N
Ü�Ù�Ö'æ�Ø>Ù�ñ Ò ÜiÙ�ß�> Ó Ö'Ü½Ù�Þ³ßéÛ½ï�ß öáÑ[Ò�Ó@èSÒ Þ�Ü�ÞÝÜ�ï�Ú Ó æ ¤ ñ"×ÝÙ�ß:Ö'ï�Ûð÷ Ó æ�å Ó Û Ó ×�Ø�æðÞáê Ó ×�æðï�Û Ó à�×ÝÜ
Ü Ò ×ÝÜ Ü�Ù>ê ÓÝö�Ñ[ÒSÓ Ø�Ù>ñ Ò Ü Ù>ß�> Ó ÖhÜ�Ù>Þ³ßáæ ó æRÜ Ó ê å�×�æsÜ ÒSÓ ßï�æ Ó àrÜ�Þ~Ü�Û½×�Ö�þXÜ Ò�Ó í³· Ñ ñ"×�Ù>ß�æ
Ü Ò ÛðÞ³ï�ñ Ò Þ�ïSÜ¢Ü ÒSÓ Ú Ó ×�ê Ûðï�ß�ß�Ù>ß�ñ è�Ó Û½Ù>Þ/à ö ã�ï�ÛðÙ�ß�ñ�Ú Ó ×Ýê Û½ïSß�ß�Ù�ßSñÖ� Ó ×ÝÖ Ò Ö Ò ×�ß�ß Ó Ø�å	×�æ
Ù�Ø�Ø>ï�ê~Ù�ß-×ÝÜ Ó à@åDÙýÜ Ò ×ÝÜsØ Ó ×�æRÜPô U õ³õ è ï�Ø�æ Ó æ Ó ÷ Ó Û ó ÜTå Ó ß?Ü ó ê~Ù�ß?ïSÜ Ó æ	��åDÙ>Ü Ò à-×ÝÜ�×~Ü�×�þ?Ù�ß�ñ
Þ/Ö'Ö`ï�ÛðÛ½Ù�ßSñ~Ù>ß%Ú Ó ÜTå Ó'Ó ßáÚ Ó ×ÝêÉæ è Ù>Ø�Ø>æ ö

� �~����� � ç�� Â l�� èn�V���<lÖç g|è�� �0���|�l�0���
Ñ[Ò�Ó Ø>Ù�ñ Ò Ü�Ù�ß�> Ó Ö'Ü½Ù�Þ³ß�æ�æ ó æRÜ Ó ê ïSÜ½Ù�Ø�ÙTr Ó æ�ÚSØ�ï Ó Ø�Ù>ñ Ò Ü Ó ê�ÙýÜ½Ü½Ù�ß�ñÿà�Ù>Þ/à Ó æ@M � Klã�æ P[Ü½Þ=Ù>Ø�Ø�ïON
ê�Ù>ß-×ÝÜ Ó�Ó ×�Ö Ò Ö Ò ×�ß�ß Ó Ø8Ù�ßrÜ ÒSÓ à Ó Ü Ó Ö'Ü�Þ�ÛoZ UcS	]4öÿÑ[Ò�Ó�� Klã�æPÛ Ó æðÙ�à Ó à:Ù�ß × è ï�Ø>æ Ó ÛiÚòÞ ç
Ø�Þ2Ö¤×ÝÜ Ó à M4×ÝÜ�â	×�Øäã Ó Ü'PP×�Ø>Þ³ß�ñ³æðÙ�à Ó Ü ÒSÓ�è�Ò Þ�Ü�Þ³ê�ï�Ø>Ü½Ù è Ø>Ù Ó Û Û�×�Ö�þ?æ ö�Ñ[Ò�Ó â	×�Øäã Ó Ü è ï�Ø�æ Ó Û
Ú�Þ ç Ö'Þ³ß"Ü�×�Ù>ß Ó à \k� Klã�æ�� Ó ×�Ö Ò Þ�ø8å Ò Ù�Ö Ò å�×�æzÞ è Ü�Ù>Ö¤×�Ø>Ø ó ø ×�ß�ß Ó àéÞ³ïSÜPÜ�Þ%Ù>Ø�Ø�ïSê�Ù>ß-×ÝÜ Ó
ê�ï�Ø>Ü½Ù è Ø Ó Ö Ò ×�ß�ß Ó Ø�æ ö�Ñ[Ò�Ó Þ è Ü�Ù>Ö¤×�ØlÖ`Þ³ßSß Ó ÖhÜ�Þ³ÛðæÿÞ³ß Ü Ò�Ó æ½Ù�à Ó æÿÞ�ø Ó ×�Ö Ò è Øä×�ß Ó=Ò ×�à ×
Ò Þ³ï�æðÙ�ß�ñÖ�/þ?ß�Þ�åDß�×Ýæ[× � _�· M Ø�Ù>ñ Ò Ü�Ù>ß�> Ó ÖhÜ�Ù>Þ³ß=ê~Þ/àSï�Ø Ó PW�?å Ò Ù�Ö Ò ×�Ö'Ö Ó'è Ü Ó àXÜ Ò�Ó Þ è Ü½Ù�Ö`×�Ø
¸-Ú Ó Û½æ¢ø7ÛðÞ³ê£Ü Ò�Ó[è ï�Ø>æ Ó Û�ÚòÞ ç �?×�Ø�Ø>Þ�åDÙ>ß�ñ Ü Ò�Ó êÆÜ�ÞzÙ�Ø>Ø�ï�ê~Ù�ß�×ÝÜ Ó Ü Ò�Ó å	×¤÷ Ó Ø Ó ß�ñ�Ü Ò æ Ò Ù>ø Ü½Ù�ß�ñ
¸-Ú Ó Û½æ ölÑ[ÒSÓ Ø�Ù>ñ Ò ÜWø7ÛðÞ³ê Ó ×�Ö Òk� K8ã å�×�æ[×ÝØ�æ½Þ�à�Ù�Û Ó Ö'Ü Ó àZÞ³ß"Ü½Þ�ÜTå�Þ�í�_�Ô è�Ò ÞÝÜ�Þ2à�Ù�Þ2à Ó æ ö
Ñ[Ò�Ó í�_�Ô�à�Ù>Þ/à Ó æ Ò ×�àX×�ß Óhç Ü�Û Ó ê Ó Ø ó Ø�Ù>ß Ó ×ÝÛ	Û Ó æ è Þ³ß�æ Ó ×�ß�à%å Ó Û Ó ï�æ Ó à%Ü�Þ è Û½Þ�÷2Ù�à Ó ×
æðÜ�×ÝÚ�Ø Ó ê Ó ×�æðï�Û Ó Þ�ø6Ü Ò�Ó[� KlãÆÙ�ß"Ü Ó ß�æ½ÙýÜ ó³ölÑ[Ò Ù�æ ×�Ø>Ø�Þ�å Ó àZÜ Ò�Ó Û Ó æ è Þ³ß�æ Ó Þ�ø6Ü Ò�Óiè�Ò Þ�Ü½Þ=N
ê�ï�Ø>Ü½Ù è Ø>Ù Ó Û½æ8×�ß�à Ó Ø Ó Ö'Ü½Û½Þ³ß�Ù>Ö`ælÜ�Þ�Ú Ó à Ó Ü Ó Û½ê~Ù�ß Ó àZ×ÝÜ�×®åDÙ�à Ó Û�×�ßSñ Ó Þ�ø.Ø>Ù�ñ Ò ÜlØ Ó ÷ Ó Ø�æ ö _Tß
Ú Ó ß�Ö Ò Ü Ó æRÜ�æPÜ Ò�Ó í�_�Ô à�Ù>Þ/à Ó æ�å Ó Û Ó æðÜ�×�Ú�Ø ÓÿÓ ß�Þ³ïSñ Ò Ü�ÞZÜ�Û½×�Ö�þáÖ Ò ×Ýß�ñ Ó æiÙ�ßrÜ Ò�Ó(� K8ã
Ù�ß"Ü Ó ß�æ½ÙýÜ ó Ü�Þ Ú õ ØÆU ü|Þ�÷ Ó Û ×�ÜTå�Þ~ê~Þ³ß"Ü Ò%è�Ó Û½Ù>Þ/à Z UcS	]4ö
�VæCèvéc�V�a��øùídî�éçí�ó�øýîbYàõ ò7ð�øùé�ö�P2Y��.�7��ë�õbéçð{îFñ<ë�ôÐë7ídî�è�ó+ö4ì�ð�øùívþ(POéçí�ê è²î�é�óFî óa� ��S���]���ó+övé�óïê ðïø�POé�öøùíAî�èvéàîïé���î
 ¢¡�£b¤xö4øùë�övé�ó.ñ<éçðïé�ì�ó�é�öKîïë�ê ë7ðïðïé�êVîKZ ëbðCî�èvé�ó�éàõ�ò1ðïøùò1î�øùë7í�ó.ò1î�¥<ò�O¦�
éçî
]

S y f



� �~���~� § ��ç�è©¨l��ª�çR«|�u�Tluç g|è

 / ndf 2χ  56.0992 / 42

Constant  3.7598± 151.6050 

Mean      0.2835± 77.9895 

Sigma     0.2340± 14.2015 

gain (ADC)
0 50 100 150

0.00

0.05

0.10

0.15

310×
 / ndf 2χ  56.0992 / 42

Constant  3.7598± 151.6050 

Mean      0.2835± 77.9895 
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Â2½ºârÂ2ÈÞÓÃÒ2ß ¸ Ó Ç Ò
ÓÃÀ Ç ¼Ø½ Í Ó Ï ¼¾ÈÐÂËÓÃÊxÓ Í Â Í ¼ØÓ×Ò�¼¾È!Ó Í Â\Ò
Â2½	�âgÂ7ÈàÓ2ßÞÀÃÂ7âgÊ�ãºÂ7Ñ Í ¼ØÓ×Ò�É Ç ÀnÉbÀÃÊ�â Ó Í Â ¸ ÓÃÓÃÂ2Ñ!Ó×À Ç�Ì�ö ßÞâgÂ7ÀÃ½ºÂ7Ñ Ì ÊºÈÐÒ
¼¾Ò
ÓÃÂ2ÈÞÓ0Ó×À Ç�Ì�ö Ò
Â2½ºârÂ2ÈÞÓ×ÒÇ ÈÐÑòÀÃÂ%�V¿Á¼¾ÀÃÂ7Ñ3Ó Í�Ç Ó8Ó Í Â>Ó×À Ç¢Ì�ö Ò8ÉbÊº¿ÁÈÐÑò¼¾ÈCÓ Í Â Í ÊºÀÃ¼��2ÊºÈÞÓ Ç¢Ï0Ç ÈÐÑCãºÂ7À
ÓÃ¼ ÌvÇ¢Ï ã�¼ØÂ7å4Ò8åÆÂ2ÀÃÂÌ ÊºÈÐÒ
¼¾ÒRÓ×Â2ÈÞÓ2¸C»n¼¾½�¿ÐÀÃÂ& �¸('sÒ Í Ê�å4Ò Ó�é Î ¼ ÌvÇ�ÏÆÌ ÊºÒ
âg¼ Ì À Ç éúâ ¿ÐÊ�È Î ¿ Ï ÒÃÂ)� Í Â2¼Ø½ Í ÓäÑÁ¼¾Ò
ÓÃÀÃ¼ØÖÐ¿��Ó×¼¾Ê�ÈÐÒ2¸Ë»�ÊºÀ4Â Ç�Ì�Í�Í ¼ñÓ Ç�Ï ÊºÈÐ½>Ó Í Âäâ ¿ÐÊ�ÈsÓÃÀ Ç�Ì�ö ß�Ó Í Â5ÀÃÂ Ì ÊºÈÐÒRÓ×ÀÃ¿ Ì Ó×Â7Ñ Ç ÈÐ½ Ï Â2ÒËåÆÂ2ÀÃÂä¿ÐÒÃÂ7ÑÓ×Ê Ì Ê�ÀÃÀÃÂ Ì Ó8Ó Í Â!ÊºÖÐÒÃÂ7À
ã�Â2Ñ Î ¿ Ï Ò
Â)� Í Â2¼Ø½ Í Ó|ÉbÊºÀ|Ó Í Â Ç ã�Â2À Ç ½ºÂ Î�Ç Ó ÍòÏ Â2ÈÁ½�Ó Í Ó Í ÀÃÊº¿Á½ Í Ó Í ÂÒ Ì ¼ØÈÞÓ×¼ ÏØÏ�Ç ÓÃÊºÀ8Ò
ÓÃÀÃ¼ Î ¸ÔÙ Í Â Î�Ç Ó Í � Ï Â2ÈÐ½�Ó ÍóÌ ÊºÀÃÀ
Â Ì ÓÃ¼¾ÊºÈ3å Ç Ò Â2Ò Î Â Ì ¼ Ç¢Ï¾Ï éò¼Øâ Î ÊºÀRÓ Ç ÈÞÓxÒÃ¼ØÈ Ì ÂÓ Í Â Í ÊºÀÃ¼��2ÊºÈÞÓ Ç¢ÏáÇ ÈÁÑóãºÂ7À
Ó×¼ ÌvÇ�ÏáÇ ÈÐ½º¿ Ï�Ç ÀxÑÐ¼¾ÒRÓ×À
¼¾ÖÐ¿ÁÓÃ¼¾ÊºÈÁÒxåÆÂ2À
Â�ãºÂ2ÀRéMÑÐ¼ � Â7ÀÃÂ7ÈàÓ+* Ì Ê�ÒÃâr¼ ÌÀ Ç éVÒ Ì ÊºârÂ|ÉbÀÃÊºâ Ç ÖaÊ�ãºÂ	,.-�¸�Ù Í ¼¾ÒËÀ
Â2ÒÃ¿ Ï Ó×Â7ÑÔ¼ØÈ Ç!Ï¾Ç ÀÃ½�Â|ÑÐ¼ � Â2À
Â2È Ì ÂÚ¼¾È6Ó Í Â Î�Ç Ó Í � Ï Â2ÈÁ½�Ó ÍÖaÂ±Ó�åáÂ7Â2ÈóÓ Í Â>Ó�åáÊsã�¼ØÂ7å4Ò Ç ÈÐÑ3ÈÐÂ2½ Ï Â Ì Ó×¼ØÈÐ½ Ç ÈÞé Ì ÊºÀ
ÀÃÂ Ì Ó×¼ØÊºÈòåáÊº¿ Ï Ñ Í�Ç ãºÂr¼¾ÈÞÓ×À
Ê�ÑÐ¿ Ì Â2ÑÇ È Ç Ò
éVârâgÂ±Ó×À
é�¼¾È6Ó Í Â Ì2Ç�Ï ¼ØÖÐÀ Ç ÓÃ¼¾ÊºÈ Ì ÊºÈÐÒRÓ Ç ÈÞÓÃÒ2¸Û Ì ÊºÀ
ÀÃÂ Ì Ó×¼ØÊºÈ>å Ç Ò Ç¢ÎÐÎÐÏ ¼ØÂ2Ñ ÉbÊºÀ0/ 57/ >4: ßºÓ Í�Ç Ó�¼¾Ò Ì2Ç ÒÃÂ7ÒÆ¼ØÈ>å Í ¼ Ì�ÍrÇ â ¿ÐÊºÈ Î�Ç Ò
ÒÃÂ7ÑÓ Í À
Êº¿Ð½ Í5Ç ÒRÓ×À
¼ Î ÖÐ¿ÁÓ�ÈÐÊhÒÃ¼Ø½ºÈ Ç�Ï å Ç Ò�ÊºÖÐÒ
Â2À
ã�Â2ÑK¸nÙ Í Â Ì ÊºÀÃÀ
Â Ì Ó×¼¾Ê�Èxå Ç Ò Ç�ÎÐÎÐÏ ¼¾Â2ÑÚÖ®Â Ì2Ç ¿ÐÒÃÂ
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Photoelectrons

Muon Pulseheight

a.
u.

»n¼¾½º¿ÁÀÃÂ1 �¸(' Ä32 ð Ç â ÎÐÏ ÂäÊ�É.À Ç åIâ ¿ÐÊºÈ Î ¿ Ï Ò
Â)� Í Â2¼Ø½ Í Ó�ÑÐ¼ØÒ
ÓÃÀÃ¼¾ÖÁ¿ÁÓ×¼ØÊºÈÐÒh¿ÐÒÃÂ7ÑC¼¾ÈÔÓ Í Â Ì2Ç�Ï ¼4�ÖÐÀ Ç ÓÃ¼¾ÊºÈc¸65�ÈCÓ Í ¼ØÒ ¸ ½º¿ÁÀÃÂ�ßaÓ Í Â>Ò
¼¾½ºÈ Ç¢Ï Ò4ÉbÀÃÊºâ Ç�Ï¾Ï Ò
ÓÃÀÃ¼ Î Ò|¼¾È Ç ½º¼Øã�Â2È ÎÐÏ¾Ç ÈÐÂäåÆÂ2À
Â ¸�Ï¾Ï Â2Ñ¼¾ÈsÂ Ç�Ì�Í Ê�ÉnÓ Í Â Í ¼¾ÒRÓ×Êº½ºÀ Ç ârÒËÖÐ¿ÁÓhÓ Í Â Ç�Ì ÓÃ¿ Ç�Ï&Ì2Ç�Ï ¼ØÖÐÀ Ç ÓÃ¼¾ÊºÈ Î ÀÃÊ Ì Â2ÑÁ¿ÐÀÃÂ Ì ÊºÈÁÒÃ¼¾ÑÁÂ2ÀÃÒhÂ Ç¢Ì�ÍÒ
Ó×À
¼ Î ¼¾ÈÁÑÐ¼ØãV¼¾ÑÁ¿ Ç�Ï¾Ï éº¸
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Ó Í Â>Ó×À
¿ÐÂ Ï ¼¾½ Í Ó|Êº¿ÁÓ Î ¿ÁÓxÊ�ÉáÂ Ç�Ì�Í ÒRÓ×À
¼ Î å Ç Ò Î À
Ê Î ÊºÀ
ÓÃ¼¾ÊºÈ Ç¢Ï Ó×Ê6Ó Í Â!ÓÃÀÃ¿ÐÂrârÂ Ç ÈòÊ�ÉÆÓ Í Ââ ¿ÐÊºÈ Î ¿ Ï Ò
Â)� Í Â2¼¾½ Í Ó\ÑÐ¼ØÒ
Ó×À
¼¾ÖÐ¿�Ó×¼¾Ê�È?À Ç Ó Í Â7À\Ó ÍÐÇ È?Ó Í ÂäârÂ Ç È�Ê¢É0Ó Í Â8�2Â2À
Ê�Â7Ò�Ó×À
¿ÐÈ Ì2Ç Ó×Â7ÑÑÐ¼¾ÒRÓ×ÀÃ¼ØÖÐ¿ÁÓÃ¼¾ÊºÈK¸ ý Â2½ Ï Â Ì ÓÃ¼¾ÈÐ½!Ò
¿ Ì�ÍCÇ!Ì ÊºÀ
ÀÃÂ Ì Ó×¼ØÊºÈsåÆÊº¿ Ï Ñ Ì2Ç ¿ÐÒÃÂxÒ
ÓÃÀÃ¼ Î Òhå4¼ñÓ ÍÔÇrÏ Ê�å Ï ¼Ø½ Í ÓÊº¿ÁÓ Î ¿ÁÓ�ÓÃÊ Ç�ÎÐÎ Â Ç À\âgÊ�ÀÃÂ Ï ¿Ðâr¼¾ÈÐÊ�¿ÐÒhÓ Í�Ç È?Ó Í Â7é Ç�Ì Ó×¿ Ç�ÏØÏ é6åÆÂ2À
Â�ßKÒ
¼¾È Ì Â5Ó Í Â Ï Ê�å Ï ¼Ø½ Í ÓÊº¿ÁÓ Î ¿ÁÓ4Ò
ÓÃÀÃ¼ Î Ò4åÆÂ2À
ÂÚâgÊºÀ
Â Ï ¼ ö Â Ï égÓÃÊ Í�Ç ãºÂ9�2Â2À
Ê�Â7Ò2¸�»�ÊºÀËÂ Ç¢Ì�ÍÔÍ ¼ñÓvßVÓ Í Â Î À
ÊºÖ Ç ÖÐ¼ Ï ¼ñÓ�égÊ¢ÉÊºÖÁÓ Ç ¼¾ÈÐ¼ØÈÐ½ Ç �2Â2À
Ê?å Ç Ò ÌvÇ¢Ï¾Ì ¿ Ï�Ç ÓÃÂ2ÑúÉbÀ
Êºâ�Ó Í ÂgÀÃÂ Ì ÊºÈÐÒRÓ×À
¿ Ì ÓÃÂ2Ñ Ç ÈÐ½ Ï Â2Ò Ç ÈÐÑóÓ Í Â Ï ¼Ø½ Í ÓÏ Â7ã�Â Ï ÉbÊºÀ Ç ÈÐÊºÀ
â Ç¢Ï¾Ï é|¼¾È Ì ¼¾ÑÐÂ7ÈàÓ�â ¿ÐÊ�ÈK¸�Ù Í ÂLâgÂ±Ó Í ÊVÑä¼ØÒ�¼ñÓ×Â7À Ç ÓÃ¼ØãºÂ�ÒÃ¼ØÈ Ì Â�Ó Í Â Ï ¼Ø½ Í Ó Ï Â7ã�Â Ïå Ç Ò�ÈÐÊ¢Ó ö ÈÁÊêå4È Ç Ó0Ó Í ÂËÒ
Ó Ç À
Óv¸.»�Ê�À0Â Ç�Ì�ÍrÍ ¼ØÓ2ß�Ó Í Â Ç ÒÃÒÃÊ Ì ¼ Ç Ó×Â7Ñ!Ò
Ó×À
¼ Î �~Â2ÈÐÑ Î ¿ Ï ÒÃÂ$� Í Â7¼¾½ Í ÓÍ ¼¾ÒRÓ×Êº½ºÀ Ç âIå Ç Ò ¸�ÏØÏ Â7ÑK¸nÙ Í Â ¸�ÏØÏ ¼ØÈÐ½�å Ç Ò�ÑÐÊºÈÐÂ Ç ÉeÓÃÂ2À.åÆÂ2¼Ø½ Í Ó×¼¾ÈÁ½xÖÞé Ó Í Â Î À
ÊºÖ Ç ÖÐ¼ Ï ¼ñÓ�é5Ê¢ÉÈÐÊ�Ó Í�Ç ãV¼¾ÈÐ½ Ç �2Â2À
ÊÐ¸�Ù Í Â9�2Â2À
Ê�Â7Ò\ÖÁ¼¾È6å Ç Ò Ç�Ï ÒÃÊ ¸�ÏØÏ Â7ÑKßÁåÆÂ2¼¾½ Í ÓÃÂ2ÑÔÖàé6Ó Í Â Î ÀÃÊ�Ö Ç ÖÐ¼ Ï ¼ØÓ�éÊ�É Í�Ç ãV¼¾ÈÐ½ Ç �7Â2À
ÊÐ¸òÙ Í ¼¾Ò Ç¢ÎÐÎ ÀÃÊ Ç�Ì�Í�Ì ÊºÀ
ÀÃÂ Ì Ó Ï éóÀ
Â Î À
Ê�ÑÁ¿ Ì Â7Ñ Ó Í Â�Ó×À
¿ÐÂ�ârÂ Ç ÈóÊ�É4Ó Í ÂÑÐ¼¾ÒRÓ×ÀÃ¼ØÖÐ¿ÁÓÃ¼¾ÊºÈK¸Ù Í Â Ç âgÊº¿ÁÈàÓ5Ê�É Ï ¼¾½ Í ÓxÒÃÂ7Â2È Ç Ó5Ó Í Â ÎÐÍ Ê�ÓÃÊ�Ó×¿ÁÖaÂgÑÐÂ Î Â2ÈÐÑÁÂ2Ñ�ÊºÈóÓ Í Â Î ÊºÒ
¼ØÓ×¼ØÊºÈÊ�É.Ó Í ÂxÓÃÀ Ç�Ì�ösÇ�Ï ÊºÈÐ½>Ó Í Â Ï Â7ÈÐ½�Ó Í Ê�É.Ó Í ÂxÒ
Ó×À
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Ò2¸�»�ÊºÀÆÓÃÀ Ç�Ì�ö Ò Ì ÀÃÊºÒ
ÒÃ¼ØÈÐ½ ÈÐÂ Ç ÀÆÓ Í Â�ÒRÓ×ÀÃ¼ Î Â2ÈÁÑÐÒ2ßÓ Í Â7ÀÃÂ4å Ç Ò Ç È Ç ÑÐÑÐ¼ñÓ×¼ØÊºÈ Ç�Ï ÒÃ¿ ÎÐÎ ÀÃÂ2Ò
ÒÃ¼ØÊºÈ�Ê�É Ï ¼¾½ Í Ó ÌvÇ ¿ÐÒ
Â2Ñ�ÖÞé ÎÐÍ Ê�Ó×ÊºÈÁÒ Ï Â Ç�ö ¼¾ÈÁ½8Êº¿ÁÓ�Ó Í ÂÂ2ÈÐÑK¸nÙ Í ¼¾Ò.Â � Â Ì Ó0å Ç Ò Ì Ê�ÀÃÀÃÂ Ì ÓÃÂ2Ñ>ÉbÊºÀnÖÞéäâ Ç�ÎÁÎ ¼¾ÈÐ½\Ó Í ÂLÀ
Â2Ò Î ÊºÈÁÒÃÂLÓ×Ê8âä¿ÐÊºÈÐÒ Ç¢Ï ÊºÈÐ½\Ó Í ÂÏ Â2ÈÁ½�Ó Í Ê¢É0Ó Í Â ÒRÓ×À
¼ Î ¸ ·ÔÇ�Î Ò�åÆÂ2À
Â Ì ÊºÈÐÒRÓ×À
¿ Ì ÓÃÂ2ÑCÉbÊºÀ�Â Ç�Ì�Í Ê�É0Ó Í ÂäÓ�åÆÂ2ÈÞÓ�é��~ÉbÊº¿ÐÀ8ÒRÓ×À
¼ Î ÒÀÃÂ Ç ÑÐÊº¿ÁÓ\ÉbÀÃÊºâ_Â Ç¢Ì�Í Â2ÈÐÑCÊ�É�Ö®Ê�Ó Í Ó Í Â Í ÊºÀÃ¼��2ÊºÈÞÓ Ç�Ï�Ç ÈÐÑ�ãºÂ7À
ÓÃ¼ ÌvÇ¢Ï�ÎÐÏ¾Ç ÈÐÂ7Ò2¸:5�ÈÁÑÐ¼ØãV¼¾ÑÁ¿ Ç�ÏÒ
Ó×À
¼ Î Ò|åÆÂ2À
ÂgÈÁÊ�ÓÚÒÃÂ Î�Ç À Ç Ó×Â Ï é�â Ç�ÎÐÎ Â2ÑKß Ç ÒÚÓ Í Â>Ò
Ó Ç Ó×¼ØÒ
ÓÃ¼ ÌvÇ¢Ï ÒÃ¼Ø½ºÈÐ¼ ¸�ÌvÇ È Ì Â åÆÊº¿ Ï Ñ Í�Ç ãºÂÖaÂ7Â2È Ó×ÊVÊ Ï Ê�åÚ¸;5�ÈÐÒRÓ×Â Ç ÑKßºÒ
ÓÃÀÃ¼ Î Ò�Ó Í�Ç Ó ÍÐÇ ÑäÓ Í ÂLÒ Ç ârÂ Ï Êº½º¼ ÌvÇ�Ï À
Â Ç ÑÐÊ�¿ÁÓnåÆÂ2À
Â Ì ÊºâäÖÐ¼¾ÈÐÂ7ÑK¸»�Ê�À�Â±ð Ç â ÎÐÏ Â�ßcÓ Í Â ÒÃ¼Ø½ºÈ Ç�Ï Ò\ÉbÊºÀ Ç�Ï¾Ï Ò
ÓÃÀÃ¼ Î=< � Õ¢Ò�¼¾È?ã�Â2À
ÓÃ¼ Ì2Ç�ÏnÎÐÏ¾Ç ÈÐÂ7Ò|ÀÃÂ Ç ÑÐÊº¿ÁÓÚÊ�È�Ó Í ÂåáÂ7Ò
ÓÆÒÃ¼¾ÑÁÂ4åÆÊº¿ Ï ÑgÖ®Â Ì Êºâ ÖÁ¼¾ÈÐÂ7Ñr¼ØÈÞÓ×ÊxÊºÈÐÂ4â Ç¢Î ¸nÙ Í ¼ØÒ�½º¼Øã�Â2Ò �:> Õ � ¼ØÈÐÑÐ¼ØãV¼ØÑÐ¿ Ç�Ï â Ç�Î Ò2¸»n¼¾½º¿ÁÀÃÂ3 V¸ 7 Ò Í Ê�å4Ò Ç È>Â±ð Ç â ÎÐÏ ÂLÊ¢É�ÒÃ¿ Ì�Í â Ç¢Î Ò2¸�Ù Í ÂËâ Ç¢Î ÒnåÆÂ2ÀÃÂ4¿ÐÒ
Â2Ñ>Ó×Ê8Â�ð Î ÀÃÂ7ÒÃÒ�Ó Í Â¼¾ÈÐÑÐ¼ñãV¼¾ÑÐ¿ Ç¢Ï Ò
ÓÃÀÃ¼ Î ��Â2ÈÁÑ ÌvÇ¢Ï ¼¾ÖÁÀ Ç ÓÃ¼¾ÊºÈ Ì ÊºÈÐÒ
Ó Ç ÈÞÓ×Ò|¼ØÈsÓÃÂ2À
âgÒhÊ�ÉnÓ Í ÂäÀ
Â2Ò Î ÊºÈÁÒÃÂ5ÓÃÊ Ç â ¿ÐÊºÈÌ ÀÃÊ�ÒÃÒÃ¼ØÈÐ½ Ç Ó.Ó Í Â Ì Â7ÈàÓÃÂ2À�Ê�É�Ó Í ÂËÒ
Ó×À
¼ Î ¸�Ù Í ¼¾Ò Ì ÊºÈÞãºÂ7ÈàÓÃ¼¾ÊºÈr¼¾Ò Ç�ÎÐÎ À
Ê Î ÀÃ¼ Ç Ó×ÂÆÉbÊºÀnÓ Í ÂËÖaÂ Ç â
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 / ndf 2χ  91.4 / 90

p0        0.0133± 1.99 

p1        0.000579± 0.252 

p2        9.58e-06± -0.019 

p3        1.18e-07± 0.000798 

p4        1.38e-09± -1.94e-05 

p5        1.56e-11± 2.56e-07 

p6        1.74e-13± -1.29e-09 

p7        1.86e-15± -7.97e-12 

p8        1.9e-17± 1.27e-13 

p9        1.78e-19± -4.43e-16 
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 / ndf 2χ  91.4 / 90

p0        0.0133± 1.99 

p1        0.000579± 0.252 

p2        9.58e-06± -0.019 

p3        1.18e-07± 0.000798 

p4        1.38e-09± -1.94e-05 

p5        1.56e-11± 2.56e-07 

p6        1.74e-13± -1.29e-09 

p7        1.86e-15± -7.97e-12 

p8        1.9e-17± 1.27e-13 

p9        1.78e-19± -4.43e-16 

Horizontal Strips --  Green Fibre
 / ndf 2χ  98 / 90

p0        0.0153± 2.25 

p1        0.000739± 0.25 

p2        1.3e-05± -0.0141 

p3        1.63e-07± 0.000289 

p4        1.91e-09± 6.33e-06 

p5        2.18e-11± -4.71e-07 

p6        2.44e-13± 1.08e-08 

p7        2.62e-15± -1.26e-10 

p8        2.68e-17± 7.47e-13 

p9        2.51e-19± -1.81e-15 

Transverse Position (cm)
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 / ndf 2χ  98 / 90

p0        0.0153± 2.25 

p1        0.000739± 0.25 

p2        1.3e-05± -0.0141 

p3        1.63e-07± 0.000289 

p4        1.91e-09± 6.33e-06 

p5        2.18e-11± -4.71e-07 

p6        2.44e-13± 1.08e-08 

p7        2.62e-15± -1.26e-10 

p8        2.68e-17± 7.47e-13 

p9        2.51e-19± -1.81e-15 

Horizontal Strips -- Clear Fibre

 / ndf 2χ  78.7 / 90

p0        0.124± 2.19 

p1        0.045± 0.301 

p2        0.0054± -0.0245 

p3        0.000296± 0.00126 

p4        8.16e-06± -4.24e-05 

p5        1.06e-07± 9.53e-07 

p6        2.11e-10± -1.39e-08 

p7        1.08e-11± 1.25e-10 

p8        1.15e-13± -6.29e-13 

p9        3.7e-16± 1.33e-15 
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 / ndf 2χ  78.7 / 90

p0        0.124± 2.19 

p1        0.045± 0.301 

p2        0.0054± -0.0245 

p3        0.000296± 0.00126 

p4        8.16e-06± -4.24e-05 

p5        1.06e-07± 9.53e-07 

p6        2.11e-10± -1.39e-08 

p7        1.08e-11± 1.25e-10 

p8        1.15e-13± -6.29e-13 

p9        3.7e-16± 1.33e-15 

Vertical Strips -- Clear Fibre
 / ndf 2χ  94.2 / 90

p0        0.0212± 2.3 

p1        0.000829± 0.208 

p2        1.4e-05± -0.0153 

p3        1.89e-07± 0.000758 

p4        2.32e-09± -2.67e-05 

p5        2.75e-11± 6.37e-07 

p6        3.17e-13± -9.71e-09 

p7        3.5e-15± 8.93e-11 

p8        3.63e-17± -4.48e-13 

p9        3.39e-19± 9.37e-16 

Transverse Position (cm)
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4  / ndf 2χ  94.2 / 90

p0        0.0212± 2.3 

p1        0.000829± 0.208 

p2        1.4e-05± -0.0153 

p3        1.89e-07± 0.000758 

p4        2.32e-09± -2.67e-05 

p5        2.75e-11± 6.37e-07 

p6        3.17e-13± -9.71e-09 

p7        3.5e-15± 8.93e-11 

p8        3.63e-17± -4.48e-13 

p9        3.39e-19± 9.37e-16 

Vertical Strips -- Green Fibre

»n¼¾½º¿ÁÀÃÂ� �¸ 7 Ä Ù Í Â�Ò Ì ¼¾ÈÞÓÃ¼ Ï¾Ï¾Ç Ó×Ê�À8ÀÃÂ2Ò Î Ê�ÈÐÒÃÂíÓÃÊ?â ¿ÁÊºÈÐÒ2ßnâ Ç�ÎÁÎ Â7Ñ Ç�Ï Ê�ÈÐ½sÓ Í Â Ï Â2ÈÐ½¢Ó Í Ê¢ÉÓ Í ÂÚÒ
ÓÃÀÃ¼ Î ¸ ·?Ç�Î Ò Ï ¼ ö Â\Ó Í Â7ÒÃÂÚåáÂ7ÀÃÂx¿ÐÒÃÂ7ÑsÓÃÊ Ì ÊºÀÃÀ
Â Ì ÓhÓ Í ÂÚâ ¿ÐÊºÈ Ì2Ç�Ï ¼ØÖÐÀ Ç ÓÃ¼¾ÊºÈ Ì ÊºÈÁÒ
Ó Ç ÈàÓÖ Ç�Ì�ö ÓÃÊòÓ Í Â Ì Â7ÈàÓÃÂ2ÀrÊ�ÉhÓ Í ÂQÑÐÂ±Ó×Â Ì Ó×ÊºÀ7¸�Ù Í Â Î�Ç À Ç âgÂ±Ó×Â2À
Ò Ì ÊºÀ
ÀÃÂ7Ò Î ÊºÈÐÑ Ó×Ê ¸ Ó×Ò>ÓÃÊ ÇÈÐ¼¾ÈÞÓ Í ÑÐÂ7½ºÀÃÂ7Â Î Ê Ï é�ÈÁÊºâg¼ Ç�Ï ¸�Ù Ç�ö Â7ÈÔå4¼ØÓ ÍQÎ Â7ÀÃâr¼¾ÒÃÒ
¼¾ÊºÈ�ÉbÀ
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 / ndf 2χ  71.0908 / 76

Constant  2.0797± 82.4986 

Mean      1.2979± 226.9089 

Sigma     1.1504± 67.2245 
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adcmip, run 40622

»n¼¾½º¿ÁÀÃÂB �¸ � ¹ Ä Ù Í Âhâ ¿ÐÊºÈ Ì2Ç�Ï ¼ØÖÐÀ Ç Ó×¼¾Ê�È Ì ÊºÈÁÒ
Ó Ç ÈàÓÃÒ2ßV¼¾È 
 ÛüÛ|ÜÚÝ Ì Êº¿ÐÈÞÓÃÒ2ßÞÉbÊºÀ Ç�ÏØÏÁÎ ¼JðÁÂ Ï Ò¼¾È>Ó Í Â Ì2Ç�Ï ¼ØÖÐÀ Ç ÓÃ¼¾ÊºÈ5ÑÐÂ7ÓÃÂ Ì Ó×ÊºÀ7¸0Ù Í Â4ÈV¿ÁâgÂ7ÀÃ¼ Ì2Ç�Ï ã Ç�Ï ¿ÐÂËÊ�ÉaÂ Ç�Ì�ÍrÌ ÊºÈÁÒ
Ó Ç ÈàÓÆ¼¾ÈÁÑÐ¼ Ì2Ç Ó×Â7Ò.Ó Í ÂÇ ã�Â2À Ç ½ºÂ Î ¿ Ï Ò
Â Í Â7¼¾½ Í Ó�ÊºÖÁÒÃÂ2ÀRãºÂ7ÑíÉbÊºÀ Ç ÈÐÊºÀÃâ Ç�ÏØÏ éx¼¾È Ì ¼¾ÑÐÂ7ÈÞÓ Ì ÊºÒ
âg¼ Ì À Ç é!â ¿ÐÊºÈ>ÓÃÀ Ç ãºÂ7ÀÃÒC�¼¾ÈÐ½xÓ Í Â Ï ÊºÈÐ½º¼ñÓ×¿ÐÑÁ¼¾È Ç�Ï�Ì Â2ÈÞÓ×Â7ÀLÊ�É&Ó Í Â|Ò Ì ¼¾ÈÞÓ×¼ Ï¾Ï¾Ç Ó×ÊºÀ0ÒRÓ×À
¼ Î ¸ � ¼Ø½ºÈ Ç�Ï ÒÆ¼ØÈíÛ�ÜÚÝ Ì Êº¿ÐÈÞÓÃÒ Ç ÀÃÂÌ ÊºÈÞãºÂ7À
ÓÃÂ2Ñ!Ó×Ê · 5�ù0Ò�ÖÞé ÑÐ¼ñã�¼ØÑÐ¼¾ÈÁ½�ÖÞéäÓ Í Â2Ò
Â Ì ÊºÈÐÒRÓ Ç ÈÞÓ×Ò7¸0Ù Í Â Î�Ç À Ç ârÂ7Ó×Â7ÀÃÒ Ì ÊºÀÃÀ
Â2Ò Î ÊºÈÁÑÓ×Ê ÇíÅÚÇ ¿ÐÒ
ÒÃ¼ Ç È ¸ Óv¸�»�ÊºÀËÀ
Â7ÉbÂ2À
Â2È Ì Â Õ�Õ � Û|ÜÚÝ Ì Êº¿ÐÈÞÓ×Ò â Õ�¸ 7D� ÎÐÍ Ê¢Ó×ÊVÂ Ï Â Ì ÓÃÀÃÊºÈÐÒ7¸
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»n¼¾½º¿ÁÀÃÂE V¸ �!� ÄK· ¿ÁÊºÈ ÌvÇ�Ï ¼¾ÖÐÀ Ç Ó×¼ØÊºÈ Ì ÊºÈÐÒRÓ Ç ÈÞÓ×Ò8ÉbÊºÀ\Â Ç�Ì�ÍòÎÐÏ¾Ç ÈÐÂ Ç ÈÐÑCÒ
ÓÃÀÃ¼ Î À
Â Ç ÑÁÊº¿ÁÓ8ÊºÈÒÃ¼¾ÑÁÂ � Ê�É�Ó Í Â Ì2Ç�Ï ¼ØÖÐÀ Ç Ó×¼¾Ê�È�ÑÐÂ7ÓÃÂ Ì Ó×ÊºÀ7¸�Ù Í Â Ì Ê Ï ÊºÀáÒ ÌvÇ¢Ï ÂÚ¼¾ÒË¼ØÈ 
 ÛTÛ|ÜÚÝ Ì Êº¿ÁÈàÓÃÒ2¸
Ç È Ç�Ï é�Ò
¼¾ÒËÒ
¼¾È Ì ÂÚÓ Í ÂÚÑÐÂ7ÓÃÂ Ì Ó×ÊºÀËå Ç Ò\Ê�È Ï égÓ×ÀÃ¼Ø½º½ºÂ7ÀÃÂ2ÑQÊºÈ Ì Â2ÈÞÓ×À Ç�Ï¾Ï é Ï Ê ÌvÇ Ó×Â2ÑQÂ±ãºÂ2ÈÞÓÃÒ2¸»n¼Ø½º¿ÐÀÃÂF �¸ � ¹äÒ Í Ê�å4ÒËÓ Í Â|â ¿ÐÊºÈ Ì2Ç�Ï ¼ØÖÐÀ Ç Ó×¼¾Ê�È Ì Ê�ÈÐÒ
Ó Ç ÈÞÓ×Ò2ßÁ¼¾È6¿ÐÈÐ¼ñÓ×ÒLÊ¢É 
 ÛTÛ�ÜÚÝÌ Êº¿ÐÈÞÓÃÒ2ß(ÉbÊºÀ�Ó Í ÂrÂ7ÈÞÓ×¼¾À
Â ÌvÇ�Ï ¼¾ÖÐÀ Ç Ó×¼ØÊºÈ�ÑÐÂ±Ó×Â Ì Ó×Ê�À2¸>Ù Í Â!Èà¿ÐârÂ2ÀÃ¼ ÌvÇ�Ï ã Ç¢Ï ¿ÐÂ Ê¢ÉáÂ Ç�Ì�ÍúÌ ÊºÈ��Ò
Ó Ç ÈàÓn¼¾ÈÐÑÁ¼ ÌvÇ Ó×Â2Ò(Ó Í Â Ç ãºÂ7À Ç ½ºÂ Î ¿ Ï Ò
Â Í Â7¼¾½ Í ÓnÊºÖÐÒÃÂ7À
ã�Â2Ñ>ÉbÊºÀ Ç ÈÐÊºÀ
â Ç¢Ï¾Ï é�¼¾È Ì ¼¾ÑÐÂ7ÈÞÓ Ì Ê�ÒÃâr¼ ÌÀ Ç éíâä¿ÐÊºÈ�Ó×À Ç ãºÂ2À
ÒÃ¼ØÈÐ½>Ó Í Â Ï ÊºÈÐ½º¼ñÓ×¿ÐÑÁ¼¾È Ç�Ï�Ì Â2ÈÞÓ×Â7À4Ê�É&Ó Í Â8Ò Ì ¼ØÈàÓÃ¼ ÏØÏ�Ç ÓÃÊºÀ�Ò
Ó×À
¼ Î ¸nÙ Í Â8Ò
ÓÃÀÃ¼ ÎÀÃÂ2Ò Î Ê�ÈÐÒÃÂíã Ç À
¼¾Â7Ò5ÖÞé âHG ¹ºì�Ê�ã�Â2À5Ó Í Â�ÑÐÂ±Ó×Â Ì Ó×Ê�À2¸Ô»n¼¾½º¿ÁÀÃÂ2Ò1 �¸ �!� �I �¸ � ÕQÒ Í Ê�åuÓ Í ÂíÀ
Â)�Ò Î ÊºÈÐÒÃÂ|ÉbÊ�ÀáÂ Ç¢Ì�Í6ÎÐÏ�Ç ÈÁÂ Ç ÈÐÑ6ÒRÓ×À
¼ Î ¼ØÈíÓ Í Â�ÑÐÂ7ÓÃÂ Ì ÓÃÊºÀ2¸�Ù Í Â Ì Ê Ï ÊºÀáÒ ÌvÇ�Ï Â�¼¾ÒÆ¼¾È 
 Û Û�ÜÚÝÌ Êº¿ÐÈÞÓÃÒ2¸�Ù Í Â8Ö Ç ÈÁÑÐÒË¼¾È�Ó Í Â ¸ ½º¿ÁÀÃÂ Ç À
Â ÌvÇ ¿ÁÒÃÂ2ÑQÖÞé Ì�ÍÐÇ ÈÐÈÐÂ Ï ÒËå Í ¼ Ì�Í6ÍÐÇ Ñ Ç Ï Ê�åH½ Ç ¼ØÈKßÊºÀn¼ØÈÐÒ
Ó Ç È Ì Â7Ò.¼¾È5å Í ¼ Ì�Í Ó Í Â Ï ¼Ø½ Í Ó�ÀÃÂ Ç¢Ì�Í ¼¾ÈÐ½|Ó Í Â ÎÁÍ Ê�Ó×Ê¢Ó×¿ÐÖ®Âáå Ç Ò.À Ç Ó Í Â7À Ï Ê�åÚ¸�Ù Í Â Ï�Ç ÓC�Ó×Â2À Ì2Ç ÒÃÂ7Ò�åÆÂ2À
Â Ì2Ç ¿ÐÒÃÂ7Ñ�ÖÞé Î Ê�ÊºÀ0Ê Î Ó×¼ ÌvÇ�ÏÐÌ Êº¿ ÎÐÏ ¼¾ÈÐ½ÚÖ®Â7Ó�åÆÂ2Â7ÈíÓ Í Â4À
Â Ç ÑÐÊ�¿ÁÓ ÌvÇ Ö Ï Â2Ò Ç ÈÐÑÓ Í Â ÎÐÍ Ê�Ó×Ê�ÓÃ¿ÐÖ®Â2Ò2¸nÙ Í Â2À
Â4å Ç Ò Ç|Ì2Ï Â Ç À Ç ÈÐÑ!Â±ð Î Â Ì ÓÃÂ2Ñ Ì ÊºÀ
ÀÃÂ Ï¾Ç Ó×¼ØÊºÈäÖ®Â7Ó�åÆÂ2Â7ÈgÓ Í ÂËâ ¿ÐÊºÈÌvÇ�Ï ¼¾ÖÐÀ Ç Ó×¼ØÊºÈ Ì Ê�ÈÐÒ
Ó Ç ÈÞÓ×Ò Ç ÈÐÑ3Ó Í Â!½ Ç ¼ØÈ Ì2Ç�Ï ¼ØÖÐÀ Ç Ó×¼¾Ê�È Ì ÊºÈÁÒ
Ó Ç ÈàÓÃÒ2ß Ç ÒÚÑÐÂ2ârÊºÈÐÒRÓ×À Ç Ó×Â2Ñú¼¾È
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adcmip, end 2, run 40622
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»n¼¾½º¿ÁÀÃÂE V¸ � Õ ÄK· ¿ÁÊºÈ ÌvÇ�Ï ¼¾ÖÐÀ Ç Ó×¼ØÊºÈ Ì ÊºÈÐÒRÓ Ç ÈÞÓ×Ò8ÉbÊºÀ\Â Ç�Ì�ÍòÎÐÏ¾Ç ÈÐÂ Ç ÈÐÑCÒ
ÓÃÀÃ¼ Î À
Â Ç ÑÁÊº¿ÁÓ8ÊºÈÒÃ¼¾ÑÁÂäÕ Ê�É�Ó Í Â Ì2Ç�Ï ¼ØÖÐÀ Ç Ó×¼¾Ê�È�ÑÐÂ7ÓÃÂ Ì Ó×ÊºÀ7¸�Ù Í Â Ì Ê Ï ÊºÀáÒ ÌvÇ¢Ï ÂÚ¼¾ÒË¼ØÈ 
 ÛTÛ|ÜÚÝ Ì Êº¿ÁÈàÓÃÒ2¸
»n¼¾½Ð¸J �¸ � G ¸Û\ÉeÓÃÂ2À âä¿ÐÊºÈ Ì2Ç�Ï ¼ØÖÐÀ Ç Ó×¼¾Ê�ÈKß�Ó Í Â Î ¿ Ï Ò
Â)� Í Â2¼¾½ Í ÓäÊ�É4Â Ç¢Ì�Í�Í ¼ØÓxå Ç Ò Â±ð Î À
Â2ÒÃÒ
Â2Ñ ¼¾È¿ÐÈÐ¼ØÓÃÒ|Ê�ÉLK ��NM ¸8ïÆé Ì Ê�ÈÐÒ
ÓÃÀÃ¿ Ì Ó×¼¾Ê�ÈKßKÊºÈÐÂ · 5�ùF¼ØÒ\Ó Í Â ÒÃ¼Ø½ºÈ Ç�Ï ßaârÂ Ç Ò
¿ÐÀÃÂ7Ñ Ç Ó|Ê�ÈÐÂ Â2ÈÁÑÊ�ÉáÓ Í ÂgÒRÓ×À
¼ Î ß(ÑÐÂ Î ÊºÒ
¼ØÓÃÂ2ÑóÖÞé ÇsÌ ÊºÒ
âg¼ Ì À Ç éòâ ¿ÐÊºÈcß�¼ØÈ Ì ¼ØÑÐÂ2ÈÞÓxÈÐÊºÀ
â Ç�Ï Ó×ÊÔÓ Í Â � ¸ � Ì âå4¼¾ÑÐÂ5ÒÃ¼¾ÑÁÂäÊ�É0Ó Í ÂäÒRÓ×ÀÃ¼ ÎCÇ ÈÐÑÔÓ×À Ç ã�Â2ÀÃÒ
¼¾ÈÐ½6¼ñÓ Ç Ó�¼ñÓ×Ò Ì Â2ÈÞÓ×Â7À2¸|Ù Í Â · 5�ùü¿ÐÈÐ¼ØÓhÓ Í Â2ÀÃÂ±ÉbÊºÀÃÂÍ�Ç Ò Ç ÒÃÂ2âr¼�� Ç ÀÃÖÁ¼ØÓ×À Ç À
égÒ Ì2Ç�Ï Â|Ó Í�Ç ÓhÑÐÂ Î Â7ÈÐÑÐÒhÊºÈ6Ó Í Â Ì Ê�ÒÃâr¼ Ì À Ç é6Â7ÈÐÂ2À
½�éQÒ Î Â Ì Ó×À
¿ÐâÔ¸
�3O ÷ OCP Q �SRDT8ªVUDR
ÛTÒ Î Â Ì ¼ Ç�Ï&Ì À
ÊºÒÃÒ Ì�Í Â Ì�ö å Ç Ò\ÑÐÂ±ãV¼¾ÒÃÂ7ÑsÓÃÊ Î ÀÃÊºÖ®Â|Ó Í ÂxÂ � Â Ì ÓÃ¼ØãºÂ7ÈÐÂ2Ò
Ò�Ê�É(Ó Í Â Ï ¼¾½ Í ÓL¼¾È�ô
Â Ì �Ó×¼¾Ê�È ÌvÇ�Ï ¼¾ÖÐÀ Ç Ó×¼ØÊºÈK¸;5�È6Ó Í ¼¾ÒLÓÃÂ2Ò
Ó2ß�Ó Í Â Í ¼Ø½ Í ãºÊ Ï Ó Ç ½�Â|ÊºÈQÓ Í ÂXWI�ZY[*GÊºÀ 2�Ç ÒRÓ$-áÒÃ¼ØÑÐÂÚÊ�É�Ó Í ÂÑÐÂ7ÓÃÂ Ì ÓÃÊºÀËå Ç ÒhÀ
Â2ÑÐ¿ Ì Â2ÑsÖÞésÕ! 
 Ç ÈÁÑQÓ Í Â Í ¼¾½ Í ãºÊ Ï Ó Ç ½ºÂ8Ê�ÈQÓ Í ÂXW]\6YX*GÊ�ÀL^óÂ7Ò
Ó$-LÒ
¼¾ÑÐÂÊ�É\Ó Í ÂQÑÐÂ7ÓÃÂ Ì Ó×ÊºÀ>å Ç Òg¼ØÈ Ì À
Â Ç Ò
Â2Ñ ÖÞé Õ! 
 ¸.Û_À
¿ÐÈ Ç Ó � Å Â 
`_ Ì Ö®Â Ç â©âgÊºârÂ2ÈÞÓÃ¿Ðâ
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»n¼¾½º¿ÁÀÃÂa �¸ � G Ä Ù Í ÂÆâ ¿ÐÊºÈ ÌvÇ�Ï ¼¾ÖÐÀ Ç Ó×¼ØÊºÈ Ì ÊºÈÁÒ
Ó Ç ÈàÓÃÒ�ãVÒ2¸êÓ Í ÂÆ½ Ç ¼¾È ÌvÇ�Ï ¼¾ÖÐÀ Ç Ó×¼ØÊºÈ Ì Ê�ÈÐÒ
Ó Ç ÈÞÓ×Ò2¸Û Ì7Ï Â Ç À Ç ÈÐÑQÂ±ð Î Â Ì Ó×Â2Ñ Ì ÊºÀ
ÀÃÂ Ï¾Ç Ó×¼ØÊºÈ6¼¾ÒËÊ�ÖÐÒÃÂ7À
ãºÂ7ÑK¸
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- side
Mean   4212

RMS    2596
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10×

HV modified

Mean   49.73

RMS    29.27

Std.
Mean   50.76

RMS    28.76

HV modified

Std. run

Comparison of HV modified & Std. runs

»n¼¾½º¿ÁÀÃÂa �¸ ��� ÄSb Â2ÒÃ¿ Ï Ó×Ò�Ê�É ÇhÏ ¼¾½ Í Ó(¼¾Èêô
Â Ì ÓÃ¼¾ÊºÈ ÌvÇ¢Ï ¼¾ÖÁÀ Ç ÓÃ¼¾ÊºÈ Ì ÀÃÊºÒ
Ò Ì�Í Â Ì�ö ¸�5�È5Ó Í ¼¾Ò&Ó×Â7Ò
Óvß¢Ó Í ÂÍ ¼¾½ Í ã�Ê Ï Ó Ç ½ºÂ8ÊºÈ6Ó Í ÂXWI�VYX*%W]\6Yc-ÆÒ
¼¾ÑÐÂ8Ê�É�Ó Í Â8ÑÐÂ7ÓÃÂ Ì ÓÃÊºÀËå Ç ÒhÀ
Â2ÑÐ¿ Ì Â2Ñd*G¼ØÈ Ì À
Â Ç Ò
Â2Ñe-LÖÞéÕ! 
 ¸�Û ÀÃ¿ÐÈ Ç Ó � Å Â 
`_ Ì Ö®Â Ç â ârÊºârÂ2ÈÞÓ×¿Áâõå Ç Ò\Ó Ç¢ö Â2È Ç ÈÐÑ Î ¼¾ÊºÈÁÒ4åÆÂ2À
ÂäÒ
Â Ï Â Ì ÓÃÂ2ÑK¸Ù Í Â ¸ ½º¿ÐÀ
Â|ÊºÈ�Ó Í Â|¿ ÎÐÎ Â2À Ï Â7ÉeÓáÒ Í Ê�å4ÒLÓ Í Â8ÒÃ¿ÐârâgÂ7Ñ6ÒÃ¼Ø½ºÈ Ç�Ï ßV¼ØÈ�Û|ÜÚÝ Ì Êº¿ÐÈÞÓ×Ò7ß�ÖaÂ±ÉbÊºÀÃÂÌvÇ�Ï ¼¾ÖÐÀ Ç Ó×¼ØÊºÈK¸�Ù Í Â ¸ ½�¿ÐÀÃÂ\¼¾ÈgÓ Í Âh¿ ÎÐÎ Â2ÀáÀ
¼¾½ Í ÓÆÒ Í Ê�å4ÒáÓ Í�Ç Ó Ç Ò
éVârâgÂ±Ó×ÀRérå Ç ÒÆÀÃÂ2ârÊ�ãºÂ7ÑÇ ÉeÓ×Â7ÀÆÓ Í Â|½ Ç ¼ØÈ Ç ÈÐÑ�âä¿ÐÊºÈ ÌvÇ¢Ï ¼¾ÖÁÀ Ç ÓÃ¼¾ÊºÈÐÒ0åÆÂ2À
Â Ç�ÎÐÎÐÏ ¼¾Â2Ñc¸.Ù Í Â Ï ÊêåÆÂ2À ¸ ½º¿ÐÀ
Â Ì Êºâ Î�Ç À
Â2ÒÓ Í Â0Ó×Ê¢Ó Ç�Ï ÀÃÂ2Ò Î Ê�ÈÐÒÃÂ¢ß¢Ó×Ê Î ¼ØÊºÈÐÒ7ß�¼ØÈ|Ó Í Â�À
¿ÐÈ8å4¼ØÓ Í9f 
 ârÊVÑÐ¼ ¸ Â7Ñ�Ó×Ê Ç Ò
Ó Ç ÈÐÑ Ç ÀÃÑ � Å Â 
`_ ÌÀÃ¿ÐÈK¸�Û Õºì Ç ½ºÀÃÂ7Â2ârÂ2ÈÞÓ4å Ç Ò Ç¢Ì�Í ¼¾Â±ãºÂ2Ñc¸
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å Ç Ò|Ó Í Â2ÈòÓ Ç¢ö Â2È Ç ÈÁÑ Î ¼¾ÊºÈÐÒ\åáÂ7ÀÃÂ!ÒÃÂ Ï Â Ì Ó×Â7ÑK¸ b Â2Ò
¿ Ï ÓÃÒ8Ê�É�Ó Í Â ÓÃÂ2Ò
Ó Ç ÀÃÂ Î À
Â2ÒÃÂ7ÈÞÓ×Â2Ñú¼¾È»n¼¾½Ð¸D �¸ ��� ¸0Ù Í Â ÎÐÏ Ê�ÓË¼ØÈ�Ó Í Â8¿ ÎÁÎ Â7À Ï Â7ÉeÓLÊ�É�»n¼¾½Ð¸J �¸ ��� Ò Í Ê�å4ÒËÓ Í ÂxÒ
¿ÐârâgÂ7Ñ6ÒÃ¼¾½�È Ç�Ï ß�¼¾ÈÛ|ÜÚÝ Ì Êº¿ÁÈàÓÃÒ2ß�ÊºÈ6Â Ç�Ì�Í ÒÃ¼ØÑÐÂ8Ê�É&Ó Í Â8ÑÐÂ7ÓÃÂ Ì Ó×ÊºÀ7¸0Û Ì2Ï Â Ç À Ç Ò
éVâgârÂ7ÓÃÀ
érå Ç ÒË¼¾ÈÞÓ×À
Ê�ÑÐ¿ Ì Â2ÑÖàésÓ Í Â Í ¼Ø½ Í ãºÊ Ï Ó Ç ½ºÂ Ì�ÍÐÇ ÈÐ½ºÂ7Ò2¸8Ù Í Â ÎÁÏ Ê�Ó\¼¾ÈsÓ Í Â5¿ ÎÐÎ Â2À|À
¼¾½ Í Ó\Ò Í Ê�å4Ò|Ó Í Â ÀÃÂ7Ò Î ÊºÈÐÒÃÂÇ ÉeÓ×Â7ÀÆÓ Í Â Ï ¼Ø½ Í Ó�¼¾È�ô
Â Ì Ó×¼ØÊºÈ Ç ÈÐÑ�â ¿ÁÊºÈ ÌvÇ¢Ï ¼¾ÖÁÀ Ç ÓÃ¼¾ÊºÈÐÒ.åÆÂ2À
Â Ç�ÎÐÎÁÏ ¼¾Â7ÑK¸.Ù Í�Ç Ó Ç ÒRé�ârârÂ7Ó×ÀRéå Ç Ò\ÀÃÂ7âgÊ�ãºÂ7Ñ�ÖÞéÔÓ Í Â ÌvÇ�Ï ¼¾ÖÐÀ Ç Ó×¼ØÊºÈK¸áÙ Í Â Ï Ê�åÆÂ2À ÎÐÏ Ê¢Ó Ì Êºâ ÎÐÇ ÀÃÂ7ÒhÓ Í Â5ÓÃÊ�Ó Ç�Ï À
Â2Ò Î ÊºÈÁÒÃÂ�ßÓ×Ê Î ¼¾Ê�ÈÐÒ2ßà¼¾È>Ó Í Â4ÀÃ¿ÐÈ!å4¼ØÓ Í Ó Í Â4âgÊVÑÐ¼ ¸ Â2Ñ Í ¼Ø½ Í ãºÊ Ï Ó Ç ½ºÂLÓÃÊ Ç ÒRÓ Ç ÈÐÑ Ç ÀÃÑ � Å Â 
`_ Ì À
¿ÐÈK¸Ù Í Â Í ¼Ø½ Í ã�Ê Ï Ó Ç ½ºÂsâgÊVÑÐ¼ ¸�ÌvÇ ÓÃ¼¾ÊºÈ ¼ØÈ Ó Í ¼¾Ò!Ó×Â7Ò
Ó Ì ÊºÀÃÀ
Â2Ò Î ÊºÈÁÑÐÒíÓ×Ê Ç È�¼ØÈÐÒ
Ó Ç ÈÞÓ Ç ÈÁÂ2Êº¿ÐÒ½ Ç ¼¾È Ì�Í�Ç ÈÐ½�Â6Ê�É âgG ¹Þì�¸CÙ�é Î ¼ Ì2Ç�Ï ½ Ç ¼¾Èúã Ç À
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p0        0.02± 2.75 

p1        0.00059± -0.00279 
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é!õdã	õJådñ�àÊãAâôá%ådè%é�åJáEäBð�æ]à«æ]àJáËé!âôð�û!ð�õJãAë;ß �úb ßB¯�� ÿJâôé!ûAâ]ãAó ÚÈ��° Ü ìDøDæ9ð�õJè%ë�øJåJá%ådã
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Æy� m � � ��� � ùÅ°8���
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åJð�â�áêè%æôð�é!õ´ð�ñV� ò£ø º���ò;èêé!ñ+{ïû�~)ùNß3àJáFó1øJé!õ+óyéAóyá%õcæôøJówð�ñ3óyã& �ð�óËð®©êá%å�äBàJá%õ�û¯º �
ãAõJåXóyð�õJð�óËð®©%áêåyäBàDáêõ|û¯ºý��ù��VõXæôàJá`ë�ð�óËð�æ-úiã � ãAõJånû¯º � ��� �

��ò º � öò£ø íþù1{¢o�ò(ÿj��ò8~ {¢è%é!ñ+{�û�~�º´ÿ � � ú|ã � ~ {W��ù Û ~
º ù ó ô º o öô {¢è%é!ñ+{�û�~$º×\ � ~ {W��ù���~
º � ó ò

ó ô�� ñ ù ó ô º ��� ����Þ�o öô {¢è%é!ñ+{�û�~$º õ � ~ {W��ùÅ¨8~

ß3àcøJñ � æ]àJá¦ópøJé!õ�óËé!óËáêõ�æ]øDó ò¢ãAë�ë�ñËð�õ�æ]àJá�âôãAõJû!á ��� ����Þ!o ô�� ��ò � o ô ù
�;ð�û!øDâôáé��ù Ä ñ�àJé�äBñ¦æ]àJá�ÿJâ�áêåJð�è%æ]á%å ópøJéAõ óËé!óËáêõ�æ]øJó ñ�ÿ á%è%æôâôøJó ã	æXæ]àJádîLãAë�ï6á%æ
ò¢ãAèêá	ùpß3àJá�ñôÿºáêè)æ]â]ã+ÿºá�ãAö�õDá�ãAâ6æôàJáEõJé!óËð�õÊã	ë;ìºá�ãAó¸óyé!óËáêõ�æôøJó ãAõDå�àJã�ýAá�ã	õý4��
	� 4 � Â��Êª� � æ]ãAð�ë3á� �æôáêõJåDð�õJû�åJé�äBõqæ]é ��� ����Þ!o ô ùqß3àJá¦ìºá�ãAó æôâôð�û!û!áêâEàJãAñ&ã«ë ãAâ�û!á
á  áêè%æ6é!õ¦æ]àDá1ópøJéAõ�ñôÿºáêè)æ]âôøDó � ñôøJÿJÿDâôáêñ�ñôð�õJû&æ]àJá8é�GmVóËé!óyá%õ�æ]øJó æ]ãAð�ë�ùlß3àDð�ñ:ð�ñúð�õAm
æ]øJð�æ]ð�ýAá � ñ�ð�õJè%ápæ]àJá|4&��	 � 4 � Â��Êª�� � ó1øJé!õJñ`ãAâ�áEð�õ�æôàJáEóyéAóyá%õcæôøJóHèçàÊãAõJõJá%ë�éAò0æ]àJá
ì áêãAóyë�ð�õJá6ãAõJå+åJáêèêã�í´òÃé!â�ä�ãAâôå[ãAë�é!õJûpæ]àDá9ÿJãAâôá%õcælÿJð�é!õÇ}�ñBåJð�â�áêè%æôð�é!õ�ù

�;ð�û!øJâôáÁ��ù��Xñ�àJé�äBñ8æ]àDá�ÿJâ�áêåJð�è%æ]á%å�ópøJéAõdèêéAóyÿºé!ñôð�æ]ð�é!õ«éAòLæ]àDáyß ��� ãAõJå�ß(�
ì áêãAóyë�ð�õJá%ñ � ã	òþæ]á%âXè%é!õJñ�ð�åJá%âôð�õDû�æôàJá�æôâôð�û!û!áêâ+ã	èêèêá%ÿDæçã	õJèêá	ù ß3àJádè%é!óËÿ é!ñ�ð�æôð�é!õ � á� ?m
ÿJâôá%ñôñôá%å�ãAñ6ãyòÃâôãAè%æôð�é!õ[éAòÛæôàJá8æôéAæçãAë¤õcøJópìºáêâúéAòNÿJð�éAõJñ:ã	õJå=ópøJé!õDñ � ð�ñ:õDá�ãAâ�ë�íXð�õJåDá�m
ÿ á%õJåJáêõ�æ8éAò0æ]àJá�ìºá�ãAó¸óyé!óËáêõ�æôøJó � ý	ãAâCí�ð�õJû´ìºá%æVäaáêá%õê�=m Ä ð´ùÏ!¾áêâ�àÊãAÿJñ`æ]àDáËâ�áêñ�øJë�æ
ð�ñ:õDéAæ:æôé�é&ñ�øJÿJâ�ð�ñôð�õJûJùúß3àJáEÿJâôéAìÊãAìJë�ð�ë�ð�æVí�òÃé!â:ã�ÿJð�é!õ¦æ]é�åJáêèêã�í¦ð�õ¦ã&ñôóyãAë�ëSåJð�ñ�æçã	õJèêá
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�;ð�û!øDâôáÁ��ù Ä � #XøJé!õ óËé!óyá%õ�æ]øJó ñôÿºáêè)æ]âôã � ãAñ1ÿDâôáêåDð�è%æôáêå ì�í�ß �úb ßB¯�� � òÃé!â9æ]â]ã	èçö�ñãAèêè%áêÿDæôáêå�ì�í«æ]àJá�îLãAë�ï6á%æ`æ]â�ð�û!û!á%âêùËß3àJá�ó1øJé!õJñ8ãAâôá�è%âôá�ã|æ]áêådð�õ�ÿJð�é!õ�åJá%è�ã�í!ù´ß3àJá
ñôÿºáêè%æôâ]ã1ÿºá�ã	öyõJáêãAâaæôàJá:éAõAmVóËé!óËáêõ�æ]øJókýAã	ë�øJá � ìJø�æLàÊã�ý!á6ã8æçãAð�ëÊá� �æ]á%õJåJð�õJûEåJé�äBõ�æ]éi ��� ���Ûo ô ù b á%ñôøJë�æ]ñBãAâ�á`òÃâ�é!ó ã�ñôð�ópøJë�ã	æ]ð�é!õ�éAò¤æ]àDá9ß ��� ìºá�ãAóËë�ð�õJáAù¾ß(��ð�ñ3ñôð�óyð�ë ãAâ%ù
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äBàJáêâ�á¹�Qü+�W� ø ãAâ�áXæôàJáXë�é!õJûAð�æ]øDåJð�õÊã	ëLãAõJåüæ]âôãAõJñCý!áêâ�ñôá�ó1øJé!õ�óyé!óËáêõ�æ]ã«ð�õ�æôàJáXë ãAì
òÃâ]ãAóËáAù[�Zò æôàJá3åJá%æôáêè)æ]é!âNð�ñÛã`åDð�ñ�æ]ãAõJè%á���ã�äLã�í � æôàJáBópøJé!õpäBð�ë�ëDá%õ�æ]áêâ�æôàJá3åJá%æôáêè)æ]é!â0ã	æ
ã`åDð�ñ�æ]ãAõJè%á�� � òÃâôéAókæ]àDálÿDâôé&%�á%è%æ]á%å�ÿJð�é!õ�ð�óËÿÊãAè)æ�ÿ éAð�õ�æ�{¢ð�ù�á	ù � æôàJáBì áêãAó1mZñôÿºéAæ�~$ù;ß3àJá
ópøJé!õ�ãAè%èêá%ÿDæçãAõDèêá3ð�ñ;á� �ÿ á%è%æôáêå�æ]é6â�é!øJû!àJë�í1ñ�è�ãAë�áLð�õ1ð�õ�ý!á%âôñôáBÿJâ�é!ÿºé!â�æôð�é!õ9æ]é�� � � æôàÊã	æ
ð�ñlãAñ-� ô ùLß3àDáêâôá)òÃé!âôá � æôàJá1ÿDâôé�åJøJè%æúéAò¾æ]àJá8åJáêèêã�íXÿJâ�é!ìÊãAìDð�ë�ð�æVí´ãAõDå[æ]àDá1ãAè%èêá%ÿDæçãAõDèêá �
ãAõJå+àJáêõDèêáFæ]àJáFó1øJé!õ´èêéAõcæôáêõ�æ � åJé�áêñ3õDéAæ3åJá%ÿ á%õJå[éAõ+æôàJáFìºá�ãAó óyé!óËáêõ�æôøJó[ù;ß3àJð�ñ
ñôð�óËÿJë�ð�ñ�æôð�è`ãAâ�û!øJóËáêõ�æ6ð�óyÿDë�ð�è%ð�æôë�í�ãAñôñ�øJóyá%ñ`ã�ñôø�syè%ð�á%õcæôë�í[õÊãAâ�âôé�ä�ÿJð�é!õ[ì áêãAó � ñ�øJèçà
æ]àÊã	æ�æôàJáêâ�álãAâôá3õJé`ÿJð�é!õJñ�é!ø�æ]ñôð�åJáLæ]àDáúã	èêèêá%ÿDæçã	õJèêáléAòºæ]àJá3åJé�äBõJñCæ]â�á�ãAó è%é!øJõ�æ]á%âNæôàÊã	æ
èêé!øJë�å«åJáêèêã�í«ð�õ�æ]éXã´ópøJé!õ=æ]àJã	æ9ð�ñ`ãAè%èêáêÿ�æ]áêå�ùÁ��è�ã	æ�æ]áêâ�ð�õJû+ð�ñ`ãAë�ñ�éXõDáêû!ë�áêè%æôáêåÇù�ß3àJá
á  áêè%æ:{Ãé!õ´ópøJéAõJñ�~aé	ò¤òÃé�èêøDñôð�õDûpàÊãAñ3õJé	æ3ì á%áêõ´è%é!õJñôð�åJáêâ�áêåÇùNß �úb ßB¯�� åJé�áêñ3ÿJâ�áêåJð�è%æ
ãpõÊãAâôâ�é�ä×ÿJð�é!õ&ìºá�ãAó {¢ñ�áêáy�;ð�ûJù���ù���~0ãAõJå+èêéAóyÿJë�á%æôáêë�íËõJá%û!ë�á%è%æôñ3ñôè�ã|æôæ]á%âôð�õJû � ë�áêõJåDð�õJû
ñôé!óËá-%�øJñ�æôð ¸ èêã	æ]ð�é!õ´æ]éEæ]àDá8ã	âôû!øJóËáêõ�æêù

à t�o � Õ Ù�� u t+Ó�Ü x=z2q8ØÛÓêvËx

ß3àJá * � � 'úß�Þ1è%é�åDáúä�ãAñLøJñ�áêå&æ]é1èêé!õJñCæ]â�øJè%æBã8óyé�åJáêëeéAò�æ]àJá6åDé#äBõDñ�æ]â�á�ãAówÿºé!â�æôð�é!õ
éAò;æôàJá`ß ��� ã	õJå¦ß(�Eì áêãAóËë�ð�õDáêñ¯{¢ñ�áêá:�;ð�ûDùG��ù ÛQ�BÄ ùÅ°Ëã	õJå Ä ù ��� ~$ùNß3àJá8è%é�åDá9ä�ãAñlé!âôð�ûRm
ð�õÊãAë�ë�í«ð�õcæôáêõJåDáêå æ]é=ÿJâ�áêåJð�è%æEæôàJá&áêõDáêâôû	í ë�é!ñCæpð�õ�æ]âôð�û!û!á%â1ÿÊãAåDåJë�á%ñ ���î�áêâ�áêõJö	é#ý äBð�õAm
åJé�äBñyã	õJåüû�ãAñ � ã�ópøDë�æ]ðÎmZäBð�âôáËèçàÊãAópìºáêâ � ãAõDåüæôàJá+ãAð�â1ð�õ�æôàJá´åJá)æ]áêè)æ]é!â�àÊã	ë�ë�ù«ß3àJá
èêé�åJálä�ãAñaë ã	æôáêâNá� �æ]á%õJåJá%å&æ]é9óyé�åJáêëJæôâôð�û!û!áêâ0ãAè%èêá%ÿDæçãAõDèêá6ã	õJå�ñCæ]øJåDí�æôàJá:ópøDé!õyè%é!õAm
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�;ð�û!øDâôá¯��ù�� � ß3àJá8ó1øJé!õXèêé!õ�æ]á%õ�æ � á� �ÿJâôá%ñôñ�áêå«ãAñlãEòÃâ]ãAè)æ]ð�éAõXé	ò;æ]àDá9æôéAæçãAë·õcøJó1ì á%âlé	òópøJé!õJñ¤ãAõDå9ÿDð�é!õJñSã	èêèêá%ÿDæ]á%å1ì�íFæ]àDáNæôâôð�û!û!áêâ � ãAñ¤ãLòÃøJõJè%æôð�é!õ`éAò�æ]àDá0ìºá�ã	ó×óËé!óyá%õ�æ]øJóXù
ß3àJá8â�áêñ�øJë�æôñúã	âôá`ãEÿJâôá%åJð�è)æ]ð�é!õ+éAò¾æôàJá`ß ��� ßB¯���ñ�ð�ópøJë�ã	æ]ð�é!õ�é	òÛß ��� ãAõJåXß(��ù
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�;ð�û!øDâôá£��ù Û � îLãAâCæ]é�é!õ�ë ã�íAé!øDæ]ñFé	ò�æ]àJáEß ��� ã	õJå=ß(��ì áêãAóËë�ð�õDáêñ � ñôàDé#äBð�õJû+áêë�áêóËáêõ�æ]ñð�õJè%ë�øJåJá%å+ð�õ´æ]àJá * � � 'úß ì áêãAóËë�ð�õDá6ñôð�ópøJë ã|æ]ð�éAõÇù

æ]áêõ�æêù-�ÛýAáêõ�æ]ñúÿJâôé�åJøJè%áêåXìcí´æôàJáFìºá�ãAóËë�ð�õJá6ñôð�ópøJë�ã	æ]ð�é!õ�äaáêâôá9ãAë�ñôé�ð�õDñôáêâCæ]á%å[ð�õcæôéEæ]àJá
* � � 'lß×ñ�ð�ópøJë�ã	æ]ð�é!õ&éAò¤æ]àDá9åDá%æ]á%è%æôé!âêù õJë�í+æôàJá8åDé#äBõDñ�æ]â�á�ãAó¸ñôá%è%æ]ð�é!õ¦é	òÛæ]àJá8ì áêãAóËë�ð�õDáêñ3äLã	ñ:óËé�åJá%ë�á%åÇùBß3àJá1ß ���
óyé�åJáêëaì á%û�ãAõ�ã	æEæôàJá´øJÿJñCæ]âôáêãAó�æôð�óËá&éAò
!Êð�ûAàcæ�è%é!øJõ�æ]á%âêù�ß3àDáXñ�ð�ópøDë ã	æôð�é!õ�éAò:ß(�
ñ�æçã	â�æ]á%å�%�øJñCæ1ìºá%òÃéAâôáEæ]àJá�òÃâôéAõcæ`ò¢ãAè%áyé	ò�æ]àDáyøJÿDñ�æ]â�á�ãAó �î�á%âôá%õJöAé�ý�èêé!øJõ�æôáêâêù�ß¾âôãAèçöcñ
ä�á%âôá&á� �æôâ]ãAè)æ]á%å�òÃâôé!ó æôàJá´ï6áêèêã�í?mZß ��� ßB¯�� ñôð�ópøJë�ã	æ]ð�é!õ�ã	æ1æôàJé!ñôáyÿ éAð�õ�æ]ñ8ãAõJå�ð�õAm
ñôáêâCæ]á%å¦ð�õ�æôé�æôàJá`ì áêãAó£mVë�ð�õJá:ñ�ð�ópøDë ã	æôð�é!õÇù

ß3àJáyøJÿJñ�æôâôáêãAó �î�á%âôá%õJöAé�ý�èêé!øJõ�æôáêâôñ1ð�õ�ì éAæôàdìºá�ãAó£mVë�ð�õJá%ñFâôøJõ�æ]àJâ�é!øJû!à�æ]àJá
ãAÿ á%â�æôøJâôáyéAò3é!õJá|{¢ß(��~`é!â`æVä�éê{Ãß ��� ~F÷cøÊãAåJâ�øJÿ éAë�á�óyãAû!õDá%æ]ñ%ù+ß3àJá ¸ á%ë�åJñ8éAòLæ]àDáêñôá
ó�ãAûAõJá%æôñLä�á%âôá9ñôð�ó1øJë ã	æôáêå´øJñ�ð�õJûyãEñôèêãAë ãAâ3ÿºéAæôáêõ�æ]ð�ãAë �"�º$# �&%' {W��ùÅ°8~
äBàJáêâ�á # ð�ñ�æôàJá6óyãAû!õJð�æ]øJåJáúéAò·æ]àDá ¸ áêë�å´ã	æLæôàJá6ÿºé!ë�álæ]ð�ÿ´âôãAåJð�øJñ ' ãAõJå(���)%�ãAâôáúæ]àJá
èêé�é!âôåJð�õÊã	æôáêñBÿ á%âôÿºáêõJåDð�èêøDë ãAâ3æ]é�æ]àDá9ìºá�ã	óÒåJð�â�áêè%æôð�é!õ�ù � æ:ãAõ�í+ÿ éAð�õ�æ � æôàJá9ó�ãAûAõJá%æôð�è
¸ áêë�ådð�ñ9û!ð�ý!áêõdìcí+* º-,.":ùXß3àJá�ÿÊã	â]ãAóËá%æôáêâôñ9ð�õ�ß;ã	ìÇù���ù � m���ù��+äaáêâôáyøJñôá%å ð�õ�æ]àJá
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ñôð�ó1øJë ã	æôð�é!õ+äBð�æôà�æ]àJáEÿºé!ë�á1æ]ð�ÿ ¸ áêë�åJñFñôèêãAë�á%å«ãAèêè%é!âôåDð�õJû&æôé&æ]àJáEìºá�ãAóHóËé!óyá%õ�æ]øJóXù
ß3àJáEãAè)æ]øÊãAëSóyãAû!õJá)æúíAé!öAá%ñ6ä�á%âôápõDéAæ:ð�õJèêë�øJåJá%å�ð�õ+æ]àJá1ñôð�ó1øJë ã	æôð�é!õ�ù��VõJñCæ]á�ã	å � ¸ á%ë�åJñ
ä�á%âôá�â�áêñ�æôâôð�è%æ]á%å�æ]édæôàJá �î�á%âôá%õJöAé�ý è%é!øJõ�æ]á%â�ý!é!ë�øJóËáAù×ß3àDá ¸ áêë�å ý	ãAë�øJáêñyåJâôé!ÿDÿ á%å
ñôàÊãAâ�ÿJë�íúæ]é"©%áêâôéBé!ø�æ]ñôð�åJáÛæ]àDá �î�áêâôá%õJöAé�ý9â]ã	åJð�øJñÇãAõJå9ã	æ·ìºéAæ]à`á%õJåJñSéAòcæ]àJá�÷cøÊã	åJâôøJÿºé!ë�áAù
ß3àJé!øJû!à�æ]àJá�åJð�ñôèêéAõcæôð�õcøJð�æVí ð�ñ+èêë�á�ãAâ�ë�íqõJéAæ¦ã�û!é�é�å�óËé�åJáêëFéAò8æ]àJá�÷cøÊãAåJâ�øJÿºé!ë�á0/�ñ
òÃâôð�õDû!ð�õJû ¸ áêë�å � æôàJálá� DãAè%æ0òÃé!â�ó éAòºæ]àÊã	æ ¸ á%ë�åËð�ñNõJéAæ0á� Dÿºáêè)æ]á%å�æ]é9ì á3ýAáêâ�íËð�óyÿºé!â�æ]ãAõ�æ
{¢ñôá%á � á%òIù�Ú Û � � ÿÊãAû!á Ä � Ü ~$ù

ß ��� ßB¯+� ÿDâôáêåDð�è%æôáêådã´ýAáêâCí�ñ�ó�ã	ë�ë;ÿDð�é!õ�ì áêãAó£mVñôÿºéAæFñ�ð®©%á � ìJøDæ9åJð�å«õJé	æ8ð�õAm
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ß3àJá8è%é!øJõ�æ]á%âBåJð�å+ð�åDáêõ�æ]ð�òþí&ö|ãAé!õJñBð�õ+æôàJá ����* á  �5 èFñ]ãAóËÿJë�á	ù¡:ã	åJâôé!õDð�è6ã	è%æ]ð�ý�ð�æVíyãAõJå�æôàJá6àÊã	åJâôé!õDð�è:â�áêñ�ÿ é!õDñôáFéAòÇæôàJá6åJá)æ]á%è%æ]éAâLåJáêÿºáêõDå � æ]é
¸ âôñCæ�é!âôåJá%â � é!õ æ]àJá�B«|��þÀ��¬êÀ�Â[Â���Â�
�B¯®Ëè�ãAâ�âôð�á%å ì�í�æ]àJá+ð�õJèêé!óËð�õDû¦ÿÊãAâCæ]ð�èêë�á	ùdß3àJá
òÃá%ä´ð èêé!õ�æçã	óyð�õÊã	æ]ð�é!õ�òÃâôé!ó ö|ãAé!õDñLð�ñ0õJáêûAë�ð�ûAð�ìJë�á3ð�õ&óËé!ñ�æañ�æôøJåJð�áêñêù � ñ3ã1ñ�é!óyá)äBàÊã	æ
á� �æ]â�áêóËáLá� DãAóËÿJë�á � ã	æVÞ * á  �5 è � æôàJá�ö|ãAé!õpã�ý	ãAë�ð ãAìDë�á�áêõDáêâôû	í1ð�ñVÞDù � Ä �+* á   � òÃéAâ¾ÿJð�é!õJñ
ð�æ0ð�ñ-ÞDù ��� Þ * á   ãAõJåyòÃéAâaÿJâ�éAæ]éAõJñað�æ�ð�ñ-��ù�� � � * á   ù � ñ�ñôøJóËð�õDûpã�Þ�ð èêé!õ�æçã	óyð�õÊã	æ]ð�é!õ
éAò¾æôàJá`ÿJâôé	æ]é!õ+ñ]ã	óyÿJë�á � æôàJá9ãAÿJÿÊã	âôáêõ�ælñôàDð�òþæBð�õ´æôàJá9ã�ýAáêâôãAû!á9ÿJâôéAæôé!õ+áêõJá%âôûAí+ð�ñ
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#n��'  �¦äBð�ë�ë;èêë�ãAñôñ�ð�òþí[á%ýAáêõ�æ]ñ8ãAñ¯å=ò=mCî3î � å[ÄÉmCî3î é!ây'6î ìÊãAñ�áêå�é!õ�æ]àJáEæôé!ÿ éAë�é!û!ð�è�ãAë
ÿÊã	æôæôáêâ�õJñ:ð�õJåJøJè%áêå�ð�õ[æ]àDá8åJá)æ]á%è%æ]éAâêù��eéAâúá� Jã	óyÿJë�á � å=ò=mCî3î×á)ý!á%õcæôñ:äBð�ë�ë·ì á8ñôá%ë�áêè)æ]á%å
ìcí9â�áê÷cøJð�â�ð�õJû3æôàÊã	æ¤æ]àJá0á%ýAáêõ�æ]ñÛè%é!õ�æçãAð�õpã3æ]âôãAèçö � èêéAõJñôð�ñ�æ]á%õ�æ;äBð�æôàpãBópøJé!õ � á%óyð�õÊã	æ]ð�õJû
òÃâôé!ó æôàJáBý!áêâCæ]á� �ù$��ë�á%è%æôâôé!õËõJáêø�æ]âôð�õJé9èçàÊãAâôûAáêå�è%øJâôâ�áêõ�æaá%ý!á%õ�æ]ñ3ãAõDåyõJá%øDæ]âôãAëeèêøJâ�âôá%õcæ
á%ý!á%õ�æ]ñ�äBð�ë�ëaàÊã�ý!á+ñôàDé#äaáêâ�æ]éAÿ é!ë�é!û!ð�áêñ � ñôð�óËð�ë�ãAâ`æ]é=æ]àJéAñôá´é!ìJñ�áêâCý!áêåqìcí îLãAë ï6á)æpòÃé!â
áêë�á%è%æôâôé!õyãAõJåËÿJð�éAõËð�õJåJøJè%áêåyá%ý!á%õ�æ]ñêùNß3àJálÿJâ�ð�óyãAâ�í8åJðª áêâ�áêõJè%áêñ0ì á)æVä�á%áêõ�å�ÄzmIî3î ãAõJå
'6î á)ý!áêõ�æôñ6äBð�ë�ë�ì á8ãyóËé!âôá`åJá%õJñôá � ñ�àJé!â�æôáêâúñôàJé�äaáêâzmZèêé!â�ápãAõDå�ãyâ�áêë�ã	æ]ð�ý!á`âôá%åJøJè%æôð�é!õ
ð�õ�æ]àDá=àÊãAåJâ�é!õJð�è�ãAè%æôð�ý�ð�æVí ð�õ å�Ä�mIî3î á)ý!áêõ�æôñ[åJøDá�æ]é�æ]àDá=áêõJá%âôûAí èêãAâôâ�ð�á%å ìcíqæ]àJá
áêë�á%è%æôâôé!õÇù�ß3àJá�è%ë ãAñ�ñôð ¸ è�ã	æôð�é!õ áQ¥Ëèêð�áêõJè%ð�á%ñyäBð�ë�ëBì á[á%ý	ãAë�øJã	æ]á%å � ã	æyë�á�ã	ñ�æ&ÿJãAâ�æôð ãAë�ë�í �
ìcí�øJñôð�õJû+èêé!óËÿJâôá%àJáêõDñôð�ýAá * � � 'lß ìÊãAñ�áêå¸#[é!õ�æ]áyîLãAâ�ë�é´ñôð�ópøJë�ã	æ]ð�é!õJñ:é	ò�õJá%øDæ]â�ð�õJé
ð�õ�æ]á%â]ãAè)æ]ð�éAõJñ`ð�õdìºéAæôà�æôàJáë'lá�ãAâ8ãAõJå3�ºã	â9åDá%æ]á%è%æôé!âôñ%ùn'láêøDæôâ]ãAëNè%øJâôâ�áêõ�æEá%ýAáêõ�æ]ñpãAâôá
éAò¤ÿÊãAâ�æôð�è%øJë ãAâað�õ�æ]á%âôá%ñ�æBìºáêè�ã	øJñôáFæ]àDá%í+ãAâ�áFé!õ´é!õJáFàJãAõJå´æ]àJáFåDé!óyð�õÊãAõ�æ3ìÊã	èçö�ûAâôé!øJõDå
òÃé!â�æ]àDá¯å=òEã	õJå�å[ÄBî3î óËá�ãAñ�øJâôá%óyá%õcæôñBãAõJå+é!õ&æôàJáFéAæ]àDáêâ3ãAâ�á6æ]àJá%óyñ�áêë�ý!áêñ3ñ�áêõJñ�ð�æôð�ý!á
æ]é�éAñôèêð�ë�ë�ã	æ]ð�é!õJñ3ð�õ�ýAé!ë�ý�ð�õDûëå[Å)ùBß3àJá%âôá%òÃéAâôá � ãAèêè%øJâ]ã|æ]á1ñ�ð�ópøDë ã	æôð�é!õ+éAò�õDáêøDæôâ]ãAë¤èêøJâ�âôá%õcæ
á%ý!á%õ�æXæôé!ÿºé!ë�é!û	í ð�ñ�éAò9è%é!õJñôð�åJáêâôãAìJë�á�ð�óËÿ éAâ�æçã	õJèêá+æ]é�#n��'  � ùLß3àJá�îLãAë�ï6á%æ�åÊã	æçã
ÿJâôé�ý�ð�åJá%ñ�ãüÿ é�äaáêâCòÃøJë9æôé�éAë6æ]àÊã	æ[óyã�í�ì á�øJñôá%å×æ]é èêé!õ�òÃâôé!õ�æ[ñôð�ó1øJë ã	æôð�é!õDñ&ð�õ�æ]àJá
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âôáêë�ã	æ]ð�ý!á%ë�í�ñ�ð�óËÿJë�á�è�ãAñ�áXé	ò:ñ�ð�õJû!ë�á´ÿÊãAâCæ]ð�è%ë�á%ñpäBð�æ]à�ã=ä�á%ë�ë3öcõJé�äBõqóËé!óËáêõ�æ]øDó ãAõJå
ð�åJá%õcæôð�æVíAù ß3àJán#[é!õ�æ]á[îLãAâ�ë�é«ópøJñCæ�èêé!â�âôáêè)æ]ë�í âôá%ÿJâôé�åJøJè%á+æôàJá´æ]á%ñ�æZmZì áêãAó åÊã|æçã=ð�õ
é!âôåJá%â:æ]é´ìºápøJñ�áêå=äBð�æôà�èêéAõ ¸ åJá%õJèêá�ð�õ[æ]àJápõDáêøDæôâôð�õDé+ãAõÊãAë�í�ñ�ð�ñ%ùFß3àJápñôð�ópøJë�ã	æ]ð�é!õ[é	ò
õJáêøDæôâôð�õJé«á%ý!á%õ�æ]ñ�ð�ñ � éAòúèêé!øJâ�ñôá � óyéAâôá´èêéAóyÿJë�ð�èêã	æ]á%å ñôð�õDèêá´æ]àJá%âôá+ð�ñ�ã	õqãAåDåJð�æôð�é!õÊã	ë
åJáêÿºáêõJåDáêõJè%áyé!õ�æôàJáEû!á%õJáêâôã	æ]é!â6ãAõJålåÆ!ÊøA ù9ß3àJáEæ]áêñCæZmZì áêãAó¸åJã	æçã´ã	æ6ë�á�ã	ñ�æ`ãAë�ë�é�äBñ
æ]àJápÿDâôé!ìJë�áêóÒæ]éyì á8ò¢ãAè%æôé!âôðª©êáêå[ð�õ�æ]éyæVä�é´ÿÊã	â�æ]ñ � æ]àJá8û!áêõJá%â]ã	æôð�é!õ¦éAò�æ]àJá ¸ õÊãAë¾ñ�æ]ã	æ]á
ãAõJå+æ]àJá`ñôð�ópøJë�ã	æ]ð�é!õ�éAò¾æ]àJá`åJá)æ]á%è%æ]éAâ{/�ñlâ�áêñ�ÿ é!õDñôá`æ]é�æ]àJá ¸ õÊã	ëÇñ�æ]ã	æ]á	ù

ß3àJápàJãAåJâôéAõ�ãAõÊã	ë�í�ñôð�ñúð�õ=îLãAë�ï6á%ælò¢ãAèêá%å=ãyÿJâ�é!ìJë�áêó æ]àJã	æ:ä�ãAñ6ã	õÊãAë�éAû!é!øJñ3æ]é
æ]àJá�'6î 5 î3î�ñôáêÿJãAâ]ã	æôð�é!õ�æçã	ñôöeù � ñ0åJð�ñ�èêøJñ�ñôá%å&ð�õ�î�àÇùA� � ñôð�ópøJë ã|æ]ð�éAõJñÛð�õDåJð�èêã	æ]á%å�æôàÊã	æ
æ]àJáyÿJð�é!õ�ñ]ãAóËÿJë�áyè%é!õ�æçãAð�õJáêå ã[ópøJé!õ�ìÊãAèçöcû!âôéAøJõJå éAò�Þ=mz��ð�7$ùXß3àJáêñ�á´ópøJé!õDñ1àÊãAå
æ]é&ìºá1ð�åJáêõ�æ]ð ¸ áêå¦ð�õ�é!â�åJáêâlæ]é´ã	èêèêøDâ]ã	æôáêë�íXèçàÊã	â]ãAè)æ]áêâ�ð®©%á1æ]àJá1ñôð�ûAõÊãAë¤ãAõJå�æôé!ÿ éAë�é!û!ð�è�ãAë
âôáêñ�ÿ éAõJñôáFæ]éEÿDð�é!õJñ%ù�ß3àJáFð�åDáêõ�æ]ð ¸ è�ã	æôð�é!õ�ÿJâôé�èêá%åJøJâôáFø�æ]ð�ë�ð®©%áêå�æôàJá:æ]éAÿ é!ë�é!û!ð�è�ãAëeåJð��á%âzm
áêõJè%áêñFìºá%æVäaáêáêõ«ÿJð�é!õ�ã	õJå�ópøJéAõ�á%ýAáêõ�æ]ñ � ãAõJå¦æôàJé!øJû!à¦õJéAæ �E��� ð áQ¥Ëèêð�áêõ�æ � í�ð�áêë�åJáêå
ã+ÿDð�é!õ=ñôãAóyÿDë�á1äBàJð�èçà«èêé!øJë�å«ì áEè%é!óyÿJãAâôá%å�æ]é+ñôð�ópøJë ã|æ]áêå¦ÿJð�é!õDñFñôøJìJ%�á%è%æôáêå�æôé´æ]àJá
ñ]ãAóËáFñôá%ë�áêè)æ]ð�é!õ[è%âôð�æ]áêâ�ð ãDù

Ç � Ï t�x=Ü Ü qÏwÛÞ �ÉÈ ØqÊ�Ô Ë qÏ²iwq��� t\q1Ü â��êÔ6�
�;ð�û!øDâôáêñy¨�ù � mÉ¨Dù��´ñ�øJóËó�ãAâ�ð®©%á1æ]àJáËàÊãAåDâôé!õ«ñ]ã	óyÿJë�áEÿJâôá%ñôá%õcæpã	òþæ]á%â6æ]àJáËñôá%ë�á%è%æ]ð�é!õ«èêâ�ð�m
æ]áêâ�ð ã�éAòNî�à�ù Ä ù Û ä�á%âôá1ãAÿJÿJë�ð�áêå�ù�ß3àJá ¸ û!øJâ�áêñúñôàJé�äBõ[äaáêâ�á1è%é!õJñ�æôâôøJè)æ]á%å=åJøJâôð�õJû�æ]àJá
àJð�ñCæ]é!û!âôãAóËóyð�õJûLÿJàÊã	ñôá0éAòDæôàJáaåJã	æçãBÿJâôé�èêá%ñôñ�ð�õJû � øJñ�ð�õJûlð�õJÿDøDæ]ñSòÃâôé!ó æ]àJá�îLãAë ï6á)æçïy��ß
ãAõJåXñôáêè%é!õJå[ÿÊãAñôñlïy��ß¯{Ãñôá%ápî�àÇù Û ~)ù�ß3àJá`ý	ãAâôð�ãAìJë�á%ñLñôàDé#äBõ¦ãAâôá �Ë ¼¤ÍÍÌ�£c§y¹�¤l»%µ�§	�7§¾»ÏÎz§;²Ã±Ê¡S£�»�ÐÏÂ¤�þµ�© ß3àJápõcøJó1ì á%â6éAòNñ�æôâôð�ÿJñ£{ÃÿJë ãAõDáêñ�~3äBð�æôà=ã�ñôð�ûRm

õÊãAë�ùy9�éAæ]à�ý	ãAâ�ð ãAìDë�áêñúóyáêãAñôøDâôá1æôàJá§ÑôãAè)æ]ð�ý�ð�æVí�Ò�éAòNæ]àJápá)ý!á%õcæêù1ß3àJá�ÓÒÿJë ã	õJáêñ
àJð�æ;ð�ñ�ã	ë�ñôé6ã6âôáêë�ã	æ]ð�ý!á%ë�í9âôé!ìDøJñ�æ�óËá�ã	ñôøJâ�á3éAòÊæ]àJá3ÿºáêõDá%æ]âôã	æ]ð�é!õEéAòÊæôàJá3á%ýAáêõ�æ0ð�õ�æ]é9;ÔS?3R3TVcacdpB>�?�<[G\R3Pd�4E<�>qIJ>zL8?X�F>zWnI@X�G8P�p[LQC_`{NQFGQX�P[W
L8A�AB>DLOF_?3?TVNQP�ThfBCKLOP{EHcVj
<[TVNQ<�>KF
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æ]àJá`èêãAë�é!â�ð�óËá%æôáêâêù � ælá%õJáêâ�û!ð�á%ñ:ãAìºé�ý!áÕu Þ * á   æôàJáFæVä�éËý	ãAâôð�ãAìJë�á%ñ3ÿJâôé�ý�ð�åDá8ã
âôáêãAñôé!õJãAìJë�áúñôá%ÿÊãAâ]ã|æ]ð�éAõ´ì á)æVä�á%áêõ+ÿJð�éAõJñ3ãAõJå�ópøJé!õJñ � ñôð�õJèêá � õJá%û!ë�á%è%æôð�õJûpõDé!ð�ñ�á �
ópøJé!õ�æ]âôãAèçöcñLãAâ�áBá� �ÿ á%è%æôáêå�æôé8àÊã�ýAá6u � àJð�æañCæ]â�ð�ÿ 5 àJð�æ0ÿJë ãAõDáúã	õJåyÿºáêõDá%æ]âôã	æ]á
æ]àJáEá%õ�æ]ð�â�áEè�ãAë�é!âôð�óyá)æ]á%âêù:!Nð�é!õ=ñôàDé#äaáêâ�ñ1ã	âôáEá� �ÿºáêè)æ]áêå�æ]é´ìºáEñôàJéAâ�æ]á%âFäBð�æ]à«ã
ë ãAâ�û!áêâ�ñ�æ]â�ð�ÿ 5 ÿJë ãAõDáFâ]ã	æôð�éJù

¶�ÂS¹AÃ1£�§&Íd±QÀS�¢Í«¼¾Í §¾²Ã±Ê¡¤£¦±Ê¡¾È »ê�¢¨º¡S±Ê²C© ß3àJáNÿJë ãAõDá;äBð�æôà`æôàJá�ë ã	âôû!á%ñ�æ·ñ�ð�û!õÊã	ë!ãAõJå
æ]àJá�ñôð�ûAõÊãAë�ð�õ8æôàÊã	æ�ÿDë ãAõJá	ùV�Êé!â¾ópøJé!õDñ � æôàJáLñôð�û!õÊãAë�ð�õ1ñôàJé�äaáêâ�óyã& 8ð�ñ;á� �ÿ á%è%æ]á%å
æ]é�ìºá�Ö � ��#n��!�ñEãAõJå�æôàJá�ÿDë ãAõJáyéAòBñôàDé#äaáêâEóyã& �ð�ñ8á� �ÿºáêè%æôáêå æ]é¦ì áyâôáêë�ã&m
æ]ð�ý!áêë�íÏ!Êã	æ6äBð�æôà=ñôé!óËáEÿºá�ãAöcð�õDû+ã	æ6æ]àDáEñ�æ]éAÿJÿJð�õDû´ÿJë ãAõDáêñ:òÃé!â:é!õAmVóËé!óËáêõ�æ]øDó
ãAõJå«é�GmVóËé!óËáêõ�æ]øJóHópøJéAõJñ ñ ùÏ�eéAâ6ÿJð�éAõJñ � æôàJáEñôàJé�äaáêâ`óyã& =ÿJë�ãAõJápåDð�ñ�æôâôð�ìJøAm
æ]ð�é!õ´ð�ñLá� �ÿ á%è%æ]á%å[æôéËÿºá�ã	ö�ìºáêë�é�ä×u ��� ÿJë ã	õJáêñLäBð�æ]à+ãEàJð�ûAàAmVñ�ð�åJá:æ]ãAð�ë�ù � ì é�ý!á
� * á  �5 è8æ]àJápñ�ð�û!õJãAë;ð�õ�ñôàJé�äaáêâ`óyã& [ð�ñ6á� Dÿºáêè)æ]á%å«æôé´ì á1ñôð�ûAõJð^ØÊèêãAõ�æ]ë�í[ë�ãAâôûAáêâ
æ]àÊã	õÆu ��� #���!Nñ � ãAë�ë�é#äBð�õJûpÿJð�é!õJñLæôéËìºá`ñôá%ÿÊãAâ]ã|æ]áêå+òÃâôéAó ópøJé!õDñêù

¶·¼¤Í�Íd£�È�»��Ã¨º¡¤±J²C© ß3àDá�ãAóËé!øJõ�æXéAòpñ�ð�û!õJãAë � ñôøJóËóyð�õJû á%ýAáêâCí×àJð�æ+ð�õ æ]àJá�á%ýAáêõ�æ�ù
ß3àJálã�ý!áêâôãAû!á � é�ýAáêâ0ó�ãAõ�í1á%ý!á%õ�æ]ñ � éAòeæ]àJáBñ�øJóyóËáêå�ñ�ð�û!õÊã	ëJð�ñ;æôàJáBèêé!õ�ýAáêõ�æ]ð�é!õÊãAë
óyáêãAñôøDâôá`éAò¤æ]àJá`åJá)æ]áêè)æ]é!âQ/�ñlâôá%ñôÿºé!õJñ�áAù
�;ð�û!øJâôá�¨Dù � ñ�øJóËó�ãAâ�ð®©%áêñ¾æôàJá3ë�é�ä�áêõDáêâôû	íEèêé!ó1ìJð�õJá%åEÿJð�éAõEãAõJå�ópøJéAõEñ]ãAóËÿJë�á	ù õJmVóËé!óyá%õ�æ]øJó ópøJéAõJñ1èêãAøJñôá&æôàJá�ñ�ó�ã	ë�ëNÿ áêãAöcñpý�ð�ñôð�ìJë�áËé!õdæôàJá&àJð�û!à�ñ�ð�åJáËæçãAð�ë0é	ò

æ]àJá6õcøJó1ì á%âLéAòSÿJë�ãAõJáêñ�àJð�æaåJð�ñCæ]â�ð�ìJøDæôð�é!õ�ù;ß3àJáFèêãAë�é!â�ð�óËá%æôáêâNñôð�û!õÊãAë ãAõJå&æôàJá6õcøJópìºáêâ
éAò9àJð�æôñ´ì éAæôà ñôè�ã	ë�á«ãAÿJÿDâôéE �ð�óyã	æ]á%ë�í�ë�ð�õJá�ãAâ�ë�íüäBð�æôà�æ]àJá«ìºá�ãAó óyéAóyá%õcæôøJóXùkß3àJá
ÿJë ãAõDá:éAòSñ�àJé�ä�á%âlóyã& �ð�ó1øJó åJð�ñCæ]â�ð�ìJøDæôð�é!õyèçàÊãAõJûAáêñ3óËé!âôáúñôë�é�äBë�íËäBð�æ]à&á%õJáêâ�ûAí � äBð�æ]à
æ]àJápóËá�ã	õ�ñôèêãAë�ð�õJû´ãAÿJÿDâôéE �ð�óyã	æ]á%ë�íXãAñ6ë�é!û�{v ô ~$ùy�;ð�ûAøJâôá:¨Dù���ñôøJóËó�ã	âôð®©%áêñlæ]àJápàDð�û!àwKÙ�jÚCKG8P4i8>DPQEHTVGQPd��WYX�>�EG�E<[>
WYG8X�p[cV>�>KP[W�>DW�F>zL8WYGQXYED��EkR�G�Û��k��?J»oF_L\EH<�>KFgE<0LOPÚGQP�>z¼gL8F>�>��4]AB>DC�E>zW�moG8F2LJP�GQFIMLOcacaj
TVP0C�TeWY>KP{ESCKGQ?I�TeCgFHL)jnIZX�GQPbCKFG{??TaP�NML�?�EFHTaAdrl��LOP[W�L8XnÜ0X[C;EHX[L\EHTVGQP[?3EH<�>KPCDLOX[?>@E<�>�IML\�YTVI@X�IÝ?TVNQP[LOc�EG�pB>J?G8IJ>DR3<[L\Eg<�TVNQ<�>KFgmoGQFg>Di8>DPQE_?yTaPÕR3<�TaC_<ÚE<�>JI@X�G8PÕC�FHGQ?H?�>z?yLmo>DR¹EH>KP[?2GOm�A[caL8P�>D?Dr

� � °



0 50 100
0

200

400

-310×
# Strips Hit

0.6 GeV/c

1.0 GeV/c

2.0 GeV/c

3.0 GeV/c

0 10 20 30 40 50
0

50

100

-310×
# Planes Hit

0 100 200 300
0

50

100

150

200

-3
10×

Summed Signal (MIPs)

0 10 20 30
0

50

100

-3
10×

Shower Max Plane

0 50 100
0

50

100

150

200

-310×
Shower Max Signal (MIPs)

0 2 4 6 8 10

-3
10

-210

-110

1
Signal/strip (MIPs)

�;ð�û!øDâôá/¨Dù ��� ��é!óyá:ìÊãAñôð�èF÷cøÊãAõ�æ]ð�æ]ð�á%ñLñôøDóyóyãAâôðª©êð�õJû8æôàJá`ë�é�ä�áêõJá%âôûAí�èêé!ópìDð�õJá%åXÿDð�é!õ
ãAõJådó1øJé!õ�ñ]ãAóËÿJë�á	ù�ß3àJáyåÊã	æ]ã+äaáêâ�á�èêéAë�ë�á%è%æôáêå�ð�õ«æ]àJáËß ��� ìºá�ã	óyë�ð�õJáEã|æ1ÿºé!ñôð�æ]ð�ý!á
ÿ é!ë�ãAâôð�æVí!ùÛß3àDá9àDð�ñ�æôé!û!âôãAóyñaä�á%âôá9õJé!âôóyãAë�ð®©êá%å&æ]éEæ]àDá9õcøJó1ì á%âlé	ò;á)ý!áêõ�æôñêù

��� �



0 100 200 300
0

50

100

150

200

-310×
# Strips Hit

4.0 GeV/c

6.0 GeV/c

8.0 GeV/c

10.0 GeV/c

0 10 20 30 40 50
0

20

40

60
-310×

# Planes Hit

0 200 400 600 800
0

20

40

60

-3
10×

Summed Signal (MIPs)

0 10 20 30
0

20

40

60

-3
10×

Shower Max Plane

0 50 100 150 200
0

10

20

30

40
-310×

Shower Max Signal (MIPs)

0 2 4 6 8 10

-210

-110

1

Signal/strip (MIPs)

�;ð�û!øDâôá"¨Dù�� � ��é!óËá3ìÊãAñôð�è3÷cøÊãAõ�æ]ð�æ]ð�á%ñ�ñôøJóËóyãAâôðª©êð�õDû:æ]àJáBàJð�û!àEáêõDáêâôû	í�èêé!ópìDð�õJá%åËÿDð�é!õ
ãAõJåüópøJé!õüñôãAóyÿDë�áAù�ß3àJáXåÊã	æçã¦äaáêâ�á[è%é!ë�ë�áêè)æ]áêå ð�õ æ]àJá´ß(�=ì áêãAóËë�ð�õDá&ã	æ�ÿºé!ñôð�æ]ð�ý!á
ÿ é!ë�ãAâôð�æVí!ùÛß3àDá9àDð�ñ�æôé!û!âôãAóyñaä�á%âôá9õJé!âôóyãAë�ð®©êá%å&æ]éEæ]àDá9õcøJó1ì á%âlé	ò;á)ý!áêõ�æôñêù

��� �



áêõJá%âôûAí[èêé!ó1ìJð�õJá%å¦ÿJð�é!õ[ãAõJå�ópøDé!õ¦ñôãAóyÿDë�áAù�#[øDé!õJñ:ÿDøJõJèçà�æ]àDâôé!øJûAà[æ]àDá1åJá)æ]áêè)æ]é!â
ãAõJå�ã	âôá`ý�ð�ñôð�ìJë�á`ð�õXæ]àJá9ÿºá�ãAöXãAìºé�ý!á£����ÿJë�ãAõJá%ñúàJð�æ6ã	ñläaáêë�ë¾ã	ñúð�õ[æ]àDá8ÿºá�ãAöXãAâ�é!øJõJå
� Û � #n��!�ñ3ð�õ&æôàJáFñôøDóyóËáêå´ñ�ð�û!õÊã	ë�åJð�ñ�æ]â�ð�ìJø�æ]ð�éAõ � ã	õJå´ð�õ&æôàJáFÿ áêãAö&ã|ænu ��� #n��!�ñBð�õ
æ]àJá`ñôàDé#äaáêâlóyã& ´ñ�ð�û!õÊã	ëÇåJð�ñCæ]â�ð�ìJøDæôð�é!õ�ù

î�àÊãAâôãAè%æôáêâ�ð�ñ�æôð�è%ñúéAò;æ]àJá9ë�é�ä á%õJáêâ�ûAíXÿJâôé	æ]é!õ[ñ]ãAóËÿJë�á9ãAâ�á`ñôàJé�äBõ�ð�õ��;ð�ûJùG¨DùÅÞ&m
¨Dù Ä ù�9�áêë�é#ä �+* á  �5 è � ÿJâôé	æ]é!õJñ9ë�éAñôá�æ]àJáyó�ã=%�éAâôð�æVí�éAò�æôàJáêð�â8á%õJáêâ�ûAídì�í�ð�éAõJð®©êã	æ]ð�é!õ
ãAõJå´â]ã	õJû!áFé!øDæLð�õ�æôàJáFåJá%æôáêè)æ]é!âLäBð�æ]àJé!ø�æ3ÿÊãAâCæ]ð�è%ð�ÿÊã|æ]ð�õDû1ð�õ&ãpàÊãAåJâ�é!õJð�è:ð�õ�æ]á%â]ãAè)æ]ð�éAõÇù
ß3àJá8á��á%è%ælð�ñ3ÿJãAâ�æôð�èêøDë ãAâ�ë�íËõJéAæôð�èêáêãAìJë�áFð�õ´æ]àJá`ñ�àJé�ä�á%âúóyã& ´ÿDë ãAõJáFåDð�ñ�æôâôð�ìJøDæ]ð�é!õJñ � ð�õ
äBàJð�èçà&æôàJá:ÿºá�ãAöcñ3ã|æ � � ÞpãAõJå Û ÿJë ã	õJáêñaèêé!â�âôáêñ�ÿ éAõJå�æ]é8æ]àJá6ñCæ]é!ÿDÿJð�õJû8ÿJë ã	õJáúòÃé!â � ù ÛQ�
� ù�¨8ãAõJå �+* á  65 è:ÿDâôéAæôé!õJñêù � ñaæôàJá:á%õJáêâ�ûAí�ð�õJèêâ�á�ãAñ�áêñ�ãAõ&á%ýAáêâLë�ãAâôûAáêâNÿJâôéAÿ é!âCæ]ð�é!õyé	ò
ÿJâôéAæôé!õJñ3ñ�àJé�ä�á%âúÿJâ�ð�é!âLæôé�â]ãAõJûAð�õJûEé!ø�ælãAõJå´æ]àJá`åJð�ñ�æôâôð�ìDøDæ]ð�é!õJñLð�õ��;ð�ûJùQ¨Dù Ä ìºáêûAð�õ&æ]é
ë�é�é!ö+óyé!â�á1ñ�ð�óËð�ë ã	âLæ]é�æôàJáEÿJð�éAõ�åJð�ñCæ]â�ð�ìJøDæôð�é!õDñúð�õi�;ð�ûDù�¨�ù � ùFß3àDð�ñ6ìºáêàÊã�ý�ð�éAâ:ñôàDé!øJë�å
ãAë�ë�é#ä #���'  � æôé=ð�åJá%õ�æ]ð�òþí�õJé!õJmVð�õ�æôáêâ]ã	è%æ]ð�õJû=ÿJâ�éAæ]é!õ�æôâ]ãAèçöcñ%ù�ß3àJá+åÊã	æ]ã�èêé!øJë�åüì á
øJñôá)òÃøJë¾ð�õ¦åJá)æ]á%âôóËð�õJð�õJûEæ]àJáÏå+òÃé!øJâ�mVóËé!óËáêõ�æ]øJó�ð�õ¦÷cøÊã	ñôð�mZáêë�ãAñ�æôð�è`á%ýAáêõ�æ]ñ � ãAñôñ�øJóËð�õJû
á%ý!á%õ�æ]ñ�äBð�æ]àüã=ÿJâ�éAæ]éAõ�æ]â]ã	èçö�æ]âôã�ý!áêâ�ñôð�õJû«óyé!â�á�æ]àJãAõüñôð� �ÿJë ã	õJáêñEã	âôá´ñôá%ë�á%è%æ]á%åÇù �
òÃá%ä ÿ á%âôèêá%õ�æBéAò¤ÿJâôéAæôé!õJñLâôãAõJû!á:é!øDæBã	æLóyé!óËáêõ�æ]ãpãAñLàJð�û!à´ãAñ � ù Û * á  65 è1{ � ¨pÿJë ã	õJáêñ
æ]â]ã�ýAáêâôñ�áêåG~$ù�ß3àJáyãAõJûAøJë ãAâ:âôáêè%é!õJñCæ]âôøDè%æ]ð�é!õ�éAòaæôàJé!ñ�áËæôâ]ãAèçöcñ9ñôàJé!øDë�å«ì á�÷cøJð�æ]á�û!é�é�å
ãAõJå ð�æpó�ã�í�ì á&ÿºé!ñ�ñôð�ìDë�áyæôé«ãAóyãAñôñEã�ñ�ð�û!õDð^ØÊèêãAõ�æEñ]ãAóËÿJë�á�ð�õ�æôàJá&àJð�û!à â]ã|æ]á\'lá�ãAâ
åJá%æôáêè%æôé!âêù

Ç � o uÞÊ�Ô sÚÔúØÛÔ/v3Ø¶�]wàß ���´Ø;Ô p q�wZ�Q�
ß3àJá«ÿJà�í�ñ�ð�è%ñ[è%é!óyÿºé!õJá%õ�æ+éAòEîLã	ë ï6á%æ+á)ý!á%õcæôñXä�ãAñXñôð�ópøJë ã|æ]áêå øDñôð�õDû ã * � � 'úß�Þ
ìÊãAñôá%å�óËé�åDáêëJéAòºæ]àDálåDá%æ]á%è%æôé!âaöcõJé�äBõ�ãAñ * #n��'  �nÚ Û � �?Û Þ �?Û�Ä�Ü ùÛß3àJálãAè)æ]ð�ýAáBåJá%æôáêè�m
æ]é!â�â�áêñôÿºé!õJñ�á � æ]àÊã|æað�ñÛæ]àJáBâ�áêñôÿºé!õJñ�áúé	ò�æ]àDálñ�èêð�õcæôð�ë�ë ã	æôé!â � é!ÿDæôð�è�ã	ëJè�ãAìDë�áêñ � ÿJàJéAæôéAæ]øJìºáêñ
ãAõJå�á%ë�á%è%æ]â�é!õJð�èêñ � ä�ãAñ0ñôð�ó1øJë ã	æôáêå�ð�õ�æ]àDá�#n��'  �Ëé��Ëð�õDáBòÃâôãAóËá%äaé!âôöEøJñ�ð�õJû`æ]àDá:ï6á)æZm

�����



0 20 40
0.0

0.5

1.0

1.5
# Strips Hit

0.6 GeV/c

0.8 GeV/c

1.0 GeV/c

1.4 GeV/c

0 2 4 6 8 10 12 14 16 18
0

200

400

600

-310×
# Planes Hit

0 50 100
0

100

200

300

400

-3
10×

Summed Signal (MIPs)

0 5 10 15
0

200

400

600

800

-3
10×

Shower Max Plane

0 20 40 60 80
0

50

100

150

-310×
Shower Max Signal (MIPs)

0 2 4 6 8 10

-310

-210

-110

1 Signal/strip (MIPs)

�;ð�û!øDâôá�¨Dù�Þ � ��é!óËá:ìÊã	ñôð�èú÷cøÊãAõ�æ]ð�æ]ð�á%ñ�ñ�øJóyóyãAâ�ð®©êð�õJûFæ]àJá:ë�é�ä áêõJá%âôûAíyÿJâ�éAæ]é!õ�ñ]ãAóËÿJë�á	ù
ß3àJá3åÊã	æ]ãúä�á%âôáBèêéAë�ë�á%è%æôáêåpð�õ1æ]àJá�ß ��� ì áêãAóËë�ð�õDáAùSß3àJá3àJð�ñ�æ]éAû!â]ãAóËñ¾äaáêâ�á3õJé!â�ó�ãAë�ð®©%áêå
æ]éEæ]àJá`õcøJópìºáêâBéAò¾á%ýAáêõ�æ]ñ%ù

���RÞ



0 50 100
0

100

200

300

400

-310×
# Strips Hit

1.6 GeV/c

1.8 GeV/c

2.0 GeV/c

3.0 GeV/c

0 10 20 30 40 50
0

50

100

-310×
# Planes Hit

0 50 100 150 200
0

50

100

-3
10×

Summed Signal (MIPs)

0 10 20 30
0

20

40

60

80

-3
10×

Shower Max Plane

0 50 100
0

50

100

-310×
Shower Max Signal (MIPs)

0 2 4 6 8 10

-310

-210

-110

1 Signal/strip (MIPs)

�;ð�û!øDâôá�¨Dù Ä � ��é!óËá:ìÊã	ñôð�èú÷cøÊãAõ�æ]ð�æ]ð�á%ñ�ñ�øJóyóyãAâ�ð®©êð�õJûFæ]àJá:ë�é�ä áêõJá%âôûAíyÿJâ�éAæ]é!õ�ñ]ãAóËÿJë�á	ùß3àJá3åÊã	æ]ãúä�á%âôáBèêéAë�ë�á%è%æôáêåpð�õ1æ]àJá�ß ��� ì áêãAóËë�ð�õDáAùSß3àJá3àJð�ñ�æ]éAû!â]ãAóËñ¾äaáêâ�á3õJé!â�ó�ãAë�ð®©%áêå
æ]éEæ]àJá`õcøJópìºáêâBéAò¾á%ýAáêõ�æ]ñ%ù

��� Ä



0 100 200 300
0

100

200

-310×
# Strips Hit

4.0 GeV/c

6.0 GeV/c

8.0 GeV/c

10.0 GeV/c

0 10 20 30 40 50
0

20

40

60

-310×
# Planes Hit

0 200 400 600 800
0

20

40

60

80
-3

10×
Summed Signal (MIPs)

0 10 20 30
0

20

40

60

-3
10×

Shower Max Plane

0 50 100 150 200
0

20

40

-310×
Shower Max Signal (MIPs)

0 2 4 6 8 10

-210

-110

1

Signal/strip (MIPs)

�;ð�û!øDâôá�¨�ù�� � ��é!óËá�ìJãAñôð�èL÷cøÊãAõ�æ]ð�æ]ð�á%ñ;ñ�øJóyóyãAâ�ð®©êð�õJûúæôàJáLàJð�û!àpá%õJáêâ�ûAípÿJâ�éAæ]éAõEñ]ãAóËÿJë�á	ù
ß3àJá8åJã	æçãpäaáêâôá9èêéAë�ë�á%è%æôáêå+ð�õ&æôàJá`ß(��ìºá�ãAóËë�ð�õJáAù

�����



��ð�ó ãAõJåþ!NàDéAæ]é!õDß¾âôãAõJñôÿºé!âCæ[ÿJãAèçö|ãAû!áêñ%ù ß3àJá«á%ý!á%õ�æ�ñôð�ópøJë�ã	æ]ð�é!õqàÊã	å�æVäaé ûAé�ãAë�ñ%ù
�;ð�â�ñ�æ � ópøJéAõ � àJãAåJâôéAõ´ãAõJå&á%ë�á%è%æ]â�é!õ´á%ýAáêõ�æ]ñ3ó1øJñ�æ�ì á:äaáêë�ë ñ�ð�ópøDë ã	æôáêå�ñ�ð�õJè%á/#n��'  �
äBð�ë�ëNñ�áêë�á%è%æ1':î � î3î ãAõJå¥å[ÄÉmCî3î á%ýAáêõ�æ�ñ]ãAóËÿJë�áêñ1ìJãAñôá%å é!õ�á%ýAáêõ�æEæ]éAÿ é!ë�é!ûAíAù[ß3àJá
á%ý!á%õ�æ:æ]éAÿ é!ë�é!ûAí�ãAõJåXâôá%ñôøJë�æ]ð�õDûËñ�áêë�áêè%æôð�é!õXáQ¥Ëè%ð�áêõDèêð�á%ñ3äBð�ë�ë�ì á`åJá%âôð�ýAáêå[ë ãAâ�û!áêë�íyòÃâ�é!ó
* #n��'  �Ëñôð�ópøJë�ã	æ]ð�é!õJñêù;îLãAë�ï6á%æ0ÿJâôé�ý�ð�åDáêå&ã	õyð�åJá�ãAëeåÊã|æçã`ñôá%æ0æ]é9äBàJð�èçàËæ]àJálñôð�ópøJë�ã&m
æ]ð�éAõJñaè%é!øJë�å&ì áúèêé!óËÿÊãAâ�áêå´ã	õJå&ÿºé!ñôñ�ð�ìJë�íËæôøJõJá%åÇù$��áêè%é!õJå � æ]àJá6îLãAë ï6á)æLÿJð�é!õ�ñôãAóyÿDë�á
ð�õJè%ë�øJåJá%åËã6ópøJé!õ�ìÊãAèçöcû!â�é!øJõJå�äBàJð�èçàyàÊã	å�æôé`ì á3÷cøÊãAõ�æôð^ØÊá%åyã	õJåyÿºé!ñ�ñôð�ìDë�í8âôáêóËé�ý!á%å
ð�õ¦éAâôåJá%âlæôé�èçàÊãAâôãAè%æôáêâ�ð®©êá9æ]àJá8åJá%æôáêè)æ]é!âQ/�ñ6â�áêñ�ÿ é!õDñôá1æôé�ÿJð�é!õJñêù3ß3àDá1ñôð�ópøJë�ã	æ]ð�é!õ´äLãAñ
æ]àJá%âôá%òÃéAâôá:øDñôáêå&æôépåJá)ý!áêë�é!ÿ´ã1ñCæ]âôã	æ]á%ûAí�æ]épåJð�ñôè%âôð�óËð�õJã	æ]á3ìºá%æVäaáêá%õXÿDð�é!õJñ�ãAõJå&ó1øJé!õJñ
ãAõJå1ä�ãAñ�ãAë�ñôéúèêé!óËÿÊãAâ�áêå1æôé:æ]àJáañôá%ë�áêè)æ]á%åEÿJð�é!õ1ñ]ãAóËÿJë�á	ù¾ß3àDé!øJû!à1æôàJð�ñ¤ä�éAâôö9ÿJâôá%ñôáêõ�æôñ
âôáêñ�øJë�æôñ`éAò�æôàJáyñ�áêë�áêè%æôð�é!õ�ãAõDå�è%é!óyÿJãAâôð�ñôé!õ � ð�æ`ð�ñFèêë�á�ãAâFæôàÊã	æ�#[é!õ�æ]á�îLãAâ�ë�é+èçàÊãAâôãAè�m
æ]áêâ�ð®©êã	æ]ð�é!õ�ãAõJå æôøJõJð�õJû=äBð�ë�ë3è%é!õ�æ]ð�õ�øDá � ÿºé!ñôñ�ð�ìJë�í�æ]àDâôé!øJûAàJé!øDæ�æ]àDá[ë�ð�òÃá%æôð�óËá�éAò:æ]àJá
á� �ÿ á%âôð�óyá%õcæêù

á
â_ãMâKä åçæ è�éëêíìîì�ïDðòñ6óKôgõ�ïKö@÷bø
* #n��'  ��äLãAñEåDá%ý!á%ë�é!ÿºáêåüåJøDâôð�õDû¦æ]àJá�åJáêñ�ð�û!õ ÿJàJãAñôá´éAòBæôàJá&á� �ÿºáêâ�ð�óËáêõ�æEñôé�æôàÊã	æ
æ]àJá6è%é!ë�ë�ãAìºé!â]ã	æôð�é!õ�è%é!øJë�å�ñ�æ]øDåDí�æôàJá6ÿºáêâ�òÃéAâôóyãAõJèêá:éAò¤ã8ý	ãAâôð�á%æVíyéAòSåJá)æ]áêè)æ]é!â�åJáêñ�ð�û!õJñ
ãAõJåyæôáêèçàJõDé!ë�é!ûAð�áêñ%ùÛß3àJálÿJâôéAû!â]ãAó ä�ãAñ0øJÿJû!âôãAåJá%å&é�ý!áêâNæ]àDálíAá�ãAâ�ñaæ]é8ð�óËÿJë�á%óyá%õ�æ�æ]àJá
û!áêé!óËá%æôâ�í[ãAõJå¦èêé!óËÿ éAñôð�æôð�é!õ+éAò0ã	ë�ë·æ]àJâ�áêá1ãAè%æôøÊãAëV#n��'  �¦åJá)æ]áêè)æ]é!â�ñ6ð�õ * � � 'lß�ÞDù
ß3àJá îLãAë�ï6á%æXû!á%é!óyá)æ]âCí é!âôð�û!ð�õJãAë�ë�í àJãAå � ð�õ�æôàJð�èçö � ÿJøJâ�á�ð�âôé!õ�ÿJë ã	õJáêñ � ìJøDæXäLãAñ
óyé�åJð^ØJáêå1æôé`ãAèêè%é!øJõ�æ�òÃé!â;æôàJáBãAè%æôøÊãAëG��ù�� � è%ó�æôàJð�èçöcõJá%ñôñaãAõJåpæôàJá3óyáêãAñôøDâôáêå�åJá%õJñôð�æVí �
ð�ñôé	æ]é!ÿJð�è1è%é!óyÿºé!ñ�ð�æ]ð�é!õ � ãAõJå=ð�óyÿDøJâôð�æVíXãAìJøJõJåJãAõJèêá�{Ãñôá%áEß;ãAì�ù�ÞDù � ~)ù * #n��'  ��ãAë�ñôé
ÿJâôé�ý�ð�åJá%å�ãAõ=ð�õ�æ]á%â�ò¢ãAè%á1òÃé!â6øDñôáêâFñ�ÿ á%èêð©ØÊáêå«õJá%øDæ]â�ð�õJél{Ãé!â6èêéAñôóËð�èpâôã�íQ~n!JøA �áêñêù1ß3àJð�ñ
ð�õ�æ]á%â�ò¢ãAè%á0ä�ãAñ;óËé�åJð^ØÊá%å8ð�õ8éAâôåJá%â¤æôé:âôá%èêá%ð�ý!áLîLãAë ï6á)æ¤á%ý!á%õ�æ]ñêù��ÛýAáêõ�æ]ñ�è%é!øJë�å9ìºáað�õJÿJøDæ
òÃâôé!ó æ]àJáFè%é!óËó�ãAõDå&ë�ð�õJá£{Ãóyé!õDé�èçàJâ�é!óyã	æ]ð�èúÿÊã	â�æ]ð�èêë�áêñ�~ � òÃâ�é!ó ãAõ � �Jî��Z�Z!JøA (ØÊë�á6é!â

��� Û



òÃâôé!ó æôàJápîLã	ë ï6á%ælìºá�ãAóËë�ð�õJá6ñ�ð�ópøJë�ã	æ]ð�é!õÇù0ß3àJá9ì áêãAóyë�ð�õJáFñ�ð�ópøDë ã	æôð�é!õ´ÿJâ�é�ý�ð�åJáêå[æ]àJá
óyé!ñCæBâôáêãAë�ð�ñ�æ]ð�è6ð�õDÿJøDælá%ýAáêõ�æ]ñ:ãAõJå � øJõDë�áêñ�ñBõJéAæ]á%å � äLã	ñúøJñ�áêå[ð�õ´æ]àJáFäaé!âôö´ÿDâôáêñ�áêõ�æ]á%å
ð�õEæ]àJð�ñNñôáêè)æ]ð�é!õÇù  õJë�íEá%ýAáêõ�æ]ñ0äBàJð�èçàËä�é!øDë�åËàÊã�ý!á:ÿJãAñôñ�áêåyæôàJá:îLãAë ï6á)æNì áêãAó æ]â�ð�û!ûAáêâ
ä�á%âôá9ñôð�ó1øJë ã	æôáêåÇù

* #n��'  �=áêóËÿJë�é�í!á%å * � � 'lß�Þ+æôéXæôâ]ãAèçö�ÿJãAâ�æôð�èêë�áêñ � ñôð�ó1øJë ã	æôáEð�õ�æ]á%â]ãAè)æ]ð�é!õJñ
ãAõJå�âôáêè%é!âôå�áêõDáêâôû	í åJáêÿºé!ñôð�æ]ð�é!õ ð�õ æ]àDá�ñ�èêð�õcæôð�ë�ë ã	æôé!â�ñCæ]âôð�ÿJñêù ß¾ãAìJë�áj¨Dù � ë�ð�ñ�æôñ&æ]àJá
ÿJà�í�ñ�ð�è%ñFñôá%æ�æ]ð�õJû!ñ:øDñôáêå=ð�õ[æôàJápñôð�ópøJë�ã	æ]ð�é!õÇù3ß3àJápñ�á%æ�æ]ð�õDû!ñ:äaáêâôá1èçàJé!ñôá%õ=æ]é�ûAð�ý!á8æ]àJá
óyé!ñCæ+âôáêãAë�ð�ñ�æ]ð�è�ñôð�ópøJë�ã	æ]ð�é!õ ã	æ+æ]àDá�á� �ÿ á%õJñôá�éAòpåJð�ñôö�ñ�ÿÊãAè%ádãAõDå î�! � æ]ð�óËáAù �Võ
ÿÊãAâ�æôð�è%øJë ãAâ � æôàJá6ë�é#ä æôâ]ãAèçöcð�õJûEèêøDæôé� ñ�ä�á%âôá`õJá%èêáêñ�ñ]ãAâCí´ð�õ�é!âôåJá%â�æ]éEè%é!âôâ�áêè)æ]ë�íyóËé�åJá%ë
æ]àJá9àJð�ælópøDë�æ]ð�ÿJë�ð�èêð�æVíyé	ò�áêë�áêè%æôâôé!õ3{�ã	õJå[æôé&ã�ñôóyãAë�ë�áêâ3á� �æôáêõ�æ � àÊãAåJâ�é!õG~Lá%ýAáêõ�æ]ñ%ùúß3àJá
ß  �Y# � �×è�ãAâ�å�äLã	ñLøJñôá%å&æ]é1æôáêâ�óyð�õÊã	æ]á3æôâ]ãAèçöcð�õDûEã	òþæ]á%â�� ��� õJñ$m;æ]àJá:ãAÿJÿJâ�éE Dð�ó�ã|æ]á
æ]ð�óËá+äBð�õJåJé�ä éAò6á�ãAèçà�îLãAë�ï6á%æËæ]â�ð�û!û!á%âêù�ß3àJá�è%øDæ&â�áêóËé#ýAáêå àJð�æ]ñyã	æ&ë�ãAâôûAáXæôð�óËáêñ
è�ãAøJñ�áêå ìcí�õJáêøDæôâôé!õDñ[ã	õJå � ãAñ´ñ�àJé�äBõ×ð�õþ�¾ð�ûJù�¨Dù ÛA� ñ�ë�ð�ûAàcæôë�í âôá%åJøJèêá%å æôàJá«â]ãAõJûAá �
àJð�æúópøJë�æ]ð�ÿDë�ð�è%ð�æVí�ãAõJå�ñ�ð�û!õJãAë·òÃé!âúàJãAåJâôéAõJð�è9á%ýAáêõ�æ]ñ%ùy#[øJë�æ]ð�ÿDë�á`àÊãAåJâ�é!õJð�è8ð�õcæôáêâôãAè%æôð�é!õ
óyé�åJáêë�ñFä�á%âôá&á)ýAã	ë�øÊã	æôáêå ã	õJå�äBð�ë�ë�ìºá�åJð�ñôèêøDñôñôá%å ð�õ�î�àÇùV¨�ù���ù Ä ù+ß3àJá&è%é�åDá�é!øDæôÿJøDæ
æ]âôø�æ]à1ð�õDòÃé!â�ó�ã	æôð�é!õ � ð�õJè%ë�øJåJð�õJûlãúåJá)æçãAð�ë�á%å8àJð�ñ�æôé!â�í`éAòÊãAë�ë�ð�õcæôáêâôãAè%æôð�é!õJñ � � ãAõJåEãBâôá%èêé!â�å
éAò·æ]àJáFá%õJáêâ�ûAí&åDáêÿºé!ñôð�æ]ð�éAõ�ð�õ+ã9òÃé!âôó æ]àÊã|æ3èêé!øDë�å&ìºá6âôáêãAå´ì�í�#n��'  �l/eîMs�s ìJãAñôá%å
é��Ëð�õJáFè%é�åJá	ù

á
â_ãMâ_ã ùÝú�õ�ï�û@üþý�ü=õ�ü2ú�õ�ö@ÿtì�ïKðëñ6ó�ôgõ�ï�ö�÷
ß3àJá�ãAè%æôð�ýAáEåJá%æôáêè%æôé!âFâôá%ñôÿºé!õJñ�á�ä�ãAñFñ�ð�ópøJë�ã	æ]á%å�ð�õ�æôàJá]#n��'  ��é��Ëð�õJá1òÃâ]ã	óyá)ä�é!â�ö
øJñôð�õJûËæôàJápï6á)æ���ð�óÒãAõJå�!�àJéAæ]éAõJß¾âôãAõJñ�ÿ é!âCæ:ÿJãAèçö|ãAû!áêñÏÚ Û � Ü ù3ß3àJá�!�àJé	æ]é!õJß¤â]ã	õJñôÿºé!â�æ
èêé�åJápìºáêû�ãAõ�æôàJápñ�ð�ópøJë�ã	æ]ð�é!õXìcí¦âôáêãAåJð�õDû�æ]àJá1âôáêè%é!âôå=é	òaá%õJáêâ�ûAí[åJáêÿºé!ñôð�æ]ð�é!õJñ£{ÃàJð�æôñ�~
èêâôáêã	æ]á%ådì�í * #n��'  � ù+�Êé!âFáêãAèçàdàJð�æ � æôàJá�èêé�åJáyûAáêõJá%â]ã	æôáêå�ãXõcøJópìºáêâ`éAòaÿJàJé	æ]é!õJñ�K:=<�>�W�>�EHL8TVca>DW�<�Te?kEHG8FHj8�4R3<�TacV>¶X[?>�moX[c^��<0L8W�L@iQ>KFHjMcaL8FNQ>SWYTe?`MmoG4GOEA[FTaP{E3L8P[W�R�LQ?lGQP�caj
X[?>DW�TVP?AB>DC�TeLOcdCDL8?>D?Dr

�����



!�à�í�ñôð�èêñ:ñ�á%æ�æ]ð�õDû!ñ3øJñôá%å[äBð�æ]à * #���'  �
�Y� � � � ï�èêãAâôå ñôá%æ�æ]ð�õJû î�é!óËóËáêõ�æ
ï � � � � îEmVâôã�í&ÿJâôé�åJøJè)æ]ð�éAõ+äBð�æ]à����¦û!áêõJá%â]ã	æôð�é!õ
¯  ��� � î�é!õ�æôð�õcøJé!øJñláêõDáêâôû	í´ë�é!ñ�ñ �äBð�æ]à[¯¤ã	õJåÊãAø�!ÊøJè)æ]øÊã|æ]ð�éAõJñlãAõJånî1ÿJâôé�åJøJè)æ]ð�é!õ
� '�'(� � � 1 ãAõJõJð�àJð�ë�ã	æ]ð�é!õ
9 � �$# � 9�â�áêóËñôñCæ]â]ã	àJë�øJõDûËäBð�æ]à\ù�û!á%õJáêâôã	æ]ð�é!õ
î  #n! � î�é!óËÿDæôé!õ[ñ�è�ã	æ�æ]á%âôð�õDû�äBð�æ]à����¦û!áêõJá%â]ã	æôð�é!õ
ï`î � � � !¾ãAâ�æôð�èêë�áFåJáêèêã�í´äBð�æ]à+û!á%õJáêâôã	æ]ð�é!õ+éAò¾åÊãAøJû!à�æôáêâôñ
# � ¯+� � #[éAë�ð��á%âôáFópøDë�æ]ð�ÿJë�áúñôèêã	æôæôáêâôð�õJû
! � � � � �V �ÿJë�ð�èêð�æ"ù�ã � 1 � � ñ�ð�ópøJë�ã	æ]ð�é!õ
ï`î � ß�� 5 # ��� öAá   îEmVâôã�í&ÿJâôé�åJøJè)æ]ð�éAõ+æôàJâôá%ñôàJéAë�å
î � ß(� ��� öAá   ¡úãAåJâôéAõ � áêë�áêè%æôâôé!õ[ãAõJå+ópøDé!õ´æ]â]ã	èçö�ð�õJûËèêøDæôé��ñß  �Y# � � � ��� õJñ ß¤â]ãAèçöcð�õJûËæôð�óËá6èêø�æ]é�¾ù¡ � ï � � ¡úãAåJâôéAõJð�èFð�õcæôáêâôãAè%æôð�é!õ+óËé�åJá%ë

ï6ð�ñôèêøDñôñôá%å¦ð�õ¦î�à�ùG¨Dù���ù Ä
ß;ãAìDë�á¹¨Dù ���1* � � 'úß�Þ¦ÿJà�í�ñôð�èêñpñ�á%æ�æ]ð�õDû!ñ1øJñ�áêå�æôé¦ñôð�ópøJë�ã	æ]á�á%ýAáêõ�æ]ñEð�õ îLãAë�ï6á%æêù��Võ
û!áêõJá%â]ãAëÇæôàJáFñôá)æôæôð�õJû!ñ3äaáêâ�á9èçàDé!ñôá%õ[æ]é�û!ð�ý!á6æôàJá`óyé!ñCæ3åJá)æçãAð�ë�áêå´ñ�ð�ópøDë ã	æôð�é!õ&ÿºé!ñ�ñôð�ìDë�á
ã	æEæ]àJá+á� DÿºáêõDñôá¦é	òFî�! � æ]ð�óyá´ã	õJå åDð�ñôödñôÿÊãAè%áAù�#[øJë�æ]ð�ÿJë�á&àJãAåJâôéAõJð�è´ð�õcæôáêâôãAè%æôð�é!õ
óyé�åJáêë�ñ�äaáêâôá9ñ�æôøJåJð�áêåÇù

���R¨



0 5 10 15 20 25 30 35 40
0

10

20

30

40

50

60

70

80

-310×

Mean   14.6897

RMS    5.9228

Mean   15.2987

RMS    5.8894

Mean   15.2987

RMS    5.8894

# Planes Hit

0 10 20 30 40 50 60 70 80 90
0

20

40

60

80

100

120

140

-310×

Mean   39.6711

RMS    10.4054

Mean   40.9947

RMS    10.3664

Mean   40.9947

RMS    10.3664

# Strips Hit

�;ð�û!øDâôáÏ¨�ù Û � ��ð�ó1øJë ã	æôáêåj� * á  65 è��21�äBð�æ]à�æ]àDáEß  �Y# � � æôâ]ãAèçöcð�õJû+èêøDæôé��ñ�á%æFæ]é
� ��� õJñ:{kØJë�ë�á%åG~aè%é!óyÿJãAâôá%å+æôéyñ�ð�ópøDë ã	æôð�é!õËäBð�æ]àDé!øDæúãpæ]ð�óËá6è%øDæ]é��{Ãèêâ�é!ñôñ�áêñ�~$ù
ãAë�é!õDûpæ]àJá`ÿÊãAâCæ]ð�èêë�áúæ]â]ã	èçö+ãAèêè%é!âôåJð�õJûEæ]éEæ]àDá`òÃéAâôópøJë�ã �

.)º�� ���
	S� � v� s���������� {�¨Dù � ~¡úáêâ�á � îHð�ñ&ãAõ é#ýAáêâôãAë�ë6õDé!âôóyãAë�ðª©�ã	æôð�é!õ�èêéAõJñ�æ]ãAõ�æ[è%é!âôâ�áêñ�ÿ é!õDåJð�õJû æôé�æ]àJá«õcøJópìºáêâ
éAò�ÿDàJéAæ]éAõJñ`ÿJâôé�åJøJè%áêå�ÿ á%â9øDõJð�æ`éAò0åJá%ÿ éAñôð�æôáêå�áêõJá%âôûAí�ã	õJå �
	 è%é!âôâ�áêñ�ÿ é!õDåJñFæ]é+æ]àJá
âôáêë�ã	æ]ð�ý!áËë�ð�û!à�æ8éAøDæ]ÿJø�æpéAò3æôàJá�ñCæ]âôð�ÿ�ð�õ�÷cøJáêñCæ]ð�éAõÇù¦ß3àJá�èêé!õJñCæçãAõ�æEî ã	ë�ñôé¦ãAèêè%é!øJõ�æ]ñ
ð�óËÿJë�ð�èêð�æôë�í�òÃéAâ1æ]àJá�!$#[ß ÷�øJãAõ�æ]øJó á8¥Ëèêð�á%õJè%í�ð�õüé!âôåDáêâpæ]é=óyãAö	á&æ]àJá+ñôð�ópøJë�ã	æ]ð�é!õ
óyé!â�áBáQ¥Ëèêð�áêõ�æ�ù$��ð�õJèêálãAÿDÿJâôéE �ð�óyã	æ]á%ë�í � Þ8ðkéAò�ÿJàJéAæôé!õJñ0ñ�æ]â�ð�öcð�õDû`æôàJálÿJàJéAæôé�èêã	æ]àJé�åJá
äBð�ë�ëNè%âôá�ã|æ]á�ÿDàJéAæ]é�áêë�áêè)æ]âôéAõJñ � æôàJá&÷cøÊãAõ�æôøJó á8¥Ëèêð�á%õJè%ídð�ñ8ãAèêè%é!øJõ�æ]á%å òÃé!â8øDÿAmZòÃâ�é!õ�æ �
ñôéyæôàÊã	æ�¨8��ð�éAò¾æ]àJá8û!áêõJá%â]ã	æôáêå�ÿDàJéAæ]éAõJñ6ãAâ�á8õDéAæ:ÿDâôé�èêáêñ�ñôá%å�ã	õJå[æôàJáêõ�ë�é!ñ�ælé!õ[æ]àJá
!-#Xßüò¢ã	èêáAùV�Êé!â;ñ�ð�óËÿJë�ð�èêð�æVí � ãAõJåpìºáêèêãAøJñôáaæ]àJáLñ�ð�ópøDë ã	æôð�é!õ`èêé�åJá0äLãAñ;ð�õpã	è%æ]ð�ý!áLåDá%ý!á%ë�m
é!ÿJóËáêõ�æ � îLãAë�ï6á%æ3á)ý!á%õcæôñúäaáêâ�á8ñ�ð�ópøJë�ã	æ]á%å&äBð�æôà �
	 ñ�á%æBæ]é�øJõJð�æVí&òÃé!âBãAë�ë�ñCæ]âôð�ÿJñêùNß3àJá
åJáêõJéAóyð�õÊã	æ]éAâ:ð�õj��÷eù�¨Dù � ãAèêè%é!øJõ�æ]ñFòÃé!â6ñ�èêð�õcæôð�ë�ë ã	æôé!âúñôã	æ]øDâ]ã	æôð�é!õ=ì�í�ë�ãAâôûAápë�é�è�ãAë�ð®©%áêå
áêõJá%âôûAí+åJá%ÿ éAñôð�æôð�é!õDñy{�9�ð�âôöcñ{/e¯Sã�ä�~ � äBð�æ]à´æ]àDá9è%é!õJñCæçãAõ�æ���Nñ�á%ælæ]é � ù � ó 5 * á   Ú Û�Û&Ü ù

���R°



ß3àJá&ÿDàJéAæ]éAõJñ8ûAáêõJá%â]ã	æôáêå ãAë�é!õJû+æ]àJáËÿÊãAâCæ]ð�èêë�áEæôâ]ãAèçö=äaáêâôáyæ]àJá%õdåJð�ñ�æ]â�ð�ìJø�æ]áêå
ãAë�é!õDûyæ]àDá1äLã�ýAáêë�á%õJûAæôà=ñôàJð�òþæ]ð�õDûi{���¯+��~MØÊìºáêâFãAè%èêé!â�åJð�õDû�æ]é´ãyÿJâôé!ìJãAìJð�ë�ð�æVí´åDáêõJñ�ð�æVí
òÃøJõJè%æôð�é!õdâôáêë�ã	æ]ð�õJû+æ]àJáyð�õJð�æ]ð ã	ë�ÿ é!ñ�ð�æôð�é!õ�ãAõJådæôð�óËáyé	ò3æ]àJáyÿJàJéAæôé!õdæ]é[æ]àJá&ÿºé!ñ�ð�æ]ð�é!õ
ãAõJå�æôð�óËáEäBàJáêõ èêãAÿDæ]øDâôáêådé!õ�æôàJá�ØÊìºáêâ%ù+ß3àJá&ÿJâ�é!ìÊãAìJð�ë�ð�æVí�åJá%õJñôð�æVí�òÃøDõJè%æôð�é!õ�äLãAñ
èêé!õJñCæ]â�øJè%æôáêåyòÃâ�é!ó ãFåJá)æçãAð�ë�áêå�óËé�åDáêëDæôàÊã	æNèêâ�á�ã	æôáêåyð�õJåJð�ý�ð�åJøÊã	ëDÿJàJé	æ]é!õJñNð�õ�æôàJáBñôè%ð�õAm
æ]ð�ë�ë ã	æôé!â3ñ�æôâôð�ÿ«ãAèêè%é!âôåJð�õJû�æôé´ã&âôáêãAë�ð�ñ�æ]ð�è`áêóËð�ñôñ�ð�é!õ¦ñôÿºáêè%æôâôøJógãAõJå�æôàJáêõ�æôâ]ãAèçö	áêå«æ]àJá
ÿJàJéAæôé!õJñ`æ]àJâ�é!øJû!à«æ]àJáËñ�æôâôð�ÿ � ãAèêè%é!øJõ�æ]ð�õJûXòÃéAâ`ä�ã�ý!á%ë�áêõDûAæ]à�åJáêÿºáêõJåDáêõ�æ�ãAìJñ�é!âôÿ�æ]ð�éAõ �
âôáQ!Jáêè%æôð�é!õüé� æ]àJá�ß3ð  ñ èêéRmZá� �æ]â�øJñôð�é!õ � ãAõJåüâ�áQ!Êá%è%æ]ð�é!õ � âôá)òÃâ]ãAè)æ]ð�é!õJñEãAõDå á%ý!á%õ�æ]øÊãAë
ãAìJñôéAâôÿDæôð�é!õ&ð�õ�æ]àDá���¯[��ØJì á%âêù�!�àJéAæôé!õJñ3è�ã	ÿDæ]øJâ�áêå´ð�õ&æ]àJá���¯+��ØÊìºáêâaä�á%âôá`ÿJâôéAÿÊã&m
û�ã	æ]á%å´æ]éEæ]àJá`ÿJàDéAæ]éAæôøJìºá`ò¢ã	èêá9ãAèêè%é!øJõ�æ]ð�õJûEòÃé!âBã	æ�æ]áêõcøÊã|æ]ð�éAõXð�õ&æ]àJá���¯+�+ãAõJå+èêë�á�ãAâØÊì á%âôñ � ² {|��~�º´��� � ������� � sþ{ � õ ��~"� � ���!��� " � � ��#$��� # {�¨Dù���~� àJáêâ�á&%&Åjº ���Å� ���Ûó � %('£º � ��� ��¨�ó � �æº � 0�ÞüãAõJå�%()|º ����� Ä ó � ãAõJå �+* ��()�ãAâôá+æ]àJá[ë�á%õJûAæ]àDñ�éAò6æôâ]ã�ý!á%ëúæôàJâôé!øDû!à æôàJá,��¯+�qãAõDå�èêë�á�ãAâËé!ÿDæôð�è�ã	ë
ØJì á%âôñiÚ Û Þ Ü ù
ß3àJáEåJá%æôáêè)æ]é!â6ä�ãAñFñôð�ópøJë�ã	æ]á%å¦äBð�æôà�æ]àJáEè%ë�á�ã	â6ãAõJå���¯+�ÏØÊìºáêâFë�áêõJûAæôàJñ1{Ãð�õJè%ë�øJåJð�õJû
ÿJð�ûAæ]ãAð�ë�ñ�~�æ]àÊã	æ3äaáêâ�á8øDñôáêå[ð�õ´æ]àDá9åJã	æçã&m�æçãAöcð�õJû�{¢ñ�áêá`ß;ã	ìÇùGÞDùÅÞ � ÞDùÅ¨8~)ù

�NãAèçà+ÿJàJéAæôé!õ´æ]àÊã|æLóyãAåJá6ð�æ�æ]épæôàJá6ÿJàDéAæ]éAæôøJìºáêñLä�ãAñ3èêé!õ�ýAáêâ�æôáêåXð�õ�æ]é�ã8ÿJàJéRm
æ]é�áêë�á%è%æôâôé!õ � ñ�ð�õJè%á¦æ]àDái!$#[ß¸÷cøÊã	õcæôøJó á8¥Ëèêð�á%õJè%í äLã	ñ´ãAèêè%é!øJõ�æ]á%å òÃé!âyäBàJá%õ æ]àJá
ÿJàJéAæôé!õJñ:äaáêâ�áEé!âôð�û!ð�õÊã	ë�ë�í�û!áêõDáêâ]ã|æ]áêå�ù9ß3àDá�ï6á%æ���ð�ó ÿÊãAèçö|ãAû!á1àÊãAõJåJë�áêå�æôàJápñôð�ópøJë�ã&m
æ]ð�éAõ éAòBæ]àJá+ÿJàJé	æ]éAæôøJì á´â�áêñ�ÿ é!õDñôá � åDí�õJé�åJá&æ]â�ð�û!û!á%âôð�õJû � áêë�áêè)æ]âôéAõJð�è%ñpâôá%ñôÿºé!õJñôá[ãAõJå
æ]âôð�û!û!á%âôð�õDû=ìcí æôàJá+åÊã	æ]ã�ãAè%÷cøJð�ñ�ð�æ]ð�é!õ £ ù ß3àJá�# � Û âôá%ñôÿºé!õJñ�á[ñ�ð�ópøJë�ã	æ]ð�é!õ�ð�õJèêë�øJåJáêå
ã[èêéAóyÿJë�á%æôáyóËé�åDáêë�éAò3á%ë�á%è%æ]â�é!õdó1øJë�æôð�ÿJë�ð�è�ã|æ]ð�éAõ�ð�õ�æ]àJáËÿJàJéAæôéAæ]øDì áyåDí�õJé�åDá�èçàÊãAð�õ �
àJð�û!à´ë�ð�û!à�æzmVë�á)ý!á%ë õJéAõAmVë�ð�õJáêãAâôð�æVí � åÊãAâ�ö�õJé!ð�ñôá � æ]âôãAõJñôð�æLæ]ð�óyá � ã	õJå+é!ÿDæ]ð�è�ãAë�ãAõJå´á%ë�áêè)æ]â�ð�m¨ :=<�>JEHFTaN8NQ>KFqC�GQP[WYTVETaG8P[?¶R�>KFH>MLOA�A[FGQA�FTeL\EH>ZmoGQF¶E<�>.-y>DL8F�LOP[W0/[L8F�WY>�EH>DC;EHG8F_?qLOP[W�R�>KFH>�P[GOEX0?�>zW�R3<[>KPb?�TaIZX�ceL\EHTVP[N@EH<�>@¸�LOcexS>�EDrl:=<�>Z¸�LOcexy>KE2<[L8W�LOPb>��4EH>KFHP[LOc�pB>DL8I EFHTVNQN8>DF�F_L\EH<�>KF=EH<[LOPbLxyÔ21ÆEFHTaN8N8>DFDr

��Þ �



è�ãAëaèêâôéAñôñ1æ]ãAë�ö�{¢åDð�ñôè%øJñôñ�áêåüð�õ î�àÇù�¨Dù���ù Û ~)ù � ë�ë0ÿJàJé	æ]éAæôøJì á�ÿJð� �áêë�ñ8äaáêâ�á´ñôð�ó1øJë ã	æôáêå
äBð�æ]à&ã8û�ãAð�õ�éAò ��� ¨ ���E� ® ù�ß3àJá6ÿDàJéAæ]é	æ]øJìºá:ñ�ð�ópøJë�ã	æ]ð�é!õ�é!øDæôÿJøDæ�æôàJá6èçàÊã	âôû!áúé!õ&á�ã	èçà
ÿJð� �áêë¾éAò0ãAë�ë¤æôàJápÿJàJé	æ]éAæôøJì á%ñ6ð�õ�ýAé!ë�ýAáêå«ð�õ¦æôàJápá)ý!áêõ�æêù8ß3àJáEèçàJãAâôû!á%ñ:äaáêâôá�ã	èêèêá%ÿDæ]á%å
ìcíEæôàJáláêë�á%è%æôâôé!õJð�èêñNñôð�ópøJë�ã	æ]ð�é!õ � è%é!õ�ý!áêâCæ]á%å´ð�õ�æ]é � ï`î�èêé!øJõ�æôñ � ãAõJåy%�éAð�õJá%å�äBð�æ]àËæ]àJá
æ]ð�óËá�ãAõJå�èçàÊãAõDõJáêë0ð�åJá%õ�æ]ð^ØJè�ã	æôð�é!õ=äaé!âôåJñ`æ]éXóyãAöAáyãXàDð�æ¹{¢öcõJé�äBõ ã	ñ8ã � ã�älï6ð�û!ð�æ�~
äBàJð�èçà«àÊãAå�ã&òÃé!â�ó�ã	æúæ]àÊã|æ6äLã	ñ9ð�åJáêõ�æôð�è�ã	ë¾æ]é&æôàJáEàJð�æ]ñFé!øDæôÿJøDæ`ì�í¦æôàJáËãAè%æôøÊãAë¾åÊã	æçã
ãAèê÷cøJð�ñôð�æôð�é!õ´ñCí�ñ�æ]á%ó[ùNß3àJá9àJð�æ]ñLäaáêâôá`æ]àDáêõXÿJâôé�èêá%ñôñôá%å=ãAñ3ð�ò¾æôàJá%í&äaáêâ�á8â�á�ãAë·åJã	æçãDù

á
â_ãMâ�3 æ ö�÷�õ�ü54 ôqÿ&ó�ö64.ô�óDï�7bÿ�ôgõ�ïKö@÷
�Zæ�ä�ãAñ�õJá%èêá%ñôñ]ã	â�í�æôé1èêãAë�ð�ìJâ]ã	æôá3æ]àJáúñôð�ó1øJë ã	æôáêåËàJð�æôñêù � ñLã�ØJâôñ�æ�ñ�æôáêÿ � æ]àJáúð�õJåJð�ý�ð�åJøÊã	ë
� ï`î ý	ãAë�øDáêñúäaáêâ�ápèêéAõcýAáêâCæ]áêå=æôé�ÿJàJé	æ]é�áêë�á%è%æôâôé!õJñ:ãAñôñ�øJóËð�õJûyÿ á%â�òÃáêè)æFöcõJé�äBë�á%åJû!á1é	ò
æ]àJáNáêë�áêè)æ]âôéAõJð�è%ñ¾ã	õJå�!$#[ßdû�ãAð�õDñêù¤ß3àJáNÿÊãAâ]ã	óyá)æ]áêâ2��ð�õ:��÷eù=¨Dù � è%é!õ�æ]â�é!ë�ñ·æ]àDá0é�ýAáêâ]ã	ë�ë
ë�ð�ûAàcæ¤é!ø�æ]ÿJøDæÛãAõJå9äLãAñ¾æ]øJõJá%åpð�õ8é!âôåDáêâ¾æôé:è%é!âôâ�áêè%æôë�í9âôá%ÿJâôé�åJøJè%áaæôàJá�óËá�ãAõ8õcøJópìºáêâ;é	ò
ÿJàJéAæôé�á%ë�áêè)æ]â�é!õJñÛé!ìDñôáêâCý!á%å�ð�õ �+* á   áêë�áêè%æôâôé!õ�á)ý!áêõ�æôñêù�ß3àJá3ñ�ð�ópøJë�ã	æ]á%åpàJð�æ]ñÛð�õJèêë�øJåJáêå
æ]àJáËá  áêè)æ1éAòLã	æôæôáêõcøÊã	æôð�é!õ�ð�õ«æ]àDáyé!ÿ�æ]ð�èêãAë�âôáêãAåJé!ø�æ1èêãAìJë�á%ñêù¹�Võ�æ]àDáyâ�á�ãAëNåÊã	æ]ã � æ]àJá
ñ�æ]â�ð�ÿAm�æ]éRmZñ�æôâôð�ÿ[è�ãAë�ð�ìJâôã	æ]ð�é!õXÿJâôé�èêá%åJøJâôáEè%é!âôâ�áêè)æ]áêå«òÃé!â:ã	æôæôáêõcøÊã	æôð�é!õ«ãAõDå=åJáQØÊõDáêå«æ]àJá
#n��!wèêãAë�ð�ìJâ]ã|æ]ð�éAõ�è%é!õJñCæçãAõ�æ]ñ�ð�õ æôáêâ�óyñyéAòFõJé!â�ó�ã	ë�ë�í�ð�õJè%ð�åJá%õcæyèêéAñôóËð�èXâ]ã�íqó1øJé!õJñ
ÿÊãAñôñ�ð�õJûEæôàJâôé!øDû!à[ñCæ]â�ð�ÿJñBã	æ3æôàJá`èêá%õcæôáêâléAò¤æ]àJáFåJá)æ]á%è%æ]éAâ�{¢ñ�áêápî�àÇù���~)ù��Êé!â�ñôð�ó1øJë ã	æôáêå
á%ý!á%õ�æ]ñ � æôàJá\#���!�èêãAë�ð�ìJâ]ã	æôð�é!õ=è%é!õJñCæçãAõ�æ]ñ8ä�á%âôá�è%é!õJñCæ]âôøDè%æ]á%å ì�í�ãAñ�ñôøJóËð�õDû[ÿºáêâCòÃáêè%æ
ö�õDé#äBë�áêåJûAá9é	ò¤æôàJá`ã	æ�æ]áêõcøÊã|æ]ð�éAõ´ë�áêõDûAæ]àJñBã	õJå´æ]àJá%õXð�õ�ý!áêâCæ]ð�õJû1��÷ºùG¨�ù��pã	æ�æ]àJá`èêá%õ�æ]áêâ
éAò¤á�ãAèçàXñ�æôâôð�ÿ�ù�ß3àJá`âôáêñ�øJë�æôð�õJûEè%é!õJñCæçãAõ�æ]ñ3äaáêâ�á`æôàJáêõ+ópøDë�æ]ð�ÿJë�ð�áêåyìcí´ãpñôð�õDû!ë�á6é�ýAáêâ]ã	ë�ë
ñôè�ã	ë�á:ò¢ãAè)æ]é!âaàÊã�ý�ð�õJûEøJõDð�æ]ñ�éAò[#n��!�ñ 5 !��3ùÊß3àJáFñ�è�ãAë�á:ò¢ãAè%æôé!â�ä�ãAñLèçàJéAñôáêõXð�õ�é!âôåJá%â�æ]é
âôáêÿDâôé�åJøJèêá`æ]àDá`æôéAæçã	ëÇñôð�û!õÊãAë � ð�õ�#���!Nñ � é!ìJñôá%â�ýAáêå�ð�õ �+* á   á%ë�á%è%æ]â�é!õXá%ý!á%õ�æ]ñêù

ß3àJápèêãAë�ð�ìJâ]ã|æ]ð�éAõ´ÿJâôé�èêá%åJøJâôá9òÃé!âlñôð�ó1øJë ã	æôáêåXá%ýAáêõ�æ]ñ6ä�ãAñ � ãAåJóËð�æ�æ]áêåDë�í � ñ�é!óËá�m
äBàÊã	æyéAò6ã	õ ð�åJá�ãAë�ð®©êã	æ]ð�é!õ � ð�õüæ]àJã	æËð�æËãAñ�ñôøJóËáêñËÿ á%â�òÃá%è%æyö�õDé#äBë�áêåJûAá[éAò:ÿJàJéAæôéAæ]øDì á

��Þ �



û�ãAð�õDñ � ñ�æôâôð�ÿ�ë�ð�û!à�æFé!ø�æ]ÿJøDæ8ãAõDå�èêãAìJë�á�ã|æôæ]á%õcøÊã	æ]ð�é!õÇùyî�ë�áêãAâôë�í � ð�ò�é!õDá�ä�ãAñ9ñ�æôøJåDí�ð�õJû
ñôé!óËá&ãAñ�ÿ á%è%æ�éAò3æôàJá&èêãAë�ð�ìJâ]ã	æôð�é!õ � ñ�øJèçà�ãAñ1æôàJá&ñ�æôâôð�ÿAmZæôéRmVñCæ]âôð�ÿ�è%é!âôâ�áêè)æ]ð�éAõ � æ]àJá&ãAÿAm
ÿJâôé�ã	èçà�äaé!øJë�å�õDéAæ9ì ápý	ãAë�ð�åÇù£�Êé!âúæ]àJá�ñ�æôøJåJð�áêñ`ÿJâôá%ñôá%õcæôáêå�àDáêâôá � æôàJá¹#[é!õ�æ]áyîLãAâ�ë�é
è�ãAë�ð�ìJâôã	æ]ð�é!õpÿJâ�é�è%áêåJøJâ�á:á��á%è%æ]ð�ý!á%ë�íEò¢ãAè)æ]é!â�áêåËé!øDæ0è�ãAë�ð�ìJâôã	æ]ð�é!õEâôá%ë ã	æôáêå�á  áêè)æ]ñ � ãAë�ë�é�ä�m
ð�õJûËãEóyéAâôáFåJð�âôáêè)æBèêé!óËÿÊãAâ�ð�ñ�é!õ+ì á)æVä�á%áêõ[æôàJá`åÊã	æ]ãËã	õJå|#Xé!õ�æ]á1îLãAâôë�éJù

á
â_ãMâ�8 9tô;:6ÿ�ö@÷6ï�úëì=<bö?> ü2ÿ×ì�ïKðëñ6ó�ôgõ�ï�ö�÷bø
* � � 'lß�Þ8ð�ñaã	ìJë�áLæôé8ð�õcæôáêâCò¢ãAèêáBäBð�æôàËñ�á%ýAáêâ]ã	ë�á� �æôáêâôõJãAëeàÊãAåJâ�é!õJð�èBñ�àJé�ä�á%â�ñôð�ópøJë�ã	æ]ð�é!õ
èêé�åJáêñ%ù0ß3àDá6èêé�åJáêñaä�á%âôáFáêñ�ñôá%õcæôð ãAë�ë�íËåJá)ý!áêë�é!ÿºáêå´åJøJâ�ð�õJû8æ]àJá6ë�ã	æ]á�m � °�� � /�ñ�ãAõDå � °�¨ � /�ñ
æ]é ñôð�ópøJë�ã	æ]áXàÊãAåJâ�é!õJð�è�ð�õ�æ]á%â]ãAè)æ]ð�é!õJñ�ð�õ�ìJøJë�ö óyã	æ�æ]áêâ � ñôøJèçà�ãAñ&èêãAë�éAâôð�óËá%æôáêâ�ñ&ãAõJå
ñôàJð�áêë�åDð�õJû[ìJë�é�èçöcñ � ãAõJå àJã�ýAá´û!áêõDáêâ]ã	ë�ë�í«ìºáêá%õüì á%õJèçàJóyãAâôö	áêå òÃé!â1ÿDâôð�óyãAâCí«ÿÊãAâ�æôð�è%ë�á
áêõJá%âôû!ð�áêñ`ð�õ«á� �è%áêñôñ8éAò ����* á   ù � åJåJð�æ]ð�éAõÊãAë�ë�í � æ]àJá�óyã=%�é!âôð�æVí¦é	ò�èêãAë�é!â�ð�óËá%æôáêâôñ:øJñôá%å
ð�õ&æ]àDá6ì á%õJèçàJóyãAâôöcð�õJûEåJð�å´õDéAæ3àÊã�ý!áFæôàJáFåJáêûAâôáêáFé	ò¾ñ�áêû!óËáêõ�æôáêå+âôáêãAåJé!øDæBÿDâôáêñ�áêõ�ælð�õ
#n��'  � ù��Zæ;äLãAñ�õDéAæ�èêë�á�ãAâ � æôàJáêâ�á%òÃé!â�á � ð�òºã	õcí1éAòÊæ]àDá3á� �ð�ñCæ]ð�õDû6èêé�åJáêñÛäaé!øJë�åEèêé!â�âôá%è%æ]ë�í
ñôð�ó1øJë ã	æôá:òÃá%ä�m * á   àÊãAåJâ�é!õJð�èFñôàJé�äaáêâôñlð�õ´æôàJá¯#n��'  �´è�ãAë�é!âôð�óyá)æ]á%âêù � ñBã�ÿDâôð�óyãAâCí
óyéAæôð�ý	ã	æôð�é!õ � æôàJá9îLãAë�ï6á%æLÿDâôé!û!âôãAó äLãAñBøJõDåJáêâCæçãAö	áêõ+æ]éEÿJâ�é#ý�ð�åJáFãpñ]ã	óyÿJë�á:éAò¤ÿJð�é!õJñ
ãAõJåËÿJâôéAæôé!õJñ � ð�õEæ]àJá � ù��=m ����* á   â]ã	õJû!á � äBð�æ]àEäBàJð�èçàËàÊãAåDâôé!õJð�è3ñôàJé�äaáêâ0èêé�åJáêñNè%é!øJë�å
ì á`á%ý	ãAë�øÊã	æôáêåÇù

�NãAèçà&éAò�æ]àJálàÊãAåJâ�é!õJð�èúð�õcæôáêâôãAè%æôð�é!õËèêé�åJáêñaã�ý	ãAð�ë�ãAìJë�áLòÃéAâ0øDñôá:ð�õ * � � 'lß�äLãAñ
á%ý	ãAë�øJã	æ]á%åXåDøJâôð�õJûEæ]àJáFæ]á%ñ�æzmVìºá�ãAó ÿDâôé!û!âôãAóXù�9�âôð�áQ!Jí�æ]àJá`èêé�åJá%ñúã	âôá �
* �;¯ ��ß �����A@ �	
 @  � °�°�Þ3ý!áêâ�ñôð�é!õpéAòJæôàJá��;¯ ��ß � è%é�åJá�Ú Û � Ü ù;ß3àJá * � � 'lß ð�óËÿJë�á�m

óyá%õ�æçã	æôð�é!õ&ð�ñ�ð�õJèêé!óËÿJë�á%æ]áúãAõJå´åDð�ñ]ã�ýAé#äaáêåXì�í�æôàJá6èêøDâôâôá%õ�æ(�Û¯ ��ß � ãAøDæôàJé!â�ñêù
ß3àJá6è%é�åJáläLã	ñaòÃé!øJõDå�æ]é8é#ýAáêâ�áêñ�æôð�óyã	æ]áúæ]àJá:ãAè%æôð�ý�ð�æVí�ð�õJåJøJè%áêå&ð�õyæ]àDá:åJá)æ]áêè)æ]é!â
äBð�æôàdã+ñôð�û!õÊãAë�â�áêñôÿºé!õJñ�áËæôàÊã	æ`ä�ãAñ8æôé�é+àJð�û!à5{Ãì�í+uÕÞ � ð1~FãAõJå�ãXâ�áêñôéAë�øDæôð�é!õ
æ]àÊã|æËä�ãAñEæ]é�é«û!é�é�åþ{Hu»Þ Û ð10CB v£~)ùüß3àJáXèêé�åJá´ä�ãAñyõDéAæ�òÃé!øJõJå�øJñôá)òÃøJëLòÃé!â

��Þ��



 MIPs

 Planes Hit

0

0

100

10

200

20

300

30

400

40

500

50

600
0

0.01

0.02

0.03

0.04

0.05

0.06

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

h_totmip
Entries  32974

Mean    84.69

RMS     35.82

Total MIPs

h_totmip
Entries  5001

Mean    62.09

RMS     33.69

h_nph
Entries 

 Strips Hit

 32974

Mean    13.34

RMS      5.21

# Planes Hit

h_nph
Entries  5001

Mean    13.25

RMS      5.99

0 50 100 150 200

 plane
0 10 20 30 40 50

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

 M
IP

s

0

0.02

0.04

0.06

0.08

0.1

0.12

h_nsh
Entries  65948

Mean    35.74

RMS     10.56

# Strips Hit

h_nsh
Entries 

h_fedp_prof

 10002

Mean  

Entries 

  29.14

 1978440

RMS   

Mean  

  10.97

  29.50

RMS     17.32

Fraction of MIPs / plane

h_fedp_prof
Entries  300060

Mean    29.50

RMS     17.32

�;ð�û!øDâôá(¨Dù�� �V� èêé!óËÿÊãAâ�ð�ñ�é!õyìºá%æVäaáêá%õ � ùÅ¨ * á  �5 è��21[åJã	æçã¹{¢ìJë�ãAèçöA~0ã	õJå�ÿJð�é!õJñ0ñôð�ópøAm
ë ã	æôáêå�äBð�æ]à&æ]àDá6é!âôð�û!ð�õJãAë * ¡����z��¡ � è%é�åJá£{¢âôá%åG~)ù * ¡����z��¡ � ä�ãAñLòÃé!øJõJå&æôéEøJõJåJá%âzm
áêñ�æôð�óyã	æ]á�æôàJá�ã	è%æ]ð�ý�ð�æVí6ð�õ8àJãAåJâôéAõJð�èNá%ýAáêõ�æ]ñ � ãAñ¤á%ý�ð�åJá%õJèêá%åpì�íFæ]àJá0ñôð�û!õÊãAë�åDð�ñ�æôâôð�ìJøDæ]ð�é!õ{Ãæ]éAÿG~úãAõDå¦æ]àJá8àJð�æúñ�æôâôð�ÿ�ópøJë�æ]ð�ÿDë�ð�è%ð�æVí|{¢ë�á%òþæ�~$ùúß3àDápõcøJópìºáêâ:é	òNÿJë ãAõDáêñ:àDð�æläLãAñúä�á%ë�ë
óyé�åJáêë�áêå�{Ãâôð�û!à�æ�~ � ìJøDæBæ]àDá9ñ�ð�ópøDë ã	æôð�é!õ�ãAÿJÿºá�ãAâ�áêå+æ]éËñôàJé�äaáêâBæ]é�éËáêãAâôë�íj{Ãì éAæ�æ]é!óÁ~)ù

��Þ�Þ



ñôð�ópøJë ã|æ]ð�õDû1#n��'  �´á%ýAáêõ�æ]ñ:ãAõJå´äLã	ñúë�ð�æôæôë�áúøJñôá%åÇù
* ¡����z��¡ �:� ß3àJá * � � 'lß�Þ�ð�óËÿJë�áêóËáêõ�æçã	æôð�é!õ+éAò;æ]àJá * ¡����z��¡ � è%é�åDá\Ú Û ¨ Ü ùúß3àJá

èêé�åJáBð�ñNìÊãAñ�áêåyé!õyÿJãAâ]ãAóËá%æôáêâ�ð®©�ã|æ]ð�éAõJñÛá� �æôâ]ãAÿºé!ë ã|æ]áêåËåJé�äBõ�äLã	âôå&ð�õcæôéFæ]àJáBòÃá%ä�m
* á   áêõJá%âôûAí�âôáêûAð�é!õÇùÙ�;ð�û!øDâôái¨Dù���ÿJâôá%ñôá%õcæôñ¦ã ìÊã	ñôð�è=è%é!óËÿÊãAâôð�ñôé!õ ìºá%æVäaáêá%õ
� ùÅ¨ * á  �5 è��31�åÊã	æçã´ã	õJå�æ]àJá * ¡����z��¡ � ñôð�ópøJë ã|æ]ð�éAõÇù:ß3àJá�ñ�ð�ópøJë�ã	æ]ð�é!õ+äLãAñ
ð�õ�ì á)æôæôáêâ9ãAû!â�áêáêóËáêõ�æ9äBð�æôà�æôàJáyåJã	æçã´æ]àÊã	õ * �Û¯ ��ß � ìJøDæ8øJõJåJá%âôá%ñ�æ]ð�ó�ã|æ]áêå
æ]àJá9ãAè)æ]ð�ý�ð�æVí&ð�õXàJãAåJâôéAõJð�èFá)ý!áêõ�æôñêù

�D¯ � î$m * ¡����z��¡ ���=� õ9áêõJàJãAõJèêá%å � ìDøJûRm_ØA Dá%å9ýAáêâ�ñôð�éAõ1éAò�æ]àJá * ¡����z��¡ � è%é�åDá�Ú Û ° Ü ù
ß3àJá`ñôð�ópøJë ã|æ]ð�éAõyä�ãAñ3òÃé!øJõJå´æ]é�ã	û!âôá%áFñôé!óËá%äBàÊã|æBì á)æôæ]á%â3äBð�æ]à&æôàJáFåÊã	æ]ãpæ]àÊãAõ
æ]àJá`é!â�ð�û!ð�õÊãAë * ¡����z��¡ � ù

* î � ¯  �� �/� ý!áêâ�ñôð�é!õ éAò�æ]àJáqî � ¯  6� èêé�åJá ñCí�ñ�æ]á%ó ãAåJé!ÿDæôáêå�òÃé!â�øDñôáüäBð�æ]à
* � � 'úß�Þ�ÚÅ� � Ü ù�ß3àJá * î � ¯  6� ý!áêâ�ñôð�é!õ+ð�ñLóËé!ñ�æLñôð�óËð�ë�ãAâ�æ]éËî � ¯  6� ¨�°�ÚÈ� � Ü
äBàJð�èçà ð�ñEäBð�åDáêë�í�øJñôá%å òÃé!â�ñôàDð�áêë�åJð�õDû�èêãAë�è%øJë ã|æ]ð�éAõJñêùüß3àJá[é!âôð�û!ð�õÊã	ë3î � ¯  6�
èêé�åJá�ä�ãAñ�äBâ�ð�æôæôáêõ ð�õ æôàJá � °8� � /�ñ¦ãAõJå ã	ñ�ñôøJèçà ä�ãAñ�æôøJõJáêå æôé�ë�é�äaáêâ[áêõAm
áêâ�ûAí ð�õ�æôáêâ]ã	è%æ]ð�é!õJñ&æôàÊãAõ * �Û¯ ��ß � é!â * ¡����z��¡ � ä�á%âôá	ù î�àÊã	âôû!á%å ÿJð�é!õJñ
ì á%ë�é�ä ��ù�� * á   ãAõJå ÿJâ�éAæ]éAõJñ&ìºáêë�é�ä¢ÞDù�� * á   ãAâ�á¦æ]âôãAõJñôÿºé!âCæ]áêå äBð�æ]à èêé�åJá
{�'�#[ßlî"~ËìÊã	ñôáêåqé!õ 9aáêâ�æôð�õJð/�ñ�ð�õcæôâ]ã&mZõcøJèêë�á�ãAâ�è�ã	ñôè�ã	åJá¦óËé�åDáêë¯ÚÈ��� Ü ù � ñËæ]àJá
ÿJâôð�ó�ã	â�íXÿÊãAâCæ]ð�è%ë�ápá%õJáêâ�ûAí=ð�õJèêâ�á�ãAñ�áêñ9ãAìºé#ýAá¹��ù��&ã	õJålÞDù�� * á   ã´ë�ð�õJáêãAâ:ÿJâ�é!ìAm
ãAìJð�ë�ð�æVídòÃøJõJè%æôð�é!õ ð�ñyøJñôá%å�æ]é�åJá)æ]á%âôóËð�õJáXäBàJá%æôàJáêâ\'�#[ßlî é!â * �Û¯ ��ß � ð�ñ
è�ãAë�ë�á%åpæ]é9óyé�åJáêë�æ]àJáBð�õ�æôáêâ]ã	è%æ]ð�é!õ � äBð�æ]àEæ]àJálÿJâ�é!ìÊãAìJð�ë�ð�æVí8é	òÇè�ã	ë�ë�ð�õJû * �Û¯ ��ß �
âôáêãAèçàJð�õDû:øJõJð�æVí9ã	æ ����* á   ù * î � ¯  6� ð�õJè%ë�øJåJá%ñ¤ãúåJá)æçãAð�ë�áêå9ñôð�ópøJë�ã	æ]ð�é!õFéAòJë�é�ä
áêõJá%âôûAí|{ � � � #[á   ~aõJá%øDæ]â�é!õ&ð�õcæôáêâôãAè%æôð�é!õJñ0ìÊãAñ�áêå´é!õyæ]àJá�#n�Cî � !üèêé�åJá:è%é!øAm
ÿJë�á%åyæôé1ãAõÁ��':ï/� 5 9üõJá%øDæ]â�é!õ&èêâ�é!ñôñañôá%è%æ]ð�é!õ�åJã	æçã6ØÊë�á	ùÛß3àJá * î � ¯  6� èêé�åJá
äLã	ñFð�õ�û!é�é�å=ãAû!â�áêáêóËáêõ�æ6äBð�æ]à|�21�åJã	æçã � ãAõJå=ñ�é!óyá)äBàÊã	æFÿºé�é!âôá%âFãAû!â�áêáêóËáêõ�æ
äBð�æôàXÿDâôéAæôé!õJñlãAõJå��D�Sù

��Þ Ä



�VõqîLã	ë ï6á%æ � æ]àDá * î � ¯  6� èêé�åJá&äLã	ñEð�õdæôàJá´ì á%ñ�æËãAûAâôáêá%óyá%õ�æEäBð�æ]à�æôàJá&åÊã|æçã=ã	æ
ë�é�ä áêõJá%âôû!ð�áêñ3ã	õJå´ãAñLñ�øJèçà´äLã	ñ3ãAåJé!ÿ�æ]áêå&òÃéAâ�øJñ�á6ð�õ�æôàJá6ÿJð�é!õ�ó1øJé!õ&åJð�ñôè%âôð�óËð�õJã	æ]ð�é!õ
ÿJâôé�èêá%åJøJâôá	ù �D¯ � î$m * ¡����z��¡ � ä�ãAñ&ã	ë�ñôédã�û!é�é�åqóËé�åJá%ëlãAõJå�è%é!øJë�å ì á[øJñôá%å ð�õ
õJáêøDæôâôð�õJéüá%ý!á%õ�æ�ñôð�ópøJë�ã	æ]ð�é!õJñ&ã	ñ[ã�ä�ã�í éAò1ÿDâôé!ìJð�õJû�#n��'  ��/lñ�áêõJñ�ð�æôð�ý�ð�æVí æ]éüæ]àJá
åJá%æ]ãAð�ë�ñlé	ò�æ]àJá8àÊãAåJâ�é!õJð�è9ð�õ�æôáêâ]ã	è%æ]ð�é!õXñôð�ó1øJë ã	æôð�é!õ�ù3ï6á%æ]ãAð�ë�áêåXèêé!óËÿÊãAâ�ð�ñôéAõJñúìºá%æVäaáêá%õ
* î � ¯  6� � �D¯ � î$m * ¡����z��¡ � ã	õJåXæôàJá8îLãAë ï6á)æ3åÊã	æ]ãyã	âôáFÿJâ�áêñôá%õ�æ]áêå¦ð�õ[î�àÇùG¨Dù Ä ùá
â_ãMâ�E æ ñbö�÷GF ÷bü2ÿ+HJI6KÉöZø�ø
#[øJé!õJñ[ð�õ æ]àDá�á%õJáêâ�ûAí�â]ãAõJûAá ��� #Xá   m ����* á   ë�é!ñ�á«áêõJá%âôûAí ãAë�óyé!ñCæ+áêõ�æ]ð�âôá%ë�í ì�í
ð�é!õJðª©�ã	æôð�é!õ�ù;ß3àJáFá%õJáêâ�ûAí´ë�éAñôñ3ÿºáêâ3øJõJð�æ3ë�á%õJûAæôàXð�ñLåJá%ñôèêâ�ð�ìºáêåXì�í&æ]àJá6ò¢ã	óyé!øDñ�9�á%æôàJá�m
9�ë�é�èçà+áê÷cøÊã	æôð�é!õéÚÈ� � ��Þ Ü �

õ � v� � ºMLONP �
ú ñ

Q �
� ë�õ

� ó Ä�R�ñ�ú�ñ�ù�ñ�S
T?U �V ñ õ ú ñ õ
î
�(W #[á  

ûJ0	èêó ñ {�¨DùÅÞ8~¡úáêâ�áXL»º ��� Þ � ��#[á   è%ó ñ 0|û&ð�ñ:ãyõcøJóËáêâôð�è�ãAë¤èêéAõJñ�æ]ãAõ�æ � V+ð�ñlæôàJápóËá�ãAõ[á� �èêð�æçã	æôð�é!õ
áêõJá%âôûAí�{Ãð�õ=á   ~ �ZY ð�ñ:æ]àJáEÿJãAâ�æôð�èêë�ápóyãAñôñ � ãAõJåjú�ùéº �G0 Y ð�ñ:æôàJá�ópøJé!õ�ýAáêë�é�èêð�æVí
ópøJë�æôð�ÿJë�ð�á%å:ì�í:æôàJáNâôáêë�ã	æ]ð�ý�ð�ñ�æôð�è¤ì é�é!ñCæ�ùSß3àJá�ý	ãAâôð�ãAìJë�á2S
T?U � â�áêÿJâ�áêñôá%õ�æ]ñSæ]àJá�óyã& �ð�ópøDó
ö�ð�õJá%æôð�èFá%õJáêâ�ûAí´äBàJð�èçàXè�ã	õ[ìºá6æ]âôãAõJñ�òÃá%âôá%å[æ]éËãAõXáêë�áêè)æ]âôéAõXð�õXã�ñ�ð�õJûAë�áFèêéAë�ë�ð�ñôð�é!õ �

S
T?U � º � ó Ä!R�ñ�ú+ñZù�ñ� s��&ù ó Ä�0 Y sþ{ ó Ä�0 Y ~ ñ {�¨Dù Ä ~

� ìºé#ýAá(u � ��� #[á  65 èEæ]àJáËóËáêåJð�øJógìºáêû!ð�õJñFæ]éXì á%èêé!óËá�ÿ éAë ãAâ�ð®©êá%å=ì�í=æ]àJáËópøJé!õ�/�ñ
áêë�á%è%æôâôð�ènØÊáêë�å � äBàJð�èçà´ð�õyæ]øDâôõ´ñôøDÿJÿJâôá%ñôñ�áêñBåJð�ñCæçãAõ�æ�èêé!ë�ë�ð�ñ�ð�é!õDñaã	õJå&åJá%èêâôáêãAñôá%ñ � vÏ0 � �Sù�Võdæ]àJáë9�á%æôàJá�mÉ9�ë�é�èçàdá%÷�øJã	æ]ð�é!õdæ]àDáyý	ãAâôð�ãAìJë�á¹î � öcõJé�äBõüãAñ1æôàJá�åDáêõJñ�ð�æVí�á  áêè%æpÿÊã&m
â]ãAóËá%æôáêâ � ãAèêè%é!øJõ�æ]ñBòÃé!â3æ]àJá`åJá%èêâ�á�ãAñ�áêå�á%õJáêâ�ûAí´ë�éAñôñêùNß3àJá9åJá%õJñôð�æVí+á  áêè%ælè%é!âôâ�áêè%æôð�é!õ

��Þ��



ï6á%õJñôð�æVí\�Y áêè%æ�!;ã	â]ãAóËá%æôáêâôñ
#¦ã	æ]á%âôð�ãAë Vi{¢á   ~ [� � 7 �   � ' î  �eá �R¨ Û ù � Ä ù���° � Þ�ù � �RÞ m � ù ���Q� � ��ù�° Û Þ � ù � Ä8Û ¨ � ù � �

{���¨ � ~ { Ä ù�������~ {�Þ�ù ����� ~ { � ù�� ����� ~ {ïÞDù ����� ~ { � ù � � � ��~ { � ù ��� ~
ñ�èêð�õcæ Û ¨Dù�� ÞDùÅÞ ��� ��ù�� � Þ � ù � Û�Ä � ÞDù������ � ù � Û�Ä � � ù ���
� ë � Û�Û ù � Ä ù�� Ä � Þ�ù �Q� Þ � ù � � � ¨ ÞDù Û Þ8� � ù � ¨ � � � ù � �

{ � Û ��~ { Ä ù � ° � ~ {�Þ�ù ����� ~ { � ù�� ����� ~ {ïÞDù ����� ~ { � ù � Ä ¨�°�~ { � ù ��� ~

ß;ãAìDë�á|¨�ù�� � ï6á%õJñôð�æVíqá��á%è%æ´ÿÊã	â]ãAóËá%æôáêâôñ�ãAñ�æ]ãAìJøJë�ã	æ]á%å�ð�õ ÚÅ��� Ü ãAõDå øJñôá%å�æ]é�è%é!âzmâôáêè)æ * � � 'úßFùÊß3àJáFñCæçãAõJåJãAâôå * � � 'úß�ÞEÿÊãAâôãAóyá)æ]á%âôñ�òÃé!â��ÊáFã	õJå � ë·ãAâ�áFñôàJé�äBõXð�õ
ÿÊãAâôá%õ�æ]àJá%ñôð�ñ`ìJø�æ1ã	âôáEõJéAæ`ë�ð�ñCæ]áêå�òÃéAâFñôèêð�õ�æ]ð�ë�ë ã	æôé!âlñôð�õDèêáEñ�æ]ãAõJåÊã	âôå * � � 'lßkè%é!õJñ�ð�åAm
áêâôá%å[ñ�èêð�õcæôð�ë�ë ã	æôé!âLãEèêéAóyÿºé!ñôð�æ]áFóyã	æ]á%âôð�ãAëºäBàDáêõ¦èêãAë�è%øJë ã|æ]ð�õDû � vÏ0 � �Sù
ð�ñ3øJñ�øÊãAë�ë�í&á� DÿDâôáêñ�ñôá%å=ãAñlãAõXáêð�ûAàcæBÿJãAâ]ãAóËá%æôáêâLòÃøJõDè%æ]ð�é!õ+éAò���0 Y ÚÅ� Ä&Ü �

îA{k��~�º
\]]]]]]^ ]]]]]]_

` � õ [� òÃé!â �ba � 7` � õ [� s ' {|� 7 õ ��~�c òÃé!â �  ed � � � 7
� òÃé!â � � �   {ÃõJé!õJè%é!õJåJøDè%æ]éAâôñ�~

î   ��� ñ�f � � � g�h òÃé!â � � �   {Ãèêé!õDåJøJè%æôé!âôñ�~

{�¨Dù���~

¡úáêâ�á � ` ºæ�Ûë�õ ��� ð�ñ:ãËõcøJóyá%âôð�è�ãAë¤èêé!õDñ�æçã	õcæ6ãAõJåÆ�|º ë�é!û 7�  {÷��0 ó ~�ÚÈ��Þ Ü ù  ý!áêâúæ]àJáèêé!øJâ�ñôápé	ò�æ]ð�óËá8ãyý	ãAâôð�á%æVíXéAòNåJð��á%âôáêõ�æFóËá%æôàJé�åJñ:àÊã�ýAáEì á%áêõ=øJñ�áêå�æ]é�è�ãAë�èêøJë�ã	æ]á9æ]àJá
{¢óyã	æ]á%âôð ã	ëlåDáêÿºáêõJåJá%õ�æ�~&ÿÊãAâôãAóyá)æ]á%âôñi[�1�z� 7 �z�   ����� ' ��î   ù 9�áêèêãAøJñôá=æôàJá�ÿÊãAâôãAóËá%æ]á%âôñ
ãAâôáFè%é!âôâ�áêë ã|æ]áêå � ñôð�û!õJð^ØJè�ãAõ�æ]ë�í�åDðª áêâôá%õ�æ3æçãAìJøDë ã	æôð�é!õJñ�è�ãAõ+éAòþæôáêõ+û!ð�ýAá6æ]àJá`ñôãAóyábØJõÊãAë
âôáêñ�øJë�æêù¾ß3àDá�óËé!ñ�æôë�í:äBð�åJáêë�íFøJñ�áêåEãAõDå8àJð�û!àJë�í6âôá%û�ãAâ�åJáêå9ýAã	ë�øJá%ñ¾àÊã�ýAáaìºáêá%õ1æçãAìDøJë ã	æôáêå
òÃé!âBãEë ãAâ�û!áFõcøJópìºáêâBéAò¾ó�ã	æôáêâ�ð ãAë�ñ�ì�ín��æ]á%âôõJàDáêð�óËáêâ¯ÚÈ��� Ü ù

îLãAë�ï6á%æ0èêé!ë�ë�á%è%æ]á%å�ã`óËé�åJá%ñ�æ0ñ]ã	óyÿJë�áBéAòÇñCæ]é!ÿJÿDð�õJû9ópøJé!õDñað�õ�æôàJálóyé!óËáêõ�æôøJó
â]ãAõJûAá � ù Ä mz��ù ��* á  �5 è � ãAë�ë�é�äBð�õJû6ó1øJé!õ�áêõJá%âôûAípë�é!ñ�ñaã	õJå�â]ãAõJûAáLæ]é`ì áBèçàÊã	â]ãAè)æ]áêâ�ð®©%áêåÇù
#[éAæ]ð�ý	ã	æ]á%ådì�í«æ]àJáyåÊã	æçã � æ]àDá * � � 'úß ÿDâôáêåDð�è%æôð�é!õ�òÃé!â � v�0 � ��ä�ãAñ1è%é!óyÿJãAâôá%å�æ]é
æ]àJáËâôá%ñôøJë�æ]ñ`éAò�æôàJáËåJá%æ]ãAð�ë�áêå«è�ãAë�èêøJë�ã	æ]ð�é!õ=ð�õ�ÚÈ��Þ Ü ù�ß3àJáËèêéAóyÿÊã	âôð�ñ�é!õ«àJð�ûAàJë�ð�û!à�æ]áêå«ã
ñôàJé!âCæ]è%é!óyð�õJûEð�õ´æôàJá`ñôð�ó1øJë ã	æôð�é!õ � æ]àDá � v�0 � ��ÿJâ�áêåJð�è%æ]á%å[ì�í * � � 'úß�äLã	ñlñCí�ñ�æ]á%ó1m

��Þ Û



ã	æ]ð�è�ãAë�ë�í�àDð�û!àJá%âyæôàÊãAõqæôàJá¦èêãAë�è%øJë ã	æôáêå�ýAã	ë�øJá%ñ�ì�í ãAì éAøDæ���ð&ù � ñ&ð�æ�æ]øJâ�õJáêå é!ø�æ �
* � � 'lß åDá%æ]á%âôóËð�õJá%å´æ]àJá`åJá%õJñôð�æVí&á  áêè)ælÿÊãAâ]ã	óyá)æ]áêâ�ñBãAèêè%é!âôåDð�õJûpæôé�æôàJá`ãAë�û!é!âôð�æ]àJó
øJñôá%åXì�íyæ]àJá/� * � Ä áêë�áêè)æ]âôéAó�ãAûAõJá%æôð�è:ñ�àJé�ä�á%âBèêé�åJá:òÃé!â��A�+j�k�¬{�mlnkoj�p�q6ó�ã|æ]áêâ�ð ãAë�ñ�Ú Û � Ü ù
ß3àJð�ñBð�õ´æôøJâôõ+è�ã	øJñôá%å[æ]àDá9á%õJáêâ�ûAí+ë�éAñôñLæ]é�ìºá`é#ýAáêâ�áêñ�æôð�óyã	æ]á%åÇù

ß3àJá�ñôàJéAâ�æ]è%é!óËð�õJû�ä�ãAñ«èêé!â�âôá%è%æ]á%åkì�í óËé�åJð�òþí�ð�õDûqæ]àJá * � � 'lß�âôéAøDæ]ð�õJáêñrsCtCuwvCx g rsCtCuwvu ãAõJå ryswtCuwv _ ª ù�ß3àDálóËé�åJð^ØÊá%åEâôé!ø�æ]ð�õDáêñ�âôáêãAåËð�õpæçã	ìJøJë ã|æ]áêåEý	ãAë�øJáêñ
òÃé!âz[�]�z� 7 �D�   ����� ' ��î   � ãAõJå[øJñôá%åi��÷ºùÅ¨Dù���æôéyèêãAë�è%øJë ã	æôá¯î�ùaß3àJá8æ]ãAìJøJë�ã	æ]á%åXý	ãAë�øJáêñ3òÃé!â
�eá � � ë�ã	õJådñ�èêð�õ�æôð�ë�ë�ã	æ]éAâFãAâôá�ñ�àJé�äBõ ð�õ�ß;ãAìDë�á]¨Dù���ù´ß3àJá�â�áêñ�øJë�æ9éAòLæôàJáËèêé!â�âôáêè)æ]ð�é!õ �
ãÆuÕ��ð¸åJáêè%âôáêãAñôáËð�õ � vÏ0 � � � ð�ñ`ñ�àJé�äBõdð�õl�;ð�û!øJâ�á1¨Dù�¨�ùËß3àDáËóËé�åJð^ØÊá%å=ý!áêâ�ñôð�é!õ�é	ò
* � � 'lß ä�ãAñlð�õ+á� �èêá%ë�ë�áêõ�æúãAû!âôá%áêóËáêõ�æläBð�æ]à´æôàJá`è�ãAë�èêøJë�ã	æ]ð�é!õJñLéAò * âôé�é!ó�á)æ:ã	ë�ù � ñ
ñôàJé�äBõ�ð�õ3�;ð�ûJù�¨DùÅ°XæôàJáËèêé!â�âôáêè)æ]ð�é!õdð�õJèêâ�á�ãAñ�áêå�æôàJáËâ]ãAõJûAáyéAò � ùÅ¨ * á  �5 èËópøJé!õDñ8ì�í
ãAì éAøDæ�éAõJá:ÿJë�ãAõJá	ù � è%é!óËÿÊãAâôð�ñôé!õyì á)æVä�á%áêõ&æôàJá:âôãAõJû!áúéAò·óËá�ãAñ�øJâôá%å´ãAõJåyñôð�ó1øJë ã	æôáêå
ópøJé!õJñBð�ñ3ÿJâôá%ñôáêõ�æôáêå�ð�õXî�àÇù�¨Dù Ä ù Ä ùá
â_ãMâ�{ |}<bü~F,��ü2ú�õ ö����+æ | 4.ÿ�öZø�ø�|�ô�ó��
#[øJë�æôð�mVãAõJé�åJá3ÿJàJéAæôéAæ]øDì á%ñ � ñ�øJèçà+ãAñNæ]àJá�¡:ãAóyãAóyã	æ]ñ�øë# � Û ãAõDå\# Û�Ä æ]øJìºáêñaøJñôá%å´ð�õ
#n��'  � � ñ�øQ�á%â3òÃâôé!ó è%âôé!ñ�ñ3æçãAë�ö&ãAóËé!õJû!ñCæLæ]àDá9ð�õJåJð�ý�ð�åJøÊãAë ÿJð� �á%ë�ñêùNï6øDâôð�õDûpæ]àJá:#n�Wm
'  � �=� ï ãAõDåËè%é!õJñCæ]âôøDè%æ]ð�é!õEÿJàÊã	ñôáêñNã6ñ�ð�û!õDð^ØÊèêãAõ�æ�á  é!â�æ;äLãAñ�óyãAåJá0æ]éFð�õcýAáêñCæ]ð�û!ã	æ]á
æ]àJápè%âôé!ñ�ñ:æçã	ë�ö+ÿJàJá%õJé!óËáêõJé!õ � øJñôð�õJû&åÊã|æçã�òÃâôéAóHåDáêåJð�è�ã	æôáêå=ìºáêõJèçà=æ]á%ñ�æôñFãAñ:äaáêë�ëÛãAñ
æ]àJá6â�áêñ�øJë�æôñ�òÃâôé!ó æ]àDá/!$#[ß�æôáêñCæ]ñ�æ]ãAõJåJñ3ìDøJð�ë�æLã	æ�æ]àJá � õJð�ýAáêâ�ñôð�æVíyéAòSß¤á� DãAñBãAõDå   ?m
òÃé!âôå � õDð�ý!á%âôñ�ð�æVí!ùNï6á)æçãAð�ë�ñÛé	ò æôàJá:ã	õÊãAë�í�ñ�ð�ñ(ÚÈ� Û&Ü ãAõDå�ã`åJáêñ�èêâ�ð�ÿDæôð�é!õ�éAò æ]àJáBñôð�ópøJë�ã	æ]ð�é!õ
éAò�# � Û â�áêñ�ÿ é!õDñôá6ã	õJåyè%âôé!ñ�ñ0æ]ãAë�öëÚÅ��� Ü ãAâôáBé!ø�æ]ñôð�åJá3æ]àJáBñ�èêé!ÿºáúé	ò�æ]àDð�ñ�åJé�èêøJóËáêõ�æaìJøDæ
ãAâôá`ñôøDóyóyãAâôðª©êá%å´àJáêâ�á`äBð�æ]à[ãAõ+áêóËÿJàÊãAñ�ð�ñ3é!õ+æ]àDá`æôé!ÿºé!ë�é!ûAð�è�ã	ë è%é!õJñôá%÷cøJáêõJè%áêñ%ù

î�âôéAñôñ¾æ]ãAë�ö:èêé!óËáêñ¤ð�õ`æVä�é:ÿJàJáêõDé!óyá%õJé!ë�é!û!ð�èêãAë!óËé�åDáêñ � é!ÿ�æ]ð�èêãAëcãAõJå8áêë�áêè%æôâôð�è�ãAë�ùµK:=<�>�WY>KP0?�TVEkjgCKG8FHF>zC;EHTVGQPgR=L8?�LOA�A[cVTa>DW¶P�G8E�GQP�cVjSEGyIZX�GQP[?dp�X�E�EGyA�TVGQP[?D�zA[FG8EG8P0?�LOP0W¶>Kca>DC;EHFGQP[?LQ?=Rl>DcVc r
��Þ��



) (GeV)µlog10(T

-1.5 -1 -0.5 0 0.5 1

) (GeV)µlog10(T

-1.5 -1 -0.5 0 0.5 1

 d
E

/d
x 

(M
eV

/c
m

)

11

12

13

14

15

16

17

18

19

20

21
 energy loss in Fe µ

Standard GEANT3

Modified GEANT3

Groom, et al.

) (GeV)µlog10(T
-1.5 -1 -0.5 0 0.5 1

) (GeV)µlog10(T
-1.5 -1 -0.5 0 0.5 1

 d
E

/d
x 

(M
eV

/c
m

)

2

2.2

2.4

2.6

2.8

3

3.2

3.4

3.6

 energy loss in Scintillator µ

Standard GEANT3

Modified GEANT3

Groom, et al.

�;ð�û!øDâôá]¨DùÅ¨ � #XøJé!õ � v�0 � � ð�õ�ð�â�é!õ�ãAõJådñ�èêð�õcæôð�ë�ë ã	æôé!âêù�ß3àJáyåJá%ò¢ãAøDë�æ * � � 'úß ÿJâ�á�m
åJð�è)æ]ð�éAõ�ð�ñ8èêé!óËÿÊãAâ�áêå�æ]é�æôàJá´óËé�åJð©ØÊáêå * � � 'lß ý!áêâ�ñôð�é!õ�ãAõJå�æ]àDá´è�ãAë�èêøJë�ã	æ]ð�é!õ�é	ò
* â�é�é!ó � á)ælãAë�ù�ÚÅ��Þ Ü ù

��Þ�¨



Entries  5001

Mean   48.270

RMS     2.119

38 40 42 44 46 48 50 52 54 56 58
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

end plane

Standard

Entries  5001

Mean   48.270

RMS     2.119

Entries  5001

Mean   49.176

RMS     2.159

Modified

Entries  5001

Mean   49.176

RMS     2.159

Modified GEANT
Std GEANT

�;ð�û!øDâôái¨DùÅ° � ß3àJá=á  áêè)æ[é	ò9æôàJá � vÏ0 � ��èêéAâôâôá%è%æôð�é!õ é!õ�æôàJá=â]ãAõDû!á=éAò � ùÅ¨ * á  �5 è
ópøJé!õJñ%ù\'úéAâôóyãAë�ë�í¦ð�õJèêð�åJáêõ�æ � óËé!õJéRmZáêõJá%âôû!á)æ]ð�èEó1øJé!õJñ`ä�á%âôáyñôð�ó1øJë ã	æôáêå«ð�õdîLãAë�ï6á%æäBð�æ]à æ]àDá�ñCæçãAõDåÊãAâôåæ{¢ìDë ãAèçöA~´ãAõJå óyé�åJð^ØJáêå {¢â�áêåG~ * � � 'úß¸èêé�åJáêñ%ù�ß3àJá.u ��ð
åJáêè%âôá�ã	ñôá9ð�õ � vÏ0 � �[ð�ñ3á�ã	ñôð�ë�í�ý�ð�ñ�ð�ìJë�áFãAñlã � ÿDë ãAõJáFð�õJèêâ�á�ãAñ�á`ð�õ´æ]àJá`ópøDé!õ+â]ãAõJûAáAù

��Þ�°



 ÿ�æ]ð�èêãAë;è%âôé!ñ�ñ6æçãAë�ö[ð�ñFã&ñ�æôé�èçàJãAñ�æôð�èEÿJâ�é�è%áêñôñ`ð�õ�äBàJð�èçà«ÿJàJé	æ]é!õJñFéAâ6ÿJàJéAæôé�á%ë�á%è%æ]â�é!õJñ
é!âôð�û!ð�õÊã	ë�ë�ídð�õJè%ð�åJá%õ�æ&é!õ é!õDá�ÿJð� �á%ëúñ�è�ã	æ�æ]áêâ´ð�õ�æ]é ãAõDéAæ]àJá%â�ÿJðÎ �áêë�ù �Në�áêè)æ]âôð�è�ãAëlèêâ�é!ñôñ
æçãAë�öpð�ñaã9÷cøÊã	ñôð�mZèêé!õ�æôð�õcøJé!øJñ0ÿJâ�é�è%áêñôñ�ð�õ�äBàJð�èçàyèçàÊãAâôûAá:ë�áêãAö|ãAû!áBð�õ�æ]àDáúåDí�õJé�åJáúèçàÊãAð�õ
é!â�ð�õJåJøDè%æ]ð�ý!á 5 è�ãAÿJãAèêð�æ]ð�ýAá+èêé!øJÿDë�ð�õDû=ì á)æVä�á%áêõ ÿJðÎ Dá%ë�ñ�è�ã	øJñôá%ñyèçàÊã	âôû!á+æ]é�ãAÿJÿºá�ãAâ�é!õ
ã�õJé!õJmVð�ë�ë�øJóËð�õJã	æ]á%å ÿJð� �áêë�ù¡�Êé!â�óyé�åJáêâôã	æ]áXÿJøJë�ñôá%àJáêð�û!à�æ]ñi{u Þ � !���ñ&é!âËë�áêñ�ñ�~Eæ]àJá
ñôð�ûAõÊãAë�ñ�èêâôáêã	æ]á%å×ì�í á%ë�áêè)æ]â�ð�è�ã	ë6èêâ�é!ñôñ´æçã	ë�ö äaáêâ�á�ûAáêõJá%â]ãAë�ë�í ì á%ë�é�ä¸æôàJá+u � 0�Þ�!��
ñôÿÊãAâ�ñôð©ØÊè�ã	æôð�é!õ æôàJâôá%ñôàJé!ë�åÇù  õ æ]àJá+éAæôàJáêâ�àÊãAõDå � éAÿDæ]ð�è�ãAëaèêâôéAñôñ�æçãAë�ö�ñ�ð�û!õÊã	ë�ñpäaáêâôá
øJñôøÊã	ë�ë�í�ñ�ð�õJûAë�áBÿJàJéAæôé�á%ë�á%è%æ]â�é!õJñ � ãAìºé�ý!áúæôàJá:â�á�ãAåDé!øDæ�æôàJâôá%ñôàJéAë�å�u ° � ð éAòÇæ]àDáúæ]ð�óyá �
ãAõJå+ä�á%âôá`æ]àJá%âôá%òÃéAâôáFæ]àJá`åJéAóyð�õÊãAõ�æ3á  áêè)æ�ù

ß3àJá6è%âôé!ñ�ñ�æçã	ë�öEñ�æôâôá%õJûAæ]àl{Ãð�ù�áAùÛóyãAû!õDð�æ]øDåJá�~;ä�ãAñLèçàÊãAâôãAè%æôáêâ�ð®©êá%å&ì�íyæôàJá6ã�ýAáêâzm
ãAû!áFèçàÊãAâ�û!á`óyáêãAñôøDâôáêå+é!õ´æôàJá`èêâôéAñôñ3æçãAë�öyÿDð� �áêë·ã	ñBãEòÃâôãAè%æôð�é!õ´é	ò¤æôàJá`èçàÊãAâ�û!á`é!õ´æ]àJá
ð�ë�ë�øJóËð�õÊã	æôáêå[ÿJð� �áêë�ù�ß3àJáyñCæ]â�áêõJûAæôà�ä�ãAñ`òÃé!øJõJå«æ]éXåJá%ÿ á%õJådé!õ=æôàJáyûAáêé!óËá%æôâôð�è1âôáêë�ã&m
æ]ð�éAõJñôàJð�ÿ8ìºá%æVäaáêá%õpæ]àJá0æVä�éúÿJð� �á%ë�ñ � äBð�æôà8ÿJðÎ �áêë�ñ¤ñôàJãAâôð�õJû6ãBì éAâôåJá%â¾àÊã�ý�ð�õDûúæ]àDá�ë ã	âôû!á%ñ�æ
èêé!øJÿDë�ð�õDû£{ � ù � m � ù Û ð1~)ù+�;ð�ûAøJâôá-¨Dù ��� åJð�ñôÿJë�ã�í�ñ¤æ]àJáaèêé!øJÿDë�ð�õDû!ñ¤òÃéAâÛîLãAë�ï6á%æY# � Û ñ ® ù;ß3àJá
øJÿ 5 åJé�äBõ�ãAõJå=ë�á%òþæ 5 âôð�û!à�æ6ãAñCí�óyóËá%æôâôð�á%ñúý�ð�ñ�ð�ìJë�á1ð�õ¦æ]àJá�ØÊû!øJâ�á1ä�á%âôáEë�ãAâôû!á%ë�íXè�ã	øJñôá%å
ìcí[æ]àJá1ÿ é!ñ�ð�æôð�é!õ�é	ò�æ]àJápéAÿDæ]ð�è�ãAëyØÊì á%â6é!õ�æôàJápð�ë�ë�øJóËð�õJã	æ]á%å[ÿJðÎ �áêë"{ÃõJéAæFñ�àJé�äBõG~6ãAõJå
æ]àJá`ÿJðÎ Dá%ëSãAâôèçàDð�æ]á%è%æôøJâôá	ù

î�âôéAñôñEæçãAë�ödèêãAøJñôá%å ë�é�ä ÿDøJë�ñ�áêàJá%ð�û!à�æ.Ñ�û!àJéAñ�æ)Ò=àDð�æ]ñpæôé=ì á+ã	ñôñôé�èêð�ã	æ]á%å äBð�æ]à
ñ�æ]â�ð�ÿJñ9ð�õ�äBàJð�èçà�õJé¦á%õJáêâ�ûAí�äLãAñ8åJáêÿºé!ñ�ð�æ]á%åÇù � æ�îLã	ë ï6á%æ � æôàJâôá%á�ÿJàDéAæ]éAæôøJìºáêñ1â�á�ãAå
é!øDæEé!õDá´áêõJå�éAòBæVä�é«ÿJë�ãAõJá%ñ � äBð�æôà é!õJá´éAòBæ]àDá�!-#Xß3ñËìºáêð�õJû=ñôàJãAâôá%å ì�ídæôàJá&æVäaé
ÿJë ãAõDáêñêù¾ß3àJáBèêé!øDÿJë�ð�õJû:ìºá%æVäaáêá%õ&ãAõ�í1æVäaéFñ�æôâôð�ÿJñÛäLã	ñÛæ]àJá%õyã:òÃøDõJè%æôð�é!õpé	òºæôàJá3é!ÿDæôð�èêãAë
ó�ãAÿDÿJð�õJû1ìÊãAèçö&é!õ´æôàJáFÿJàJéAæôéAæ]øDì á6ò¢ãAè%á]{¢ñ�áêáFß¾ãAìÇùBÞDù Û ~$ù��;ð�û!øDâôáêñ�¨Dù ��� m�¨Dù � Ä åDð�ñôÿDë ã�í
æ]àJá&éAÿDæ]ð�è�ãAë0èêâ�é!ñôñ1æ]ãAë�ö«ñCæ]âôá%õJûAæôà�äBàJáêõüá�ã	èçà éAò3æ]àJáyòÃé!øJâ1ñCæ]â�ð�ÿJñEã|æ1æ]àDá&èêá%õcæôáêâpé	ò
æ]àJápåDá%æ]á%è%æôé!â6ä�á%âôáEð�ë�ë�øDóyð�õÊã	æ]á%åÇù��eéAâ:ÿJàJé	æ]éAæôøJì á%ñ6æ]àÊã|æFâôáêãAå=é!øDæFéAõJë�íXé!õJá1ÿJë ãAõDá �º :=<�>M¸�LOcexy>KEgWYTeWbP�G8ESXYEHTVcaTVUD>�EH<�>J������GQAYETeCKL8c�?X�IJI�TaP�N
X0?�>zW�L\E2EH<�>@Û���-D�¶��/[L8FSxS>�EH>DC;EHG8Fzr�|P0?kEH>DL8Wd�l>zL8C_<Éf0p0>DFMR�LQ?JcVGYCKLOE>zW�GQP�GQP�>bGOmyEH<�>b>KTaN8<{E./[L8F
xy>KE>DC�EGQFJf[p0>DFn?A0G8EH?Dr¯:=<�>�?HLOIJ>FH>DLQWYG8X�E3?HC_<�>DI�>¶R=L8?�X[?>DW�G8PbLOcacdA�TV�Y>Kce?Kr

� Ä �



0.13 0.06 0.08 0.08

0.36 0.22 0.15 0.05

6.26 1.19 0.24 0.09

3.98 0.65 0.30

0.5 4.5

1

2

3

4

)-3Optical Xtalk from Pixel 4 (Units of 10

0.08 0.06 0.11 0.10

0.15 0.34 0.21 0.16

0.67 5.77 1.37 0.29

3.16 6.93 0.89

0.5 4.5

1

2

3

4

)-3Optical Xtalk from Pixel 3 (Units of 10

0.07 0.06 0.11 0.14

0.04 0.16 0.29 0.23

0.09 0.90 2.65 1.02

0.74 13.72 2.95

0.5 4.5

1

2

3

4

)-3Optical Xtalk from Pixel 2 (Units of 10

0.10 0.04 0.10 0.21

0.01 0.13 0.20 0.54

0.01 0.09 0.93 16.40

0.35 0.48 2.52

0.5 4.5

1

2

3

4

)-3Optical Xtalk from Pixel 1 (Units of 10

0.45 0.26 0.14 0.10

12.58 1.62 0.26 0.08

4.19 0.38 0.09

3.42 1.18 0.24 0.16

0.5 4.5

1

2

3

4

)-3Optical Xtalk from Pixel 8 (Units of 10

0.21 0.33 0.23 0.16

1.53 10.84 1.02 0.24

9.12 2.16 0.48

1.39 2.76 1.06 0.49

0.5 4.5

1

2

3

4

)-3Optical Xtalk from Pixel 7 (Units of 10

0.10 0.17 0.40 0.33

0.08 1.60 10.16 1.09

0.19 8.62 1.81

0.37 1.09 2.72 1.31

0.5 4.5

1

2

3

4

)-3Optical Xtalk from Pixel 6 (Units of 10

0.07 0.11 0.24 0.76

0.06 0.17 0.75 3.71

0.05 0.22 1.96

0.14 0.24 0.90 13.83

0.5 4.5

1

2

3

4

)-3Optical Xtalk from Pixel 5 (Units of 10

3.32 1.26 0.32 0.17

4.30 0.42 0.10

12.70 1.58 0.17 0.06

0.54 0.24 0.09 0.10

0.5 4.5

1

2

3

4

)-3Optical Xtalk from Pixel 12 (Units of 10

0.84 5.35 1.59 0.40

1.85 5.81 0.41

0.70 5.45 1.14 0.18

0.24 0.43 0.17 0.14

0.5 4.5

1

2

3

4

)-3Optical Xtalk from Pixel 11 (Units of 10

0.27 0.78 2.73 1.36

0.17 2.65 3.37

0.12 0.91 11.30 1.43

0.22 0.19 0.30 0.34

0.5 4.5

1

2

3

4

)-3Optical Xtalk from Pixel 10 (Units of 10

0.18 0.27 1.08 3.01

0.07 0.29 11.33

0.03 0.13 1.80 10.73

0.09 0.13 0.15 0.62

0.5 4.5

1

2

3

4

)-3Optical Xtalk from Pixel 9 (Units of 10

4.99 0.85 0.27

3.18 1.25 0.24 0.07

0.39 0.21 0.07 0.04

0.21 0.12 0.01 0.10

0.5 4.5

1

2

3

4

)-3Optical Xtalk from Pixel 16 (Units of 10

6.42 3.64 0.74

0.89 5.64 0.96 0.23

0.13 0.24 0.16 0.11

0.12 0.08 0.00 0.10

0.5 4.5

1

2

3

4

)-3Optical Xtalk from Pixel 15 (Units of 10

0.58 2.35 16.11

0.12 0.60 2.58 1.18

0.04 0.14 0.28 0.17

0.07 0.06 0.03 0.16

0.5 4.5

1

2

3

4

)-3Optical Xtalk from Pixel 14 (Units of 10

0.21 0.39 2.13

0.03 0.18 0.79 14.47

0.05 0.07 0.17 0.48

0.09 0.06 0.05 0.21

0.5 4.5

1

2

3

4

)-3Optical Xtalk from Pixel 13 (Units of 10

�;ð�û!øDâôá¯¨Dù ���Q�  ÿ�æ]ð�èêãAë·èêâ�é!ñôñlæçãAë�ö&ñ�æôâôá%õJûAæ]à¦ãAñúã�òÃøJõDè%æ]ð�é!õ¦é	ò;æ]àDá8ð�ë�ë�øDóyð�õÊã	æ]á%å�# � ÛÿJð� �áêë�ù1�NãAèçà�ð�õJåJð�ý�ð�åJøÊãAëyØÊû!øJâ�á�âôáêÿDâôáêñ�áêõ�æEã&ò¢ãAè%á�é!õ=ý�ð�á%ä éAò3ã�¡:ã	ó�ãAóyã	æôñôøl# � ÛÿJàJéAæôéAæ]øJìºá � äBð�æôà�æôàJá[ð�õJåJð�ý�ð�åJøÊãAë�ñô÷cøÊãAâ�áêñ�è%é!âôâ�áêñ�ÿ é!õDåJð�õJû«æ]é«æ]àDá[ñ�ð� �æ]á%áêõqÿDð� �áêë�ñêùß3àJáyð�ë�ë�øJóyð�õÊã	æôáêå¦ÿDð� �áêë�ð�ñ9åDáêõJéAæôáêå�ìcí�ã´ìJë�ãAèçö�ñ�÷�øJãAâôá	ù�ß3àJáËèêâ�é!ñôñ`æçãAë�ö¦ñCæ]âôá%õJûAæôà
ì á)æVä�á%áêõ&æ]àDá:ð�ë�ë�øJóËð�õJã	æ]á%åpÿJð� �á%ë ã	õJå´ãAõJåyá�ãAèçà�éAòÇæ]àDáúéAæôàJáêâ�ñ�ð�ñañ�àJé�äBõ&ð�õ�æ]àJáúèêé!ë�é!â
ó�ãAÿ´äBð�æ]à´æ]àJá`õcøJóËáêâ�ð�è�ã	ë�ý	ãAë�øJá%ñBñôøJÿºáêâ�ÿ é!ñ�áêåÇù0ß3àJá`ñ�æôâôá%õJûAæ]àXð�ñBð�õ´øJõJð�æôñBéAò �E� � £ ù

� Ä �



æ]àJáXë ãAâ�û!áêñCæËèêé!øJÿDë�ð�õDû!ñEä�á%âôá[æôé�éAõJá[éAâËóËé!â�áXé	ò:æ]àDáXòÃé!øDâËñCæ]â�ð�ÿJñyã	æ�æ]àJáXáêåDû!á[é	ò
æ]àJáEÿJë�ãAõJá	ù9ß3àDáEñôàÊãAâ�áêå«ÿJàJé	æ]éAæôøJì ápãAë�ñ�é&èêé!øDÿJë�á%å«æôé&æ]àJá1áêåJû!áEñCæ]â�ð�ÿJñ6ìDøDæ`àÊãAå«ãAõ
ãAåJåJð�æ]ð�éAõÊãAë � â]ã	æôàJáêâlñ�æôâôé!õJû � è%é!øJÿJë�ð�õJû�òÃé!âCäLãAâ�å¦é!âlìÊãAèçö�ä�ãAâôå¦ð�õ�æ]éËæ]àJá9éAæ]àDáêâlÿJë ãAõDáAù
ß3àJð�ñpòÃé!âCäLã	âôå�èêâôéAñôñEæçãAë�ö�é�èêè%øJâôâ�áêå�ð�õ�æôàJá+ñôàJé�äaáêâôð�õJû�âôáêûAð�é!õüãAõDåüä�ãAñEæ]àDáêâôá)òÃé!âôá
÷�øDð�æ]á`åJð©¥ËèêøJë�æLæ]é�ð�åDáêõ�æ]ð�òþí&é!õ[ãAõ+á%ýAáêõ�æ6ì�í´á)ý!áêõ�æ:ìÊãAñôð�ñêù õ ã�ý!á%â]ãAû!á � � � ð é	ò6æ]àJáXàJð�æ]ñËð�õ�á�ãAèçà �×á%ýAáêõ�æ&äaáêâôá[è�ãAøDñôáêå ì�í�é!ÿDæôð�èêãAë
èêâôéAñôñ�æ]ãAë�öeù¡�Võqæ]àDá�ãAõÊã	ë�í�ñôð�ñ � ã�ÿJøJë�ñ�áêàJá%ð�û!à�æ�èêøDæ�éAò � ù��Y!��NñyäLãAñ�ãAÿJÿJë�ð�á%å äBàJá%õ
è�ãAë�èêøJë�ã	æ]ð�õJûFèêâ�é!ñôñNæçãAë�ö1ñ�áêõJñ�ð�æ]ð�ý!áB÷cøÊãAõ�æ]ð�æ]ð�áêñ�{¢á	ù�ûJù¾æ]àJálâ]ãAåDð�øJñ�éAòÇãAõËá%ý!á%õ�æ�~)ùaî�àÊã	âôû!á
ä�á%ð�û!à�æ]ð�õJû1ä�ãAñBãAë�ñôépøJñ�áêåXð�õ&ñ�é!óËá6÷cøÊãAõ�æ]ð�æ]ð�á%ñêùY�Võ+ÿJâ�ð�õJè%ð�ÿJë�á � ãpñôéAÿJàJð�ñCæ]ð�è�ã	æôáêå´èêâ�é!ñôñ
æçãAë�ö¦âôá%óyé�ý	ãAë�ã	ë�û!é!â�ð�æôàJó èêé!øJë�å«ì á�åJá)ý�ð�ñôá%å�ì�í«øJñ�ð�õJû´æ]àDáËè%é!øJÿJë�ð�õJûAñ6éAò��;ð�ûJù�¨Dù ��� ù
��øJèçà+ãAõ�ãAë�û!éAâôð�û	æ]àJó�äLãAñaõJéAæ�èêé!õJñ�ð�åJá%âôá%å&õJáêè%áêñ�ñ]ãAâCí � â]ã	õyæ]àDá:âôð�ñôöEéAòÇìJð ãAñ�ð�õJû9ñôéAóyá
æ]é!ÿºé!ë�éAû!ð�èêãAë;÷cøÊãAõ�æôð�æ]ð�áêñ � ãAõJå�äLã	ñ8õJé	æ1ÿJøDâôñôøDáêåÇù � èêé!óËÿJë�á)æ]á(��� � �wlnkoj��W4&��é	ò�# � Û
èêâôéAñôñ6æçã	ë�ö[ãAõJå=âôá%ñôÿºé!õJñ�á�ä�ãAñ`åJá)ý�ð�ñôá%å�éAõ�æ]àJáEìÊã	ñôð�ñ:éAòNæ]áêñCæ]ñCæçãAõJå�óËá�ãAñ�øJâôá%óyá%õcæôñ �
æ]øJõJá%å´äBð�æ]à´îLãAë ï6á)æLåÊã	æ]ã � ã	õJå´ð�ñaõJé�ä×ÿÊã	â�æLé	ò¤æôàJá6ñCæçãAõJåJãAâôå´ñ�ð�ópøJë�ã	æ]ð�é!õËèêé�åJá1ÚÈ� ÛQ�
��� Ü ù

Ç � ± u��]â.���{�1Ì��Ev�q�� s��{�Yv�w���Ü �{�|q��;�Q��� �ÉÈ ³��{����� qÕ�i²ß x �����
ß3àJá[æôé!ÿ éAë�é!û!ð�è�ãAëaåJðª áêâ�áêõJè%áêñyì á)æVä�á%áêõ�àÊã	åJâôé!õDð�èXñôàJé�äaáêâôñ&ãAõJå�ópøJé!õ�æ]â]ã	èçö�ñyè�ãAõ
ì á=øJñ�áêå�æ]é èêë�ãAñôñ�ð�òþíqá%ý!á%õ�æ]ñ[ãAñ+ÿJð�é!õJmVë�ð�öAá[é!â´ópøJé!õJmVë�ð�öAá	ùæ�Êé!â´á%õJáêâ�û!ð�á%ñ+ãAì é�ýAá�ã
òÃá%ä * á   � æôàJáËâôáêë�ã	æ]ð�ý!á%ë�íÆØJõJáyë�é!õJû!ð�æ]øJåDð�õÊãAë;ãAõJå�æ]â]ã	õJñ�ýAáêâôñ�á&ñôá%û!óËáêõ�æçã	æôð�é!õ«éAò�æ]àJá
#n��'  �qè�ã	ë�é!â�ð�óËá%æ]á%âôñ�ò¢ãAèêð�ë�ð�æçã	æôáêå æ]àJá[æçãAñ�ö ì�í ÿJâôé�ý�ð�åJð�õJû�òÃâ�áê÷cøJá%õcæ+ñôãAóËÿJë�ð�õJû�é	ò
àÊãAåJâ�é!õJð�è:ñôàJé�äaáêâôñlãAõDå´ópøJé!õ&æôâ]ãAèçöcñêù-#[éAâôáFñôÿºáêè%ð^ØÊèêãAë�ë�í � àÊãAåJâ�é!õJð�è6ñôàJé�äaáêâ�ñúã	ì é�ý!á
ã+òÃá)ä * á   ó�ã�í=ìºá�ð�åJá%õcæôð^ØÊá%å�ì�í«ë�é�é!öcð�õJû&òÃé!â`ñôð�û!õÊãAë�ñFð�õJè%é!õJñôð�ñ�æôáêõ�æ`äBð�æ]à�ã+óyð�õAm

� Ä �



0
2
4
6
8
10
12
14
16

Plane 1, - End

Plane 3, - End

0 2 4 6 8 10 12 14 16 18 20 22

0
2
4
6
8
10
12
14
16

Plane 1, - End

Plane 3, - End

0 2 4 6 8 10 12 14 16 18 20 22

0
2
4
6
8
10
12
14
16

Plane 1, - End

Plane 3, - End

0 2 4 6 8 10 12 14 16 18 20 22

0
2
4
6
8
10
12
14
16

Plane 1, - End

Plane 3, - End

0 2 4 6 8 10 12 14 16 18 20 22

�;ð�û!øDâôá:¨Dù �����"� ýAáêâ]ã	û!ápèêâ�é!ñôñúæçãAë�ö´ó�ãAûAõJð�æôøJåJá � ãAñ6ãËòÃâ]ã	è%æ]ð�é!õ¦é	ò�æ]àJá8ë�ð�ûAàcælë�á%ý!á%ë;é!õæ]àJá&ð�ë�ë�øJóyð�õÊã	æôáêå=ÿJðÎ Dá%ë � ñôàJé�äBõ òÃé!â9åJðª áêâ�áêõ�æEð�ë�ë�øJóËð�õJã	æ]á%å=ñ�æ]â�ð�ÿJñë{¢ð�õ�ìJë ã	èçöQ~$ù¦ß3àJáèêé!ë�é!âañ�è�ãAë�á:ð�ñ�ð�õyøJõJð�æ]ñ�é	ò ��� � £ ù��cæ]âôð�ÿJñ�óyãAâ�öAáêå&äBð�æ]àyû!âôá)íyäaáêâ�á6õJéAæ�ñôáêâCý!á%åXì�íyæ]àJá
ð�ë�ë�øJóËð�õÊã	æôáêåÁ!-#XßFù � Ä Þ



0
2
4
6
8
10
12
14
16

Plane 1, - End

Plane 3, - End

0 2 4 6 8 10 12 14 16 18 20 22

0
2
4
6
8
10
12
14
16

Plane 1, - End

Plane 3, - End

0 2 4 6 8 10 12 14 16 18 20 22

0
2
4
6
8
10
12
14
16

Plane 1, - End

Plane 3, - End

0 2 4 6 8 10 12 14 16 18 20 22

0
2
4
6
8
10
12
14
16

Plane 1, - End

Plane 3, - End

0 2 4 6 8 10 12 14 16 18 20 22

�;ð�û!øDâôá:¨Dù � � �"� ýAáêâ]ã	û!ápèêâ�é!ñôñúæçãAë�ö´ó�ãAûAõJð�æôøJåJá � ãAñ6ãËòÃâ]ã	è%æ]ð�é!õ¦é	ò�æ]àJá8ë�ð�ûAàcælë�á%ý!á%ë;é!õæ]àJá&ð�ë�ë�øJóyð�õÊã	æôáêå=ÿJðÎ Dá%ë � ñôàJé�äBõ òÃé!â9åJðª áêâ�áêõ�æEð�ë�ë�øJóËð�õJã	æ]á%å=ñ�æ]â�ð�ÿJñë{¢ð�õ�ìJë ã	èçöQ~$ù¦ß3àJáèêé!ë�é!âañ�è�ãAë�á:ð�ñ�ð�õyøJõJð�æ]ñ�é	ò ��� � £ ù��cæ]âôð�ÿJñ�óyãAâ�öAáêå&äBð�æ]àyû!âôá)íyäaáêâ�á6õJéAæ�ñôáêâCý!á%åXì�íyæ]àJá
ð�ë�ë�øJóËð�õÊã	æôáêåÁ!-#XßFù � Ä�Ä



0
2
4
6
8
10
12
14
16

Plane 1, + End

Plane 3, + End

0 2 4 6 8 10 12 14 16 18 20 22

0
2
4
6
8
10
12
14
16

Plane 1, + End

Plane 3, + End

0 2 4 6 8 10 12 14 16 18 20 22

0
2
4
6
8
10
12
14
16

Plane 1, + End

Plane 3, + End

0 2 4 6 8 10 12 14 16 18 20 22

0
2
4
6
8
10
12
14
16

Plane 1, + End

Plane 3, + End

0 2 4 6 8 10 12 14 16 18 20 22

�;ð�û!øDâôá:¨Dù � Þ �"� ýAáêâ]ã	û!ápèêâ�é!ñôñúæçãAë�ö´ó�ãAûAõJð�æôøJåJá � ãAñ6ãËòÃâ]ã	è%æ]ð�é!õ¦é	ò�æ]àJá8ë�ð�ûAàcælë�á%ý!á%ë;é!õæ]àJá&ð�ë�ë�øJóyð�õÊã	æôáêå=ÿJðÎ Dá%ë � ñôàJé�äBõ òÃé!â9åJðª áêâ�áêõ�æEð�ë�ë�øJóËð�õJã	æ]á%å=ñ�æ]â�ð�ÿJñë{¢ð�õ�ìJë ã	èçöQ~$ù¦ß3àJáèêé!ë�é!âañ�è�ãAë�á:ð�ñ�ð�õyøJõJð�æ]ñ�é	ò ��� � £ ù��cæ]âôð�ÿJñ�óyãAâ�öAáêå&äBð�æ]àyû!âôá)íyäaáêâ�á6õJéAæ�ñôáêâCý!á%åXì�íyæ]àJá
ð�ë�ë�øJóËð�õÊã	æôáêåÁ!-#XßFù � Ä �



0
2
4
6
8
10
12
14
16

Plane 1, + End

Plane 3, + End

0 2 4 6 8 10 12 14 16 18 20 22

0
2
4
6
8
10
12
14
16

Plane 1, + End

Plane 3, + End

0 2 4 6 8 10 12 14 16 18 20 22

0
2
4
6
8
10
12
14
16

Plane 1, + End

Plane 3, + End

0 2 4 6 8 10 12 14 16 18 20 22

0
2
4
6
8
10
12
14
16

Plane 1, + End

Plane 3, + End

0 2 4 6 8 10 12 14 16 18 20 22

�;ð�û!øDâôá:¨Dù � Ä �"� ýAáêâ]ã	û!ápèêâ�é!ñôñúæçãAë�ö´ó�ãAûAõJð�æôøJåJá � ãAñ6ãËòÃâ]ã	è%æ]ð�é!õ¦é	ò�æ]àJá8ë�ð�ûAàcælë�á%ý!á%ë;é!õæ]àJá&ð�ë�ë�øJóyð�õÊã	æôáêå=ÿJðÎ Dá%ë � ñôàJé�äBõ òÃé!â9åJðª áêâ�áêõ�æEð�ë�ë�øJóËð�õJã	æ]á%å=ñ�æ]â�ð�ÿJñë{¢ð�õ�ìJë ã	èçöQ~$ù¦ß3àJáèêé!ë�é!âañ�è�ãAë�á:ð�ñ�ð�õyøJõJð�æ]ñ�é	ò ��� � £ ù��cæ]âôð�ÿJñ�óyãAâ�öAáêå&äBð�æ]àyû!âôá)íyäaáêâ�á6õJéAæ�ñôáêâCý!á%åXì�íyæ]àJá
ð�ë�ë�øJóËð�õÊã	æôáêåÁ!-#XßFù � Ä�Û



ð�ópøJó?ð�é!õJðª©êð�õDûXÿJãAâ�æôð�èêë�á � ópøJë�æôð�ÿJë�áEñ�æôâôð�ÿDñ1àJð�æ1ð�õ�ã¦ÿJë�ãAõJá � ð�ñ�é!ë ã|æ]áêå�ñôð�û!õÊãAë�ñ8ë�ãAâôûAáêâ
æ]àÊãAõÁ�=mÉÞ�!$��ñ � ãAõDåyë�ãAâôû!á@!ÊøJè%æôøÊã	æôð�é!õJñ0ð�õEæôàJáBó�ãAûAõJð�æôøJåJá3éAò ñôð�û!õÊãAë�ñ � á%ýAáêõ&ìºá%æVäaáêá%õ
ñôøJè%èêáêñ�ñôð�ý!á�ÿJë ãAõDáêñêù � åJåJð�æ]ð�éAõÊãAë�ë�í � ãAì é�ýAá�æ]àJá Ä * á  65 è�óËé!óyá%õ�æ]øJó ñôá)æôæôð�õJû � ãAë�ë
ópøJé!õJñ3æôâ]ã�ý!á%âôñôá%å¦æ]àDá8åJá)æ]á%è%æ]éAâläBàJá%âôáêãAñ:óËé!ñ�æBÿDð�é!õJñBåJð�å[õDéAæ�ù-�;ð�ûAøJâôá%ñ � ù���ñ�àJé�äBñ
æVí�ÿDð�è�ã	ëB��ù ��* á  �5 è�ÿJð�é!õ1á%ý!á%õ�æ]ñêù�ß3àDá3ñôàJé�äaáêâôð�õJû`ì á%àÊã�ý�ð�é!â;ãAë�ë�é#äaáêåpæôàJé!ñ�áLá%ýAáêõ�æ]ñ�æ]é
ì áLè%ë�áêãAâôë�í`åJð�ñCæ]ð�õDû!øJð�ñ�àJáêå8òÃâôé!ó ópøJéAõJñ � ã	õEá� DãAóËÿJë�á0éAòÊäBàJð�èçàEð�ñ;ñ�àJé�äBõ�ð�õ£�;ð�ûJù � ùÅÞDù

!�ð�é!õJmVópøJéAõ�ñôá%ÿÊãAâ]ã|æ]ð�éAõdð�õ¥#n��'  �dð�ñ8âôá%ë ã	æôð�ý!á%ë�í«áêãAñ�í�ãAì é�ýAá�u Þ * á  �5 èAù
� ñaãAõ�á� Jã	óyÿJë�á � èêé!õDñôð�åDáêâ-�;ð�ûJù�¨Dù � � � äBàJð�èçà&åDð�ñôÿDë ã�í�ñ0æôàJá:ã�ýAáêâ]ã	û!á:ñ�ð�û!õÊã	ëÊÿ á%âaÿJë�ãAõJá
ý!áêâ�øJñúæôàJá9ñôð�ûAõÊãAë·ð�õ+æ]àDá8ÿJë�ãAõJáFäBð�æôà[æôàJá8ë�ãAâôûAáêñ�æ�{Ãð�õ�æ]á%û!â]ã	æôáêåG~Lñ�ð�û!õÊã	ëÇòÃé!â3æ]àJá9èêé!ó£m
ìJð�õJá%å¦ÿJð�é!õ[ãAõJå¦ó1øJé!õ¦åJã	æçãAñ�á%æêùLß3àJá1÷cøÊã	õcæôð�æôð�áêñláêñ�ñôá%õcæôð ãAë�ë�í´á%ñ�æôð�óyã	æ]áFæ]àDá8æVí�ÿJð�èêãAë
ñôð�ûAõÊãAëSòÃâôé!óHã�ÿJë�ãAõJá1ãAõJå�æ]àDápó�ã	û!õJð�æôøJåJá9éAò�æ]àDápë ãAâ�û!áêñCæ�!ÊøDè%æ]øJã	æ]ð�é!õÇùy#[øDé!õJñFé�è�m
èêøJÿ�í&æôàJá6âôá%û!ð�éAõ´èêáêõ�æôáêâôá%å[éAõ¹u � � ��#���!Nñ 5 ÿJë�ãAõJáFé!õ´æ]àDáFãAìJñ�èêð�ñ�ñ]ã�ãAõJåÏu ��� #���!Nñ
é!õ�æ]àJá�é!âôåJð�õÊã	æôáAùj!�ð�é!õDñ � èçàÊãAâôãAè%æôáêâ�ð®©êá%åüìcí�ã¦àJð�û!àJáêâpã�ýAáêâôãAû!á´ñôð�û!õÊãAëaãAõJå ë�ãAâôûAáêâ
ë�é�è�ãAëZ!ÊøJè%æôøÊã	æôð�é!õJñEð�õ æ]àJá+áêõDáêâôû	í åJáêÿºé!ñ�ð�æ]ð�é!õ � é�èêèêøDÿcídæ]àJá+âôá%û!ð�éAõ é!õ�æôàJá´øJÿJÿºáêâ
âôð�ûAàcæzmVàÊã	õJådñ�ð�åJáyéAòLæ]àDá¯ØÊû!øJâ�áAù[ß3àJá�õcøJópìºáêâ1éAò3àJð�æ1ÿJë�ãAõJá%ñ1ÿºáêâ1á)ý!á%õcæ � ã[ñôð�óyÿDë�á
áêñ�æôð�óyã	æ]á3é	ò�æ]àDáúâôãAõJû!á � ð�ñNñôàJé�äBõ�ð�õÁ�¾ð�ûJù�¨Dù � Û òÃé!â�òÃé!øDâ�ì áêãAó óyéAóyá%õcæôøJó ñ�á%æôæôð�õJûAñêù
#[øJé!õJñEäaáêâ�áXá� �ÿ á%è%æ]á%å æôé�æ]â]ã�ýAáêâôñ�áXæôàJá´áêõ�æôð�âôá´åDá%æ]á%è%æôé!â � åJáêÿºé!ñôð�æ]ð�õJû�é!õ�ã�ý!á%â]ãAû!áu¢� � ��#n��!�ñ£í � � ¨�!$��ñ8ÿ á%â1ÿJë�ãAõJáAù´ß3àDáêâôá)òÃé!âôá � ópøJéAõJñ1ñ�àJé!øJë�ådìºá�èêéAøJõ�æ]áêå�äBð�æ]à
àJð�û!à+á8¥yè%ð�á%õJè%íXãAõDåXé�èêè%øJÿ�í´æ]àJá`ë�ãAñ�æ3òÃá)ä ìJð�õJñBéAò¾æôàJá`àJð�ñCæ]é!ûAâ]ãAóËñLð�õ��;ð�ûJù�¨�ù � Ûo� ù

#[øJéAõJñ�äaáêâôá:ñôáêë�áêè)æ]áêå´ì�íyâôá%÷�øDð�âôð�õJû`æ]àÊã	æaæ]àJá:ã�ý!áêâôãAû!á6ñ�ð�û!õJãAëeÿ á%â�ÿJë�ãAõJáBäLãAñ
ë�áêñ�ñ¾æôàÊãAõ Ä #���!Nñ � æ]àJáaó�ã= Dð�ópøJó ñ�ð�û!õJãAë�ð�õ1ãúÿJë�ãAõJáNäLãAñ¾ë�á%ñôñ¾æôàÊãAõÏ����#n��!�ñ�ãAõJå8æ]àJá
õ�øDópì á%â6éAò�ÿDë ãAõJá%ñ:äBð�æôà�ã�àDð�æ6ûAâôá�ã|æ]áêâlæ]àÊã	õj����ù��;ð�û!øDâôá:¨Dù � �yñôàJé�äBñ6æôàJá1ñ�øJóyóËáêå
è�ãAë�é!âôð�óyá)æ]áêâ0ñôð�û!õÊãAëºð�õ\#n��!�ñLòÃé!âaæôàJáFãAë�ë á)ý!áêõ�æôñúã	õJå&òÃé!âaæôàJé!ñ�á6ð�åJá%õ�æ]ð^ØJáêå+ãAñLó1øJé!õJñ� Ù=L8?>DW�G8P�E<[>gcaTaN8<{E3cV>Di8>Kc �YIZX[G8P[?=?<�G8X�ceW�<[L)i8>gcV>Km EyLJ?�TaN8P[L8c�TVP�i4TVFEX[L8cVcaj
>Di8>KFHjMA�ceLOP�>Qr���L8C_<A[caL8P�>8��<�G\R�>KiQ>KFz��<[LQ?@L8A�A�FHG)�YTVIML\EH>Kcaj0���íW�>DL8W�?�A[LQC�>nCDLOX[?>DW�p4jÕE<[>�C�F_L8C_`ÕpB>�EkR�>K>KP�L8W���LQC�>KP{E?HC�TaP{ETacVceL\EHG8F3?�EFHTVA[?

� Ä �



0 2 4 6 8 10 12
0

20

40

60

80

100

120

140

160

180

200

220

240
h_sm_v_totmip

Entries  26129

Mean x   7.986

Mean y   53.64

RMS x    3.461

RMS y    35.02

0

10

20

30

40

50

60
h_sm_v_totmip

Entries  26129

Mean x   7.986

Mean y   53.64

RMS x    3.461

RMS y    35.02

0 2 4 6 8 10 12
0

20

40

60

80

100

120

140

160

180

200

220

240
h_sm_v_totmip

Entries  17639

Mean x   8.458

Mean y   53.46

RMS x    2.942

RMS y    29.43

0

10

20

30

40

50h_sm_v_totmip

Entries  17639

Mean x   8.458

Mean y   53.46

RMS x    2.942

RMS y    29.43

0 2 4 6 8 10 12
0

20

40

60

80

100

120

140

160

180

200

220

240
h_sm_v_totmip

Entries  39991

Mean x   7.788

Mean y   47.17

RMS x    3.145

RMS y    29.16

0

20

40

60

80

100

120

140

160

180h_sm_v_totmip

Entries  39991

Mean x   7.788

Mean y   47.17

RMS x    3.145

RMS y    29.16

0 2 4 6 8 10 12
0

20

40

60

80

100

120

140

160

180

200

220

240
h_sm_v_totmip

Entries  30502

Mean x     7.5

Mean y   42.14

RMS x    2.797

RMS y    24.58

0

20

40

60

80

100

120

140

160
h_sm_v_totmip

Entries  30502

Mean x     7.5

Mean y   42.14

RMS x    2.797

RMS y    24.58

MIPs in showermax vs. Average MIP/plane

M
IP

s 
in

 s
h

o
w

er
m

ax

Average MIP/plane

4 GeV/c6 GeV/c

7 GeV/c9 GeV/c

�;ð�û!øDâôá�¨Dù � � � ��ð�óyÿDë�á´æ]é!ÿºé!ë�é!û!ð�èêãAëL÷cøÊãAõ�æôð�æ]ð�áêñËåJð�ñCæ]ð�õJû!øJð�ñôàJð�õJû«àJð�û!à áêõJá%âôûAí�ÿJð�é!õJñ
ãAõJåüópøJé!õDñêù ïFã	æ]ã¦ä�á%âôáXèêé!ë�ë�á%è%æ]á%å ð�õ æ]àDá´ß(�=ìºá�ã	óyë�ð�õJá&ð�õ�� ��� ��ùdß3àJáXã�ý!á%â]ãAû!á
ñôð�ûAõÊãAëÊÿºáêâNÿJë ã	õJáBð�ñNñôàJé�äBõ´ã	ë�é!õJû6æôàJáúãAìJñôè%ð�ñ�ñ]ã � äBàJð�ë�á3æ]àJáBñôð�û!õÊãAëÊð�õËæôàJáBÿJë ã	õJá3äBð�æ]àæ]àJáúóyé!ñCæLñ�ð�û!õÊã	ëV{ÃáAù�ûJù�ñôàJé�äaáêâLóyã& �~0ð�ñañ�àJé�äBõ+ãAë�é!õDû8æ]àDá:é!â�åJð�õÊã|æ]áAù�#[øJé!õJñ�é�è%èêøJÿ�í
æ]àJá`ð�ñ�ë ãAõDå´ð�õ´æ]àJá`ë�é#äaáêâBë�á%òþæBàÊãAõDåXâ�áêû!ð�é!õ+éAò¾á�ãAèçà¹ØÊû!øJâ�áAù

� Ä ¨



h_ph
Entries  26129

Mean    27.81

RMS     10.74

0 10 20 30 40 50
0

200

400

600

800

1000

1200 h_ph
Entries  26129

Mean    27.81

RMS     10.74

h_ph
Entries  17639

Mean    25.66

RMS     10.57

0 10 20 30 40 50
0

100

200

300

400

500

600

700

800

900 h_ph
Entries  17639

Mean    25.66

RMS     10.57

h_ph
Entries  39991

Mean    25.40

RMS     11.79

0 10 20 30 40 50
0

200

400

600

800

1000

1200

1400

1600

1800

2000 h_ph
Entries  39991

Mean    25.40

RMS     11.79

h_ph
Entries  30502

Mean    22.45

RMS     12.01

0 10 20 30 40 50
0

200

400

600

800

1000

1200

1400

1600

1800

h_ph
Entries  30502

Mean    22.45

RMS     12.01

Number of planes hit

4 GeV/c6 GeV/c

7 GeV/c9 GeV/c

�;ð�û!øDâôá\¨Dù � Û � ß3àJá´õcøJópìºáêâEéAòlÿJë�ãAõJá%ñzmZäBð�æ]àAmVã&mVñ�ð�û!õJãAëNÿ á%âEá%ý!á%õ�æ�ùüïFã	æ]ã[ä�á%âôá+èêéAë�më�áêè)æ]á%å=ð�õ[æôàJápß(�yìºá�ã	óyë�ð�õJá9ð�õ|� ��� ��ù � æ6æ]àDá1áêõDáêâôûAð�áêñ:ñôàJé�äBõ«àJáêâ�ápópøJéAõJñ6ÿJøJõDèçà
æ]àJâ�é!øJû!à1æôàJáLèêãAë�é!â�ð�óËá%æôáêâ � ãAõJåEé�èêè%øJÿ�í8æôàJá�ØJýAá3âôð�û!à�æ]óËé!ñ�æ¾ìJð�õDñêù;ß3àDá�ý!á%â�æ]ð�è�ãAë�ñôèêãAë�áð�ñLæ]àDá9õcøJó1ì á%âlé	ò;á)ý!áêõ�æôñ:ð�õ+áêãAèçà[éAõJá`ÿJë ãAõDáFìJð�õÇù

� Ä °



h_totmip_pimu

Entries  26129

Mean   444.47

RMS    107.61

0 100 200 300 400 500 600 700 800 900 1000
0

100

200

300

400

500

600 h_totmip_pimu

Entries  26129

Mean   444.47

RMS    107.61

h_totmip_pimu

Entries  17639

Mean   347.42

RMS     86.49

0 100 200 300 400 500 600 700 800 900 1000
0

50

100

150

200

250

300

350

400

450 h_totmip_pimu

Entries  17639

Mean   347.42

RMS     86.49

h_totmip_pimu

Entries  39991

Mean   290.56

RMS     78.89

0 100 200 300 400 500 600 700 800 900 1000
0

200

400

600

800

1000
h_totmip_pimu

Entries  39991

Mean   290.56

RMS     78.89

h_totmip_pimu

Entries  30502

Mean   196.21

RMS     53.98

0 100 200 300 400 500 600 700 800 900 1000
0

200

400

600

800

1000

1200 h_totmip_pimu

Entries  30502

Mean   196.21

RMS     53.98

Total MIPs / Event

π

µ

π

π

π

µ

µ

µ

4 GeV/c6 GeV/c

7 GeV/c9 GeV/c

�;ð�û!øDâôá\¨Dù � � � ß3àJá+ñôøJóËóËáêåüñôð�û!õÊãAëaÿ á%âEá%ý!á%õ�æ&ã	òþæôáêâEñ�áêë�á%è%æôð�õJû=ÿJð�é!õJñ�ãAõDå�ó1øJé!õJñ
øJñôð�õJû[æôàJá�ã�ýAáêâ]ã	û!á�ñ�ð�û!õÊã	ë�ÿ á%â1ÿJë�ãAõJá � æ]àDáyñ�ð�û!õÊã	ë0ð�õ�æôàJáËñôàJé�äaáêâpóyã& �ÿJë�ãAõJá � ãAõJåæ]àJá9õcøJópìºáêâléAò;ÿDë ãAõJá%ñúàDð�æBð�õ+æ]àDá8á)ý!áêõ�æêù3ïFã	æçãEä�ãAñlæ]ãAöAá%õ¦ð�õXæôàJá8ß(�Eìºá�ãAóËë�ð�õJáFð�õ
� ��� ��ùY9�áêèêãAøJñôá:ópøJé!õJñ�ÿJøJõJèçà&æôàJâôé!øDû!à�æ]àDá:è�ã	ë�é!â�ð�óËá%æ]á%â � æ]àDá:ñôð�û!õÊãAëºÿºáêâ�á)ý!á%õcæ � òÃé!âópøJé!õJñ � åDé�á%ñ8õJé	æ1èçàÊã	õJû!á�äBð�æ]à�áêõDáêâôû	í!ù´ß3àJá�ý!á%â�æ]ð�è�ãAëNñ�è�ãAë�áËð�ñ`á%ý!á%õ�æ]ñpÿºáêâ���#n��!ìJð�õÇù

��� �



Beam Momentum (GeV/c)
4 5 6 7 8 9 10

)µ
 +

 
π

 / 
# 

(
µ

# 

0.04

0.05

0.06

0.07

0.08

0.09

0.1

) vs. Beam Momentum :  T7 2002µ + π / # (µThe fraction # 

�;ð�û!øDâôá�¨Dù � ¨ � ß3àJá�òÃâôãAè%æôð�é!õ`éAò�á%ýAáêõ�æ]ñ¾ñôáêë�áêè)æ]áêå1ãAñSópøJé!õDñ¤ð�õFæ]àJáNópøJéAõ&s6ÿJð�é!õ`ñôãAóyÿDë�á
ãAñFã�òÃøJõJè)æ]ð�é!õ=éAòNæ]àJá1ì áêãAógóËé!óËáêõ�æ]øJóXù¯#[øJéAõJñ`ãAõJå«ÿJð�é!õJñúäaáêâ�á�ñôáêë�áêè)æ]áêå«øJñ�ð�õJû
æ]àJá�æ]é!ÿºé!ë�é!û!ð�èêãAëÛ÷cøÊãAõ�æôð�æ]ð�áêñ9ð�õé�;ð�ûDù�¨Dù � �=m�¨Dù � Û ùyß3àJá�ñ�áêë�áêè%æôð�é!õ�áQ¥Ëèêð�áêõJè)í«äLãAñ8õJéAæá%ý	ãAë�øJã	æ]á%å � ìJøDæ9ð�ñ`ãAñ�ñôøJóËáêå«æ]é+ìºá ����� ð ð�õ=æ]àJð�ñbØÊû!øJâ�á � û!ð�ýAáêõ«æ]àJáEä�ã�í«ð�õ�äBàJð�èçàæ]àJá`ópøJéAõXñ�àJé!øJë�åJáêâBìºáêàÊã�ýAáêñ6ã	õJå+ð�ñ3âôá%óyé�ýAáêå¦ð�õ��;ð�ûJùY¨Dù � ��ù

��� �



ãAõJå´ÿJð�é!õJñêù � ñ3á� �ÿºáêè%æôáêå � æôàJáFópøJéAõ´ñôð�ûAõÊãAë�åDð�ñ�æôâôð�ìJøDæ]ð�é!õ�åDð�å´õJéAæLèçàÊãAõJû!áFìºá%æVäaáêá%õ
æ]àJá`åJð��á%âôáêõ�ælóËé!óyá%õ�æ]øJó ñôá%æ�æ]ð�õJû!ñêù

�;ð�û!øJâôá�¨Dù � ¨1ñôàDé#äBñLæôàJá:òÃâôãAè%æôð�é!õ&é	òSópøJé!õJñ�óyáêãAñôøJâ�áêå+ã	æ�ì áêãAówóyé!óËáêõ�æôøJó
ñôá%æ�æ]ð�õJû!ñ`ì á)æVä�á%áêõ Ä m ����* á  �5 è � ãAñôñ�øJóËð�õJû ����� ð¸ñôá%ë�áêè)æ]ð�é!õ�á8¥Ëèêð�á%õJè%íAù&ß3àJáËópøJé!õ
òÃâ]ãAè)æ]ð�éAõqâôð�ñôá%ñ�äBð�æôà�åJáêè%âôáêãAñôð�õJû áêõJá%âôûAí � æ]àJé!øDû!à õJéAæ�áêõ�æ]ð�âôáêë�í�ñôóËé�éAæôàJë�íüè%é!õJñ�ð�åAm
áêâôð�õJû[æôàJá Û * á  65 è&ãAõDåê� * á  �5 èyÿ éAð�õ�æ]ñ%ù¦ß3àJá&ìºáêàJã�ý�ð�é!â1éAò�æ]àJé!ñ�á&ÿºé!ð�õ�æ]ñ8ð�ñ9õJéAæ
ä�á%ë�ë¤øJõJåJá%âôñ�æôé�é�åÇù  õJá1à�í�ÿºéAæ]àJá%ñôð�ñ:ð�ñBæ]àJã	æ:æôàJá8ó1øJé!õ¦è%é!õ�æ]á%õcæ:äLãAñ:ð�õ�!ÊøDáêõJè%áêå�ì�í
èêé!ë�ë�ð�óyã	æôé!âlãAÿ á%â�æôøJâôá%ñ`äBàDð�èçà«èçàÊãAõJûAáêådìºá%æVäaáêá%õ�æôàJápæVä�éXâôøDõJñêù � åJåJð�æ]ð�éAõÊãAë�ë�í � æ]àJá
óyáêãAñôøJâ�áêå=ópøDé!õ¦è%é!õ�æ]áêõ�æFä�ãAñFãyò¢ã	è%æ]éAâúéAò � ù�¨&mÉÞDù � æ]ð�óyá%ñúàDð�û!àJá%âúæôàÊãAõ¦æôàJá1ÿJâ�áêåJð�è�m
æ]ð�éAõXð�õ��;ð�ûJùB��ù�� � ùaß3àDá8åJð�ñôè%âôáêÿJãAõJè%í+èêãAõJõJé	æ:ìºá`è�ãAøJñ�áêå[ìcíXõJéAõAmVð�õcæôáêâôãAè%æôð�õJûEÿJð�é!õJñ
æ]â]ã�ýAáêâôñ�ð�õJû6æôàJáLåJá)æ]á%è%æ]éAâÛé!â;ì�í8ÿJð�éAõpåJáêèêã�ípð�õÚ!Êð�ûAàcæêùY�Êé!â¾á� DãAóËÿJë�á � æ]àDáLÿJð�éAõ1ð�õDáêë ã	ñzm
æ]ð�è8ð�õ�æ]á%â]ãAè)æ]ð�é!õ¦ë�áêõJûAæôà�%+�Fð�ñúáêñ�æôð�óyã	æ]á%å[æôé&ì á � Û ùÅ¨Ûèêó é!â Û ù��ë#���'  �¦ÿJë ã	õJáêñÏÚÅ� Ü ù
ß3àJá+è�ãAë�é!âôð�óyá)æ]áêâ8ð�ñ1æôàJáêâ�á%òÃé!â�á�°�ð�õ�æ]á%â]ãAè)æ]ð�éAõ ë�áêõDûAæ]àJñEåDáêáêÿ � ãAõJå æôàJá´ÿJâôéAìÊãAìJð�ë�ð�æVí
æ]àÊã	æ8ãXÿJð�é!õ=äBð�ë�ë�õJéAæ9ð�õcæôáêâôãAè%æ8é!õ�ð�æ]ñFä�ã�í�æôàJâôéAøJû!à«æ]àJáËåJá%æôáêè)æ]é!â8ð�ñ � ù �Q� ð&ù�ß3àJá
èêé!õ�æ]â�ð�ìJø�æ]ð�éAõ¦òÃâôé!ó ÿJð�é!õ�åJá%è�ã�í�ð�õÏ!Êð�û!à�æ6ð�ñ6ñôé!óËá%äBàJã	æ6ë�ãAâôû!á%â:ìJø�æFñ�æôð�ë�ëSõJá%û!ë�ð�û!ð�ìDë�áAù
� ñpã	õdá� DãAóËÿJë�á � ã|æ£��ù ��* á  �5 èyæ]àDá�ÿJâ�é!ìÊãAìJð�ë�ð�æVí¦òÃé!â8ã[ÿJð�é!õ�æôé¦åJá%è�ã�í�ð�õ+!Jð�û!à�æ9ð�ñ
âôé!øJûAàJë�í �

¼¹{k�ëº � ~½º � õ á� �ÿ � ó ô �� ô � ô��
í ó ô �� ô � ô º ���ª� Ä ð

äBàJáêâ�á � º Û � �ÛÿJë�ãAõJá%ñëí ��� Ä ó ð�ñpæ]àJá+åJð�ñ�æçã	õJèêá&æôâ]ã�ý!á%ë�áêåüæ]àDâôé!øJûAàüæôàJá´åJá)æ]áêè)æ]é!â
ð�õ�é!õJáXð�âôéAõ�ð�õ�æ]áêâôãAè%æôð�é!õüë�áêõJûAæôà � ã	õJå � ô º»� Û õJñ�ð�ñEæ]àJáXÿJð�é!õ ë�ð�òÃá)æ]ð�óËáAù � áêèêãAë�ë �
îLãAë ï6á)æ`ÿJë ãAõDáêñFä�á%âôáyñôáêÿJãAâ]ã	æôáêå�ìcíé��ù�° Ä è%ó éAò0äBàJð�èçà�é!õJë�íl��ù��;èêógä�ãAñ9ð�âôéAõ � æ]àJá
âôáêóyãAð�õJåJáêâ0ìºáêð�õDû1ñôè%ð�õ�æ]ð�ë�ë�ã	æ]é!â�{ � èêóÁ~0ãAõDå´ãAð�â%ùÛß3àJá:òÃâôãAè%æôð�é!õyéAò·ÿJð�é!õJñ0äBàJð�èçà´åJá%è�ã�í
ð�õ+!Jð�û!à�æpð�õJèêâ�á�ãAñ�áêñ1äBð�æ]à�åDáêèêâ�á�ãAñ�ð�õJû¦óyé!óËáêõ�æôøJó[ù � ñ�ð�õJû[æ]àJáËòÃé!âôópøDë ãXãAì é�ýAá � ã	æ
Ä ��� #[á  �5 è3æ]àDálòÃâôãAè%æôð�é!õEð�ñ0èêãAë�è%øJë ã|æ]áêåEæôé9ìºá � ùÅ¨8ð�äBàJð�èçàyð�ñaã	õËé�ýAáêâôá%ñ�æôð�óyã	æ]álñôð�õJèêá

�����



� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �

� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �

� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �� � � � � �

� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �

t

maximize

minimize signal
background

�D�¡ y¢¤£�¥¯¨¤¦ � ° �¨§ª© ¥« y¬o®Z¬�¯�°®±�¡²³¥�o£.´³�¡µ!¶�£��±·°�±²+o²¸¹¦ §ª© ¥0´¤�¡µ�¶º£��±·°�±²+o²¸e¶¹o®±¶�¢³®¡�¸�¥ºµ=¸�¥�µ�¸»µ!¸��¸��±µ!¸��±¶0¼ © �±¶ © �±µ�´³�¡µ�¸�£!�¡½³¢¤¸�¥�´�µ!¢³¶ © ¸ © �¸»´³�±µ!¸�o²³¶�¥X½¾¥º¸�¼�¥�¥º²¿¸ © ¥X¸�¼¨¬À¶º®Áoµ!µ�¥�µ�¡µª·°ÃÂm�¡·��®©�¥º´Ä¼ © �¡®±¥�¸ © ¥»Å�o£!�Áo²¤¶�¥�¼.�±¸ © �¡²À¥�o¶ © ¶º®Áoµ!µ.�¡µª·��¡²³�±·°�ª©�¥�´Æ¦
¸ © ¥ © o´¤£�¬y²³�±¶;¶�£!¬yµ�µ2µ�¥º¶º¸��±¬y²¹{ÈÇ³£!¬yÇ¾¬y£!¸��¡¬y²+�®�¸�¬ � ��7Z~É�¡²¤¶�£�¥�oµ�¥ºµZ¼.�±¸ © ´³¥º¶�£�¥�oµ��±²³ e½
¥�o··°¬y·�¥�²¸�¢³·,¦ §ª© ¥ © �¡  © ¥�£.¸ © �²Ê¥ËÂmÇ¾¥�¶º¸�¥�´Ì·«¢³¬o²b¶�¬o²C¸�¥�²¸�¶�o²³²³¬o¸�½
¥�¶¹o¢¤µ�¥�´�µ!¬y®¡¥ËÍ½CÍÄÇ³�¡¬y²À´³¥º¶¹¹ÍÀ�¡²�!+�±  © ¸.¬y£ªÇ³¢³²¤¶ © ¸ © £�¬y¢³  © ¦
á
â�3
âKä K�ïK÷bü2ôqÿ ý×ï�ø�ú3ÿ&ïKð ïK÷bô�÷�õ
Î��±¬y²mÏ�·«¢³¬y²Ä´¤�¡µ�¶º£��±·°�±²+�¸��±¬y²��¡µÐ£!¥�®ÁÃ¸��±Åo¥�®nÍÑµ!�¡·�Ç³®¡¥��¸ © �±  © ¥�£¨½
¥�o·Ò·�¬y·�¥�²¸�¢³·Óµ�¥Ë¸!Ï¸��¡²¤ yµ¨½³¢m¸Ð½¾¥�¶�¬o·°¥ºµÐ�¡²³¶º£�¥�oµ��±²³ y®±ÍÔ´¤�^¥�¶�¢³®n¸Ð�µ�¸ © ¥�·°¬o·°¥º²C¸�¢³·i´³¥º¶�£�¥�oµ�¥ºµ�¦JÕÖ·«¢³®n¸��×ÏÅo�£��Á�½³®¡¥°®¡�¡²¤¥¹o£�´³�¡µ!¶�£��±·°�±²+o²¸0¸�¥�¶ © ²¤�¡ØC¢³¥Ù¼Ð�µ°�´³¬yÇ¤¸�¥�´Ú�¡²Û¬y£!´³¥�£«¸�¬Ìoµ�µ!�¡µ!¸Ô�±²Û¸ © ¥¶�®Á�µ�µ��©Ø+¶¹Ã¸��¡¬o²É¦ §ª© ¥�Ç³£!¬m¶º¥�´³¢¤£�¥�¼¨oµª¢³µ�¥Ë¯�¢³®Z½¾¥�¶¹�¢³µ�¥��n¸Ð¶�¬o²³µ!¸�£�¢³¶Ë¸�¥�´,«µ�¶�o®Á�£ÐØC¢+o²mÏ¸��±¸�Í�¸ © �¸Ð¼¨oµª¬yÇ¤¸��¡·��®©�¥º´Äµ�¢¤¶ © ¸ © �¸Ð¸ © ¥�Ç³�±¬y²Ùo²³´À·«¢¤¬y²Ù´³�¡µ�¸�£!�¡½³¢¤¸��¡¬y²¤µJ¼�¥�£!¥Ü·°ÃÂCÏ�¡·°o®¡®nÍÊµ�¥ºÇ+o£��¸�¥º´É¦ §ª© ¥ÙØC¢+o²¸��n¸�Í}¶º¬y¢³®±´}¸ © ¥º²Û½
¥°¶�¢¤¸«¬y²&¸�¬bÍw�±¥�®¡´ÝÇ³�¡¬o²mÏ�®±�¡Þo¥°o²³´·«¢³¬y²mÏ�®¡�±Þo¥¨µ�o·�Ç³®¡¥ºµ�ßo²¤´Ô¸ © ¥ª¥Q¥�¶º�¡¥�²¤¶ºÍ0¯�¬o£à¶�¬y£!£�¥º¶º¸�®nÍ«¶º®Áoµ!µ��±¯áÍw�±²³ �Ç³�±¬y²³µ�{�¬y£à·«¢³¬o²³µ�~¶�¬y¢³®±´}½¾¥ÑÅ�o£��±¥�´Ý½CÍÝ¶ © o²¤ y�¡²³ �¸ © ¥°¶�¢¤¸«Ç+o£��·°¥Ë¸�¥�£º¦  ¸ © ¥�£Ü¸ © o²Ý¸ © ¥°�¡²³Ç³¢m¸0Å�o£��×Ï

â �RÞ



o½³®¡¥ºµ�ßÃ¸ © ¥�Ç³£�¬w¶�¥º´³¢³£�¥ © o´«²¤¬=¸�¢¤²+o½³®±¥�Ç+�£�o·�¥º¸�¥�£�µºßo�±²0¶�¬o²C¸�£�oµ�¸D¸�¬�²³¥º¢³£�o®w²³¥Ë¸�¼¨¬y£!ÞCµ¼ © �¡¶ © £�¥ºØC¢³�¡£!¥X¶ © ¬m¬oµ��¡²¤ Ào²¿o£�¶ © �n¸�¥º¶º¸�¢¤£�¥oßZ·��¡²¤�¡·��®©¹Ã¸��¡¬o²�Ç¤£�¬w¶�¥�´¤¢³£�¥�o²³´�¸�£�o²³µ�¯�¥�£¯�¢³²³¶º¸��¡¬y²¤µ�ã¹¦
�+¬y£Ù¥¹�¶ © ¥ËÅy¥º²C¸�ß�¸ © ¥�´¤�¡µ�¶º£��±·°�±²+o²¸Ñ¸�¥�¶ © ²³�±ØC¢³¥Ì¶�¬y²³µ�¸�£!¢³¶º¸�¥�´Ö&µ!�¡²³ o®¡¥b¸�¥�µ!¸µ!¸�Ã¸��¡µ�¸��±¶Üä.¯�£�¬o·G°µ�¥º¸�¬o¯Jåæ¥ËÅy¥�²¸�Å�o£!�Áo½³®±¥�µ=ç5ºiè4� 7 �{�4� �¾é.êC¦ §ª© ¥«´¤�¡µ�¶º£��±·°�±²+o²¸¼ÐoµZë!¢³µ!¸¨�·°oÇ³Ç¤�¡²³ �ç¸ãìäà¯�£�¬o·5¸ © ¥�å6´³�±·°¥º²³µ��±¬y²+o®+¥ËÅy¥º²C¸�Å�o£��¡o½³®¡¥.µ!Ç+o¶�¥e¸�¬Ü¸ © ¥¬y²³¥»´³�¡·�¥�²¤µ��¡¬o²+o®
¸�¥�µ�¸=µ�¸��¸��¡µ�¸��¡¶�µ!Ç+o¶º¥o¦ §ª© ¥Üµ��¡·�Ç³®±¥�µ!¸Ð·ÑoÇ¤Ç³�¡²³ «¼¨oµe®¡�±²³¥¹o£

äÉí$ç�î�ïMðqsÚñ�òÙó�ç í$ô¤¦ Û î¼ © ¥�£!¥Àð�õ�ñ �£�¥Ñ¸ © ¥Ä½³�¡oµ«o²¤´ÛbÅy¥º¶º¸�¬o£«¬o¯ª¼�¥��¡  © ¸�µ�¦ §ª© ¥Ñ¼�¥��±  © ¸�µ«¼�¥�£!¥Ä¯�£�¥�¥ÑÇ+ÃÏ£�o·�¥º¸�¥�£�µÜ¼ © �¡¶ © ¼�¥�£!¥Ä¬yÇ¤¸��¡·��¡öº¥�´}½ÍÝ·°�±²³�¡·��¡öº�¡²³ °¸ © ¥ÑÅ�o£!�Áo²¤¶�¥�í��¡²¿¸�¥�µ�¸Xµ!¸��¸��±µ!¸��¡¶µ�Ç+o¶º¥÷î�¼.�n¸ © �±²&¥¹o¶ © ¶º®Áoµ!µÀíÈÇ¤�¡¬y²³µ«o²³´Û·«¢³¬o²³µ0�±²&¸ © ¥ÄÇ¤£�¥�µ!¥�²¸Ô¶¹�µ�¥÷î�¼ © �¡®¡¥°·Ñ�Â¤�×Ï·°�±ö��¡²¤ À¸ © ¥�µ�¥�Ç³o£��¸��¡¬y²Ý½
¥Ë¸�¼¨¥º¥�²&¸ © ¥°¶º®Áoµ!µ�¥ºµÙíÈµ!¥�¥Á�D�¡ ³¦øôm¦±ù÷úyîË¦ §ª© ¥�¬yÇ¤¸��¡·��¡ö��¸��±¬y²Ç³£�¬w¶�¥º´³¢³£�¥Ü¶�¬o²³µ��±µ!¸�¥º´,¬�¯DÅ�o£!Íw�±²³ X¸ © ¥�¼�¥��¡  © ¸�µ=�±²À¬y£�´³¥º£ª¸�¬Ô·°�±²³�¡·��¡öº¥�ÔØC¢+o²¸��n¸�Í�û y�±Åo¥�²�½CÍjÚýüoô Ü � ` ïÿþ é	�� ��� 7�� 	 � � í�� ò õ � ô î 	 í��þò õ � ô î �þ é	�� �	� 7 � 	 � � íÈ��ò
sÚ� ô î 	 � í$ô¤¦�üyî
¼ © ¥�£!¥�
àõ��®Áo½¾¥�®¾¸ © ¥�¸�¼�¬�¶�®Á�µ�µ�¥ºµ�ß(��ò � ô o£!¥�¸ © ¥»¶º¬�Å�o£!�Áo²¤¶�¥�·°�¸�£!�¡¶º¥�µÐ¬o¯2¸ © ¥�¥ºÅy¥º²¸Åo�£��Á�½³®¡¥ºµ�¯�¬y£Ð·0¢³¬y²³µ.o²¤´�Ç¤�¡¬y²³µÐo²³´��þò � ô o£!¥�Åy¥º¶º¸�¬y£�µ.¬o¯2¸ © ¥�·�¥¹�²³µÐ¬o¯ø¸ © ¥�¥ºÅy¥º²¸Åo�£��Á�½³®¡¥ºµ�¦ ` ¼¨oµ«·°ÃÂm�¡·��¡ö�¥º´¿¼ © ¥�²Û¸ © ¥Ñ²w¢¤·°¥º£��¸�¬y£�¼¨oµ«®¡o£� y¥bí�¸ © ¥Ä¶º®Áoµ!µ�¥�µ«o£�¥¼¨¥º®¡®³µ!¥�Ç+o£��¸�¥º´(î;o²³´X¸ © ¥ª´³¥�²³¬o·°�±²+�¸�¬o£?¼¨oµ�µ�·°o®¡®Éí�¸ © ¥ÐÅo�£��Á�²³¶�¥¨¼.�n¸ © ¥¹�¶ © ¶º®Áoµ!µ;�¡µ·°�±²³�¡·��¡öº¥�´(î ¦��eÇ°¸�¬0o²°o£!½³�±¸�£�o£�ÍXµ�¶�o®¡¥.¯Èo¶º¸�¬y£�ß¸ © ¥e¼�¥��±  © ¸�µ�¼¨¥º£�¥e¯�¬y¢³²³´�½Í°�±²Åy¥�£�¸!Ï�¡²³ X¸ © ¥Üµ!¢³· ¬o¯2¸ © ¥Ü¶º¬÷Åo�£��Á�²³¶�¥»·°�¸�£!�¡¶�¥ºµªo²³´�·«¢³®n¸��±Ç³®±Íw�¡²¤ 0½ÍÝí�� ò õ � ô î/Ú üoô Ü �ñ � íÈ��ò
sz� ô î ��7 ówí��þò õ � ô î í$ô¤¦ýôî�K��TVP�>zLOF2WYTe?HC�FHTVIJTaP[LOP{EH?D��L��e?G��4P�G\R3PbL8?3?TaP�N��a>��aL)jQ>KF=A0>DFHCK>KAYEHFGQP[?D�Y<[L)i8>qLOPbLOF_C_<�TVE>zC;EX[F>gE<0L\ETe?�TaWY>DP{ETeCKL��{EHGSLg?�TaP�N��a>��eL)j8>DFdP�>DX�FHL��QP[>�EkR�G8F��gR3TVE<��VTaP�>zLOFdEHFHL8P[?�mo>KF�moX�P[C;EHTVGQP[?�LOP[WZL��aTVP[>DLOF�G8XYEHA�XYEzr

â�� �



§ª© ¥«¬÷Åy¥º£�o®±®Dµ�¶�o®¡¥ ' ¬�¯�ñ��²³´b¸ © ¥«½³�Á�µ�ð�¼¨¥º£�¥Xµ!¸��¡®±®?�£�½³�n¸�£��£!Íy¦��+¬y£�¶º¬y²Åy¥�²¤�¡¥�²¤¶�¥oß' õ�ð=¼¨¥º£�¥�Ø¤Âm¥�´,½CÍÄ·ÑÃÂm�±·°�±ö��¡²¤ �Ûï"!$# ®¡¬y  Q ùù�s ¥ËÂmÇ0í&%=ð�% ' ñÿó�çJî÷W s'!$( ®¡¬y  Q ù)% ùù�s ¥ËÂmÇ�í&%=ð�% ' ñÒó�ç�î¹Wí$ô¤¦ýúî¼.�±¸ © £�¥ºµ�Ç¾¥�¶Ë¸�¸�¬ ' õ�ð÷ßø¼ © ¥�£!¥�¸ © ¥°µ!¢³·�µ»¼�¥�£!¥Ñ¬÷Åy¥º£0�®¡®àÇ³�±¬y²¿o²³´¿·«¢³¬y²¿¥ºÅo¥�²¸�µº¦+*�¡µ=°®¡¬o Ñ®¡�±Þo¥º®¡� © ¬m¬w´Ù�¡²�¼ © �¡¶ © ¸ © ¥0Ç¤£�¬y½+�½³�¡®±�±¸�ÍÄ¸ © �¸�°Ç+o£�¸��±¶�¢³®¡o£ªÅo�®¡¢³¥Ü¬o¯à¸ © ¥�¸�¥�µ!¸µ!¸�Ã¸��¡µ�¸��±¶=ä-,¤ï ð2s ' ñ5óËç.,+¶º¬y£�£!¥�µ�Ç¾¬y²³´¤µÐ¸�¬Ô0Ç³�±¬y²Ä¥ËÅy¥�²¸.¼¨oµÐ·�¬m´³¥º®¡¥º´Ùoµª0®±¬y y�±µ!¸��±¶µ��¡ o·°¬y�±´ � / í0
21 ä , îJï ùù@sÚ¥ËÂmÇ0í&%.ä , î íÈô¤¦nù43î§ª© ¥�Ç³£!¬m¶º¥�´³¢³£!¥�¥�µ!µ�¥º²C¸��Áo®±®±ÍÔ·°oÇ³Ç¾¥�´Ñ¸ © ¥=¸�¥�µ�¸ªµ!¸��¸��±µ!¸��±¶e¯�¬o£�Ç³�±¬y²Ä¥ËÅy¥�²¸�µÐ¸�¬«Ç¾¬yµ��n¸��nÅy¥Åo�®¡¢³¥ºµøo²³´�¸ © ¥;µ�¸��¸��¡µ�¸��¡¶?¯�¬y£Z·«¢³¬y²�¥ËÅy¥º²C¸�µ2¸�¬.²³¥� Ã¸��±Åo¥àÅ�o®¡¢³¥ºµ�¦ §ª© ¥�®¡¬y o�¡µ!¸��¡¶2µ��± y·°¬o�¡´·°¬w´³¥�®C¼¨oµ;o´³¬oÇ¤¸�¥º´Ôoµ;�¶º¬y²Åy¥�²¸��¡¬y²Ô�¡²�¬y£�´¤¥�£D¸�¬�Ø¤Â�¸ © ¥Ðµ!¶¹o®±¥Ð¬o¯+ä ¦�5�²«¸ © ¥ª�²+o®±Íwµ!�¡µù76mùÚsA¥ ÂmÇ2í&%.ä , î�¼¨oµÀ²³¥ºÅo¥�£�oµ�µ!¢³·�¥�´�¸�¬ £�¥8!+¥�¶Ë¸Ù¸ © ¥¿o¶Ë¸�¢+�®�Ç³£!¬y½+o½³�±®¡�n¸�ÍÚ¸ © �¸Ää ,¶�¬y£!£�¥�µ!Ç
¬o²³´³¥�´�¸�¬�XÇ³�¡¬o²��±²³´³¢³¶º¥�´�¥ºÅo¥�²¸¹¦§ª© ¥�´³�¡µ!¶�£!�¡·��¡²+o²¸X½¤�ÁoµÔo²¤´Ú¼�¥��±  © ¸�µÔ¼¨¥º£�¥�¶�¬y²³µ�¸�£!¢³¶º¸�¥�´z¯�£!¬y·ìµ�o·°Ç¤®¡¥�µX¬�¯Ç³�¡¬y²¤µXo²³´ ·«¢³¬o²³µXµ��±·«¢³®ÁÃ¸�¥�´}�¡²98Ðo®�:�¥º¸X¢³µ!�¡²³ <;>=?5A@CB>DÛo²¤´ ¸ © ¥+:�¥º¸EDm�¡·�o²³´Î © ¬o¸�¬y² § £�o²³µ�Ç¾¬y£�¸ªÇ+o¶�ÞÃo y¥ºµ�¦�;>8¨ÕGF�BIHM¼¨oµª¢³µ�¥º´Ù¸�¬Xµ��±·«¢³®¡�¸�¥ © o´³£!¬y²³�±¶�µ © ¬÷¼�¥�£!µo²³´0¸ © ¥¨�±²³Ç³¢¤¸?¥ºÅo¥�²¸�µà¼�¥�£!¥¨¸�oÞ�¥�²X´³�±£�¥º¶º¸�®nÍ�¯�£�¬y·~¸ © ¥¨¬y¢m¸�Ç³¢¤¸D¬o¯³¸ © ¥¨½¾¥¹o·�®¡�±²³¥�µ��±·«¢mÏ®Á�¸��¡¬y²É¦ø�Ý¥��¡  © ¸�µ�¼�¥�£!¥�µ�¥ºÇ+o£�Ã¸�¥�®nÍ�¶�¬y²³µ�¸�£!¢³¶º¸�¥�´Ä¯�¬y£JÇ
¬oµ��±¸��±Åo¥�o²¤´Ä²³¥� y�¸��nÅy¥�Ç¤�¡¬y²³µ��¸¥¹o¶ © ½¾¥¹o· ·�¬y·�¥�²¸�¢³· µ!¥º¸�¸��¡²³ ¤¦��+¬y£�·�¬y·�¥�²¸�¢¤·Óµ!¥º¸!¸��¡²¤ yµ¨®±¥�µ�µJ¸ © �² � ;»¥�J 5 ¶=¸ © ¥¼¨¥º�¡  © ¸�µ�¼�¥�£!¥Ô¶�¬y²³µ�¸�£!¢³¶º¸�¥�´¿¢³µ��±²³ Ù¥ºÅo¥�²¸�µÜµ��±·«¢³®ÁÃ¸�¥�´b�¡²Ê¸ © ¥ § ùyùÔ½
¥�o·°®±�¡²³¥�ßÆ�½
¬÷Åy¥� ;»¥�J 5 ¶Ñ¸ © ¥Ù¥ºÅo¥�²¸�µÔ¼�¥�£�¥Ùµ!�¡·«¢¤®Á�¸�¥�´&�±²}¸ © ¥ § üb½¾¥¹�·°®±�¡²³¥�¦ §ª© �¡µ«�±µ«�¡²}¶�¬y²¸�£�oµ!¸¸�¬Ä½³¢¤�¡®¡´¤�¡²³ Ô¸ © ¥�¼¨¥º�¡  © ¸�µ�¯�¬o£ § üÑo²¤´ § ùyù«µ�¥ºÇ+o£��¸�¥º®±ÍyßÉÑÇ³£�¬w¶�¥º´³¢³£!¥0¸ © Ã¸�¼Ð�µ�²³¬o¸o´³¬yÇ¤¸�¥�´Ä½¾¥�¶�o¢³µ!¥��±¸J¼Ð�µÐ´³¥�µ!�¡£�o½³®¡¥.¸�¬�·Ñ�Þo¥��±´³¥�²¸��¡¶¹�®¾µ!¥�®±¥�¶º¸��¡¬y²¤µ¨¬y²Ä£!¢³²³µ¨¸�oÞo¥º²Ù�¸¸ © ¥»µ��·°¥�·�¬y·�¥�²¸�¢³·Òµ�¥º¸!¸��±²³ Ô�¡² § ùyùÜo²³´ § üm¦
â��K�



-10 -8 -6 -4 -2 0 2
0

20
40
60
80

100
120
140
160
180
200
220

-310×

π

µ

1.0 GeV/c

-6 -4 -2 0 2 4 6 8 10 12 14
0

20
40
60
80

100
120
140
160
180

-310×

2.0 GeV/c

-5 0 5 10 15 20 25
0

50
100
150
200
250
300
350

-310×

3.0 GeV/c

test statistic

�D�¡ y¢¤£�¥Ôô¤¦ â 3 �Ü§ª© ¥Ñ´¤�¡µ!¸�£��±½³¢¤¸��±¬y²�¬o¯�¸ © ¥Ô¸�¥ºµ!¸�µ!¸�Ã¸��¡µ�¸��±¶Ô¯�¬o£Ü·0¢³¬y²³µÜo²³´Ý®¡¬÷¼5¥º²³¥�£! oÍ
D�,µ��¡·0¢³®Á�¸�¥�´Ñ¼.�n¸ © ;>8¨ÕGF�BIHÜ¦ §ª© ¥»£��±  © ¸!Ï © o²³´Ùµ © ¬y¢³®¡´¤¥�£Ð¬y²Ù¸ © ¥�·«¢³¬y²Ù´¤�¡µ!¸�£��±½³¢mÏ¸��¡¬o²}¶�¬o£�£�¥ºµ�Ç¾¬y²³´³µ�¸�¬b·°ÃÂm�¡·°o®±®±Í,¬KL¾Ï�·°¬o·°¥º²C¸�¢³· ·«¢³¬o²³µ�¦,Î;�¡¬y²³µ0o²³´&·0¢³¬y²³µ0o£�¥·°¬y£!¥»¥¹oµ!�¡®±ÍÄµ�¥�Ç³o£��¸�¥�´��µe¸ © ¥�½¾¥¹�· ·°¬y·�¥�²¸�¢³· �¡²³¶º£�¥�oµ�¥ºµ�¦ §ª© ¥ © �¡µ�¸�¬y o£�o·�µeo£�¥²³¬y£�·°o®±�¡ö�¥º´Ä¸�¬Ô¢³²³�n¸eo£�¥�¤¦

â��$M



Dm�×Â�¥ºÅo¥�²¸bÅ�o£!�Áo½¤®¡¥�µ°¼¨¥º£�¥Ì¢³µ�¥º´��±² ¸ © ¥Ì´³�±µ�¶�£!�¡·��¡²+Ã¸��¡¬o²zÇ³£!¬m¶º¥�´³¢¤£�¥o¦ §ª© ¥Åo�£��Á�½³®¡¥ºµ=¼�¥�£�¥Ôµ!¥�®¡¥º¶º¸�¥�´Ýo¶�¶º¬y£�´³�±²³ Ä¸�¬Ä¸ © ¥��±£�o½³�±®¡�n¸�ÍÙ¸�¬À�¡²³´¤�±Åw�¡´³¢³o®¡®nÍÙ´³�¡µ!¶�£!�¡·��¡²+�¸�¥½
¥Ë¸�¼¨¥º¥�²�Ç³�¡¬y²¤µÐo²³´Ù·0¢³¬y²³µºßm¸ © ¥��¡£¨oÇ³Ç³®±�¡¶�o½³�¡®±�±¸�ÍX¬÷Åo¥�£ª0¼.�±´³¥�£��²³ y¥�¬�¯ø·°¬y·�¥�²¸�¢³·µ�¥º¸!¸��±²³ yµ�í�½³¢¤¸�¼.�±¸ © ¿¯�¬w¶�¢¤µÑ¬y²Ú¸ © ¥,£�¥� o�¡¬y²Ú½
¥º®¡¬÷¼ â ;�¥NJIO�¶÷îÔo²³´ ¸ © ¥��±£°£!¥�®¡�¸��nÅy¥µ��¡·�Ç³®±�¡¶��n¸�Íy¦ §ª© ¥�Åo�£��Á�½³®¡¥ºµÐ¼¨¥º£�¥ �
PRQ �ø§ª© ¥¨µ!�¡ y²+�®�¡²�¸ © ¥�¸ © £!¥�¥ËÏ�Ç³®Á�²³¥J¼.�±²³´³¬÷¼ © ¹Åw�¡²¤ =¸ © ¥�®¡o£� y¥ºµ!¸?�¡²¸�¥º y£�Ã¸�¥�´Üµ��± y²+o®$¦§ª© ¥�Å�o£��¡o½³®¡¥��¡µª¥ËÂmÇ³£!¥�µ!µ�¥�´Ì�µ.Ô¯�£�o¶º¸��¡¬y²Ù¬o¯2¸ © ¥»¸�¬o¸��®Éµ��± y²+o®$¦
P�ú �TS ¢³µ!¸�oµ)PRQÔ½³¢¤¸.¯�¬y£.X²³�¡²¤¥ËÏ�Ç¤®Áo²³¥�¼.�±²³´³¬÷¼»¦
DU5&;�:IPVJ �m§ª© ¥»o½³µ�¬o®¡¢¤¸�¥�´³¥ËÅm�¡�¸��±¬y²Ä¬o¯Z¸ © ¥�Ç³¢¤®¡µ�¥ © ¥��±  © ¸ªÇ¾¥�£¨Ç¤®Áo²³¥�¦ §ª© ¥�ØC¢+o²¸��±¸�Í¼Ð�µe¶�o®¡¶º¢³®ÁÃ¸�¥�´�oµ DU5&;�:IP�J~ï ù� úXW-Y! 	 �[ZC\\

�
	 % [� \\¼ © ¥�£!¥ �
	 �±µ«¸ © ¥ÀÇ³¢³®±µ�¥ © ¥��±  © ¸°¬o½³µ�¥º£!Åy¥º´ �¡² Ç³®¡o²³¥�]!ßÐo²³´G[� �±µX¸ © ¥�¹Åy¥º£�o y¥Ç³¢³®±µ�¥ © ¥��¡  © ¸�Ç¾¥�£JÇ³®Áo²¤¥o¦V^¨¥Ë¯�¬y£�¥e½¾¥��¡²¤ �¢³µ!¥�´Ä�±²�¸ © ¥�´¤�¡µ�¶º£��±·°�±²+o²¸;Ç³£!¬m¶º¥�µ�µ�¸ © ¥ØC¢+o²¸��n¸�Íb¼¨oµ»·«¢³®±¸��¡Ç³®±�¡¥º´b½ÍÛù76 � 3Ä�¡²�¬y£!´³¥�£�·°oÞo¥«¸ © ¥Xµ�¶�o®¡¥Xµ!�¡·��¡®¡o£e¸�¬Ù¸ © ¥¬o¸ © ¥�£.ØC¢+o²¸��n¸��¡¥ºµ�¦
@C^ÐÎ �+§ª© ¥»²C¢³·«½¾¥�£.¬o¯DÇ³®Á�²³¥�µÐ¼.�n¸ © o²��¡²¸�¥º y£��¸�¥�´Àµ��± y²+o®Æ y£�¥��¸�¥º£.¸ © o²,üV=?5 Î;µ�¦
=,Õ`_ �§ª© ¥.²C¢³·«½¾¥�£;¬o¯
µ!¸�£��¡Ç¤µ © �±¸;�±²X¸ © ¥ªÇ³®¡o²³¥Ð¼.�n¸ © ¸ © ¥ª®¡o£� o¥�µ!¸�²C¢³·0½
¥º£;¬o¯Æµ�¸�£!�¡Ç³µ© �±¸�¦a5�²Ý¬y£�´³¥º£�¸�¬bµ!¢³Ç³Ç³£!¥�µ!µ�¸ © ¥Ñ¥NL
¥�¶Ë¸0¬�¯ªÎT= § ¶�£!¬yµ�µ»¸��®¡Þ(ß2¸ © ¥�µ!¸�£!�¡Ç³µ»¼�¥�£�¥£�¥ºØw¢¤�¡£�¥º´�¸�¬ © ¹Åy¥�Ôµ!�¡ y²³o®É®Á�£� y¥º£Ð¸ © o²Ìùy¦ � ÎRP;µ=½¾¥º¯�¬y£!¥»½
¥º�¡²³ X¶º¬y¢³²¸�¥º´É¦
=,Õ`_GQ �RS ¢³µ�¸.oµ2=,Õ`_0ß¤½³¢¤¸�¸ © ¥=¸ © £!¥�¥�Ç¤®Áo²³¥ºµ¨¼.�±¸ © ¸ © ¥�®Á�£� y¥ºµ!¸�²w¢¤·«½
¥º£¨¬o¯øµ�¸�£!�¡Ç³µ© �±¸ª¼�¥�£!¥�¢¤µ�¥�´Æ¦

â�� ü



§ª© ¥ÊØC¢+�²C¸��±¸��¡¥�µ�Ç³£!¬y½
¥º´ ´³�bLÆ¥º£�¥�²¸Äoµ�Ç¾¥�¶Ë¸�µÄ¬o¯�¸ © ¥,´³¥º¸�¥�¶º¸�¬y£dc µÄ£!¥�µ�Ç¾¬y²³µ!¥b¸�¬Ç³�¡¬y²¤µ=�²³´b·«¢¤¬y²³µ�¦ §ª© ¥ePRQÑ�²³´fP�ú�Å�o£!�Áo½¤®¡¥�µ.¶ © �£�o¶Ë¸�¥�£!�¡öº¥Ü¸ © ¥�Ç³�¸�¸�¥�£�²,¬o¯;®±¬y²³ y�×Ï¸�¢³´³�±²+o®+¥º²³¥�£! oÍ�´³¥�Ç¾¬yµ��n¸��±¬y²É¦ §ª© ¥GDU5&;�:IP�J Å�o£!�Áo½¤®¡¥Ð¶ © �£�o¶Ë¸�¥�£!�¡öº¥�µ�¸ © ¥e·Ño o²³�±¸�¢³´³¥¬o¯Cg+¢¤¶º¸�¢³�¸��±¬y²³µ��¡² ¸ © ¥,µ��¡ o²+o®¡µX´¤¥�Ç¾¬yµ��n¸�¥�´z�¡²Ú¥¹o¶ © Ç³®Áo²¤¥o¦h@`^ÐÎ5£�¬y¢¤  © ®±Í £!¥�Ç³£!¥ËÏµ�¥�²¸�µÔ¸ © ¥Ù²C¢³·«½¾¥�£«¬�¯=Ç¤®Áo²³¥ºµ0¼.�±¸ © ÊÇ³¢³®±µ�¥ © ¥��¡  © ¸X¸ © �¸«¼¨oµX�±²³¶�¬y²¤µ��¡µ�¸�¥º²C¸0¼.�±¸ © ·°�±²³�¡·«¢¤·ÔÏ��¡¬y²³�±ö��±²³ ÔÇ+o£!¸��¡¶º®¡¥o¦ §ª© ¥a=,Õi_ o²¤´j=,Õi_IQÀÅo�£��Á�½³®¡¥ºµ�¶ © o£��¶º¸�¥º£��±ö�¥Ô¸ © ¥¼.�¡´¤¸ © ¬o¯»¸ © ¥�µ © ¬÷¼¨¥º£�¦kB�£!�¡ y�±²+o®¡®nÍyß¨o²�¥�µ�¸��¡·°�¸�¬y£°¯�¬y£°¸ © ¥Ê£�o²³ y¥�¬�¯»¥ºÅy¥º²¸�µÀ¼Ðoµ¢³µ�¥º´ �¡² ¸ © ¥�Ç¤£�¬w¶�¥�´¤¢³£�¥�ßÐ½³¢¤¸�¸ © ¥À£!¥�µ�¢¤®±¸��±²³ Ì´³�¡µ!¶�£!�¡·��¡²+o²¸X¼¨oµÔ¯�¬y¢³²³´ ¸�¬¿´³¥�Ç¾¥�²¤´¸�¬w¬�µ�¸�£�¬o²³ y®±Í«¬y²�¸ © ¥e·«¢³¬y²�£�o²¤ y¥eo²³´ © ¥�²³¶º¥=¬y²�¸ © ¥.·«¢¤¬y²Ñ·�¬y·�¥�²¸�¢³· µ�Ç¾¥�¶Ë¸�£�¢¤·,¦§ª© ¥iPTQ��²³´lPJú�Å�o£!�Áo½³®±¥�µ?Ç³£�¬÷Åw�¡´³¥º´X¸ © ¥.µ!¸�£�¬y²¤ y¥�µ�¸�´³�¡µ!¶�£��±·°�±²+�¸��¡¬y²»¯�¬y®¡®±¬÷¼¨¥º´X½CÍ0¸ © ¥DU5&;>:IP�JAo²¤´m@`^ÐÎ o²³´À¸ © ¥�²m=,Õ`_ o²³´m=,Õi_IQXÅo�£��Á�½³®¡¥ºµ�¦
�D�± y¢³£�¥ºµ�ô¤¦ â ùºÏ�ô¤¦ â QÑ´³�¡µ!Ç³®Á¹Í�¸ © ¥X¥ËÅy¥º²C¸»Å�o£!�Áo½³®±¥�µ�¯�¬o£=¸ © £�¥�¥Ô·�¬y·�¥�²¸�¢³·6µ�¥Ë¸!Ï¸��¡²¤ yµ�¦95�²z¸ © ¥¹Ø³ y¢³£�¥�ß�¸ © ¥,´¤�¡µ!¸�£��±½³¢¤¸��±¬y²³µ«¯�£!¬y·ìµ��±·«¢³®¡�¸�¥º´ÚÇ¤�¡¬y²³µ�o²¤´z·«¢¤¬y²³µ°o£�¥µ © ¬÷¼.²Éß;�®¡¬y²³ Ù¼.�n¸ © ¸ © ¥�¶�¬y·0½³�¡²³¥º´}·«¢¤¬y²}�²³´}Ç³�±¬y²¿´³�¡µ�¸�£��±½³¢¤¸��¡¬y²�¯�£�¬o· ¸ © ¥�´+�¸�¤¦§ª© ¥0´³�±µ!¸�£��¡½¤¢¤¸��±¬y²Àµ © ¬÷¼.²Ê�±²,·°o y¥º²C¸��¼.�n¸ © ¥�£�£!¬y£e½+o£�µe�¡µ=°µ!¢³· ¬o¯à¸ © ¥Üµ��¡·0¢³®Á�¸�¥�´Ç³�¡¬y²�o²¤´�·0¢³¬y²À´³�¡µ�¸�£!�¡½³¢¤¸��¡¬y²¤µÐ�¡²Ä¼ © �±¶ © ¸ © ¥»·«¢³¬y²À¶º¬y²¸�¥�²¸e¼Ð�µeµ!¶¹o®±¥�´,o¶�¶º¬y£�´¤�¡²³ ¸�¬X¸ © ¥�·�¥¹�µ�¢³£!¥�´�¶�¬y·�Ç
¬oµ��±¸��¡¬y²Ñ¬o¯D·0¢³¬y²³µÜí�´³�¡µ!¶�¢³µ!µ�¥�´,½
¥º®¡¬÷¼=îË¦V5�²À y¥º²³¥�£�o®É¸ © ¥Üµ!�¡·XÏ¢³®Á�¸��¡¬y²¿¼Ð�µX�¡²&£!¥¹oµ!¬y²+o½³®±¥Ùo y£!¥�¥º·°¥º²C¸X¼.�n¸ © ¸ © ¥Ù´+�¸�,¯�¬y£0¸ © ¥�PRQ¤ßnP�ú¤ß�DU5&;>:IP�Jo²³´9@C^ÐÎA´³�¡µ�¸�£!�¡½³¢¤¸��¡¬y²¤µ�¦ §ª© ¥?=,Õ`_6�²³´'=,Õ`_GQ�Å�o£!�Áo½¤®¡¥�µ0o£�¥Ùµ © �±¯á¸�¥�´&¸�¬�¼¨o£!´µ�¬y·�¥º¼ © Ã¸=®¡o£� o¥�£¨Å�o®±¢³¥�µª¯�¬y£ªµ!�¡·«¢³®¡�¸�¥º´ÙÇ³�¡¬o²³µ�¦§ª© ¥Ü´³�¡µ!¶�£!�¡·��¡²+o²¸�¼¨¥º�¡  © ¸�µeo²¤´,½³�¡oµÐ¼�¥�£�¥»¶º¬y²³µ!¸�£�¢³¶Ë¸�¥º´b¯�£�¬y·o=,¬y²¸�¥p8Ðo£!®¡¬µ�o·�Ç³®¡¥ºµ0¬o¯ � 3�3�3bÇ¤�¡¬y²}o²³´&·«¢¤¬y²&¥ºÅo¥�²¸�µX¥�o¶ © ¦ §ª© ¥Ñ¥Nq�¶��±¥�²³¶ËÍ}¬o¯ª¸ © ¥Ñµ!¥�®±¥�¶º¸��¡¬y²¼Ðoµ0´³¥º¸�¥�£�·��¡²¤¥�´&½ÍÝ¢³µ��±²³ b¸ © ¥Ñ¼¨¥º�¡  © ¸�µXo²³´&½¤�ÁoµÜ¸�¬b¶�o®¡¶º¢³®ÁÃ¸�¥Ô¸ © ¥Ä´¤�¡µ�¶º£��±·°�±²+o²¸¯�¬y£ÑÝµ�¥�¶º¬y²³´�µ�o·°Ç¤®¡¥�¬o¯ � 3�3K3ÝÇ³�±¬y²³µÄ�²³´ ·«¢³¬o²³µ�¦ §ª© ¥b¯�£�o¶º¸��¡¬y²Ú¬o¯»Ç³�±¬y²³µÔ¼.�±¸ ©ä+r ä-soÄHÅ�s«í�¸ © ¥ÀÇ³�¡¬y² ¥�q°¶º�¡¥º²³¶ºÍ¤îÔo²³´Û¸ © ¥Ù¯�£�o¶º¸��¡¬y² ¬o¯=·«¢³¬y²¤µÔ¼.�n¸ © ä+r ä-soÄ_Å�sÔíá¸ © ¥·«¢³¬y²À·��¡µ��±´³¥�²¸��^Ø+¶��¸��±¬y²ÑÇ³£!¬y½+o½¤�¡®¡�n¸�Í¤î�¼�¥�£�¥»´³¥Ë¸�¥º£�·��¡²³¥º´�¢¤µ��¡²¤ «¸ © ¥»µ�¥º¶�¬y²¤´,µ�o·°Ç¤®¡¥

â�� ô



0.0 0.2 0.4 0.6 0.8
0

5

10

15

20

25

30

-310×

E3

0.0 0.2 0.4 0.6 0.8
0
5

10
15
20
25
30
35
40
45

-310×

E9

0 2 4
0

50

100

150

200

250
-310×

πMC 

µMC 

µ+πMC 

µ+πData 

SIGDEV

0 2 4 6 8 10
0

50

100

150

200

250

300

350
-310×

NBP

0 5 10
0

50
100
150
200
250
300
350
400
450

-310×
MAX

0 5 10 15 20
0

20
40
60
80

100
120
140
160
180
200
220
240

-310×
MAX3

�D�¡ y¢¤£�¥eô¤¦ â ù � JJ�£��Á�½³®¡¥ºµJ¢¤µ�¥�´°¸�¬�¯�¬o£�·5¸ © ¥=´³�±µ�¶º£��¡·��¡²³o²¸¹¦�:��±µ!¸�£��¡½¤¢¤¸��±¬y²³µ�o£!¥=µ © ¬÷¼.²¯�¬y£.ù�;»¥�J�O�¶t
vuDõ��wu�µ!�¡·«¢¤®Á�¸�¥�´Ô¢³µ��±²³ »¸ © ¥)g+¢mÂÔ¯�£!¬y·�¸ © ¥=½¾¥¹o·�®¡�±²³¥Ðµ!�¡·«¢³®¡�¸��±¬y²Ôo²³´¶�¬y·«½¤�¡²³¥º´&Ç³�¡¬o²Ûo²³´&·0¢³¬y²Û´+�¸�b¶�¬o®¡®¡¥º¶º¸�¥�´&�±² § ùyùy¦ §ª© ¥Ù£�¥º®Á�¸��±Åy¥�Ç³£!¬yÇ
¬o£!¸��±¬y²}¬�¯µ��¡·0¢³®Á�¸�¥�´Ê·0¢³¬y²³µ»o²¤´¿Ç¤�¡¬y²³µ=¼Ðoµ»¥ºµ!¸��½³®¡�±µ © ¥º´¿½³oµ�¥º´Ý¬y²Ê¸ © ¥X¶¹�®¡¶�¢¤®Á�¸�¥�´�´³�±µ�¶�£!�¡·XÏ�¡²+o²¸�¥Nq�¶��±¥�²³¶ËÍ�o²³´Ê¸ © ¥«·�¥¹oµ!¢³£�¥º´Ê¯�£�o¶Ë¸��±¬y²Ê¬o¯�·«¢¤¬y²³µ�¦ §ª© ¥X¶�¬y·«½¤�¡²³¥º´m
Úo²³´f�© �¡µ�¸�¬y y£�o·�µªo£�¥»²³¬o£�·°o®¡�±ö�¥�´°¸�¬�¢³²³�±¸e�£�¥¹m¦
â�� ú



0.0 0.2 0.4 0.6 0.8
0

5

10

15

20

25

30

35

40
-310×

E3

0.0 0.2 0.4 0.6 0.8
0

10

20

30

40

50

60
-310×

E9

0 2 4
0

20
40
60
80

100
120
140
160
180
200

-310×

πMC 

µMC 

µ+πMC 

µ+πData 

SIGDEV

0 2 4 6 8 10
0

20
40
60
80

100
120
140
160
180
200
220
240

-310×
NBP

0 5 10
0

50

100

150

200

250

-310×
MAX

0 5 10 15 20
0

20

40

60

80

100

120

140

-310×
MAX3

�D�¡ y¢¤£�¥eô¤¦ âyâA� JJ�£��Á�½³®¡¥ºµJ¢¤µ�¥�´°¸�¬�¯�¬o£�·5¸ © ¥=´³�±µ�¶º£��¡·��¡²³o²¸¹¦�:��±µ!¸�£��¡½¤¢¤¸��±¬y²³µ�o£!¥=µ © ¬÷¼.²¯�¬y£ â ;»¥�J�O�¶t
vuDõ��wu�µ!�¡·«¢¤®Á�¸�¥�´Ô¢³µ��±²³ »¸ © ¥)g+¢mÂÔ¯�£!¬y·�¸ © ¥=½¾¥¹o·�®¡�±²³¥Ðµ!�¡·«¢³®¡�¸��±¬y²Ôo²³´¶�¬y·«½¤�¡²³¥º´&Ç³�¡¬o²Ûo²³´&·0¢³¬y²Û´+�¸�b¶�¬o®¡®¡¥º¶º¸�¥�´&�±² § ùyùy¦ §ª© ¥Ù£�¥º®Á�¸��±Åy¥�Ç³£!¬yÇ
¬o£!¸��±¬y²}¬�¯µ��¡·0¢³®Á�¸�¥�´Ê·0¢³¬y²³µ»o²¤´¿Ç¤�¡¬y²³µ=¼Ðoµ»¥ºµ!¸��½³®¡�±µ © ¥º´¿½³oµ�¥º´Ý¬y²Ê¸ © ¥X¶¹�®¡¶�¢¤®Á�¸�¥�´�´³�±µ�¶�£!�¡·XÏ�¡²+o²¸�¥Nq�¶��±¥�²³¶ËÍ�o²³´Ê¸ © ¥«·�¥¹oµ!¢³£�¥º´Ê¯�£�o¶Ë¸��±¬y²Ê¬o¯�·«¢¤¬y²³µ�¦ §ª© ¥X¶�¬y·«½¤�¡²³¥º´m
Úo²³´f�© �¡µ�¸�¬y y£�o·�µªo£�¥»²³¬o£�·°o®¡�±ö�¥�´°¸�¬�¢³²³�±¸e�£�¥¹m¦
âKM 3



0.0 0.2 0.4 0.6 0.8
0

10

20

30

40

50
-310×

E3

0.0 0.2 0.4 0.6 0.8
0

10

20

30

40

50

60

70
-310×

E9

0 2 4
0

20
40
60
80

100
120
140
160
180

-310×

πMC 

µMC 

µ+πMC 

µ+πData 

SIGDEV

0 2 4 6 8 10

20
40
60
80

100
120
140
160
180
200

-310×
NBP

0 5 10
0

50

100

150

200

250

-310×
MAX

0 5 10 15 20
0

20

40

60

80

100

120

-310×
MAX3

�D�¡ y¢¤£�¥eô¤¦ â Q � JJ�£��Á�½³®¡¥ºµJ¢¤µ�¥�´°¸�¬�¯�¬o£�·5¸ © ¥=´³�±µ�¶º£��¡·��¡²³o²¸¹¦�:��±µ!¸�£��¡½¤¢¤¸��±¬y²³µ�o£!¥=µ © ¬÷¼.²¯�¬y£TQR;»¥�J�O�¶t
vuDõ��wu�µ!�¡·«¢¤®Á�¸�¥�´Ô¢³µ��±²³ »¸ © ¥)g+¢mÂÔ¯�£!¬y·�¸ © ¥=½¾¥¹o·�®¡�±²³¥Ðµ!�¡·«¢³®¡�¸��±¬y²Ôo²³´¶�¬y·«½¤�¡²³¥º´&Ç³�¡¬o²Ûo²³´&·0¢³¬y²Û´+�¸�b¶�¬o®¡®¡¥º¶º¸�¥�´&�±² § ùyùy¦ §ª© ¥Ù£�¥º®Á�¸��±Åy¥�Ç³£!¬yÇ
¬o£!¸��±¬y²}¬�¯µ��¡·0¢³®Á�¸�¥�´Ê·0¢³¬y²³µ»o²¤´¿Ç¤�¡¬y²³µ=¼Ðoµ»¥ºµ!¸��½³®¡�±µ © ¥º´¿½³oµ�¥º´Ý¬y²Ê¸ © ¥X¶¹�®¡¶�¢¤®Á�¸�¥�´�´³�±µ�¶�£!�¡·XÏ�¡²+o²¸�¥Nq�¶��±¥�²³¶ËÍ�o²³´Ê¸ © ¥«·�¥¹oµ!¢³£�¥º´Ê¯�£�o¶Ë¸��±¬y²Ê¬o¯�·«¢¤¬y²³µ�¦ §ª© ¥X¶�¬y·«½¤�¡²³¥º´m
Úo²³´f�© �¡µ�¸�¬y y£�o·�µªo£�¥»²³¬o£�·°o®¡�±ö�¥�´°¸�¬�¢³²³�±¸e�£�¥¹m¦
âKM ù



muon mis-ID probability
0.0 0.2 0.4 0.6 0.8 1.0

 p
io

n 
ef

fic
ie

nc
y

0.0

0.2

0.4

0.6

0.8

1.0

0.6 GeV

1.0 GeV

1.4 GeV

1.8 GeV

�D�¡ y¢¤£�¥«ôm¦ â$�Q�=§ª© ¥X¥�q�¶��¡¥º²³¶ºÍb¯�¬y£�µ!¥�®¡¥º¶º¸��¡²³ ÙÇ³�±¬y²³µ�Åwµº¦Æ¸ © ¥X·0¢³¬y²�·��¡µ��±´³¥�²¸��^Ø+¶��¸��±¬y²Ç³£�¬y½³o½³�¡®±�±¸�Íe¯�¬y£x
D��µ��±·«¢³®¡�¸�¥º´�¼.�±¸ © ;>8¨ÕGF�BIHÜ¦ §ª© ¥J®±�¡²³¥�o£É´³�±µ�¶º£��¡·��¡²³o²¸É¸�¥º¶ © ²³�¡ØC¢³¥¼Ðoµe¢³µ!¥�´��¡²Ù¸ © ¥»µ!¥�®¡¥º¶º¸��¡¬y²É¦ §ª© ¥ÚØ+ o¢³£�¥�¯�¬y£2
vu��±µª²³¥¹o£!®±ÍÙ�±´³¥�²¸��¡¶¹�®�¦

âKMyâ



¯�¬y£.X£�o²³ o¥Ü¬�¯?Å�o®±¢³¥�µÐä-soÄHÅ�s ¦
�D�± y¢³£�¥àô¤¦ â � µ © ¬÷¼.µø¸ © ¥;¶�o®¡¶º¢³®Á�¸�¥�´�Ç³�±¬y²�¥Nq�¶º�¡¥�²¤¶ºÍ�Åo¥�£�µ!¢³µø¸ © ¥;·«¢¤¬y²�·°�±µ��±´³¥�²mÏ¸��^Ø³¶¹�¸��¡¬y²�Ç³£!¬y½+o½¤�¡®¡�n¸�Íy¦y:��bLÆ¥º£�¥�²¸»®±¬m¶��¸��±¬y²³µ�o®±¬y²³ Ù¸ © ¥�¶º¢³£!Åo¥�µ�¶�¬y£!£�¥�µ!Ç
¬o²³´Ý¸�¬�´¤�±¯ÁÏ¯�¥�£�¥º²¸eÅ�o®±¢³¥�µ.¬o¯2ä-soÄ_Å�s ¦��+¬y£ª·°¬o·°¥º²C¸�¢³·Òµ!¥º¸!¸��¡²¤ yµeo½
¬÷Åo¥�ùo¦z3R;�¥NJIO�¶�Ç³�¡¬o²³µ.¶�¬y¢³®±´À½
¥µ�¥�®±¥�¶Ë¸�¥�´°¼.�±¸ © r�ú�3|{�¥�q�¶��¡¥º²³¶ºÍÔ¼ © �±®¡¥.£�¥�ë!¥�¶Ë¸��¡²¤ ar�ú�3�{�¬o¯Z·«¢³¬o²³µ�¦ §ª© ¥�o½³�±®¡�n¸�Í0¸�¬µ�¥�Ç¾¥�£��¸�¥ÔÇ³�±¬y²³µ��²³´Ì·«¢³¬y²³µ�´¤¥�¶�£!¥¹oµ!¥�´¿¼.�±¸ © ¸ © ¥X½
¥�o· ·�¬y·�¥�²¸�¢¤·,¦�ÎDo£�¸»¬o¯J¸ © ¥´³¥�¶º£�¥¹�µ�¥��¡µ�®±�¡Þo¥º®±Í,´³¢³¥«¸�¬�½¾¬o¸ © ¸ © ¥Ô¥ºÅo¥�²¸»Å�o£��¡o½³®¡¥ºµ�¢³µ!¥�´Ýo²³´�¸ © ¥X²³�¸�¢³£!¥X¬o¯J¸ © ¥´³�¡µ!¶�£��±·°�±²+o²¸2Ç³£�¬w¶�¥º´³¢³£!¥o¦àÕ ²¤¥�¢³£�o®m²¤¥º¸�¼�¬y£�ÞÜ¸�¥�¶ © ²³�¡ØC¢³¥ª¬y£?·«¢³®n¸��nÏ�´³�¡·�¥�²¤µ��¡¬o²+o®o¶º¢¤¸�µ¶�¬y¢³®±´ÙÇ
¬oµ�µ��±½³®±Í� y�nÅy¥�«µ!¢³Ç¾¥�£��±¬y£Ð£!¥�µ�¢¤®±¸¹¦ §ª© ¥�µ�¥�£!¥�µ!¢³®±¸�µª�¡®¡®±¢³µ!¸�£��¸�¥e¸ © �¸Ð¸ © ¥�=?5A@CB�D´³¥º¸�¥�¶º¸�¬y£.¼Ðoµ=²³¬o¸e¬yÇ¤¸��¡·��¡öº¥�´Ù¯�¬y£ © o´³£!¬y²³�±¶Ü¥ËÅy¥º²C¸�µ��¡²Ù¸ © ¥°ù�;�¥NJIO�¶Ü£�o²³ o¥0o²¤´,½¾¥ËÏ®¡¬÷¼»¦ §ª© ¥ â ¦ � ¶�· ¸ © �±¶�Þw²¤¥�µ�µ?¬o¯w¸ © ¥�=?5A@CB>D»�¡£!¬y²»Ç³®Áo²¤¥�µZ¶�¬o¢³Ç³®¡¥º´Ü¼.�n¸ © ¸ © ¥�£!¥�®ÁÃ¸��±Åo¥�®nÍµ�·°o®¡®Æo·°¬o¢³²¸.¬o¯D¥º²³¥�£! oÍÀ¹Å�o�¡®¡o½³®±¥��¡²Ä¸ © ¥ © o´³£!¬y²³�±¶�µ © ¬÷¼�¥�£�µ=¶¹o¢¤µ�¥�´�·°o²ÍÙ¬o¯2¸ © ¥µ © ¬÷¼�¥�£ÔÇ+o£�¸��¡¶º®¡¥ºµ�¸�¬�½¾¥Ùo½¤µ�¬y£!½
¥º´Ú½¾¥º¯�¬o£�¥Ñ¸�£�¹Åy¥º£�µ��±²³ �µ�¶º�¡²¸��±®¡®¡�¸�¬y£º¦ §ª© �±µ«£�¥ºµ�¢³®n¸�¥º´�¡²ÌÇ³�¡¬o²¿¥ËÅy¥º²C¸�µ�¼.�n¸ © ¯�¥º¼i®¡o£� o¥ © �±¸�µÜo²³´¿®¡�±¸!¸�®±¥0�¡²m¯�¬y£�·°�¸��±¬y²,¼ © �¡¶ © ´¤�¡µ!¸��¡²³ o¢³�¡µ © ¥�´¸ © ¥º·�¯�£�¬o· ·0¢³¬y²³µº¦é�?�¡ y¢³£!¥�µ«Õ�¦ ü÷Ï�Õ0¦ýôb´³�±µ�Ç³®¡¹Í&bµ!¥�®±¥�¶º¸��¡¬y²Û¬�¯.¥ºÅy¥º²¸�µÔ¸�oÞ�¥�²Ú�¸Xù�;»¥�J�O�¶»·�¬y·°¥º²¸�¢³·ÿµ�¥º¸!¸��±²³ ³¦5�¯Z�®¡®¤·0¢³¬y²³µà¼�¥�£!¥=¬y²wÏ�·�¬y·°¥º²¸�¢³·A¸ © ¥º²°»£�¥º®Á�¸��±Åo¥�®±Í�µ��±·°Ç¤®¡¥¨µ!¥�®±¥�¶º¸��¡¬y²Ô¶º¬y¢³®¡´© ¹Åy¥«½¾¥�¥º²Ê·Ñ�´³¥�¬o²,¸ © ¥0¥ºÅo¥�²¸�®±¥�²³ o¸ © ¦ §ª© ¥0Ç¤£�¥�µ!¥�²³¶º¥X¬o¯à¸ © ¥0¬KL(Ï�·�¬y·�¥�²¸�¢¤·Ò¸�o�±®�¡² ¸ © ¥¿·0¢³¬y²Oµ�o·�Ç³®±¥Ê¶�¬y·�Ç³®±�¡¶¹Ã¸�¥�´�·°�¸!¸�¥�£!µ�¦5ÕÐ¸��²³´ ½¾¥�®±¬÷¼æù�;�¥NJIO�¶Ê¸ © ¥Ì¬KL(Ï·°¬y·�¥�²¸�¢³·�·«¢¤¬y²Ô¥ºÅy¥º²¸Ð®¡¥º²³ o¸ © ·�¥�£! y¥�´Ôµ!�¡ y²³�©Ø+¶¹�²C¸�®±Í�¼.�±¸ © ¸ © ¥.Ç³�¡¬y²Ô¥ËÅy¥�²¸�®¡¥º²³ o¸ ©£�¥�²¤´³¥�£!�¡²³ ¿�µ��±·°Ç³®±¥Äµ�¥º®¡¥º¶º¸��±¬y² ¢³µ��±²³ �¸ © ¥À¥ËÅy¥�²¸°®¡¥º²³ o¸ © ¢³²m¯�¥¹oµ!�¡½³®±¥o¦ §ª© ¬o¢³  © ¸ © ¥¥ºÅy¥º²¸À®¡¥�²¤ o¸ © ¼¨oµÄ²¤¬o¸Ä¢³µ!¥�´��±²z¸ © ¥Ê´³�¡µ!¶�£!�¡·��¡²+�¸��¡¬y²ÛÇ¤£�¬w¶�¥�´¤¢³£�¥b¸ © ¥�£!¥b¼¨oµÄµ�¬o·°¥¶�¬y£!£�¥�®¡�¸��±¬y²Ì½
¥Ë¸�¼¨¥º¥�²}¸ © ¥�®¡¥�²¤ o¸ © o²³´¿¸ © ¥�´³�¡µ!¶�£!�¡·��¡²+o²¸�Å�o£!�Áo½¤®¡¥�µº¦ §ª© ¥�¥NL
¥�¶Ë¸0¬�¯¸ © ¥Ü¶�¬y£!£�¥º®Á�¸��¡¬y²Ä¼¨oµ�®¡o£� o¥�µ!¸=�¸.Åo¥�£!Í�®±¬�¼�¥�²³¥º£� y�±¥�µ=o²³´ © o´,¶�¬y²³µ!¥�ØC¢³¥º²³¶�¥ºµ�¯�¬y£ª¸ © ¥´³�¡µ!¶�£��±·°�±²+o²¸�½
¥ © ¹Åm�±¬y£�¦ÌÕ=µXo²Û¥ËÂ¤o·�Ç³®±¥oßà¸ © ¥ÄÞC�¡²³ÞÝ�¡²}¸ © ¥ M 3�3R=,¥�J�O�¶Ñ¶�¢³£�Åy¥À�¡²

�D�¡ ³¦¤ô¤¦ â$� ¼Ðoµe¶¹�¢³µ�¥º´,½ÍÙ¸ © ¥Ü¬$L¾Ï�·°¬y·�¥�²¸�¢³·ÿ·0¢³¬y²³µº¦
âKM Q



0.5 1.0 1.5 2.0 2.5 3.0 3.5

0.6

0.7

0.8

0.9

1.0

T11 + polarity

π

µ

0.5 1.0 1.5 2.0 2.5 3.0 3.5

0.6

0.7

0.8

0.9

1.0

T11 - polarity

1 2 3 4 5 6 7 8 9 10

0.6

0.7

0.8

0.9

1.0

T7 + polarity

1 2 3 4 5 6 7 8 9 10

0.6

0.7

0.8

0.9

1.0

T7 - polarity

Beam Momentum (GeV/c)

E
ffi

ci
en

cy

�D�¡ y¢¤£�¥Üô¤¦ â��A�¨§ª© ¥�¥�q°¶º�¡¥º²³¶ºÍ�¯�¬y£.µ�¥º®¡¥�¶Ë¸��±²³ ÑÇ³�±¬y²³µeo²³´,·«¢³¬y²¤µe¼.�n¸ © ¸ © ¥Ü®¡�¡²¤¥¹o£.´³�±µ�Ï¶�£��±·°�±²+o²¸Ñ¸�¥�¶ © ²¤�¡ØC¢³¥o¦}^�¥�®¡¬÷¼ � ;»¥�J�O�¶��±² § ümß=¼�¥��±  © ¸�µÙ¼�¥�£�¥Ì¶�o®¡¶º¢³®Á�¸�¥�´�¢³µ!�¡²³ ¥ºÅy¥º²¸�µD¯�£!¬y·Ö¸ © ¥ § ùyù¨µ!�¡·«¢¤®Á�¸��¡¬y²�½³¢m¸D¸ © ¥�¥�q°¶º�¡¥º²³¶ºÍÜ¼Ð�µD£�¥ Ï�¥ËÅo�®¡¢+�¸�¥�´�¢³µ��±²³ �¥ËÅy¥�²¸�µ¯�£�¬y·Ö¸ © ¥ § üe½
¥�o·°®±�¡²³¥;µ!�¡·«¢¤®Á�¸��¡¬y²É¦ §ª© ¥¨¥Nq�¶º�¡¥�²¤¶ºÍÜ´³£�¬oÇ«�¸?®¡¬÷¼Û·�¬y·�¥�²¸�.�¡µ2=¶º¬y²mÏµ�¥�ØC¢³¥º²³¶�¥=¬o¯Æ¸ © ¥.¶�¬y·�Ç¾¬yµ��n¸��¡¬o²Xo²³´� y£��²w¢¤®Áo£!�±¸�Í�¬o¯Æ¸ © ¥`=?5A@GB�DX¶¹o®±¬y£��±·°¥Ë¸�¥�£àoµ;¼¨¥º®¡®oµ�¸ © ¥Ô£!¥�®ÁÃ¸��±Åo¥�®nÍbµ!·Ño®±®D�·°¬y¢¤²C¸»¬�¯Ðo¶Ë¸��nÅm�n¸�Íb�±²³´³¢³¶º¥�´¿½Í�®¡¬÷¼A¥�²³¥º£� oÍÊÇ³�¡¬y²¤µ�¦ §ª© ¥´³�¡µ!¶�£��±·°�±²+o²¸�Å�o£��¡o½³®±¥«¼¨¥º£�¥Ñ¬oÇ¤¸��±·°�±ö�¥�´Ì¯�¬y£»·�¬y·°¥º²¸�¢³· µ!¥º¸�¸��¡²³ oµ�½¾¥�®±¬�¼ � ;»¥�J�O�¶¼ © �¡¶ © ¶¹o¢¤µ�¥�´�¸ © ¥»µ!®¡�¡  © ¸Ð´³¥�¶º£�¥¹�µ�¥0�±²Ä¸ © ¥»¥�q°¶º�¡¥º²³¶ºÍ��¸ © �±  © ¥�²¤¥�£� �Íy¦
âKM$�



Î;�¡¬y²Äo²³´Ù·«¢³¬o²ÌíÈ¬y£�·°¬o£�¥�Ç¤£�¬yÇ¾¥�£!®±Í�Ç³�¡¬o²mÏ�®±�¡Þo¥=o²³´Ù·0¢³¬y²mÏ�®¡�¡Þ�¥÷î;¥ºÅo¥�²¸�µª¼�¥�£�¥µ�¥�®±¥�¶Ë¸�¥�´�½ÍÚÇ³®¡o¶��±²³ }¿¶�¢¤¸°äA~Ä¬y² ¸ © ¥À¸�¥�µ�¸Ùµ!¸��¸��±µ!¸��¡¶À´³�¡µ�¸�£!�¡½³¢¤¸��¡¬y²Æ¦hPàÅy¥�²¸�µÄ¼.�±¸ ©ä)rOäA~e¼¨¥º£�¥«¶º®Áoµ!µ��©Ø+¥�´,oµ�Ç¤�¡¬y²³µeo²¤´,¸ © ¬yµ�¥Ü¼.�±¸ © ä)��äA~�¼�¥�£�¥�¶�®¡oµ�µ!�^Ø+¥º´Êoµe·«¢³¬y²¤µ�¦§ª© ¥ÀÇ
¬yµ!�±¸��¡¬y²&¬�¯e¸ © ¥Ù¶�¢m¸Ô�¡µ«µ!¬y·°¥Ë¼ © �¸�o£!½³�±¸�£�o£�Í&�²³´ ´³¥�Ç¾¥�²³´¤µ�¬o² ¸ © ¥Ù y¬�®¡µ0¬�¯¸ © ¥,µ!¸�¢¤´¤Í Ã¸ © �²³´É¦ §ª© �¡µ�¼¨¬y£!Þ ��¡·�¥�´z�¸ÄÝ y¥�²³¥º£�o®e¶ © o£�o¶º¸�¥�£!�¡ö¹Ã¸��¡¬o² ¬o¯�Ç¤�¡¬y²o²³´ ·0¢³¬y²Ú¥ºÅy¥º²¸�µ�¦OÕ=µ°µ!¢³¶ © ßª¶�¬o²³µ��±´³¥�£!�¡²³ Ýo²Ú¥ËÂ¤o·�Ç³®¡¥À½+oµ!¥�´ ¬o²z¸ © ¥ M 3K3R=,¥NJ¶�¢³£�Åy¥Ô�¡²l�D�± ³¦Æôm¦ â$� ßøÄ¶�¢¤¸»¼ © �±¶ © £!¥ ë!¥º¶º¸�¥º´}úK3|{6¬o¯�·«¢³¬o²³µ�¯�£�¬y· ¸ © ¥�Ç¤�¡¬y²�µ�o·°Ç¤®¡¥¼ © �¡®±¥�¬y²³®nÍ°o¶�¶º¥�Ç¤¸��¡²³  � 3�{ ¬o¯øÇ¤�¡¬y²³µ¨´³�¡´Ä²¤¬o¸ªµ�¥º¥�· �´¤Åw�¡µ��½³®¡¥�¦àÕÖÇ¾¥�£!¯�¥º¶º¸ªµ!¥�®±¥�¶º¸��¡¬y²¼¨¬y¢¤®¡´Ìo¶º¶�¥�Çm¸Ôù43�3|{ ¬o¯�¸ © ¥0Ç³�¡¬y²�µ�o·�Ç³®¡¥Ü¼ © �¡®±¥«£�¥�ë!¥�¶º¸��¡²³ Äo®¡®?·«¢³¬y²³µ�o²³´ÉßÉ¥ Âm¶�¥�Çm¸�¸�¸ © ¥�®¡¬÷¼¨¥ºµ!¸0¥�²³¥º£� y�±¥�µ�ß2¸ © ¥�Ç¾¬yµ��n¸��¡¬o²Ý¬o¯�¸ © ¥°¶�¢¤¸ÜäA~0¼¨oµ0¶ © ¬yµ�¥º²}¸�¬,·°¬yµ�¸Ü¶�®¡¬oµ�¥�®nÍoÇ³Ç³£!¬÷Âm�±·Ñ�¸�¥�¸ © �¸e�±´³¥¹o®Z¶�oµ�¥�¦ §ª© �¸=�¡µºß³¸ © ¥Ü¶�¢m¸�µ.¼¨¥º£�¥0¶ © ¬m¬yµ!¥�²b¸�¬°¶º¬y£�£!¥�µ!Ç
¬y²¤´,¸�¬¸ © ¥»Ç¾¬y�¡²¸.¬o¯?¶�®±¬yµ�¥ºµ!¸=oÇ³Ç³£!¬o¶ © ¸�¬,í�3mõ¹ù�î¨�¡²��?�¡ ³¦+ôm¦ â$� ¦
�+¬y£à¸ © ¥ � 3K3Ü�²³´ M 3�3R=,¥NJM·�¬y·�¥�²¸�¢³· µ�¥Ë¸�¸��±²³ yµºßC¸ © ¥e¶�®¡¬oµ�¥�µ�¸�oÇ³Ç³£!¬o¶ © ¼Ðoµ®¡¬w¶¹�¸�¥�´Ê¬y²,¸ © ¥«®±¥º¯á¸�Ï © o²¤´bµ��±´³¥«¬o¯J�²Ê�¡²�g³¥�¶º¸��¡¬y²b®¡�¡Þ�¥Ü¸ © �¸�µ © ¬÷¼.²��¡²i�?�¡ ³¦¾ô¤¦ â$� ¦G5�²¸ © �¸«£�¥� o�¡¬y²Éßà¸ © ¥ÙÇ³�±¬y²Û¥Nq�¶��±¥�²³¶ËÍÛ�¡²¤¶�£�¥�oµ�¥º´ £�oÇ³�±´³®±ÍÝoµÔb¯�¢¤²³¶º¸��¡¬y²Û¬o¯.¸ © ¥Ù·«¢³¬y²·°�±µ��¡´¤¥�²¸��©Ø+¶¹�¸��¡¬y²ÑÇ³£�¬y½³o½³�¡®±�±¸�Í°o²³´À¸ © ¥ÜÇ¾¬yµ!�±¸��±¬y²Ù¬o¯2¸ © ¥»¶º¢¤¸�µ.¼¨¥º£�¥Üo´Ãë!¢¤µ!¸�¥º´b�±²�¬o£�Ï´³¥�£J¸�¬0·�¬÷Åy¥e¸�¬�¸ © ¥�£!�¡  © ¸�¬o¯É¸ © ¥��±²�g+¥�¶Ë¸��±¬y²Éßwo¶�¶º¥�Ç¤¸��¡²³ 0·°¬y£!¥=Ç¤�¡¬y²³µ��¸J¸ © ¥=¥ËÂmÇ¾¥�²³µ!¥¬o¯eo²&�±²³¶�£!¥¹oµ!¥Ä�¡²¿¸ © ¥Ä·0¢³¬y²&½+�¶�Þw o£�¬y¢³²¤´É¦i�D�± y¢³£�¥°ô¤¦ â�� µ © ¬÷¼.µ«¸ © ¥Äµ!¥�®±¥�¶º¸��¡¬y²Ý¥º¯ÁÏØ+¶��±¥�²³¶º�¡¥�µÄoµÙ}¯�¢³²³¶Ë¸��±¬y² ¬o¯»¸ © ¥Ê·°¬o·°¥º²C¸�¢³· µ�¥º¸!¸��±²³ }¯�¬y£°Ç
¬yµ!�±¸��±Åy¥Êo²³´�²³¥º �¸��nÅy¥Ç
¬y®¡o£��n¸��±¥�µÔ�¡² § ü&o²³´ § ùyùo¦ §ª© ¥ÊÇ³�±¬y² µ!¥�®¡¥º¶º¸��¡¬y² ¥�q�¶��¡¥º²³¶ºÍ �¡²³¶º£�¥�oµ�¥º´ ¼.�±¸ © ¸ © ¥½
¥�o·ÿ·�¬y·�¥�²¸�¢¤·Ó¢¤ÇÑ¸�¬l� � ;�¥NJIO�¶�o²¤´Ä¼Ðoµ¨ y£�¥��¸�¥º£¨¸ © �²Ùúyô|{io½¾¬÷Åy¥ â ;�¥NJ�OÃ¶o¦§ª© ¥Ä´³�±µ�¶�£!�¡·��¡²+�²C¸�Å�o£!�Áo½¤®¡¥�µ»¼�¥�£�¥Ñ¬yÇ¤¸��±·°�±ö�¥º´¿¯�¬y£Ü·�¬y·°¥º²¸�¢³· µ!¥º¸�¸��¡²³ oµ0®¡¥ºµ�µÜ¸ © o²� ;»¥�J�O�¶�¼ © �±¶ © ¶�o¢³µ�¥º´,¸ © ¥»µ�®¡�±  © ¸ª´³¥º¶�£�¥�oµ�¥Ü�¡²À¥�q°¶º�¡¥º²³¶ºÍ��¸ © �¡  © ¥�²¤¥�£� o�¡¥�µº¦§ª© ¥Ð´¤¥º¸�¥º£�·��¡²+Ã¸��¡¬o²Ü¬�¯¤¸ © ¥¨´³�±µ�¶�£!�¡·��¡²+�²C¸Z¼�¥��±  © ¸�µDo²³´0¥�q�¶��¡¥º²³¶ºÍÜ¯�¬y£ø¬y²³¥�£�¢³²¸�¬w¬yÞÊo½¾¬y¢¤¸ © �®±¯�o² © ¬y¢³£�¬y²Ý � 3�3R=m�eöÔÇ³£�¬w¶�¥ºµ�µ�¬o£�¦ §ª© ¥�¼�¥��±  © ¸�µÜo²³´ÝÙ£�¥º¶�¬y£!´¬o¯�¸ © ¥bµ�¥º®¡¥º¶º¸��±¬y² ¥�q°¶º�¡¥º²³¶ºÍÚ¼¨¥º£�¥Êµ�¹Åy¥�´ ¸�¬&´³�±µ�ÞÚo²³´z®Á�¸�¥�£°oÇ³Ç³®±�¡¥�´Ú¸�¬¿¸ © ¥,´+�¸�

âKM��



´³¢³£��±²³ �¸ © ¥�µ!¥�¶º¬y²³´ÙÇ+oµ!µ2:�D § ¶º¬y²³µ�¸�£�¢¤¶º¸��±¬y²ÑÇ © oµ�¥�¬o¯É¸ © ¥�Ç³£!¬m¶º¥�µ�µ!�¡²³ 0oµ¨´¤¥�µ�¶º£��±½
¥º´�¡²�8 © ¦ M ¦�PJ�¶ © :�D § ¥�²¸�£!ÍÚ¶�¬y²¸�o�¡²³¥º´ Ì¼¨¬y£!´ © ¬y®±´³�¡²¤ ¿¸ © ¥�Å�o®±¢³¥�¬o¯�¸ © ¥�¸�¥�µ!¸µ!¸�Ã¸��¡µ�¸��±¶»o®¡®±¬�¼.�±²³ «´³�bLÆ¥º£�¥º²C¸.¶º¢¤¸�µ.¸�¬Ô½¾¥ÜoÇ³Ç³®±�¡¥�´Ä¼.�n¸ © ¥¹oµ!¥o¦
á
â�3
â_ã æ ñbö�÷ 4 ö@÷�õ�üy÷�õ
§ª© ¥Ð´³�±µ�¶�£!�¡·��¡²+�²C¸ø¼¨oµà¢³µ!¥�´«¸�¬�¶�¬y¢¤²C¸D¸ © ¥�²w¢¤·«½
¥º£à¬o¯+·0¢³¬y²³µ;�²³´0¸ © ¥�£�¥º½Í«·�¥¹oµ!¢³£�¥¸ © ¥Ä·0¢³¬y²Û¶�¬o²C¸�¥�²¸Ô¬o¯ª¸ © ¥Ä½¾¥¹o·�¦f5�²Û¥¹�¶ © £!¢³²Éßà¸ © ¥Ä²C¢³·«½¾¥�£«¬�¯.¥ºÅy¥º²¸�µy� ,# ¼.�±¸ ©ätr äA~��²³´�¸ © ¥»²C¢³·«½¾¥�£e¬o¯à¥ËÅy¥�²¸�µC� ,( ¼.�n¸ © ät� äA~.¼¨¥º£�¥Ü¸�o½³¢¤®Á�¸�¥�´É¦ §ª© ¥Ü²C¢³·«½¾¥�£�µ� ,( ß�� ,# ´¤¬�²³¬o¸�Ç³£!¥�¶��±µ�¥º®±Í�¶�¬y£!£�¥�µ!Ç
¬o²³´�¸�¬�¸ © ¥Ðo¶º¸�¢+o®³²C¢³·«½¾¥�£;¬�¯
·0¢³¬y²³µ;�²³´ÔÇ³�¡¬y²¤µà�¡²¸ © ¥�½¾¥¹o·�ßwµ��¡²¤¶�¥I� ,( ¶�¬y²¸�o�¡²³µÐ«¶�¬y²¸�£!�¡½³¢m¸��¡¬o²Ñ¯�£�¬y·ÓÇ³�±¬y²³µ¨¸ © �¸Ð¼�¥�£!¥�·°�±µ��¡´¤¥�²¸��©Ø+¥�´oµ=·0¢³¬y²³µ=o²³´?� ,# ¶�¬y²¸�o�¡²³µ=Ô¶�¬y²¸�£!�¡½³¢m¸��¡¬o²�¯�£!¬y· ·«¢³¬y²¤µe¸ © �¸.¼¨¥º£�¥�·°�±µ��¡´¤¥�²¸��©Ø+¥�´oµ»Ç³�¡¬y²¤µ�¦ §ª© ¥°o¶º¸�¢+o®à²C¢³·0½
¥º£Ü¬�¯¨·«¢¤¬y²³µÜo²³´¿Ç³�¡¬o²³µ�ßw� ( o²³´�� # ß?�£�¥X£�¥º®Á�¸�¥�´�¸�¬� ,( o²¤´?� ,# ½CÍ

� ,( ï � (��	()� � # í�ù)% �	# î íÈô¤¦nùyù�î
� ,# ï � #|�	#i� � ( í ù)% �	( î íÈô¤¦nù â î

¼ © ¥�£!¥ �	# � ( o£!¥�¸ © ¥»·«¢³¬o²bo²¤´�Ç¤�¡¬y²Àµ�¥º®¡¥º¶º¸��±¬y²À¥Nq�¶��±¥�²³¶º�¡¥ºµ�¦�Dm¬y®±Åw�±²³ «¯�¬y£ �	(  o�±Åy¥ºµ �
� ( ï � ,( � å í �	# %�ù�î�&(`�'�	# %�ù íÈô¤¦nù4Qî

�=¥�£!¥ÜåGï�� ,( � � ,# ï�� (�� � # �±µÐ¸ © ¥�¸�¬o¸�o®Æ²w¢¤·«½
¥º£.¬o¯DÇ¤�¡¬y²³µ.�²³´,·0¢³¬y²³µº¦
�D�± y¢³£�¥.ôm¦ âKM µ © ¬÷¼.µJ¸ © ¥.·°¥�oµ�¢¤£�¥�´�·«¢³¬o²�¶º¬y²¸�¥º²C¸�ßwoµJ�¯�£�o¶º¸��¡¬y²X¬�¯
¸ © ¥Ð¸�¬o¸�o®²w¢¤·«½
¥º£;¬o¯¾Ç³�¡¬o²³µ;o²³´X·0¢³¬y²³µº¦ §ª© ¥ª¥�£!£�¬y£!µ;�¡²«¸ © ¥�Ø+ y¢¤£�¥.o¶º¶�¬y¢³²¸;¯�¬y£?¸ © ¥ªµ�¸��¸��¡µ!¸��¡¶�o®¢³²³¶�¥º£!¸�o�¡²¸�ÍX�±²«¸ © ¥ªµ!¥�®¡¥º¶º¸��¡¬y²X¥�q°¶º�¡¥º²³¶��±¥�µ�´³¢³¥ª¸�¬�¸ © ¥ªµ��±ö�¥ª¬o¯
½¾¬o¸ © ¸ © ¥i=,¬y²¸�¥`8Ðo£!®¡¬o²³´Ñ´³�¸�Üµ�o·�Ç³®¡¥ºµ�¦ §ª© ¥�·«¢³¬y²°¶�¬y²¸�¥�²¸¨¼¨oµÐ¶º¬y²³µ��±µ!¸�¥�²¸Ð½¾¥º¸�¼�¥�¥º²Ä¸ © ¥=Ç
¬yµ!�±¸��±Åy¥=o²³´²³¥� Ã¸��±Åo¥¨Ç¾¬y®Á�£��±¸��¡¥ºµ�ß�½³¢¤¸D²³¬o¸?½
¥Ë¸�¼¨¥º¥�² § ùyùªo²¤´ § üm¦DÕ=µDÇ³£!¥�´³�±¶º¸�¥�´«½Í��D�¡ ³¦Ãüw¦ â 3e¸ © ¥·«¢³¬y²Ù¶º¬y²¸�¥�²¸e�¡²¤¶�£�¥�oµ�¥º´Ù¼ © ¥�²À¸ © ¥�½¾¥¹�·Ò·�¬y·°¥º²¸�¢³·Ó´³¥�¶º£�¥�oµ�¥º´Éß(½³¢¤¸ª¸ © ¥»o¶º¸�¢+o®

âKMKM



0.5 1.0 1.5 2.0 2.5 3.0
0.0

0.1

0.2

0.3

T11 + polarity

0.5 1.0 1.5 2.0 2.5 3.0
0.0

0.1

0.2

0.3

T11 - polarity

1 2 3 4 5 6 7 8 9 10
0.0

0.1

0.2

0.3

T7 + polarity

1 2 3 4 5 6 7 8 9 10
0.0

0.1

0.2

0.3

T7 - polarity

Beam Momentum (GeV/c)

)π
 +

 
µ

 /(
 

µ

�D�¡ y¢¤£�¥�ô¤¦ âKMQ�D§ª© ¥»·°¥�oµ�¢³£!¥�´�·«¢³¬y²Ù¶º¬y²¸�¥º²C¸=oµe0¯�£�o¶º¸��¡¬y²Ù¬o¯ø¸ © ¥�¸�¬o¸�o®Æ²C¢³·«½¾¥�£ª¬�¯Ç³�¡¬y²¤µ��²³´Ñ·«¢¤¬y²³µ�¦�PVq�¶º�¡¥�²¤¶��¡¥ºµ�¼�¥�£!¥=¸��Þo¥�²�¯�£�¬y· �?�¡ ³¦ôm¦ â�� ¦ §ª© ¥=µ�¶¹Ã¸�¸�¥º£�ßwÇ+o£�¸��¡¶º¢mÏ®Áo£!®±Í°²³¬o¸��±¶�¥�o½³®¡¥=¯�¬y£Ð¸ © ¥»Ç¾¬yµ��n¸��nÅy¥�Ç¾¬y®Áo£!�±¸�Í°½
¥�o·�µ�ß³�±µªµ!¸�Ã¸��¡µ�¸��±¶¹o®±®±Í�µ��± y²³�^Ø³¶¹o²¸eo²³´½
¥º®¡�¡¥ËÅy¥º´�¸�¬�½¾¥»¶¹o¢¤µ�¥�´,½ÍÙ´³��L
¥�£!�¡²³ X½¾¥¹�· ¶�¬y²¤´³�±¸��¡¬y²³µ.�²³´À¶�¬y®±®¡�¡·°�¸�¬y£�µ!¥º¸!¸��¡²¤ yµ�¦

âKM ü



¯�£�o¶Ë¸��¡¬o²�¬�¯D·«¢¤¬y²³µª¼Ð�µ=·«¢¤¶ ©,© �±  © ¥º£.¸ © o²À¸ © ¥»Ç³£!¥�´³�±¶º¸�¥�´À¯�£�o¶Ë¸��¡¬o²É¦V5�²,¸ © ¥»£�¥� o�¡¬y²½
¥º®¡¬÷¼ � ;�¥NJ�OÃ¶�¸ © ¥°·0¢³¬y²}¶º¬y²¸�¥º²C¸0�¡² § üÀ¼¨oµ0µ!�¡ y²¤�^Ø+¶�o²¸�®±ÍÊ®Áo£! y¥�£�¸ © o²}�±² § ùyù¥ºÅy¥º²,¸ © ¬y¢³  © ¸ © ¥Üµ�o·�¥�´³�¡µ!¶�£��±·°�±²+o²¸Ð¼�¥��±  © ¸�µeo²³´�µ�¥º®¡¥�¶Ë¸��±¬y²À¶�£��n¸�¥º£��Á0¼�¥�£!¥�¢¤µ�¥�´Æ¦§ª© ¥.·«¢³¬o²X¶�¬y²¸�¥º²¸�¥ËÂ © �¡½¤�±¸�¥º´X·°¬o£�¥Ðµ!¶¹�¸!¸�¥�£��µ;�¯�¢³²³¶Ë¸��¡¬o²X¬o¯+¸ © ¥ª½¾¥¹�· ·�¬�Ï·°¥º²C¸�¢³·Ò¯�¬y£ª¸ © ¥»Ç
¬yµ!�±¸��±Åy¥�½¾¥¹�· Ç
¬o®Áo£!�±¸��±¥�µJ¸ © o²À¸ © ¥�²³¥º �¸��±Åy¥�ß(o²³´ § üX¼¨oµe·°¬o£�¥µ�¶¹Ã¸�¸�¥º£�¥º´}¸ © �² § ùyùy¦ §ª© ¥Ñµ!¶¹�¸!¸�¥�£Ü�¡µ»²³¬�¸0½¾¥�®±�¡¥ºÅo¥�´¿¸�¬�½
¥�´³¢³¥�¸�¬,o²ÍÌ´³¥QØ+¶º�¡¥º²³¶ºÍ�¡²�¸ © ¥Ôµ!¥�®¡¥º¶º¸��¡¬y²¿Ç³£�¬w¶�¥º´³¢³£!¥o¦¹�(¬o£Ü¥ Â¤o·°Ç¤®¡¥oßÉ¸ © ¥�·«¢³¬y²Ì¶�¬o²C¸�¥�²¸«´¤¥º¸�¥º£�·��¡²³¥º´�¼.�±¸ ©µ��¡·�Ç³®±¥°µ!¥�®¡¥º¶º¸��¡¬y²&¶º£��n¸�¥�£!�Á,o²³´Ûµ © ¬�¼.²��D�± ³¦2ô¤¦nù÷ôb�¡µ��¡²& o¬m¬w´&o o£�¥�¥º·°¥º²¸«¼.�±¸ © ¸ © ¥µ�o·�¥ÑÇ¾¬y�¡²¸�µ��±²¸�D�± y¢³£�¥°ô¤¦ âKM ¦�PàÅy¥º² �¸Äù43R;�¥NJIO�¶oß2¼ © ¥�£!¥Ñ¸ © ¥ÑÇ³�±¬y²�O�·«¢¤¬y²}µ!¥�®¡¥º¶ËÏ¸��¡¬o²¿�±µ»¥�µ�µ!¥�²¸��¡o®¡®nÍÌ¢³²+o·0½³�¡ y¢¤¬y¢³µ�ßZ¸ © ¥°·0¢³¬y²¿¶�¬y²¸�¥º²¸0¼¨oµ�¬o½³µ�¥º£!Åy¥º´&¸�¬�´³��L
¥�£»½Íb¯Èo¶º¸�¬y£«¬o¯.¸�¼�¬Ý½¾¥º¸�¼�¥�¥º²Ú¸�¼�¬Ìµ�¥�Ç³o£��¸�¥À£�¢³²³µº¦ §ª© ¥Ù¶�o¢³µ!¥�¬�¯e¸ © ¥Ùµ�¶��¸�¸�¥�£X�±µ«²³¬o¸¢³²³´³¥º£�µ!¸�¬m¬w´}½¤¢¤¸«�±µ © ÍwÇ¾¬o¸ © ¥ºµ��±ö�¥�´Ý¸�¬b½¾¥�´³¢³¥°¸�¬,´¤��L
¥�£��±²³ �½
¥�o· ¶�¬y²¤´³�±¸��¡¬y²³µº¦\�+¬y£¥ËÂ¤o·�Ç³®¡¥�ßy¸ © ¥Ð¸�¼�¬�£!¢³²³µJ�¸.ù43R;�¥NJIO�¶ÐÇ¾¬yµ��n¸��nÅy¥ªÇ¾¬y®Áo£!�±¸�ÍÜ´³�bLÆ¥º£�¥�´Ô�±²Ô¸ © ¥Ð¸��£� y¥Ë¸�¢³µ�¥º´o²³´Ìo®±µ�¬Ñ¸ © ¥X¶�¬y®±®¡�±·Ñ�¸�¬y£ªµ�¥Ë¸�¸��¡²³ yµ Y ¦�5�²Ê¯Èo¶º¸�ßÉ¶�¬y²¤µ��¡´¤¥�£��±²³ Ä¸ © ¥«¥��±  © ¸�Ç
¬o�¡²¸�µ�Ã¸>�Üúo²³´��Ôù43R;�¥NJIO�¶oßø¸ © ¥�Ç¾¬y�±²C¸��¸»¥�o¶ © ·�¬y·�¥�²¸�¢¤· µ�¥Ë¸�¸��±²³ À¼.�±¸ © ¸ © ¥°®±¬÷¼¨¥ºµ!¸Ü·«¢³¬y²¶�¬y²¸�¥º²¸�¼¨oµÙ·�¥¹oµ!¢³£�¥º´O´³¢³£��±²³ &¬y²¤¥�¶�¬y²¸��±²C¢³¬y¢³µºß �;© £Ñ¸��¡·�¥�µ!Ç+o²Oo²³´ ¸ © ¥�Ç¾¬y�¡²¸¼.�±¸ © ¸ © ¥ © �±  © ¥�µ�¸Ü¶�¬y²¸�¥º²¸0¼¨oµ0·�¥¹oµ!¢³£�¥º´&´³¢³£!�¡²³ ,Àµ�¥�¶º¬y²³´Éß âD© £Ü¸��¡·�¥�µ!Ç+o²¿®Á�¸�¥�£�¡²}¸ © ¥Ä£�¢¤²³²³�¡²¤ ÊÇ
¥º£��±¬m´É¦ §ª© ¥Ä´³¥Ë¸�¥º¶º¸�¬o£«¼Ðoµ0¬yÇ
¥º£��¸�¥�´&¼.�n¸ © ÎT= § © �±  © Åy¬o®±¸�� y¥�µ®¡¬÷¼¨¥º£�¥º´Û½CÍ â�� J ´¤¢³£��±²³ ,¸ © ¥Äµ�¥º¶�¬y²¤´ÚÇ¾¥�£!�¡¬w´}½³¢m¸«¸ © ¥°¶ © o²³ o¥Ä¼Ðoµ0²³¬o¸«¥ ÂmÇ
¥º¶º¸�¥º´¸�¬�¶¹o¢³µ!¥Äo²ÍÌ´³�bLÆ¥º£�¥º²³¶�¥��¡²Ì¸ © ¥�·«¢³¬o²Ý¶º¬y¢³²¸��±²³ ³¦ÑÕÓ¶�¬o·°Ç³®±¥º¸�¥X¢³²³´³¥º£�µ!¸�o²³´³�±²³ b¬�¯¸ © ¥.·«¢³¬o²°¶º¬y²¸�¥�²¸�¼¨¬y¢¤®¡´ÔÇ³£�¬o½+o½³®nÍX£�¥ºØw¢¤�¡£�¥e»´³¥º¸�o�¡®±¥�´Ôµ��±·«¢³®¡�¸��±¬y²Éßo�±²�;�P;ÕG@ § ¬y£
��Fv�C��Õ0ßm¬o¯ø¸ © ¥�¥º²C¸��¡£!¥�½
¥�o·°®±�¡²³¥�ßC�¡²³¶º®¡¢³´³�±²³ Xo®±®¾¸ © ¥�·°o y²³¥Ë¸�µªo²¤´��±²¸�¥�£�o¶º¸��¡¬y²¤µÐ�¡²¶�¬y®±®¡�¡·°�¸�¬y£�µºßw·°o y²¤¥º¸eoÇ¾¥�£�¸�¢³£!¥�µeo²³´�½
¥�o·XÏ�Ç³�±Ç
¥�¼¨o®±®¡µ�¦

�D�± y¢³£�¥,ô¤¦ â üÝµ © ¬÷¼.µÄ¸ © ¥,·«¢³¬y² ¶º¬y²¸�o·��¡²³�¸��±¬y²z¬�¯�¸ © ¥bÇ³�¡¬y²zµ�o·�Ç³®±¥b�¯á¸�¥�£Ç³�¡¬y²¤µe¼�¥�£!¥0µ�¥º®¡¥º¶º¸�¥º´b¼.�±¸ © ¸ © ¥�´¤�¡µ�¶º£��±·°�±²+o²¸.Ç³£�¬w¶�¥º´³¢³£!¥o¦ §ª© ¥0¶º¬y²¸�o·��¡²³�¸��±¬y²Ù¼Ðoµ�&�x�7�V�z���2������� �R�A���z�z�n�t�E�����v ��A�����z¡7�N x�¢ x¡7���v£ ¡ ����¤7�n�N£7��£$ ��z¥)�A�z�	���	¦
âKM ô



0.5 1.0 1.5 2.0 2.5 3.0
0

5

10

15

20 T11 + polarity

0.5 1.0 1.5 2.0 2.5 3.0
0

5

10

15

20 T11 - polarity

1 2 3 4 5 6 7 8 9 10
0

5

10

15

20 T7 + polarity

1 2 3 4 5 6 7 8 9 10
0

5

10

15

20 T7 - polarity

Beam Momentum (GeV/c)

 c
on

ta
m

in
at

io
n 

(%
)

µ

�D�¡ y¢¤£�¥�ôm¦ â ü �;§ª© ¥�·«¢³¬y²Ù¶º¬y²¸�o·��¡²³�¸��±¬y²Ñ¬o¯ø¸ © ¥�Ç³�¡¬o²Ùµ�o·�Ç³®¡¥�oµª«¯�¢³²³¶Ë¸��¡¬o²Ù¬o¯ø¸ © ¥½
¥�o· ·�¬y·°¥º²¸�¢³·�¦$�(¬o£ª·°¬y·�¥�²¸�¢³· µ�¥Ë¸�¸��¡²³ yµeo½¾¬÷Åy¥�ù�;»¥�J�O�¶�¸ © ¥»¶�¬y²¸��·°�±²+�¸��±¬y²¼Ðoµ�²³¥º y®¡�± y�¡½³®±¥o¦ §ª© ¥¿·«¢³¬y²O¶�¬o²C¸�¥�²¸,�¡²³¶º£�¥¹�µ�¥�´M¼.�±¸ © ´¤¥�¶�£!¥¹oµ!�¡²³ Ú½¾¥¹o· ¥º²³¥�£! oÍí��D�± ³¦(ô¤¦ âKM î=�²³´��¸e¸ © ¥0µ�o·�¥Ü¸��¡·�¥Ü¸ © ¥«�½³�¡®±�±¸�ÍÄ¸�¬Ä´³�¡µ�¸��±²³ y¢³�±µ © Ç³�¡¬y²¤µ=¯�£�¬o·6·0¢³¬y²³µ´³¥�¶º£�¥¹�µ�¥�´¿íï�D�¡ ¤¦ô¤¦ â�� îË¦ §ª© ¥=¸�¼�¬«¥�LÆ¥º¶º¸�µ�¶¹o¢¤µ�¥�´°¸ © ¥e¶�¬y²¸�o·°�±²+�¸��¡¬y²«¸�¬0�¡²¤¶�£�¥�oµ�¥=oµ¸ © ¥»½¾¥¹o· ¥º²³¥�£! oÍÙ´³£!¬yÇ³Ç¾¥�´É¦

âKM ú



Beam Momentum (GeV/c)
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

 R
es

po
ns

e 
R

at
io

π/µ 

0.95

1.00

1.05

1.10

1.15

1.20

1.25

�D�¡ y¢¤£�¥Äôm¦ â ô �X§ª© ¥Ù£��¸��¡¬,¬o¯ª¸ © ¥Ñ´³¥º¸�¥�¶º¸�¬y£dc µX£�¥ºµ�Ç¾¬y²³µ!¥Ä¸�¬Ê·«¢¤¬y²³µXo²¤´ÛÇ³�¡¬y²¤µ�¦ §ª© ¥Ø+ y¢³£!¥0�¡µe¸ © ¥�£�¥ºµ�¢³®n¸�¬o¯�=,¬o²C¸�¥y8Ðo£!®¡¬Ñ¶�o®¡¶º¢³®ÁÃ¸��¡¬o²³µ.¢³µ��±²³ °¸ © ¥y;>8¨ÕGF�BIH © o´³£�¬o²³�¡¶µ © ¬÷¼�¥�£�¶�¬w´³¥o¦ §ª© ¥À´³�¡µ!¶�£��±·°�±²+o²¸«Ç¤£�¬w¶�¥�´¤¢³£�¥Ù¼¨oµÔ²³¬o¸X¢³µ!¥�´ ¸�¬Ìµ�¥º®¡¥º¶º¸ÔÇ³�±¬y²³µÔo²³´·«¢³¬y²³µº¦<P;Åo¥�²¸�µX¼�¥�£!¥Ù�¡²³Ç³¢m¸«¯�£�¬y· ¸ © ¥Ä½
¥�o·�®¡�¡²¤¥°µ!�¡·«¢³®¡�¸��±¬y²Éßø¸ © ¥º£�¥º½CÍ&�¡²³¶º®¡¢³´³�±²³ ¬KL¾Ï�·°¬o·°¥º²C¸�¢³· ·«¢³¬y²¤µ�¦ §ª© ¥§�v6 
 £��¸��±¬} y£�o´³¢+o®±®±ÍÚ´³¥º¶�£�¥�oµ�¥º´M¯�£!¬y· � ù�¨ â Q&�¸â ;»¥�J�O�¶�¸�¬���ùÜ�¸ M 3�3R=�¥NJ�OÃ¶o¦

â ü$3



®¡¥�µ!µ�¸ © �²zù7{ ¯�¬y£�·�¬y·�¥�²¸�¢³·Gµ�¥Ë¸�¸��±²³ yµ»o½¾¬÷Åy¥Àù�;�¥NJ�OÃ¶�½¤¢¤¸»£�¬yµ!¥Ôµ!¸�¥�o´³�±®±Íboµ�¸ © ¥½
¥�o·i·°¬o·°¥º²C¸�¢³·5´³¥º¶�£!¥¹oµ!¥�´Ù½¾¥�®¡¬÷¼�ù�;»¥�J�O�¶�ßm£!¥¹o¶ © �±²³ �Ü·°ÃÂm�¡·«¢¤·5¬o¯v��ù � {��¸¸ © ¥ � 3�3R=,¥NJIO�¶«µ!¥º¸�¸��¡²³ ¤¦ §ª© ¥X£!¥�®ÁÃ¸��±Åo¥�®nÍ © �¡  © ¶�¬y²¸��·°�±²+�¸��±¬y²,�¸�®±¬�¼ ¥º²³¥�£! oÍ�¼Ðoµ�£!¥�µ�¢¤®±¸�¬o¯¨¸ © ¥°®¡o£� o¥X·«¢³¬y²Ý¶�¬y²¸�¥º²¸«¬o¯�¸ © ¥�½
¥�o·�®¡�¡²¤¥�µ»oµ�¼�¥�®¡®Joµ»¸ © ¥°£!¥�®ÁÃ¸��±Åo¥�®nÍÇ
¬w¬y£Ôo½³�±®¡�n¸�Í}¬o¯=¸ © ¥m=?5A@CB>D ¶¹o®±¬y£��±·°¥Ë¸�¥º£0¸�¬¿´³�¡µ!¶�£!�¡·��¡²+�¸�¥Ä½¾¥º¸�¼�¥�¥�² ·«¢³¬y²³µ°o²³´Ç³�¡¬y²¤µÐ�¡²Ñ¸ © ¥�µ!¢³½mÏ&;�¥NJÖ£�¥� o�¡¬y²Ìí�µ�¥º¥�¸ © ¥�´³�±µ�¶º¢³µ�µ!�¡¬y²Ù¬y²ÙÇÆ¦ âKM QyîË¦��D�± y¢³£!¥�ô¤¦ â ô0µ © ¬÷¼.µ¸ © ¥Ä£��¸��±¬,¬�¯ª¸ © ¥Ìí�µ��± y²+o®Áî�£!¥�µ!Ç
¬y²¤µ�¥Ù¬o¯.Ç³�±¬y²³µ0o²³´&·«¢¤¬y²³µXo¶º¶�¬y£!´³�¡²¤ ,¸�¬Ê§=,¬y²¸�¥8Ðo£�®±¬bµ��±·«¢³®¡�¸��±¬y²É¦ §ª© ¥Ä¥NL
¥�¶Ë¸X¬o¯ª¸ © ¥Ä¶�¬o²C¸�o·��¡²+�¸��¡¬y²¿¬y²&¸ © ¥Äµ��± y²+o®J£�¥ºµ�Ç¾¬y²³µ!¥Ä�¡µ®¡¥�µ!µ�µ!¥ºÅy¥º£�¥«¸ © o²,¸ © ¥©� ù43|{ ¶�¬o²C¸�o·��¡²+�¸��¡¬y²À·��¡  © ¸e�¡²¤´³�¡¶��¸�¥»½¾¥�¶¹�¢³µ�¥0¸ © ¥ÙíÈo®¡½¾¥��n¸µ��¡·0¢³®Á�¸�¥�´(îT�v6 
¿£�¥ºµ�Ç¾¬y²³µ�¥Ü£�Ã¸��¡¬X´¤¥�¶�£!¥¹oµ!¥�µe¸�¬Ô¢³²³�n¸�ÍÀ�¸.®¡¬÷¼ ¥�²³¥º£� oÍo¦
ª�«&¬ X®�¯ °f±e²��´³.®lµ ®y¶¸·¹±��.± ±eµ§º » ®lµÄ��¼ X±½²R¾d®
=?5A@GB�D¿¼.�±®¡®�¶�®¡oµ�µ!�±¯áÍÌ²³¥º¢¤¸�£!�¡²³¬,¥ºÅy¥º²¸�µÔoµ½¿ ( Ï&8t8�ß�@G85o²³´À¿ Á�Ï&8t8�½+oµ!¥�´Û¬y²Ý¸ © ¥¸�¬yÇ¾¬y®¡¬o y�¡¶�o®�Ç³�¸�¸�¥�£�²¤µ°�±²³´³¢³¶º¥�´ �±²Û¸ © ¥À´³¥Ë¸�¥�¶Ë¸�¬y£º¦ §ª© ¥�´³¥ËÅy¥�®±¬yÇ³·�¥�²¸°¬o¯�µ!¥�®±¥�¶º¸��¡¬y²o®¡ y¬o£��±¸ © ·�µÐo²³´�¸ © ¥»£!¥�µ�¢¤®±¸��±²³ Ô¥Nq�¶��±¥�²³¶º�¡¥ºµe¼.�±®¡®É´³¥ºÇ
¥º²³´b�±²��®¡o£� y¥�Ç³o£!¸e¬y²m=,¬y²¸�¥8Ðo£�®±¬�µ��±·«¢³®¡�¸��±¬y²³µø¶�¬y²¤´³¢³¶º¸�¥�´X¼.�±¸ © ;>=?5A@GB�D
¦�Õ�µàµ!¢³¶ © ß¸ © ¥28Ðo®Â:�¥Ë¸àÇ³£!¬y y£�o·~¼Ðoµ¢³²³´³¥º£!¸��Þo¥�²Æßà�¸Ü®¡¥�oµ!¸»�±²ÌÇ+o£!¸�ß?�±²Ì¬y£�´³¥º£�¸�¬ÀÇ³£�¬÷Åw�¡´¤¥ÑÙµ��·°Ç³®±¥X¬o¯�
àõ�àõEÃyõ�Ä¿¥ËÅy¥�²¸�µ¼.�±¸ © ¼ © �¡¶ © ¸ © ¥�Øw¢³o®¡�n¸�ÍÑ¬o¯ø¸ © ¥>=,¬y²¸�¥>8Ð�£�®¡¬0¶�¬y¢³®±´Ù½
¥�ë!¢³´³ y¥º´É¦ §ª© ¥�£!¥�¼Ðoµe«Ç+�£�Ï¸��¡¶º¢³®Á�£�®±Í��¶�¢¤¸�¥�²³¥�¥º´À¸�¬«Å�o®¡�±´+�¸�¥e¸ © ¥ © o´³£�¬o²³�¡¶=µ © ¬÷¼�¥�£.µ��±·«¢³®ÁÃ¸��¡¬o²Ñµ��±²³¶�¥�·«¢³®±¸��¡Ç³®±¥¶�¬w´³¥�µ0¼�¥�£!¥À¹Åo��¡®Á�½³®¡¥Ôo²¤´&¸ © ¬yµ!¥Ñ¶º¬m´³¥ºµ © o´&·�¬yµ�¸0¬o¯á¸�¥�²Û½¾¥�¥º²Û½
¥º²³¶ © ·°o£�Þ�¥�´&¯�¬y£¥�²³¥º£� y�±¥�µÐ�½
¬÷Åy¥�ù43R;�¥NJÖ¬o£�µ!¬³¦�Î;£��¡¬o£�¸�¬�¸ © ¥�o´mÅy¥�²¸ª¬�¯É¸ © ¥G8Ðo®Â:�¥Ë¸¨Ç¤£�¬y y£�o·5¸ © ¥�£�¥¼Ðoµe²³¬Ôµ��± y²³�bÅ+¶¹o²¸.£!¥¹oµ!¬y²�¯�¬o£ªÇ³£�¥Ë¯�¥�£�£!�¡²³ Ô¬y²¤¥Ü¶º¬m´¤¥Ü¬÷Åo¥�£eo²³¬o¸ © ¥�£º¦Õ�®±®�¬o¯Ð¸ © ¥ © o´¤£�¬y²³�±¶°µ © ¬÷¼¨¥º£X¶�¬w´³¥�µ�¶�¬y·�·�¬y²³®±ÍÊ¥�·�Ç³®¡¬÷Íy¥º´Ý¼.�n¸ © ;�P;ÕG@ § Q© ¹Åy¥À½
¥º¥�² ¶�¬o·°Ç+�£�¥�´&¸�¬b¸ © ¥�8Ðo®Â:�¥Ë¸«´+�¸�¤¦ §ª© ¥�Å+£�µ�¸X¶�¬o·°Ç+�£��¡µ!¬y²³µ0¯�¬w¶�¢¤µ�¥�´ ¬y²¸ © ¥Ù¸�¼�¬Ý·�¬yµ!¸�¬o¯á¸�¥�² ¢³µ!¥�´ © o´³£�¬o²³�¡¶Ùµ © ¬÷¼¨¥º£Ñ¶�¬w´³¥ºµ�ßt;��CPV5&D��eÕ6o²³´�;¯��Fv�`�»Õ�ß

â üwù



o²³´¿Ç³£�¬÷Åy¥º´}¸ © �¸Ü²³¥��n¸ © ¥º£�¶º¬m´³¥X¼¨oµ�o½³®¡¥X¸�¬,¶º¬y£�£!¥�¶º¸�®±ÍÌ·�¬m´¤¥�®.
 o²³´�Ä}¥ËÅy¥�²¸�µ«�¡²8Ðo®Â:�¥Ë¸Xí�µ�¥�¥�ß
¯�¬y£e¥ËÂ¤o·�Ç³®±¥oß��D�¡ ¤¦
ôm¦ üyî ¦ § ¼¨¬À�´³´³�±¸��¡¬y²³o®ÉÇ+o¶�ÞÃo o¥�µ�ßw;p8¨ÕCF�BIH o²³´D�FZÕi8JÏ&;��CPV5&D��=Õ�ß?¼�¥�£!¥Ùo´³¬yÇm¸�¥�´&o²³´&Ç³£!¥�®±�¡·��¡²+o£�ÍÊ£!¥�µ�¢¤®±¸�µ0�¡²³´³�±¶¹�¸�¥�´Ì¸ © Ã¸«¥¹�¶ ©¼Ðoµ��¡²¿½
¥Ë¸�¸�¥�£�o y£�¥º¥�·�¥�²¸Ü¼.�±¸ © ¸ © ¥�´+�¸��¸ © o²}¥º�±¸ © ¥�£e;>�`PV5&D��=ÕÓ¬y£e;¯��Fv�`�»Õ�¦He¥ºµ�¢³®n¸�µ0¬�¯.,·�¬y£�¥�¶�¬o·°Ç³£!¥ © ¥º²³µ��nÅy¥Ä¶º¬y·�Ç+o£��±µ�¬y²Ý½
¥Ë¸�¼¨¥º¥�²&¸ © ¥�
;õ�ÄÛ´+�¸�bo²³´Ý¸ © ¥D�FZÕi8JÏ&;��CPV5&D��=Õ o²³´?;>8¨ÕGF�BIHÖ¶�¬w´³¥�µeo£!¥»Ç³£�¥ºµ�¥�²¸�¥�´b½¾¥�®±¬÷¼»¦
Æ)Ç�ÈCÇ&É Ê�Ë�ÌÎÍGÏVÐ�ÑAÒ�Ë�ÓÔË��À�ÕÑ&Ë�ÓGÒ
Î��±¬y²�¥ºÅy¥º²¸�µ�¼�¥�£�¥�µ�¥º®¡¥�¶Ë¸�¥º´b¯�£�¬y· ¸ © ¥Ü´+�¸�°o¶�¶º¬y£�´¤�¡²³ Ô¸�¬�¸ © ¥Ü´³�¡µ!¶�£!�¡·��¡²+o²¸.Ç³£!¬m¶º¥ËÏ´³¢³£�¥�o²³´�¸ © ¥Üµ��·°¥Üµ�¥º®¡¥�¶Ë¸��±¬y²�¼¨oµ�oÇ³Ç³®±�¡¥�´Ù¸�¬°¸ © ¥�µ!�¡·«¢³®¡�¸�¥º´À¥ºÅy¥º²¸�µ�¦ §ª© ¥½=,¬y²¸�¥8Ðo£�®±¬°¥ËÅy¥�²¸�µ�¼¨¥º£�¥�£�¥¹�´b�¡²À¯�£�¬o· ¸ © ¥Ü½
¥�o·�®¡�¡²¤¥�µ��¡·0¢³®Á�¸��¡¬y²Æß¤¼ © �¡¶ © o¶�¶º¬y¢³²¸�¥º´b¯�¬y£¥�²³¥º£� oÍÔ®±¬yµ�µJ¢³Ç³µ�¸�£�¥�o·i¬o¯
¸ © ¥e´³¥º¸�¥�¶Ë¸�¬y£�o²³´�·Ñ�´³¥.¶�¬y·�Ç+o£!�¡µ�¬o²³µJ�¸�¸ © ¥.¯�¥º¼�{A®¡¥ºÅo¥�®Ç
¬yµ!µ��±½³®¡¥�¦»Î�¢¤£�¥e
 ¥ËÅy¥�²¸�µ»¼�¥�£!¥X¢³µ�¥º´Ì�¡²Ê¸ © ¥«µ!¸�¢³´¤Í��²³´Ê¸ © ¥º£�¥0¼¨oµ�²³¬ÀÃ¸�¸�¥º·°Çm¸�¸�¬¶�¬y£!£�¥�¶Ë¸.¸ © ¥p=,¬y²¸�¥½8Ðo£!®¡¬X´³�±µ!¸�£��¡½¤¢¤¸��±¬y²³µ¨¯�¬y£Ð¸ © ¥»¥�µ�¸��¡·°�¸�¥�´À·«¢³¬y²�¶�¬o²C¸�o·��¡²+�¸��¡¬y²Æ¦

�D�± y¢³£�¥ºµøô¤¦ â úÃÏ ôm¦zQ â ´³�¡µ!Ç³®Á¹Íe¸ © ¥ © �n¸!Ï�µ!¸�£!�¡Ç�·0¢³®±¸��¡Ç³®±�¡¶��n¸�Íª¬y½³µ!¥�£�Åy¥�´��¡²G
vÖX¥ËÅy¥�²¸�µ�¦§ª© ¥ © �±¸�Ï�µ�¸�£��±Çb·«¢¤®±¸��±Ç³®¡�±¶��n¸�ÍÄ�¡µ�Ä y¥�²¤¥�£��®D½³¢¤¸�£�¬y½³¢¤µ!¸��±²³´³�¡¶��¸�¬o£=¬o¯�¸ © ¥Xo¶Ë¸��±Åw�n¸�Í,�±²mÏ´³¢³¶�¥º´X�¡²Ü¸ © ¥�´³¥º¸�¥�¶º¸�¬y£�¦.5�²0¸ © ¥TÅ+ y¢³£!¥�µºßo¸ © ¥¨¶�¬y®±¢³·°²Ü¬y²0¸ © ¥¨®±¥º¯á¸?µ © ¬÷¼.µD¸ © ¥¨´¤�¡µ!¸�£��±½³¢mÏ¸��¡¬o²Ñ¼ © ¥�²,o®±® © �n¸Ðµ�¸�£��±Ç³µ¨¼�¥�£!¥Ü¶º¬y¢³²¸�¥º´Ù¼ © �¡®±¥�¸ © ¥�¶�¬y®±¢³·°²Ñ¬y²Ù¸ © ¥�£!�¡  © ¸ªµ © ¬÷¼.µª¸ © ¥´³�¡µ�¸�£��±½³¢¤¸��¡¬y²Ô¼ © ¥�² © �n¸�µJ¼.�±¸ © 0Ç³¢³®±µ�¥ © ¥��¡  © ¸Ð®¡¥�µ!µ�¸ © o²�ùy¦ � ÎRP�µ�¼¨¥º£�¥��¡ o²³¬y£�¥º´É¦ §ª© ¥Ç³¢³®¡µ!¥ © ¥º�¡  © ¸¨¶�¢¤¸ª�±µ��±²¸�¥�£!¥�µ�¸��¡²¤ «½
¥º¶¹o¢¤µ�¥��n¸¨Ç³£!¬÷Åm�±´³¥�µÐ0µ��±·°Ç³®±¥ª¼Ð¹Í°¬o¯ø£�¥�ë!¥�¶º¸��¡²³ �¸ © ¥·Ñ�ë!¬o£��±¸�Í�¬o¯(¸ © ¥ © �±¸�µD¶�£�¥��¸�¥º´°½ÍÔÎT= § ¶�£!¬yµ�µ;¸��®¡Þ(¦DÕÐ¸�o®±®¤¥�²¤¥�£� o�¡¥�µºß�;p8¨ÕCF�B�HÚ¼Ðoµ¬y½³µ�¥º£!Åo¥�´°¸�¬»¶�£�¥��¸�¥e·�¬y£�¥ª�¶º¸��nÅw�±¸�Í«�±²X¸ © ¥.´³¥Ë¸�¥�¶Ë¸�¬y£;¸ © o²�D�FZÕi8JÏ&;��CPV5&D��eÕ0¦�^¨¥�®±¬÷¼M ;»¥�J�O�¶�¸ © ¥�·�¥¹o²³µ¨¬o¯Z¸ © ¥>;>8¨ÕGF�BIHO´³�¡µ�¸�£��±½³¢¤¸��¡¬y²³µ¨o y£!¥�¥�´Ù£��¸ © ¥�£Ð¼�¥�®¡®¾¼.�±¸ © ¸ © ¥´+�¸�Ê½¤¢¤¸�D�FZÕi8JÏ&;��CPV5&D��eÕ6¢¤²³´³¥�£ Ï�Ç³£!¥�´³�±¶º¸�¥�´Û¸ © ¥À�¶º¸��nÅw�±¸�Íy¦Õ^¨¬o¸ © =,¬y²¸�¥�8Ðo£!®¡¬´³�¡µ�¸�£��±½³¢¤¸��¡¬y²³µª¼�¥�£!¥«µ�¬y·�¥º¼ © �¸�²+�£�£�¬÷¼�¥�£�¸ © o²�¸ © ¥�´+�¸�mß¾¸ © ¬y¢³  © ¸ © ¥�Ç³¢³®¡µ!¥ © ¥º�¡  © ¸
â ü â



0 10 20 30
0

50

100

150

-310×
Mean   13.8797

RMS    4.9772

Mean   14.4826

RMS    4.8173

Mean   14.4826

RMS    4.8173

Mean   13.2947

RMS    5.3727

Mean   13.2947

RMS    5.3727

0.6 GeV/c

0 10 20 30
0

50

100

-310×
Mean   8.6635

RMS    3.2531

Mean   9.0306

RMS    3.2524

Mean   9.0306

RMS    3.2524

Mean   8.5437

RMS    3.4722

Mean   8.5437

RMS    3.4722

0.6 GeV/c

0 20 40
0

50

100

-310×
Mean   21.3142

RMS    7.4014

Mean   21.7937

RMS    6.6550

Mean   21.7937

RMS    6.6550

Mean   19.1863

RMS    7.8642

Mean   19.1863

RMS    7.8642

1.0 GeV/c

0 20 40
0

20

40

60

80

-310×
Mean   12.8224

RMS    4.7894

Mean   13.0071

RMS    4.5026

Mean   13.0071

RMS    4.5026

Mean   12.0906

RMS    5.0207

Mean   12.0906

RMS    5.0207

1.0 GeV/c

0 20 40 60 80
0

20

40

60

80

-310×
Mean   39.0626

RMS    11.1756

Mean   40.2439

RMS    10.0330

Mean   40.2439

RMS    10.0330

Mean   34.1491

RMS    11.1033

Mean   34.1491

RMS    11.1033

2.0 GeV/c

0 20 40 60 80
0

20

40

60
-310×

Mean   23.1135

RMS    7.5265

Mean   23.6047

RMS    7.0072

Mean   23.6047

RMS    7.0072

Mean   21.0957

RMS    7.3770

Mean   21.0957

RMS    7.3770

2.0 GeV/c

0 50 100
0

20

40

60

-310×
Mean   55.6429

RMS    14.6415

Mean   56.7171

RMS    12.0786

Mean   56.7171

RMS    12.0786

Mean   49.4222

RMS    12.7028

Mean   49.4222

RMS    12.7028

3.0 GeV/c

0 50 100
0

20

40

-310×
Mean   32.4719

RMS    9.7471

Mean   33.0046

RMS    8.3837

Mean   33.0046

RMS    8.3837

Mean   30.2161

RMS    8.5354

Mean   30.2161

RMS    8.5354

3.0 GeV/c

# Strips # Strips (1.5 PE cut)
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# Strips # Strips (1.5 PE cut)
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10.0 GeV/c

# Strips # Strips (1.5 PE cut)
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# Planes Hit Shower Profile
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# Strips # Strips (1.5 PE cut)
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 / ndf 2χ  13.7 / 27

   ω  0.002± 0.797 

   α  0.02± 1.76 

    β  0.12± 3.33 

   δ  0.01± 1.08 
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 / ndf 2χ  13.7 / 27

   ω  0.002± 0.797 

   α  0.02± 1.76 

    β  0.12± 3.33 

   δ  0.01± 1.08 

4.0 GeV/c

 / ndf 2χ  19.3 / 30

   ω  0.002± 0.828 

   α  0.02± 1.84 

    β  0.17± 3.83 

   δ  0.0±    1 
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0.06  / ndf 2χ  19.3 / 30

   ω  0.002± 0.828 

   α  0.02± 1.84 

    β  0.17± 3.83 

   δ  0.0±    1 

6.0 GeV/c

 / ndf 2χ    31 / 33

   ω  0.001± 0.844 

   α  0.02± 1.93 

    β  0.17± 4.02 

   δ  0.008± 0.981 
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 / ndf 2χ    31 / 33

   ω  0.001± 0.844 

   α  0.02± 1.93 

    β  0.17± 4.02 

   δ  0.008± 0.981 

8.0 GeV/c

 / ndf 2χ  33.7 / 34

   ω  0.00± 0.86 

   α  0.02± 2.03 

    β  0.12± 3.97 

   δ  0.01± 0.97 
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 / ndf 2χ  33.7 / 34

   ω  0.00± 0.86 

   α  0.02± 2.03 

    β  0.12± 3.97 

   δ  0.01± 0.97 

10.0 GeV/c

Plane #

F
ra

ct
io

n 
of

 S
ig

na
l /

 P
la

ne

�D�¡ y¢¤£�¥�ô¤¦ MyâA� �=�±  © ¥�²¤¥�£� �ÍÛí � ¦z3�Ï�ù43¤¦n3R;�¥NJ�OÃ¶÷î2
vu}µ © ¬�¼�¥�£�Ç¤£�¬KÅ+®±¥�µiÅ³¸�¸�¬�P;Ø¾¦Æô¤¦nù � ¦§ª© ¥�´³�¸�«¼�¥�£�¥Ü¶�¬o®¡®¡¥º¶º¸�¥�´À�¡²Ä¸ © ¥ § üÔ½¾¥¹o·�®¡�±²³¥��±² â 3�3 â ¦

Q¤ù �



 / ndf 2χ  25.8 / 24

   ω  0.002± 0.769 

   α  0.0±  1.8 

    β  0.07± 3.13 

   δ  0.01± 1.18 
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 / ndf 2χ  25.8 / 24

   ω  0.002± 0.769 

   α  0.0±  1.8 

    β  0.07± 3.13 

   δ  0.01± 1.18 

4.0 GeV/c

 / ndf 2χ  30.5 / 28

   ω  0.001± 0.806 

   α  0.0±  1.9 

    β  0.08± 3.48 

   δ  0.01± 1.09 

0 10 20 30 40 50
0.00

0.02

0.04

0.06  / ndf 2χ  30.5 / 28

   ω  0.001± 0.806 

   α  0.0±  1.9 

    β  0.08± 3.48 

   δ  0.01± 1.09 

6.0 GeV/c

 / ndf 2χ   107 / 31

   ω  1.151± 0.823 

   α  1.2±  1.9 

    β  1.00± 6.23 

   δ  1.15± 1.04 
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0.06  / ndf 2χ   107 / 31

   ω  1.151± 0.823 

   α  1.2±  1.9 

    β  1.00± 6.23 

   δ  1.15± 1.04 

8.0 GeV/c

 / ndf 2χ  67.3 / 32

   ω  1.977± 0.833 

   α  1.98± 1.96 

    β  1.00± 4.54 

   δ  1.98± 1.03 
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0.06  / ndf 2χ  67.3 / 32

   ω  1.977± 0.833 

   α  1.98± 1.96 

    β  1.00± 4.54 

   δ  1.98± 1.03 
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 / ndf 2χ  18.3 / 5

   ω  0.040± 0.239 

   α  0.07± 1.77 

    β  0.20± 1.37 

   δ  0.1±  2.4 
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0.15  / ndf 2χ  18.3 / 5

   ω  0.040± 0.239 

   α  0.07± 1.77 

    β  0.20± 1.37 

   δ  0.1±  2.4 

0.6 GeV/c

 / ndf 2χ  13.1 / 10

   ω  0.032± 0.439 

   α  0.07± 1.79 

    β  0.15± 1.86 

   δ  0.07± 2.02 
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 / ndf 2χ  13.1 / 10

   ω  0.032± 0.439 

   α  0.07± 1.79 

    β  0.15± 1.86 

   δ  0.07± 2.02 

1.0 GeV/c

 / ndf 2χ   6.5 / 18

   ω  0.006± 0.703 

   α  0.03± 1.62 

    β  0.19± 3.03 

   δ  0.02± 1.34 
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 / ndf 2χ   6.5 / 18

   ω  0.006± 0.703 

   α  0.03± 1.62 

    β  0.19± 3.03 

   δ  0.02± 1.34 

2.0 GeV/c

 / ndf 2χ  4.99 / 23

   ω  0.004± 0.759 

   α  0.02± 1.68 

    β  0.19± 3.31 

   δ  0.02± 1.18 
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 / ndf 2χ  4.99 / 23

   ω  0.004± 0.759 

   α  0.02± 1.68 

    β  0.19± 3.31 

   δ  0.02± 1.18 

3.0 GeV/c
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 / ndf 2χ  21.6 / 5

   ω  0.042± 0.216 

   α  0.1±  1.8 

    β  0.2±  1.3 

   δ  0.07± 2.43 
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0.15  / ndf 2χ  21.6 / 5

   ω  0.042± 0.216 

   α  0.1±  1.8 

    β  0.2±  1.3 

   δ  0.07± 2.43 

0.6 GeV/c

 / ndf 2χ  12.3 / 10

   ω  0.018± 0.213 

   α  0.14± 2.43 

    β  0.02± 1.14 

   δ  0.11± 2.68 
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 / ndf 2χ  12.3 / 10

   ω  0.018± 0.213 

   α  0.14± 2.43 

    β  0.02± 1.14 

   δ  0.11± 2.68 

1.0 GeV/c

 / ndf 2χ  13.5 / 18

   ω  0.009± 0.678 

   α  0.03± 1.63 

    β  0.20± 2.87 

   δ  0.03± 1.41 
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 / ndf 2χ  13.5 / 18

   ω  0.009± 0.678 

   α  0.03± 1.63 

    β  0.20± 2.87 

   δ  0.03± 1.41 

2.0 GeV/c

 / ndf 2χ  12.5 / 21

   ω  0.005± 0.728 

   α  0.03± 1.75 

    β  0.13± 2.94 

   δ  0.02± 1.28 
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0.08  / ndf 2χ  12.5 / 21

   ω  0.005± 0.728 

   α  0.03± 1.75 

    β  0.13± 2.94 

   δ  0.02± 1.28 

3.0 GeV/c
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 / ndf 2χ  29.2 / 29

   ω  0.003± 0.809 

   α  0.02± 1.72 

    β  0.12± 3.11 

   δ  0.01± 1.04 
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 / ndf 2χ  29.2 / 29

   ω  0.003± 0.809 

   α  0.02± 1.72 

    β  0.12± 3.11 

   δ  0.01± 1.04 

4.0 GeV/c

 / ndf 2χ  20.8 / 32

   ω  0.002± 0.842 

   α  0.02± 1.76 

    β  0.16± 3.63 

   δ  0.009± 0.933 
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0.06  / ndf 2χ  20.8 / 32

   ω  0.002± 0.842 

   α  0.02± 1.76 

    β  0.16± 3.63 

   δ  0.009± 0.933 

6.0 GeV/c

 / ndf 2χ  33.6 / 34

   ω  0.001± 0.854 

   α  0.02± 1.84 

    β  0.14± 3.79 

   δ  0.008± 0.915 
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 / ndf 2χ  33.6 / 34

   ω  0.001± 0.854 

   α  0.02± 1.84 

    β  0.14± 3.79 

   δ  0.008± 0.915 

8.0 GeV/c

 / ndf 2χ  50.5 / 35

   ω  0.001± 0.863 

   α  0.01± 1.89 

    β  0.14± 3.96 

   δ  0.007± 0.897 
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 / ndf 2χ  50.5 / 35

   ω  0.001± 0.863 

   α  0.01± 1.89 

    β  0.14± 3.96 

   δ  0.007± 0.897 

10.0 GeV/c
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 / ndf 2χ    11 / 14

   ω  0.015± 0.694 

   α  0.05± 1.48 

    β  0.23± 2.67 

   δ  0.0±  1.4 
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0.10  / ndf 2χ    11 / 14

   ω  0.015± 0.694 

   α  0.05± 1.48 

    β  0.23± 2.67 

   δ  0.0±  1.4 

1.6 GeV/c

 / ndf 2χ  9.25 / 18

   ω  0.008± 0.715 

   α  0.03± 1.51 

    β  0.19± 2.84 

   δ  0.02± 1.33 
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 / ndf 2χ  9.25 / 18

   ω  0.008± 0.715 

   α  0.03± 1.51 

    β  0.19± 2.84 

   δ  0.02± 1.33 

1.8 GeV/c

 / ndf 2χ   8.7 / 19

   ω  0.01± 0.73 

   α  0.03± 1.53 

    β  0.14± 2.71 

   δ  0.02± 1.28 
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 / ndf 2χ   8.7 / 19

   ω  0.01± 0.73 

   α  0.03± 1.53 

    β  0.14± 2.71 

   δ  0.02± 1.28 

2.0 GeV/c

 / ndf 2χ  10.9 / 24

   ω  0.005± 0.784 

   α  0.0±  1.6 

    β  0.14± 2.98 

   δ  0.0±  1.1 
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 / ndf 2χ  10.9 / 24

   ω  0.005± 0.784 

   α  0.0±  1.6 

    β  0.14± 2.98 

   δ  0.0±  1.1 

3.0 GeV/c
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 / ndf 2χ  46.3 / 43

    1S  9.8±  335 

      µ  0.4± 23.6 

   σ  0.3± 12.2 

t         0.040± 0.352 

    2S  11.6±  162 

  λ  2.5± 36.2 
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 / ndf 2χ  46.3 / 43

    1S  9.8±  335 

      µ  0.4± 23.6 

   σ  0.3± 12.2 

t         0.040± 0.352 

    2S  11.6±  162 

  λ  2.5± 36.2 

0.6 GeV/c

 / ndf 2χ  61.4 / 59

    1S  5.0±  287 

      µ  0.5± 39.3 

   σ  0.5± 21.7 

t         0.030± 0.244 

    2S  8.9± 19.2 

  λ  65.7±  117 
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 / ndf 2χ  61.4 / 59

    1S  5.0±  287 

      µ  0.5± 39.3 

   σ  0.5± 21.7 

t         0.030± 0.244 

    2S  8.9± 19.2 

  λ  65.7±  117 

1.0 GeV/c

 / ndf 2χ  93.1 / 97

    1S  2.6±  211 

      µ  0.6± 89.3 

   σ  0.3± 36.4 

t         0.011± 0.177 

    2S  4259.8±  156 

  λ  1.244± 0.189 
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 / ndf 2χ  93.1 / 97

    1S  2.6±  211 

      µ  0.6± 89.3 

   σ  0.3± 36.4 

t         0.011± 0.177 

    2S  4259.8±  156 

  λ  1.244± 0.189 

2.0 GeV/c

 / ndf 2χ  96.9 / 123

    1S  2.2±  164 

      µ  1.0±  142 

   σ  0.5± 47.3 

t         0.016± 0.139 

    2S  6.517± 0.925 

  λ  214.4± 19.9 
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 / ndf 2χ  96.9 / 123

    1S  2.2±  164 

      µ  1.0±  142 

   σ  0.5± 47.3 

t         0.016± 0.139 

    2S  6.517± 0.925 

  λ  214.4± 19.9 

3.0 GeV/c

Summed Signal (MIPs)É>orvy��m��±Ê�¦|ËMÎ�Ü�a�o|q��nzrs�}&����Ý u {�orv(��s(zÏ�nor{B}&mpor�n��}�orxy��{TÅn}�©«o|}��²}&���~zrx(vy�nxympq²s(z��$�n�n��}�orxy�x(��Pf·Ï¦-Ê�¦nQ�¦f³��n�?W?;�¨7�X[�cæ��s(�nmpxy�nor�¬{p�nx�©���m~��x��n�¬©�s({«�n{����¸o|��}��n�º{�o|q��nz�s2}&orx(��¦
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 / ndf 2χ  52.3 / 38

    1S  14.5±  687 

      µ  0.3± 22.6 

   σ  0.2± 11.6 

t         0.027± 0.381 

    2S  13.3±  257 

  λ  2.5± 36.1 
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 / ndf 2χ  52.3 / 38

    1S  14.5±  687 

      µ  0.3± 22.6 

   σ  0.2± 11.6 

t         0.027± 0.381 

    2S  13.3±  257 

  λ  2.5± 36.1 

0.6 GeV/c

 / ndf 2χ  52.9 / 59

    1S  8.3±  730 

      µ  0.3± 40.2 

   σ  0.3± 21.1 

t         0.021± 0.255 

    2S  13.2± 69.2 

  λ  28.3±  110 
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 / ndf 2χ  52.9 / 59

    1S  8.3±  730 

      µ  0.3± 40.2 

   σ  0.3± 21.1 

t         0.021± 0.255 

    2S  13.2± 69.2 

  λ  28.3±  110 

1.0 GeV/c

 / ndf 2χ   124 / 93

    1S  4.4±  861 

      µ  0.2± 91.9 

   σ  0.1± 36.3 

t         0.003± 0.152 

    2S  1.7±    4 

  λ  712.14056± 0.00522 
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 / ndf 2χ   124 / 93

    1S  4.4±  861 

      µ  0.2± 91.9 

   σ  0.1± 36.3 

t         0.003± 0.152 

    2S  1.7±    4 

  λ  712.14056± 0.00522 

2.0 GeV/c

 / ndf 2χ   153 / 122

    1S  2.4±  210 

      µ  0.7±  141 

   σ  0.3± 45.8 

t         0.010± 0.116 

    2S  2410.2± 91.3 

  λ  13.12± 2.14 
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 / ndf 2χ   153 / 122

    1S  2.4±  210 

      µ  0.7±  141 

   σ  0.3± 45.8 

t         0.010± 0.116 

    2S  2410.2± 91.3 

  λ  13.12± 2.14 

3.0 GeV/c

Summed Signal (MIPs)É>orvy��m��ÁÊ�¦�Ë�Ê�ÜjÝwu�{�o|vy��s(z���or{p}�m�o|�n��}&o|xy�n{VÅn}�©«o|}���}��n�~z|xyvy�nxympq²s�z��$�n�n�/}&o|xy�²x(�xPf·-¦�Ê�¦nQ�¦³��n�°�ns�}Dsªs(mp�;�$m�xyqU}��n�º³¬ËyËºm��n�wor� � 5:5 � ¦
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 / ndf 2χ   134 / 111

    1S  2.8±  291 

      µ  0.8±  197 

   σ  0.4± 52.7 

t         0.0136± 0.0759 
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 / ndf 2χ   134 / 111

    1S  2.8±  291 

      µ  0.8±  197 

   σ  0.4± 52.7 

t         0.0136± 0.0759 

4.0 GeV/c

 / ndf 2χ   210 / 141

    1S  2.4±  288 

      µ  1.0±  306 

   σ  0.5± 68.2 

t         0.0125± 0.0207 
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 / ndf 2χ   210 / 141

    1S  2.4±  288 

      µ  1.0±  306 

   σ  0.5± 68.2 

t         0.0125± 0.0207 

6.0 GeV/c

 / ndf 2χ   183 / 162

    1S  2.2±  258 

      µ  1.1±  414 

   σ  0.5± 78.9 

t         0.0126± 0.0104 
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 / ndf 2χ   183 / 162

    1S  2.2±  258 

      µ  1.1±  414 

   σ  0.5± 78.9 

t         0.0126± 0.0104 

8.0 GeV/c

 / ndf 2χ   187 / 184

    1S  1.4±  125 

      µ  1.7±  515 

   σ  0.8± 89.9 

t         0.0172± 0.0416 
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 / ndf 2χ   187 / 184

    1S  1.4±  125 

      µ  1.7±  515 

   σ  0.8± 89.9 

t         0.0172± 0.0416 

10.0 GeV/c

Summed Signal (MIPs)É>orvy��m��ÁÊ�¦ � 5�ÜjÝwu�{�o|vy��s(z���or{p}�m�o|�n��}&o|xy�n{VÅn}�©«o|}���}��n�~z|xyvy�nxympq²s�z��$�n�n�/}&o|xy�²x(�xPf·-¦�Ê�¦nQ�¦³��n� - ? �3¥�k Ò 4iû�g � Ó>}&��m�qY©*s({�3¥�k�zror��o|}�z|uº{��/}}&x¬È���m�xºor��}��n�tÅn}M¦j³��n�«��s�}&s¬s(m��*�$mpxyq}&�n�º³ÁÌ�m��n�wor� � 5:5 � ¦
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 / ndf 2χ    57 / 51

    1S  2.5±  257 

      µ  0.3±   45 

   σ  0.2± 23.4 

t         0.009± 0.128 

    2S  2611539.2±  118 

  λ  80.36047± 0.00372 
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 / ndf 2χ    57 / 51

    1S  2.5±  257 

      µ  0.3±   45 

   σ  0.2± 23.4 

t         0.009± 0.128 

    2S  2611539.2±  118 

  λ  80.36047± 0.00372 

1.6 GeV/c

 / ndf 2χ  73.3 / 63

    1S  5.4±  538 

      µ  0.4± 52.2 

   σ  0.2± 26.1 

t         0.011± 0.201 

    2S  301.2±  498 

  λ  0.0116± 0.0191 
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 / ndf 2χ  73.3 / 63

    1S  5.4±  538 

      µ  0.4± 52.2 

   σ  0.2± 26.1 

t         0.011± 0.201 

    2S  301.2±  498 

  λ  0.0116± 0.0191 

1.8 GeV/c

 / ndf 2χ  83.1 / 67

    
1

S  4.9±  533 

      µ  0.4± 58.5 

   σ  0.2± 27.7 

t         0.009± 0.183 

    
2

S  113406.2±  965 

  λ  0.70441± 0.00599 
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 / ndf 2χ  83.1 / 67

    
1

S  4.9±  533 

      µ  0.4± 58.5 

   σ  0.2± 27.7 

t         0.009± 0.183 

    
2

S  113406.2±  965 

  λ  0.70441± 0.00599 

2.0 GeV/c

 / ndf 
2χ   122 / 99

    
1

S  0.0±  166 

      µ  0.0± 98.1 

   σ  0.0± 38.1 

t         0.000± 0.184 

    
2

S  17607.2734± 0.0874 

  λ  0.105627± 0.000537 
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 / ndf 

2χ   122 / 99

    
1

S  0.0±  166 

      µ  0.0± 98.1 

   σ  0.0± 38.1 

t         0.000± 0.184 

    
2

S  17607.2734± 0.0874 

  λ  0.105627± 0.000537 

3.0 GeV/c

Summed Signal (MIPs)É>orvy��m���Ê�¦ � Ë(Ü�Âfmpx(}&xy�Ô{�orv(��s(zÁ�nor{B}&m�o|�n��}�orxy�n{lÅn}²©«o�}&�Æ}��n��zrx(vy�nxympq²s(z*�$���n��}�orxy�Æx��P·Ï¦ÏÊ�¦nQ�¦³��n�º��s�}&sªs(m��¬�$m�x(qï}&����³¬Ë(Ë°mp�n��o|� � 595 � ¦
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 / ndf 2χ   135 / 8

    1S  1.0±  801 

      µ  1.0± 16.2 

   σ  1.00± 3.76 

t         1.000± 0.104 

    2S  6147005952± 3.61e+03 

  λ  602.757± 0.815 
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 / ndf 2χ   135 / 8

    1S  1.0±  801 

      µ  1.0± 16.2 

   σ  1.00± 3.76 

t         1.000± 0.104 

    2S  6147005952± 3.61e+03 

  λ  602.757± 0.815 

0.6 GeV/c

 / ndf 2χ   162 / 18

    1S  4.9±  189 

      µ  0.5± 26.8 

   σ  0.4± 12.7 

t         0.042± -0.357 

    2S  1106± 1.5e+04 

  λ  0.0010± 0.0131 
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 / ndf 2χ   162 / 18

    1S  4.9±  189 

      µ  0.5± 26.8 

   σ  0.4± 12.7 

t         0.042± -0.357 

    2S  1106± 1.5e+04 

  λ  0.0010± 0.0131 

0.8 GeV/c

 / ndf 2χ   196 / 25

    1S  7.3±  531 

      µ  0.3± 28.6 

   σ  0.2± 13.6 

t         0.015± -0.116 

    2S  17951± 8.64e+03 

  λ  0.0475± 0.0229 

0 20 40 60 80 100
0.0

0.2

0.4

0.6

310×
 / ndf 2χ   196 / 25

    1S  7.3±  531 

      µ  0.3± 28.6 

   σ  0.2± 13.6 

t         0.015± -0.116 

    2S  17951± 8.64e+03 

  λ  0.0475± 0.0229 

1.0 GeV/c

 / ndf 2χ   209 / 45

    
1

S  6.8±  639 

      µ  0.3± 38.7 

   σ  0.2±   20 

t         0.0±  0.1 

    
2

S  1397± 6.34e+03 

  λ  0.00175± 0.00791 
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 / ndf 2χ   209 / 45

    
1

S  6.8±  639 

      µ  0.3± 38.7 

   σ  0.2±   20 

t         0.0±  0.1 

    
2

S  1397± 6.34e+03 

  λ  0.00175± 0.00791 

1.4 GeV/c
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Run:  1
Snarl:  -1

PID:  Unknown
Momentum:  4.0 GeV

Total MIP:  134.15, Even:  73.77, Odd:  60.38
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Run:  1
Snarl:  -1

PID:  Unknown
Momentum:  2.9 GeV

Total MIP:  112.50, Even:  59.98, Odd:  52.52
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Run:  50406
Snarl:  15

µ/πPID:  
Momentum:  8.0 GeV

Total MIP:  415.00, Even:  192.14, Odd:  222.86
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Run:  50406
Snarl:  2

µ/πPID:  
Momentum:  8.0 GeV

Total MIP:  388.38, Even:  213.34, Odd:  175.04
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Run:  50545
Snarl:  234

µ/πPID:  
Momentum:  5.0 GeV

Total MIP:  370.39, Even:  129.18, Odd:  241.21
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Run:  50545
Snarl:  241

µ/πPID:  
Momentum:  5.0 GeV

Total MIP:  302.91, Even:  135.31, Odd:  167.60
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Run:  50545
Snarl:  235

µ/πPID:  
Momentum:  5.0 GeV

Total MIP:  201.78, Even:  100.37, Odd:  101.41
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Run:  50545
Snarl:  230

µ/πPID:  
Momentum:  5.0 GeV

Total MIP:  136.78, Even:  77.03, Odd:  59.75
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Run:  50491
Snarl:  67

µ/πPID:  
Momentum:  2.0 GeV

Total MIP:  101.29, Even:  31.32, Odd:  69.98
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Run:  50491
Snarl:  59

µ/πPID:  
Momentum:  2.0 GeV

Total MIP:  75.05, Even:  46.43, Odd:  28.62
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Run:  50491
Snarl:  62

µ/πPID:  
Momentum:  2.0 GeV

Total MIP:  97.07, Even:  63.11, Odd:  33.96
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Run:  50491
Snarl:  1106

µ/πPID:  
Momentum:  2.0 GeV

Total MIP:  143.30, Even:  66.40, Odd:  76.90
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Run:  50491
Snarl:  100

PID:  proton
Momentum:  2.0 GeV

Total MIP:  90.19, Even:  43.66, Odd:  46.53
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Run:  50491
Snarl:  117

PID:  proton
Momentum:  2.0 GeV

Total MIP:  116.57, Even:  75.12, Odd:  41.45
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Run:  40622
Snarl:  130

µ/πPID:  
Momentum:  1.0 GeV

Total MIP:  63.86, Even:  14.92, Odd:  48.94
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Run:  40622
Snarl:  135

µ/πPID:  
Momentum:  1.0 GeV

Total MIP:  34.72, Even:  19.60, Odd:  15.12
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Run:  40622
Snarl:  131

µ/πPID:  
Momentum:  1.0 GeV

Total MIP:  50.21, Even:  19.94, Odd:  30.27
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Run:  40622
Snarl:  125

µ/πPID:  
Momentum:  1.0 GeV

Total MIP:  40.34, Even:  17.48, Odd:  22.87
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Run:  40622
Snarl:  194

PID:  proton
Momentum:  1.0 GeV

Total MIP:  36.07, Even:  20.81, Odd:  15.26
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Run:  40622
Snarl:  173

PID:  proton
Momentum:  1.0 GeV

Total MIP:  7.34, Even:  1.14, Odd:  6.20
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Run:  40781
Snarl:  5

µ/πPID:  
Momentum:  0.6 GeV

Total MIP:  45.83, Even:  13.78, Odd:  32.05
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Run:  40781
Snarl:  10

µ/πPID:  
Momentum:  0.6 GeV

Total MIP:  46.79, Even:  22.35, Odd:  24.43
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Run:  40781
Snarl:  15

µ/πPID:  
Momentum:  0.6 GeV

Total MIP:  30.94, Even:  14.68, Odd:  16.26
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Run:  40781
Snarl:  20

µ/πPID:  
Momentum:  0.6 GeV

Total MIP:  27.50, Even:  19.75, Odd:  7.75
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Run:  50493
Snarl:  2758

µ/πPID:  
Momentum:  2.0 GeV

Total MIP:  276.46, Even:  70.82, Odd:  205.65
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Run:  50493
Snarl:  2522
PID:  proton

Momentum:  2.0 GeV
Total MIP:  70.46, Even:  28.92, Odd:  41.54
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Run:  50491
Snarl:  63

µ/πPID:  
Momentum:  2.0 GeV

Total MIP:  131.20, Even:  68.61, Odd:  62.60
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Run:  50491
Snarl:  63

µ/πPID:  
Momentum:  2.0 GeV

Total MIP:  137.18, Even:  72.40, Odd:  64.78
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Run:  50491
Snarl:  107

PID:  proton
Momentum:  2.0 GeV

Total MIP:  78.25, Even:  24.97, Odd:  53.29
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Run:  50491
Snarl:  107

PID:  proton
Momentum:  2.0 GeV

Total MIP:  80.76, Even:  25.60, Odd:  55.16
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