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b-quark Correlations: Azimuthal ∆φ∆φ∆φ∆φ Distribution
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FIG. 15: Predictions of PYTHIA 6.158 (CTEQ4L, pT (hard)> 0) for the azimuthal angle, ∆φ, between a b-quark with pT1 >
5 GeV/c and |y1| < 1 and b̄-quark with pT2 > 5 GeV/c and |y2| < 1 in proton-antiproton collisions at 1.8 TeV. The curves
correspond to dσ/d∆φ (µb/◦) for flavor creation (FIG. 1), flavor excitation (FIG. 3), shower/fragmentation (FIG. 4), and
the resulting total. The “toward” (|∆φ|< 90◦) and the “away” (|∆φ|> 90◦) region of the b-quark are labeled. (Note the log

arithmetic scale.)
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C. Distance “R”

FIG. 16 shows the predictions of PYTHIA for the distance, R, in η-φ space between a b-quark with pT1 > 5 GeV/c

and |y1| < 1 and b̄-quark with pT2 > 5 GeV/c, where R =
√

(η1 − η2)2 + (φ1 − φ2)2 and η is the pseudo-rapidity.
One can see that the region R < 1 isolates the shower/fragmentation contribution.

D. Rapidity Correlations

FIG. 17 shows the predictions of PYTHIA for the rapidity, y1 of a b-quark with pT1 > 5 GeV/c for events with a
b̄-quark with pT2 > 5 GeV/c and |y2| < 0.5. Here the flavor excitation contribution behaves much differently than the
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FIG. 16 shows the predictions of PYTHIA for the distance, R, in η-φ space between a b-quark with pT1 > 5 GeV/c

and |y1| < 1 and b̄-quark with pT2 > 5 GeV/c, where R =
√

(η1 − η2)2 + (φ1 − φ2)2 and η is the pseudo-rapidity.
One can see that the region R < 1 isolates the shower/fragmentation contribution.

D. Rapidity Correlations

FIG. 17 shows the predictions of PYTHIA for the rapidity, y1 of a b-quark with pT1 > 5 GeV/c for events with a
b̄-quark with pT2 > 5 GeV/c and |y2| < 0.5. Here the flavor excitation contribution behaves much differently than the
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L2 trigger

Detector

L3 Farm

Mass
Storage

L1 Accept

Level 2:
Asynchronous 2 stage pipeline
~20µs latency
300 Hz Accept Rate

L1+L2 rejection:  20,000:1

7.6 MHz Crossing rate
132 ns clock cycle

L1 trigger

Level1:
7.6 MHz Synchronous pipeline
5544ns latency
<50 kHz Accept rate

L2 Accept

L1 Storage
Pipeline:
42 Clock 
Cycles Deep

L2 Buffers: 
4 Events

DAQ Buffers 
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Dataflow of CDF "Deadtimeless" 
Trigger and DAQ
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RUN II TRIGGER SYSTEM

Detector Elements

GLOBAL 
LEVEL 1

L1 
CAL

COT

XFT

 MUON

MUON
PRIM.

L1
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 L2 
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CAL

XTRP
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TRACK

SVX 

SVT

CES

XCES
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GLOBAL 
LEVEL 2 TSI/CLK
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Ks → ππ signal from trigger tracks
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���,->#$�����KN�'S���&��7��3���?L 5��q�&-D�
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b ��c
d/e>f b f2g2h#iXjCkMjmlndmoKjmcVh.prqsp D$E@t!uJj/l�vPiXg�eGjCkMv8wTxDpCyCz�{�|	d b h#iXg b g2i(kOh#iX|(|(d/h#jCe2}�~8��fro
dme b d/e>f
i(k b h d/|(|(f2��d\h�d�e>dm��i(c b jml��^���Cz�g��^l�e>jC�^h>��f�oAf5dm��|(iXk�fSi(k�h>��f�pV}���g2��j/l.e#dm�Vi	dm| b {�dmg�f
d5�/dmi(|(dmo�|(f8oAf2hD��f�f2k�h>��f3gI�)|(i(kV��e>iXg5dm|�jCcVh>f�eT�Udm|X|�jml�h#��f%g�f2k�h>e#dm|K��e>i�l�hPg ��dm��oAf�e���w8��~FuTdmk��
h#�Vf�i(k�kVf�e%�Pdm|X|Jjml.h>��f�g�e��Cj b h d/h�jmlah#��f b c�{Af�e�x�g�jCkV��c�g2h>i(k�� b jC|(f2k�jCiX���Kg2j��Cf�eGi(k���d-{ b f�cV��j/x
e#d/{�i(��i�hD�-eGf��CiXjCk@jmlWe>jCc��m��|X��� ���� ¡�C}

¢ k�iXk�f2h>f�f�k)x b h#dm�Cf�£
k�f¤�<f b �¥{���jmh>jC��c�|�h#iX{�|(iXf�e�h#cVoKf¦��§T¨�~FuI�U©3dm��dm��d/h b c«ª%�C�m¬V�m�
�riXh>��d���i(dm��fIh#f2e.jml�C}¯®�i(k�g ��f b i b d/h>h#dmg ��f2��h#jSf5d/g �-o
dmeaf�kV���Ol�jCeTd�h>jmh dm|
j/l�pO�O°�§T¨�~ b i(k
h#�Vf b � b h#f2��}.~8�Vf b fFjC{Af�e>d/h#f8iXkMh>��f��C}±pS~²f b |	d b jm|(f�kVjCi(�
d/|V��dm�Ck�fIh#i(gU£�f�|(���ri�h#�<dmk<d5�Cf�e>dm�Cf
�OdmiXk�eGf���cVg2h#iXjCk<jml²®myCy�l�e>jm�³h#��fFk�jC�<i(k
d/|��OdmiXk�jmlJ��y � }J~8��f3jC{´h#i(g�dm|
g�jmk�k�f�gIh#iXjCk�oAf2hD��f�f2k
h#�Vf�§�¨�~µdmkV�¶h>��f b g2i(kOh#iX|(|(d/h#jCe�i b {�e>j��)i(�Vf��¶oO�·d¤g�jm��{AjCc�k��·{�dme#dmoAjC|Xi(g<g�jCk�g2f�kOh#e>d/h#jme�}
~8��fS§T¨�~¡iXk�h>c�e>k�i b ��i(eGf�g2h>|X�-d/h>h#dmg ��f���h#j<dMg�c b h#jC�µ��f b i(�Ck�f2��©r¸Z��iX�)i(�Vf�e8o
d b f��r��i(g �
dm| b j�g�jCkVk�f�gIh b h#j�d�{Ve>f5d/��{�|XiX£
f2e�g5dmeG��l�jme�h#��fMe>f�dm��jCc´h5} ¢ b g ��f���d/h>i(g��)i(f2�¹jmlPd�º%»�¼
o
dme8g�dmk�oKf b f2f�k�i(k@£
�Cc�eGfs®´}�°)}

½�iX¾Kf�eGf�kOh#i(dm| b iX�Ck
dm|8l�e>jm�¿h#��f�dmk�j)��f�dmk��«h>��f�|(d b h��V�)k�j)��f�j/l3h#�Vf¤§T¨�~^i b l�f��Àh#j
h#�VfÁ{�e>f�dm��{V|(iX£�f�e��%dmk��Â��eGiX�mf b �%j��Cf�e�� �,°¦� jml b ��i(f2|(��f2�ÃhD�ri b h>f��Â{
dmiXe-g5d/o�|(f/�%l�e>jmk�h�x
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f�kV�Áf�|(f2g2h>e>jCk�iXg b h#�
d/h%e>f b iX��f�i(k�d�¸�¨'& g2e#d/h>f��<jCc�kOh#f2�¤jCcVh b i(�Vfsh#�Vf���f2h>f�gIh#jCe2} ¢ oV|(j)g)(
��i(dm�Ce#d/� jml�º%»�¼¶l�e>jCkOh�xDf�kV�Si b �Ci��Cf�kSi(k�£��Cc�e>fT®)}¯�V}²~8��f.l�e>jmk�h�xDf2k�� b i(�mk
dm|mi b�b {�|XiXhni(kOh#jUhD��j*$
jCk�fal�jCe�h#iX��iXk��8�<f5d b c�e>f2��f2k�hWdmkV�sh#�Vf�jmh>��f�e�l�jCe�{�c�| b fa��f2i(�C�OhW��f�d b c�eGf��<f�kOh5}²~8��fTh#i(�<i(kV�

VME BUS

CAFE

DECAF

CHARGE
INJECTOR

C
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S
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N
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LS

RECEIVER

START

STOP
RESET

ENABLE
OUTPUT
MONITOR
PULSE

OTHER
CHANNELS

BUFFER

THRESHOLD

CONVERTER

GATE

INPUT

WIDTH

ADMEM 

AMPLITUDE

BASE

PMT SIGNAL

CABLE

PMT 

MONITOR CIRCUIT

TIME-TO-AMPLITUDE

Q MEASUEMENT
CIRCUIT

PASSIVE

10-BIT ADC

12-BIT ADC

CAFE

DECAF

DECAF

PREAMP

DISCRIMINATOR

#JiX�Cc�e>fS®)}¯��$

{
d/h>�Mf�kOh#f2e b d�|(f�dm��i(kV��f����Cf8�Vi b g2e>iX��iXk
d/h#jme²�ri�h#�Mdmk<dm�,+Gc b h d/o�|(fPh>��e>f b ��jm|(���C�r��j b frjCcVh>{�cVh

b f2eG�mf b d b h#��f b h dme�h b iX�Ck
dm|Al�jCePh#�Vf�~8i(�<fIx�h>j/x ¢ ��{V|(iXh>c���f%wPjCkO�Cf2e b i(jCk � ~ ¢ w8uUg�i(eGg�c�i�h.- �V�0/�}
~8��f�~ ¢ w¹e>dm��{�i b h>f�e>�<i(k�d/h#f2��oO��d�g2jC���<jCk b h>jC{ g2|(j)g)(Áf����mfm�Wh>�
d/hsi b�b �)k�g �Ve>jCk�i21�f2�
�riXh>��h#��f�3543so�c�k�g �sg�eGj b>b i(k����/dmk���l dmkVk�f��sjCcVh�h#jFdm|X|Cf�|Xf�gIh#e>jmk�i(g b g �
dmk�k�f2| b �riXh>�sdr��f b i(�mk�f��
+GiXhGh#f2e%jmla|Xf bGb h#�
d/k °C®6387C}%~8��f��Cjm|Xh d/�Cf�jCc´h#{�cVh%l�e>jC�^h>��f�~ ¢ w i b%b dm��{V|(f���o���d��,°�xDo�i�h
¢ ½�w3�Og ��dme#dmgIh#f2e>i912f���o���dS|Xf5d b h�g2jCc�kOhTjmlKe>jCc��m��|X�@���:3;7%j��Cf�e�d��V�)k
dm�<i(g8e>dmk��Cfrjml�dmoKjmcVh
¬Cy=<�7C}-~ ¢ w¹e>f b {AjCk b f��
d bSb ��j��rk·d/k f�>´g2f�|(|Xf�kOh b h d/o�i(|XiXhD� b i(k�g2f<h>��f<g�jC�<��i b>b i(jCk�iXk��@jml
h#�VfSf2|(f2g2h#eGjCk�iXg b ���ri�h#��d�e>f b i(�Vc
dm|��/dme>i(d/h#iXjCk��´d/l�h#f2eUh#��f�g�dm|(iXo�e#d/h>i(jCk b �Vj/lJ|Xf b>b h>�
dmk �,��387C}

~8��fM{�e>iX��d/eG��{�c�eG{Kj b f�l�jCe��<f5d b c�e>iXk���h>��f�g �
dmeG�Cf�jml�§T¨�~ b i(�Ck�dm| b i b h>j@{Kf2eGl�jCeG� d
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g�jme>e>f2g2h>i(jCk-l�jCe�h#��f���f2{Kf2k���f2k�g�f�jml�h#�Vf���i b g�e>iX��iXk
d/h>jCeajCk b i(�mk
dm|Kdm��{V|(iXh>c���f/}J~8��f�g �
dmeG�Cf
�<f5d b c�e>f2��f2k�h�i b �VjCk�fFo��<d�g �
dmeG�Cf b f�k b iXh>iX�mf ¢ ½�w - �V� /�}~8��f%g�c�eGe>f�kOh���e>i��Cf2eTi bab �riXh>g ��f��
jCk�oO��d��Od/h>fMjml8dm� +Gc b h#dmo�|(f��riX�Vh#���²dmkV� i b iXk�iXh>i	d/h>f��ÁoO�Áh#��f<��i b g�eGi(�<i(k
d\h#jCe%jCcVh#{VcVh5� b j
h#��d/hrjCk�|���h#�VfSg ��dme>�CfS��c�f�h>jMh>��f�{�c�| b f�h#�
d\h8£
e>f2��h#�VfS�Vi b g2e>iX��iXk
d/h#jme�i b i(kOh#f2�Ce#d/h>f���}

���� ����� ��������� �!�#"!�%$�&

~8��f�jCc´h#{�cVh�jml%h#��f�~r½�w i b i(k {�eGi(k�g2i({�|Xf�d�|Xi(k�f�dme�l�c�k�g2h>i(jCk jml%h#��f�h#iX��f���i�¾nf2e>f�kVg�f
oAf2hD��f�f�kÁh>��f b h dme�h5�niXk�f�dmg �¤~r½�w g �
dmkVk�f�|���dmk���h#��fsg�jC�<��jmk b h>jC{�}('´i(kVg�f�kVjCk¤|(iXk�f5d/e>i�x
h#iXf b �
d5�Cf�oAf�f2kÁjCo b f�eG�mf�����dmk�jCk)xD|(iXk�f�g �
dmk�kVf�|JoO��g �
dmkVk�f�|Wg5dm|Xi(o�e>d/h#iXjCk�i b {Kf2eGl�jCeG��f2��oO�

b f2k���iXk��¤d b f�eGi(f b jml8{Vc�| b f b �²�riXh>� (�k�j��rk¦h#iX��f���i�¾nf2e>f2k�g�f b ��} e2}±h�}@g�jC�<�<jCk b h#jC{n�Wl�e>jm�
d ��i(�Ci�h dm|P��f�|(d��¶�mf�k�f2e#d/h>jCe�}Â¨�jCe>f2j,�mf�e2�8��c�f�h#j g2e>j bGb x h dm|2( b �riXh>� h>��f�~ ¢ w3�ah#��f ¢ ½�w
{Af���f b h d/| b g�dmkÁf�>´i(oViXh3d�h#i(�<fS��f�{Af�k��Vf�kOh b ��i�l�h5}�~8�Vi b i b dm| b j�h#d (mf2k i(kOh#j@d/g�g�jmc�kOh�i(k�h>��f
jCk´x�|(iXk�f8º3»s¼¡g5dm|Xi(o�e>d/h#iXjCk��r��iXg �-i b f���oAf��V��f��-iXk�h>��f�)#*-¼¡�
d/h#d�d,+�c�i b i�h#i(jmk b � b h#f2� - � /�}

vPf�iXk���h#i(�<f�jml.-
i(�C�OhS�<f5d b c�e>f2��f2k�hs{Aj b>b i(o�|XfMh>��e>jmc��C� h#��f<f�>)h#f2e>k
d/|.)S»Sº h#e>dmg)(�i(k��

b � b h#f�����d�£
k�f2e�g5dm|Xi(o�e>d/h#iXjCk jmlrº%»�¼�e>f b {AjCk b f@i b {Af�e�l�jCe>�<f��·jm¾�xD|Xi(k�fM�riXh>�¦h#��f�c b f�jml
e>f2g�jCk b h#eGc�g2h>f���h>e#dmg)( b }
/�h.i b k�f�g2f bGb dme���l�jCeWh>��fPº%»�¼ b � b h#f2�¹h#j�oAf8dm|Xi(�CkVf��s�ri�h#��eGf b {Kf2g2h.h#j�)s»�º¶i(k�jCeG��f�eWh#j

f�>)h>e#dm{AjC|	d\h#fFg�jCeGe>f�gIh#|��<h>��f%h>e#dmg)( b h>jsh>��f3g2jCe>eGf b {AjCk��Vi(k����ViXh>h>f��<º3»s¼¡o
dme5� b u!}.~Wj�f�k b c�e>f
h#�Vi b d-�Cf2jC��fIh#eGi(g5d/|J{���j/h#jC�Ce>dm�<��fIh#e>iXg b c�eG�mf2�Á�Pd b {Kf2eGl�jCeG��f2��jmk º%»s¼ o
d/e b {Kj b iXh>i(jCk b
d/l�h>f�eF��f2h>f�g2h>jCe3iXk b h#dm|(|(d/h#iXjCk�}�~8��f�{Aj b i�h#iXjCk b jmlh>��f�o
d/e b iXk�h>��fsh>e#dmk b �Cf2e b f�{�|	dmkVfsi�} f/}8i(k
h#�Vf�0³dmk��m|(f��Pf2e>f@d/| b j���f�d b cVe>f�� i(k���f2{Kf2k���f2k�h>|X� �riXh>��h>��f1)S»Sº³h>e#dmg)( b }�v���|Xj´j (�iXk��
h#j e>d��µ~r½�wµdmk�� ¢ ½�w �
d/h#d dmkÀ�ViXh>h>f��·º%»�¼ o�dme��Ud b ��fI£
k�f2� b j�iXlFh#�Vf�hD��j�§�¨�~
�
dm� £
eGf���dmk���iXlah#��f ¢ ½�w b iX�Ck
dm|W�Pf2e>f b i(�mk�iX£
g�dmkOh#|��¤j��Cf2eSh>��fM{Kf2��f b h dm|�/dm|Xc�f b32 h#�Vf40
{Aj b i�h#i(jmk�jml
h#�Vf8o
dmeJ�Pd b ��f2£�k�f��<d b h>��f	0¦g�jCeGe>f b {Kjmk���i(kV��h>j�h#��fPo
dme.g�f2kOh#f�ead b ��f�d b c�eGf��
i(k@h>��f b c�e��Cf2�m}
)s»�º h#e>dmg)( b ��f�e>f b f�|Xf�gIh#f��n�nf�>)h>e#dm{AjC|	d\h#i(kV�Mh>��f��^h>j�h#�Vfsº%»�¼0dmkV��e>f3+�c�i(eGi(k��<h#��f2�

h#jM��d/h#g ��dmk���i�h>h#f2��o
dme 2 0Ãl�e>jC� h#��j b f�h#e>dmg)( b ��f�eGfsg�dm|(g2c�|	d/h>f���d/h8º%»�¼Z��f�dmk�e#dm�Vi(c b }
~8��f<e>f b c�|XhsjmlTh#��i b�b h#cV�V�C� b ��j��rk iXk�£��Cc�e>f�®´}±p��Wdm|(|Xj��Pf2��d@£
k�f2eSº%»s¼µ�Cf�jm��fIh#e>iXg5dm|
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#JiX�Cc�e>f�®´}±p*$8½�i�¾nf2e>f�kVg�f�iXk 0TxDdmk��C|XfsjmlJh#��fso
dme b l�e>jC� b c�eG�mf2�Ád/k�h#��d/h��<f5d b c�e>f2�¤oO��h>��f
)S»Sº h#e#d/g)( b }

�<j´��f2|.g�jCeGe>f2g2h#iXjCk h#j�oKf<i(�<{�|(f2��f2kOh#f��n}<~8�Vi b g�jCeGe>f�gIh#iXjCk�i b h d (/f�k iXkOh#j�dmg�g2jCc�kOh�iXk�h>��f
l�jC|X|(j��ri(k��V}

~8��f8h#iX��fPd/h�r��iXg ��d�§T¨�~ {�c�| b f8i b e>f2�Ci b h#f�eGf��<d/l�h>f�eJh>��fUk�jC�<i(k�dm|,3543Mo�c�k�g �<g�eGj b>b i(k��
h#iX��f/�Vg�dmk�oAf���j)��f2|(f��@iXk@h#��f��Cf2k�f�e>dm|�l�e>jC� $

�����
	����	�������	 �����C° ��Ou�� 7����r����u ��®´} �Ou

�r��f2e>f � i b dMg�jCk b h d/k�h3jm¾ b f2h3��f b g�eGi(o�iXk��<h>��f�{Ve>jC{
d/�Od/h#iXjCk���f�|(d5� b i(k�h#��fSg5d/o�|(f b � ��� e>f2{´x
e>f b f2k�h b h>��f@h#i(�<f�d/h��r��iXg �Àh>��f�3 43«iXkOh#f�e>dmg2h>i(jCk¶j)g�g2c�e>eGf���� ����� i b h#�Vf�{�dmeGh>i(g�|Xf� b h#iX��f!x
jml	x -
i(�C�Oh��²h>��f�o
d/e�jml b g�iXk�h>i(|X|	d/h>jCe�|(f2k��mh#��i b �8� 7-i b h#��f�f2¾Kf�g2h>iX�mf b {Af�f2�·jml8|(iX�C�OhSi(k�h>��f

b g2i(kOh#iX|(|(d/h#jCe2�Odmk���h#��f�|(d b hTh#f2e>� ��f b g�eGi(oAf b h>��f%h>i(�<fIx �Udm|2(�f2¾Kf�gIh8i(kOh>e>j)��c�g�f2��oO�<h#��f%|(f5d/�´x
i(kV��f��V�Cf-��i b g�eGi(�<i(k
d\h#jCe�i�} f/}�h#�Vf��<f5d b c�e>f2�¦h#i(�<f<��f�{Af�k��Vf�k�g2f@jCk¦h#��f�g �
dmeG�Cf!�M}�~8��f
�-g�j)jCeG��i(k
d\h#f�i b ��f�d b c�eGf��Ád/|(jCk��Mh#�Vf�|(f2k��mh#��jmlh>��f�o
dmeFoO��h>��fsh>e#dmg)(�iXk��-g �
dm��oKf2e��Kh>��f
{Aj b i�h#iX�mf�dmk�� k�f2�Od/h>iX�Cf b i(�CkÁj/lTh>��f�h#f2e>��{�e>jC{AjCe�h#i(jmk
dm|�h#j"��g�jCeGe>f b {Kjmk�� b h#j�d@§T¨�~ i(k
h#�Vf���f b h3jme8f5d b h%f2k���j/lWh>��f���f2h>f�g2h>jCe��
eGf b {Kf2g2h#i��Cf2|X�C}

©%j���f2�Cf2e�h#��f b f�h>f�e>� b d/e>f<k�jmh�g2jC�<{�|(fIh#f�|�� i(k��Vf�{Af�k���f2kOh b iXk�g�f<h#��f@d5�mf�e#d/�Cf-g �
dmeG�Cf
�<f5d b c�e>f2�À��f2{Kf2k�� b jCk·h#��f#� g�j)jCe>�Vi(k
d/h>f-jmlFh#��f@h>e#dmg)(¦�Vc�f@h#jÁh#��f@£
kViXh#f�d\h>h#f2k�c
d/h#iXjCk
|(f2k��C�Oh�jmlrh>��f@o
dme b g�iXk�h>i(|X|	d/h>jCe���d/h>f�eGi	dm|�� b f2f-£
�Cc�eGf�®´}¯®´} ~8��i b fI¾nf2g2hMg5d/k·i(kOh#eGj´��cVg�f�d
g�jme>e>f2|	d/h>i(jCk@oAf2hD��f�f2k�h>��f%$��Cf2|(j)g�iXhD�'&<dmk���h#�Vf(�r����u�h>f�e>� b i(k�f%+�c
d\h#i(jmk�®)}¯�V}
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Mean = 325.0 cm
R.M.S. = 41.3 cm

#JiX�Cc�e>fS®)}�®%$

�Â��f�k�d b iXk��C|(f3g �
dme>�mf���{
dmeGh>i(g2|(f�f2k�h>f�e b d�o
d/e��Vh>��f�h#i(�<f3�ViX¾Kf�e>f2k�g�f�oAf2hD��f�f2k b iX�Ck
dm| b
e>f�dmg ��iXk���h#�Vf�f5d b h8dmkV�-�Pf b h8f2k�� b i b f bGb f2k�h>i	dm|X|X��d�|Xi(k�f�dme.l�c�k�g2h>i(jCk�jml�h#�Vf3h#e>dmg)(�f2kOh#e#d/k�g�f
{AjCi(kOh�d/|(jCk���h#��f@o
d/e����V} ¢ hD�){�i(g�dm|P��i b h>e>i(oVcVh#iXjCk jmlrh>��f-h#iX��f���iX¾Kf�eGf�k�g2f-{�|(j/h>h#f2�¶d b d
l�c�k�gIh#iXjCk�jml �-i bFb ��j��rkÁi(k�#Ji(�mc�e>f�®´} ¬V}%~8�Vf�f2¾Kf�gIh#i��Cf b {Kf2f��Ájml.|Xi(�C�OhFi(k�h#��fso
dme%g5dmk¤oAf
��f2e>iX�mf��¶l�e>jC� h#�Vf-£�h>h>f�� b |(jm{Kf/} #
e>jm� h>��f���i b h#e>iXo�cVh>i(jCk�jml%h>��f@e>f b iX��c
dm| b jmlrh#��i b £�h<d
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 0.03 cm/ns±speed of light = 15.00 

#JiX�Cc�e>f�®´} ¬�$��U�E$D�D�G���)'O���+*,M*�&���6O�3���E���%�)���V� ���!�"#��?�� �����
	�� �� ���
	 ?�4)NE*��D�D�!��1�� �G$�'�$���6O�%�!/�D�����"#�
4�*,�E/� ?��S*�&n���D�G��"��VQWRa6O�r$�" �5�D�D� ���!�M4�*,�E/��$&(�5���!H����&(��*,�¡��6O�����D�D�!��NE�EO�U�5���r��'O�8�D*s�%'�NE���+4)N+�
�D����"��m$�6��+�D���EOL���6O���)�5�!Q

£
e b h%i(k���iXg5d/h>i(jCk@j/lJh#�VfSh>i(�<i(k���eGf b jm|(cVh>i(jCk�jmlf�dmg �¤§T¨�~��Ag5d/k�oAfsjCo´h dmiXk�f���}�~8��i b eGjCc��C�
i(kV��i(g�d/h#jCe8j/lJh#�VfSh>i(�<f���iX¾Kf�eGf�k�g2f�e>f b jC|XcVh#iXjCk�d5�Cf�e>dm�Cf2�¤j��Cf�e3dm|(|no
dme b i b hD�){�iXg5dm|X|X��°C®/y�3;7
jCeoAf2hGh#f2e�}~8��i b i b |	dmeG�Cf�eWo���dm{�{�eGj >´iX��d/h>f�|���d3l d/g2h#jmeWhD��j�h>�
dmk�h#�Vf8e>f b jC|(c´h#i(jmk�jmlKd���f�dmk
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h#iX��fM�<f5d b c�e>f2��f2kOh5�JiXk���iXg5d/h>i(k��@h#��d/hsh>��f�~F��# e>f b jC|(c´h#i(jmk�i b k�j/hsl dme�l�e>jm� jCc�eS��f b i(�Ck
�CjOd/| b }!'´i(k�g2f b � b h>f���d/h#iXg b f2¾Kf�gIh b g5dmk�g5dmkVg�f�|�iXk�h>��f�h#iX��f��ViX¾Kf�e>f2k�g�f��<f5d b c�e>f2��f2kOh5�
h#��i b
f b h#iX��d/h>f3eGf�{�eGf b f2kOh b jCk�|���d/k@i(k���iXg5d/h>i(jCk<jml�h>��f�g5d/{
dmo�iX|(iXh>i(f b j/l�h#��f3º%»s¼Z��fIh#f2g2h#jme�}.~8��f
¢ ½�w e>f b {Kjmk b f��Ud b�b h>c���i(f2�À�ri�h#�Àd b d/��{�|Xf�jml3h>e#dmg)( b �8��d/h>g ��i(k�����i�h>h#f2� º%»s¼ o
dme b �
g�jme>e>f2g2h>f���l�jCerh#�Vfs{
d\h#���VjCk�f�iXk�h>��f b g�iXk�h>i(|X|	d/h>jCe��Vd b dMl�c�k�g2h>i(jCk�jmlh>��f ��{Kj b iXh>i(jCkn}P~8��f
��dmi(k���f2{Kf2k���f�kVg�f�jCk �V�Ai b f�>´{Kjmk�f�kOh#i(dm|²dmk����CiX�mf b d b d<e>f b c�|�hFh>��f�d\h>h#f2k�c
d/h#iXjCk�|(f�kV�C�Oh b
b �Vj,�rkÁiXk�£
�CcVe>f�®)}�®´} ¢ k dm�V��iXh>i(jCk
d/|�f�>´{Kjmk�f�kOh#i(dm|²��f�{Af�k��Vf�k�g2f<jmk � t �n{Ve>jCo
d/o�|X����c�fsh#j
e>f -
f�gIh#iXjCk b d/h�h#��fMo
d/eSf2k�� b �W�Ci��Cf b d@g�jme>e>f2g2hs��f b g�eGi({Vh>i(jCk jml �����Ou b ��j��rk iXkÁ£
�Cc�eGf-®´}¯�
~8��f%��f�{Af�k��Vf�k�g2f�jml�h>��f%{Vc�| b f3��f2i(�C�OhTjCk�h>��f3�<f5d b c�eGf���h>i(�<fFdmk���h>��f3{�dme#dm�<f2h>f�eGi915d\h#i(jmk
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#JiX�Cc�e>f8®´}�� $ ¢ ½�w·e>f b {AjCk b fFl�jCeWº3»s¼ g �
d/k�k�f�|K®m�´�Oi(k b h>jCe>fFzC¬myM� ��f2g�f���oKf2eP°/yCyV�,u!�C�r��i(g �
�
d b d |	dmeG�Cf"�mt�d/h>h>f�k�c
d/h>i(jCk g�jC�<{AjCk�f�kOh�� eGi(�C�Oh uI}ÀwP�
dmeG�Cf���i b h#e>iXo�cVh>i(jCk·i b £Vh>h#f2�«oO� d
��dmk��
d/c�l�c�kVg2h#iXjCk�� |Xf2l�h!u!}

jml�h>��f�h>i(�<f b |(fI�ri(k��«� jme<h>i(�<f��Pdm|2( g2jCe>eGf�gIh#i(jmk�uMfI¾nf2g2h!�F����u�� iXk«f3+)c�d/h#iXjCkÃ®´} �Ou��
d5�Cf
oAf�f�k b h#c��Vi(f���c b iXk��@d b dm�<{�|(f��r��f�eGf�f5d/g �¤h#e#d/g)(�{
d b>b f b h#�Ve>jCc��m��hD�Pj�d/�,+>dmg�f2kOh�o
dme b jml

b g2i(kOh#iX|(|(d/h#jCe2}J½�f2{Kf2k���iXk���jCk<h#��f%{
d/h>�-|(f2k��mh#��i(k�f5dmg �-o�dme��Vdse#d/k��CfFjml ¢ ½�wÀeGf b {KjCk b f b i b
jCoVh#dmi(kVf��MjCk�h#��f8hD��j�g �
d/k�k�f�| b d/h.h#��f b dm��frf2k���j/lKh>��fro
dmeadmk���d/h.h>��f b dm�<f8h#i(�<fm� b i(kVg�f
h#�Vf�h#e>dmg)(Sf�kOh#e>dmk�g�f8{AjCiXk�hWi(ksf5dmg ��o�dmeJi bJb iX��iX|	dme�dmk���dmkO���Pd���c�k���f2eJh#�VfPº%»�¼¥e>f b jC|XcVh#iXjCk
{Aj,��f�e2}a~8i(�<f��Udm|2(!�r���suU�
d b oAf�f�k�{
dme>dm�<f2h#eGi912f��@i(k�d b f2g�jCkV��jCeG��f�er{AjC|(iXk�jC�<i	dm|
iXk�h>��f
�/dme>i(dmo�|Xf�� ��� ��� �������OuGu��r�Vi(g ��d/e>fTdm�
dm{´h#f��Sh#jrh#��fT��f b g�eGi({Vh>i(jCkSjmlVg�jCeGe>f�|(d/h#iXjCk�oAf2hD��f�f�k�h>��f
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dm�<jCc�kOhj/lK|Xi(�C�OhW�Cf�kVf�e#d\h#f��MoO��d3h>e#dmg)(sdmk���h>��fUh#iX��f3� i�} f/}
�Oud\hJ�r��iXg �Mh>��fU��i b g2e>i(�<i(k�d/h#jCe
£
eGf b }

~8��f h#i(�<f¤��i�¾nf2e>f2k�g�f oAf2hD��f�f�k h#��fÁhD��jÀg ��dmk�k�f2| b ��f�{Af�k�� b ��dmi(kV|X� jCkÃh#iX��f��Pdm|2(
f2¾Kf�gIh b }Á½�c�fMh#j�£
kViXh#f�d/hGh#f�k�c
d\h#i(jmk¦|(f2k��mh#��i(k�h#��f�o
dme b � ���O°C® ��� u�h>��f�{Vc�| b f���f2i(�C�Oh
��f2{Kf2k�� b jCk<h>��frf�kOh#e>dmk�g2f3{AjCi(kOhajmlAh#��f8h>e#dmg)(�� �V} #
jCeh#�Vi b e>f�d b jCkMh#�Vf b |(fI�ri(k��Sg�jCeGe>f2g2h#iXjCk
i(kOh>e>j)��c�g�f b d�|(iXk�f5d/e��f�{Af�kV��f�k�g2f�i(k�h>��fFh>i(�<f8��iX¾Kf�eGf�k�g2fFº �����
	��-º  � � 	K�mf�e b c b �´�´eGf b cV|Xh#iXk��
i(k�d�o�i(d b f2��f2¾Kf�g2h>iX�mf b {Kf2f���jml²|(iX�C�OhU��fIh#f�eG��iXk
d/h>i(jCk�} ¢ l�h#f2eUh#��f�h>i(�<f b |(f2�riXk��Mg�jCeGe>f2g2h#iXjCk
h#�Vf%�ri(�´h#�-jmlnh#��f b {Kf2f��@jml�|(i(�m��h���i b h#eGi(o�c´h#i(jmk<l�jCe�dm|X|�h>��f�§T¨�~ b i b�b i(�CkViX£
g�dmkOh#|X�MeGf���cVg�f��
��£��Cc�e>f�®´} zV��e>iX�C�Oh!u�dmkV��jCo b f�e��Cf2�¦|(j��Ux b i(��f�h#dmi(|Ji(kÁh#��fM��i b h>e>i(oVcVh#iXjCkÁi(kÁ£
�CcVe>f�®´}¯z���|(f2l�h u
��i b dm{�{Af5d/e>f��n}

wPjCk b h dmkOhrh#f2e>� � i(k@f%+�c
d\h#i(jmk�®)}¯���Pd brb h>c���i(f2��i(k-h#�Vf�º � � � 	 ��º  � � 	²jm¾ b f2h b jCk�d�o
dme
oO�@o
dmero
d b i b }
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RMS = 0.16 cm/ns
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¢ {�{V|X�)i(k���h#��f¤g�dm|(iXo�e#d\h#i(jmk b f >´{�|	dmiXk�f��«i(k¥{�eGf2�)i(jmc b-b f2g2h>i(jCk¥h>��f�h#iX��f�jml -
iX�C�Oh-jmlsd
{
dme�h#iXg�|(fMg�dmk¦oAf��<f5d b c�e>f2��}�~8��f�{�eGj´�Vc�g2h>i(jCk�h#i(�<f ��� � iXk�f3+�c
d/h#iXjCk·®)}¯�Ou�jmlUh>��f�h>e#dmg)( b
i(k�dmk-fI�Cf�kOh8g�dmk@oAf3�<f5d b c�e>f2�@dmg�g2c�e#d\h#f�|��<c b iXk��sh>��f�e>f2g�jCk b h#eGc�g2h>f��@h#e>dmg)( b {�eGj,�)iX��f���h>��f
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��c�|�h#iX{�|(iXg�iXhD��jmlKh>��f8{�eGi(��dmeG�S�Cf2eGh#f >Mi b �Vi(�C��f2k�jCc��C�n} #Ji(�mc�e>fr®)} � b ��j�� b h>��f8{Kj b>b iXo�i(|XiXhD�Sjml
h#�Vf3º%»�¼ i(k-��i b g2e>i(�<i(k�d/h#iXk���oKfIhD�Pf2f�k�� b c�{Af�eGi(�<{Kj b f��@iXkOh#f�e>dmg2h>i(jCk b i(k�h#��f b dm�<f�o�c�k�g �
g�eGj b>b i(k��V}Tf�dmg ��i(kOh#f2e#dmgIh#i(jmk@�
d b d<��c�|Xh>i({�|Xi(g�i�hD�MjmlWg �
dme>�mf���h#e#d/g)( b dmeGjCc�k���h#f2k�}

#JiX�Cc�e>f3®´} ��$~8��i b {�|Xjmh b ��j�� b ��j��Âh#�Ve>f�f3i(kOh#f2e#dmgIh#i(jmk b g�dmk-�
d/{�{Kf2k�d/hPh>��f b dm�<f3{AjCi(kOh�i(k
�@dmk��¤�mf2h b h#i(|X|�oKf�iX��f�kOh>iX£
f2� d b oAf�i(kV�-��i b h#iXk�g2h3c b iXk��-~F��#P}�°<k b i b h#��f�hD�){�iXg5dm|Wo�c�k�g �
g�eGj b>b i(k��Mh#iX��f b {�eGf5dm��}

~8��f�e>f b c�|�h#iXk���c�kVg�f�e�h dmiXkOhD�-jCk ��� b g5dm|Xf b �ri�h#�¤� � � 	�� ���	� � b j ��� g�dmk@oKf3��f�d b c�eGf��-�ri�h#�
d¶e>f b jC|(c´h#i(jmk b ��d/|(|(f2e�h#��dmk h>�
d/h�jCkÂh#��f ~8iX��f jml#-
i(�m��h�jCk d b i(kV�C|(f¤h>e#dmg)(�}µ~8�Vf ���
�<f5d b c�e>f2��f2k�hFi b jC{Kf2e#d/h>f���oO��e>f�g2jCk b h#e>cVg2h#iXk��Mh#��fS{�e>iX��d/eG�<�Cf�e�h#f >��ri�h#�@h#�Vf�h>e#dmg)( b dmk��
�<f5d b c�e>iXk��3h#�VfPº%»�¼ÃjmlAdm|X|�h>e#dmg)( b iXk�h#��fPf2�Cf2kOhT�ri�h#��{�dmeGh>i(g�|Xf���d bGb �O�´{Ajmh>��f b i b ��f�iX�C�Oh#f��
�riXh>�@h#��f�f�>´{Af�gIh#f���{
dmeGh>i(g2|(f�eGf�|	d\h#iX�mf�l�e#dmgIh#iXjCk b � �<j b h#|X��{�iXjCk b u!}

¢ l�h>f�e8dm|X|Kg�dm|(iXo�e#d\h#i(jmk b �Og2jCe>eGf�g2h>i(jCk b dmk��@fI�Cf�kOh ��� �<f5d b c�e>f2��f2k�hP�Pf2e>f���jCkVfm�´h>��f3h>i(��x
i(kV�seGf b jm|(cVh>i(jCkMjml�dS�Ci��Cf2k�g �
dmkVk�f�|Ag5dmk<oAf%f b h#iX��d\h#f��<oO�Mg�jC�<{
dmeGi(k���h>��f%�<f5d b c�eGf���~F��#
l�jCe�d�h#e>dmg)(¶�riXh#�Àh#��f�f�>´{Kf2g2h>f��Â~F��#¹c�k���f2e�h#�Vf�{�iXjCk¥��d b>b ���){Ajmh#�Vf b i b #JiX�Cc�e>f�®´}���y

b �Vj,� b h#��f���i b h#e>iXo�cVh>i(jCk jmlUh>��f�eGf b jC|(cVh>i(jCk�jCoVh#dmi(kVf����ri�h#��h#��i b {�eGj´g2f���cVe>fm} /�h b ��j�� b d
�<f5dmk��/dm|Xc�fUjml²�C��y5387r�ri�h#�MdmkMª%¨ '�jml²�,® 387C�m�r��iXg �Mi b dm|Xe>f�dm�V�S�Cf�e���g�|Xj b f�h#j�h#�Vf8��f b i(�Ck
�CjOd/| b }
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#JiX�Cc�e>f�®´}���y�$r~8i(�<fIx�jml	x -
iX�C�Oh3eGf b jC|(cVh>i(jCk¦��d/h3h#��f�§T¨�~ l dmg2f�uFl�jCe�dm|(|²o
dme b jml.h#�Vf<wU½�# / /
~F��# �Vf2h#f2g2h>jCe�}

/DkÁ£
�Cc�eGf<®´}X�m��h#��f���d b>b xD�<jC�<f�kOh#c�� b g�d/h>h>f�e�{�|Xjmh�g2jC��{VcVh#f2��c b i(kV�@f%+�}�®´}¯°�l�jCe�|(j��
�<jC��f2kOh#c�� h#e>dmg)( b �Ti b�b ��j��rk�} ~8�Ve>f�f�g2|(f5d/e $Gg�|XjCc�� b &Ág�jCeGe>f b {AjCk���iXk��¤h#jÁ{�iXjCk b � (/d/jCk b
dmk���{�eGjmh#jCk b g5dmk�oKf b f�f�kn}

¢ gIh#c
dm|.eGf5dm|Xi b h#i(gs{Kf2eGl�jCeG��d/k�g�f�jmlTh#�Vf�f�kOh#iXe>fM~F��# b � b h#f2� g5dmk�oAf�jCoVh d/i(k�f2��oO� d/k´x
dm|��%12i(k��¤h>��f���� �����	� b i(�Ck
d/|Pi(k d b d/��{�|Xf@jml%f2�Cf2kOh b eGf�g2jCe>��f2�ÀoO�ÀwU½�# / / }~8��f
�
g5d/k���i(��d/h#f b dmeGf b f�|Xf�gIh#f���l�e>jC� dm|(|�{
d/i(e b j/ljC{�{Aj b iXh#f2|X��g �
dme>�mf���h>e#dmg)( b o���d b>b cV��iXk��<h>��f
(\dmjCk@��d b>b f b �V�riXh>�-h#��f�jmk�|X�<g�jmk b h>e#dmiXk�hPh#�
d/hPh#��f3hD��j�h#e>dmg)( b jCe>iX�Ci(k
d\h#f��<l�e>jC� h#�Vf b dm�<f
�Cf2eGh>f�>K}.vPjmh>�sh>e#dmg)( b d/e>fTe>f%+�c�iXe>f2�sh#jF�
d5�CfPdFh>e#dmk b �Cf2e b f���jm��f2k�h>c�� |(f b>b h#�
d/k����¯®����� � �
dmk����md/|(i(��e>f2g�jCk b h#eGc�g2h>f��·~F��# iXkVl�jCe>��d/h>i(jCk b } #JiX�Cc�e>f�®´}��,° b ��j�� b h#�Vf�i(kO�/dmeGi	dmkOhS��d b>b
��i b h#eGi(o�c´h#i(jmk b jCoVh d/i(k�f2��oAf2l�jCeGf�dmkV�¤d/l�h>f�e%dm{�{�|��´iXk��<~F�.# (\dmjCk b {
dmeGh>i(g2|(f�i(��f2kOh#iX£�g5d/h>i(jCk�}
¢ g2|(f�dme b i(�Ck�dm|�{Kf�d (�i(k�h#��fs��i b h#e>iXo�cVh>i(jCk�dm{�{Af5dme b iXk�h#�Vf�|	d\h>h#f2erg5d b fm�ng2jCe>eGf b {KjCkV��i(k���h#j
d�l dmg2h>jCeF°my�o
dmg)(��CeGjCc�k���e>f2��c�g2h>i(jCk�dmk���zCy�� b iX�Ck
dm|�f��<g�i(f2k�g2� - �C� / }

��  � � � ��� � ��" ��� ����� $���� ����$ � � " �! " �%&# 

~8��fM{�eGi(��dmeG��{�c�eG{Kj b fMjml�h>��fM~F��#Â�Vf2h#f2g2h>jCe�i b h#j�iX��f�kOh#i�l��¤g �
d/e>�Cf2��{�iXjCk b �(\dmjmk b dmk��
{�eGjmh#jCk b }!/Dk�h>��f�g�jmk�h>f�>)hrjml%$³{V��� b i(g b ��{
dme�h#iXg�|(fFi(�Vf�kOh#i�£
g5d/h>i(jCk�i b c b fIl�c�|�oAjmh#�<l�jCePeGf�g2jCk´x

b h>e>c�gIh#iXk��&$ ��f2g5d5� b d/k���l�jme(' -�d5�CjCe�h#dm�C�CiXk���}�/Dk {
dme�h#iXg�c�|(dme3h#�Vf�wU½�#Ã~F��#Ã��f2h>f�gIh#jCe
�Pd b ��f b i(�CkVf��¤h#j b c�o b h dmkOh>i	dm|X|X��i(�<{�eGj,�mf�h#�Vf b h#d/h#i b h#iXg5dm|�{�eGf�g2i b iXjCk¤iXk�h#��f���f�d b c�eGf��<f�kOh
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#JiX�Cc�e>f�®´}X�m� $3~F��#¥e>f2g�jCk b h#eGc�g2h>f�����d bGb �Cf2e b c b �<jC�<f�kOh#cV� l�jCe3{Kj b iXh>iX�Cf�dmk�� k�f��Cd/h#i��Cf
h#e>dmg)( b }T~8��f�h#��eGf�fS��jCeGi91�jmk�h#dm|n|Xi(k�f b g�jCeGe>f b {AjCk���h>jMk�jC�<i(k
dm| 3�� � dmk�������d bGb f b }
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#JiX�Cc�e>f�®´}��,°%$ ��� �	��i(kO�/dmeGi	dmkOh%��d bGb ��i b h#eGi(o�c´h#i(jmk�l�jCe53��J� � � u� ³� ��® ���� � � �K�ri�h#��jmcVh
� |Xf2l�h uUdmk��@�riXh>� ��e>iX�C�Oh!uP~F��# {�dmeGh>i(g�|Xf�/�½�}

jmlwU§À�)i(jC|(d/h#iXjCk��´d b �Pf2|(|�d b h>��f b f�k b iXh>iX�)iXhD��i(k��<f5d b c�e>iXk�� $ �� j b g�iX|(|	d\h#i(jmk b }
v��sh#��fUh>f�e>� & '!-�d5�CjCc�eh#dm�C�CiXk�� &3��f8�<f5dmk�h>��f8f�k b f���oV|(f8jmlA{�eGj´g2f���c�eGf b dmkV��d/|(�CjCeGiXh>��� b
�r��iXg �Mdmg2hh>j���f2h>f�eG��iXk�fPh#�Vf -�d5�CjCcVe.jml
h#��f $¡�<f b jCk��r��f2k<i�hJ�Pd b {�eGj´��cVg�f��n}~8��fU£
�CcVe>f
jmln��f2e>iXhal�jCeTd!'�-
d��mjCc�eah dm�m�Ci(k��S�<f2h#�Vj´�<i b iXh b &/h#jmh#dm|�h dm�m�Ci(k���fI¾nf2g2h#i��Cf2k�f bGb &���� *�t5}~8��f
f��<g2i(f�kVg2�	�3dmg2g�jCc�kOh b l�jCerh#��f�l dmg2hFh#��d/h%��f�g�dmk¤dm{V{�|X��d -�d5�CjCc�eFh dm��jCk�|��@h#j�d<l�e#d/g2h#iXjCk
��y
�5�,u�jml�h>��f#$ g5dmk��Vi(�
d/h>f b } ~8�Vf���iX|(cVh>i(jCk * i b e>f�|(d/h#f2�Àh>j�h#�Vf�l dmgIh�h>�
d/h b jC�<f2h>i(�<f
h#�Vf�jCoVh#dmi(k�f2��h#dm�-i b �re>jCkV��}(/�la��f�g5dm|X|�� h>��f�{�eGjCo
dmo�iX|(i�hD�-h#�
d\h3h#�Vf�h dm��i b g�jCeGe>f�gIh5�nh>��f
��iX|(cVh>i(jCk i b h>��f�k¦�Vf2£
k�f2�¶d b * � °� �¡�C� b j�l�jme�d�{Kf2eGl�f2g2h�h#dm����f��riX|(|.�
d5�mf1* � �C�
dmk���l�jCeSd�e>dmk���jC��h dm� * � y´}�~8��f<h#jmh#dm|h dm�m�Ci(k���fI¾nf2g2h#i��Cf2k�f bGb � *�t��Vf2h#f2e>�<i(k�f b h>��f
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f2¾Kf�gIh#i��Cf b h d\h#i b h#iXg5dm|{Aj��Pf2esj/l�h>��f b dm�<{�|(f/� b j�h>�
d/h���l�jme�f�>Vdm�<{�|(f/��h>��f b h#d/h#i b h#iXg5dm|Jf�e>eGjCe
jCk<h#��fF��f2h>f�eG��iXk
d/h#iXjCkMjml�d�wU§·d b �)�<��fIh#eG��� �riXh>� ��h#jmh#dm|
g5dmkV��i(�
d\h#f b i b {�eGjC{KjmeGh#iXjCk
dm|
h#j���� ��� ��
	��� } ¢ k dm�V��iXh>i(jCk
d/| -�d5�Cjmc�eSh#dm�C�CiXk��@�<f2h#�Vj´� h#�
d\hS��jCc�|X��iXk�g�eGf5d b f b � *�t
oO��d�l dmg2h>jCe8jml²hD�PjM�Pjmc�|(��|(f�dm�@h#j<d�e>f��Vc�g�f2� b h#d/h#i b h>i(g5d/|�f�eGe>jCe8jCk�� oO��� °´}

~8��f<��fIh#��j)� b jml ' -�d5�CjCc�e�h d/�C�Ci(kV�@g5dmk�oKfM��i��)i(��f2��iXk hD��j�g5d/h>f��CjCeGi(f b $ &CjC{�{Aj b i�h#f!x

b iX��f &�h dm�C�mi(k���� � '´~FuFdmk���h>��f(& b dm�<fIx b i(��f &�h#dm�C�CiXk��¤� ' '´~Fu!}K~8��fsl�jCe>�<f�eFe>f2|	d5� b jCk�h>��f
l dmgIhFh>�
d/h8h>��f���jC�<i(k
dmkOh8{Ve>j)��c�g2h>i(jCk��<f�g �
d/k�i b � jml ' +)c�dme ( b i(k��
dm��eGjCk�g�jC|X|(i b i(jmk b �Cf2k´x
f�e>d/h#f b ' 4 '�{
dmiXe b } ~Wj¶iX��f�kOh#i�l��Àh>��f -�d5�Cjmc�e�jmlsd¶eGf�g2jCk b h>e>c�gIh#f2� $¿�<f b jmk j/l�iXk�h>f�eGf b h��
��f-i(��f2kOh#iXl��Áh>��f -
d��mjCc�esjml8h#��f b f2g�jCk�� $ �
dm��eGjCk¦iXk�h#�Vf�f2�mf�kOh<dmk���i(kVl�f2eSh>��f -
d��mjCc�e
d/hs{�e>j)��c�gIh#iXjCk jmlPh#��f�{�e>iX��dme��ÁjCk�f/}�~8�Vf b d/��f!x b iX��f -�d5�CjCc�esh dm��f�>´{�|XjCiXh b iXk b h>f5dm� h>��f
g�jme>e>f2|	d/h>i(jCk�oAf2hD��f�f�k	' -�d5�CjCc�e�dmk���h>��f�g �
dmeG�Cf�jml.h>��f�{�dmeGh>i(g�|Xf b dmg�g2jC��{�dmkO�´iXk���h>��f�eGfIx
g�jmk b h>e>c�gIh#f��&$�}!/Dk@{�dmeGh>i(g�cV|	dme2�´d � � i b f�>´{Kf2g2h>f��@h#j�oAf3{�eGj´�Vc�g�f2��iXk-d bGb j)g�i(d/h#iXjCk��ri�h#��d
$ � ��f b jCkn��dmk���d � � �ri�h#��d 4$ � }

~8��f�wU½�# / /s~F�.# g5d/k«oAf�c b f�� h#j�f�k���dmk�g�f�oKj/h#� jC{�{Aj b i�h#fIx b iX��f�dmk�� b dm�<fIx b iX��f&'
-�d5�Cjmc�eUh dm�m�Ci(k��V}~8��f���f2g5d5� b j/l 4$0�
d/��e>jCk b �ri(|(|Ag�jmk�h#dmi(k@�<jCeGf�|(i2(mf�|���d � � h>�
dmk�d � �
i(kÁh>��f�£
k
dm| b h d/h>f<�Vc�f<h>j&' � � � 7<��f�f0( ��f2g5d5� b }�~8��f�eGf2l�jCeGf�iX��f�kOh#i�l��)i(k���d@g �
dmeG�Cf��
(\dmjCk<l�e>jC�³h>��f $Sx���f�g�d5��g�dmk-oAf%c b f���d b dmk�jC{�{Aj b i�h#fIx b iX��f '�-
d��mjCc�eTh dm��} /Dk #Ji(�mc�e>f%®´}����
h#�Vf�¨�jCkOh#f2g5dmeG|(jÁ�<jC��f2kOh#c�� b {Af�gIh#e>cV�¿jml (\dmjCk b l�eGjC� h#��f@jC{V{Kj b iXh>fIx b i(��f $ ��f�g�d�� h#j
h#�Vf $ � � 4$ � � � ��� � �� b iX�Ck
dm|.i bsb ��j��rk�}�¨�jCe>fMh#��dmk¶®my � j/lPh#�Vf-d5�/dmi(|(dmo�|(f�(\dmjmk b d/e>f
i(k�dM��jm��f2k�h>c�� e>dmk��Cf��r��f2e>fsh>��fswU½�# / /�~F��# g�dmk��Ci��CfSd�°�� b f�{
d/e#d/h>i(jCk�{Aj,��f�erl�e>jm�
g �
dmeG�Cf�� {�iXjCk b }�~8��f�wU½�# / /S{Ajmh>f�kOh#i(dm|�l�jCesh#��f�jC{�{Aj b iXh#f!x b i(��f�-�d5�CjCc�e (\dmjCk¦h#dm� c b iXk��
h#�Vf�~F��# �
d b oAf�f2kÀf b h#iX��d\h#f��·�ri�h#� d�¨�jCkOh#f2g5dmeG|(j b i(��c�|	d/h>i(jCkn�.d b>b c��<i(k��¤h>��f���f b i(�Ck
e>f b jC|XcVh#iXjCk<jmla��yCy 387C}~8��i b �Od5�Cf � * t � � ° �±p �y ��°Cu �-�´�r��iXg �-i b ��jme>frh#�
dmk-dSl dmgIh#jCeThD�Pj
��iX�C��f�eUh>�
dmk�h#��f�hD�){�iXg5dm|n�/dm|Xc�f b jCo´h dmiXk�f���i(k�ªrc�k / }
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σ1 = 58 µm

σ2 = 130 µm

Before Alignment
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After Alignment

σ1 = 51 µm

σ2 = 113 µm
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w�^`Y{dmY 47F0GHF0I Ucsi\g^`YV[��`l]r�Y{dPqe�.� � puY{h�b�noUc[uf�UX[C\_^`Y	b��`�`dgqe�`dgUcb�\_Y2lSqop`YÆUX[C\_^`YVpkb²\jbbe[`p
@ F0GJF0I

bedmYC\_^`YµqEWeY{d_b�acavb�h{h{YR�u\jb�[`h{Yµ��qZd]Y{behj^ qe��\_^`Yµp`YRh�b�n�l�q�puY{s{�Å�P^`UXs]Uc[`hRac�`puY{s
r�qe\_^�³HK¾� \_dmUcfZfZYRdvYRÍ�hRUcY{[uhRnÎbe[`pÎqML�Uc[uYVdgY{hRqZ[`s�\_dg�uhR\_UXqZ[ÎYRÍ�h{UXY{[`h�nZ�

�P^`Ucsªhj^kbe�u\gY{dvUXsis�\_dg�uhR\_�udgY{pMb�sª��qZaXacqEw�sBN.sgY{h�\_UXqZ[ Ñ �;O�� Ð p`YRsgh{dmUcr�Y{sPbzsm\_�upun�q��¤\_^`Y2lSqZs�\
dgYRacY�Web�[�\�y�Uc[uY{lSb�\_UXhPYRÃ�Y{hR\gsihRqZ[~\_dgUXr`�u\gUc[`f	\_qzb�[uqZ[�[`YRfZacUXfZY�b�r`acYvpuUXÃ�Y{dgYR[`h{Y�Uc[�\_^uY2dmY{a¨b²\_UXWeY
\_dmUcfZfeY{d�YRÍ�h{UXY{[`h�n�qe�¿\_^`Y�Web�dgUcqe�`sªl�qop`Y{sR�+�P^`Ucs�sm\g�`pun�wvbesi��YRdm��qZdmlSYRp��`smUc[`f½b�sgUXlS�`aXUX¦kYRp
sgUXl]�`acb�\_UXqZ[�qe�¾\g^`YM\_dgUXfZfZYRd�be[`p*puYR\_YRhR\gqZdBP�Uc[ sgYRhR\_UXqZ[`s Ñ �;O��QOCR Ñ �;O�� ±Ë\_^uY�l�qZdgYMhRqZlS�uacYR\gY
sgUXl]�`acb�\_UXqZ[tqe��\_^uY!S Ð be[upTS�O2\gdgUcfefZY{d@UXs@p`UXsgh{�usgsgYRpº�+¼:UX\g^]\_^`UXs@\_qoqZa�\g^`YPYRÃ�Y{h�\_s�qe��[o�uh{acY{bed
Uc[~\gY{d_b�hR\_UXqZ[`sR|�p`YRh�b�nosVUc[�U`UcfZ^~\�wiYRdgY]\jb�yeY{[�UX[~\_qCb�h{h{qe�`[~\	bZbes�wiYRaca@b�s2\_^uY]lSqedgY�dgY�b�acUcs�\_UXh
sgUXl]�`acb�\_UXqZ[Mqe�+\_^`Y]³HKÆ���`dmq�hRY{smsgqZd2r`U¨besmY{s<PºsgYRhR\_UXqZ[ Ñ � ¬SpuY{sghRdgUXr�YRsÆ\_^`Yzpkb�\jb�s_bel��`aXY�\g^kb�\
^kbes2r�YRY{[��`smY{pVPº\g^`Y]b�hR\_�`bea.smUcfZ[`bea.Y Áo\_d_b�hR\_UXqZ[ËUXs2p`UXsghR�`sgsmY{p Uc[�sgY{h�\_UXqZ[ Ñ � ®�P�\g^`Y]dmY{sg�uaX\ÆUXs
�`dmY{sgYR[~\_Y{p�Uc[�smY{hR\gUcqZ[ Ñ � ®`� ¬WPº¦k[kb�acaXnÎ��qZaXacqEw�sÆbµp`UXsgh{�usgsgUXqZ[ qZ[�smnos�\_Y{lSb�\gUch{s�b�Ã�Y{h�\_UX[`fC\_^`UXs
l�Y�besm�`dgYRlSYR[�\�UX[ÎsmY{h�\_Ucqe[ Ñ � ±�be[`pMsgqelSYV���u\g�`dgY	��Y{dgsm��YRhR\gUXWZY�Uc[µsmY{h�\_Ucqe[ Ñ �AXu�
ACBZY []\	^B_zH@Q<`a\ O�Ja^C^<\VO�H@Q{J�G \�b O�QB\VG�O�QB\�c
d+egf+eih jlkm�naoqpsrut	v�owv�xykVz�oqp-{}|Wpix}~��sv(z�p-��m�|Hz�~	��p-k�|

� sgbel��`acYÎqe�	�'l�Y{smqZ[`s�feY{[`YRd_b�\gY{p w�UX\g^��PT��KÈ?«¬ Ñ ¯2be[`p*sgUclt�`a¨b�\gY{p w�UX\_^ \_^`Y�T	YR[�Ì
��dgUcf�« ¬ � ¯i�`behjy²befZY���sgYRYChj^kbe�u\gY{d�XÎsgYRhR\_UXqZ[�Xu�;OÎ��qZd�p`YRsgh{dmUc�u\gUcqZ[ � |@UX[�qZdmp`Y{d�\_q�UXacaX�`sm\gd_b�\gY
^`qEw*\g^`Y�p`UXÃ�Y{dmY{[~\Ky�Uc[`YRl�b²\_Uchiqe��\g^`YPW�bedgUXqZ�`s+p`YRh�b�n�lSqop`YRsKb�Ã¿YRhR\gsK\g^`Y�dgYRa¨b�\gUXWZYih{qZaXacY{h�\_UXqZ[
YRÍ�hRUcY{[uhRnZ�µ³�l�b�aca#W�bedmU¨b�\gUcqZ[`sVUX[Å\gdgUXfZfZY{dVY�Í�h{UcYR[`h{UXY{szbedgY�Y�Á���Y{h�\_Y{p�p`�`Y�\_qM\_^`Y�p`UXÃ�Y{dmY{[~\
� W�beac�`YRs]qe�P\g^`Y�\_^udgY{Y�p`Y{h{bEnos�l�q�p`YRs]bedmUcsmUc[`fÎ��dgqZl \_^uYCp`UXÃ�Y{dmY{[`hRY{s½UX[�\_^`YS¦k[kbeaªsm\jb²\_Y
�kbed�\_UXh{acY¾l�besmsgYRs{�K�P^`Ucs�b�Ã�Y{h�\_sP\_^uY�l�qZl�Y{[~\_�ul p`UXsm\_dmUcr`��\_Ucqe[µbesvwªY{aca&b�s�\g^`YVp`YRh�b�nÎbe[`fZaXY
qe��\_^`YV\xwªqS�`bedm\gUch{aXY{svw�U�\_^MdgYRsg��Y{hR\�\_q½\g^`Y���l�Y{smqZ[�U`UcfZ^~\�p`UXdgY{h�\_UXqZ[µUc[µ\_^uY�acberµ��d_bel�Ye�

�PT���È'UXsC�`smY{p \_q�fZYR[`Y{dgb�\_Y � � lSYRsgqZ[`sC\g^kb�\Mb�dgY��`dmq�p`�uh{Y{p ��qZaXacqEw�Uc[uf�\_^uYËs_bel�Y
sg��Y{h�\_dgbM� r�qe\_^����&be[`pµdgbe�`UXp`UX\xn � besªwibesv�`smY{pµUX[�\_^`Y2dg�`[uÄªb�[kbeaXnosmUcs¾« ¬��²¯¿qZ[C��� £ �`dmq�p`�uh�Ì
\_UXqZ[º�@�P^uY{sgYVsm��YRhR\gd_b]wiYRdgY	b]dmY{sg�uaX\vq��#b�\_^`YRqZdmn�h�beaXh{�`acb�\_UXqZ[Sr~n���� }vb�h{h{UcbedgU@���0���M�����t« ® ��¯°�
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�P^`UXs�}v�V��dg�`[`ÄªlSY{besg�udgY{l�Y{[~\�qZ[Î��� £ wibesPrkbesmY{pÎqZ[MsgYRlSUXacY{��\_qZ[`UXh¾p`YRh�b�nos2q��.hj^`bedgl�Y{p
l�Y{sgqe[`s½be[`p�aXq�qeyeY{p�\_q be[�^uUcfZ^`YRdtl�qZl�Y{[~\_�`l sg��Y{h�\_dgb���qZdz\g^`YCl�Y{sgqe[º��Äx[��kbed�\_UchR�`a¨b�d
p`�`Y]\gqCdgYRh{qZ[usm\_dm�`hR\gUcqZ[�l�qZl�Y{[~\_�ul�\g^`dgYRsg^`qZaXpË��qZd¾lt�`qZ[`sÆUX[Ëdg�u[`Äj|�\g^`Y½¶@\	sg��Y{h�\_dg�ul�qe�
\_^uYz��� £ s�\jbed�\_YRpÎ��dmqZl Ð ��TVY<Kt�k�P^`Y	Y�Áo\_dgbe��qea¨b�\gUcqZ[µqe��\_^uYVh�beaXh{�`acb�\_YRpÎsm��YRhR\gdg�`l�\gq�\g^`Y
�`dmY{sgYR[~\¾aXqÊwªY{d�r`Ucbesvwibes2puqZ[`Y	�`sgUX[`f�b½sgl�q�qe\g^µ���`[`hR\gUcqZ[¿�

³�Uc[ufZacY¾� � bedgYÆfeY{[`YRd_b�\gY{pÎUc[�\g^`YÆ\_dgbe[`smWeY{dmsgY�lSqZl�Y{[~\g�`l b�[`pMd_be�`UXp`UX\xn�dgbe[`fZY������� �
®¾T	Y0K���hzbe[`p	� 
 � � ��� Ð� �u�v�P^uYzr�Y�bel ��qZsmUX\_UXqZ[µ��qZdP\_^`UXs2smUcl]�ua¨b�\gUcqZ[CUXs2hRY{[~\_YRdgYRpËqZ[�\g^`Y
[`qZl�Uc[`bea }v�V��qZdgUXfZUc[�b�[`pS\g^`YPw�Ucpu\g^`sªq��¿r�Y�bel b�dgY�sgY�\idmY�besmqZ[kber`a�n]\_q������ � � OZ±��¿lÀbe[`p
��� � ¬��Vh{lÎ�@�P^`Y�YRWeY{[~\_sibedgYP��YRp�\gq�\g^`Y2T	YR[`��dgUcfVsmUcl]�ua¨b�\gUcqZ[]q���\g^`Y#S Ð be[up�S�O¾\_dmUcfZfZYRdgsR�
�P^`UXsv�kbehjy²befZYV�udgqEWoUcp`YRsPbt� besm\vsgUclt�`a¨b�\gUcqZ[�qe�&p`Y�\_YRhR\_qed�be[`pC\_dmUcfZfeY{didmY{smqZac�u\gUcqZ[CbesiwªY{aca¿bes
bÆ� beUcdmaXnzp`YR\_beUcaXY{p½p`YRsghRdgUc��\_Ucqe[�q���\gdgUcfefZY{dKbeaXfZqZdmUX\_^ulSsR� � \gqe\jb�a`qe��� ¬ ? Ð ���KYRWZYR[~\_sK��qZd+Y�behj^p`YRh�b�nMlSqop`YÆwªY{dmYz�`smY{pM��qZdv\_^uUcs�sm\g�`punZ�
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�#UXfZ�`dgY Ñ � Ð N��ÆU�Ã¿YRdgY{[uh{YËUX[�� r�Y�\xwiYRY{[:\_^`Y\xwªq2\_dgbehjy�s#UX[	\g^`YK\_^`dmY{Y�p`Y{h{bEn�l�q�puY{s&r�Y���qZdgY
S�Oi\_dgUXfZfZYRd¤h{�u\gs{|eru�u\�dgY{Ç��`UXdgUX[`fP\xwiq�\_d_b�hjyos�Uc[\_^uY �V�#� behRh{Y{��\jbe[`hRYe�i³�Y{YÆ\gY�Áo\v��qZdidgY{acb�\_U�WZY[`qZdml�b�acU"!{b�\_UXqZ[º�
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�#Ucfe�`dgY Ñ �QOHN��ÆUXÃ�Y{dmY{[`hRYËUc[�� r�Y�\xwiYRY{[:\_^`Y\xwiq�\_dgbehjy�s2UX[C\_^`YV\g^`dgYRY�puY{h�b�nMl�q�puY{s�b��´\gY{d
S Ð b�[`p�S�Ot\_dmUcfZfeY{dPh{��\_s�bedgY�be�u�`acUXY{p

�P^`YCl�qZsm\tUcl���qedm\jb�[�\�Y�Ã¿YRhR\�b�\�\_^uY�¦kdgs�\]aXYRWZYRaª\gdgUcfefZY{d�bedmUcsgYRst��dgqel'\_^`Yµb�h{h{YR�u\jb�[`h{Y
qe��\_^uYM}$#Æ� be[up%�V�#�À\_dmUcfZfeY{d{� � s]UX\tUcs]sm^`qEw�[¥Uc[�¦kfu� Ñ � Ð \_^`YM� � � ¢&¹ ¢#» p`Y{h{b�n�s
\_YR[`pË\_q�^kb�WZY�b�fZdmY�b�\gY{d2p`Y{h{bEnËbe[`fZaXY�\g^kbe[Ë\g^`Y]� � � ¸ ¢ be[`pË\g^`Y{smY]Uc[�\g�`dg[�\_^kbe[Ë\g^`Y
� � � ¸ ¹ ¸ » p`Y{h{b�n�sR�i�P^`Y�qZ��Y{[`UX[`f�be[`fZaXYVp`Ucs�\_dmUcr`�u\gUcqZ[Å��Uc[µ\_^uY'&CpuUcdgYRhR\gUcqZ[ � UXlS�uacUcYRsPb
fZdmY�b�\gY{d�beh{hRY{�u\_be[`hRY2��qZdK¸�¸ \_^kbe[�¸ ¢ b�[`p ¢¿¢ dmY{sm��YRhR\_U�WZYRaXn�p`�`YP\_q	\_^uY�sml�b�acacYRd#��d_b�hR\_UXqZ[
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qe�	^`UXfZ^ &¥\_dgbehjy�sµlSUXsgsmUc[`fÅ\_^`YËqe�u\_YRd�sg�u��YRdga¨b�neY{d �°³WS�X � qe��}$#Æ� Uc[©\_^`Y���qedgl�Y{d�h�besmYe�
�P^`YC^uUcsm\gqZfZdgbelSszUc[�r�qe\g^�¦kf`� Ñ � Ð be[`p�¦kfu� Ñ �;O�^kb�WZYMb�[�bedgruUX\_dgbedmnÅ[`qedglSbeacU !�b�\gUcqZ[Ë\g^kb�\
Ucs	\_^uYCs_bel�Y���qZd]beaXa@\_^`YS\_^`dmY{Y�puY{h�b�n�lSqop`YRs{�Î�P^`YCfZdmY�b�\gY{d]b�h{h{YR�u\jb�[`h{Yµb²\�S¤YRWeY{a Ð ��qZd
� � � ¸ ¹ ¸ » p`YRh�b�nos½Ucszbe�`�kbedmY{[~\t��dmqZl \_^`YSUc[~\_YRfZd_b�a�q��v\_^`Y�¸�¸ ^`Ucs�\_qZfed_bel dmY{a¨b²\_UXWeY
\_qË\g^`YCqe\g^`Y{dms]Uc[�¦kf`� Ñ � Ð UX[�w�^`Uchj^�\g^`YCp`U�Ã¿YRdg[`hRYµUc[�b�[`fZacY � r�YR\xwªY{YR[ \g^`YC\xwiqË\gd_behjy�s
Ucs½sm^`qEw�[*r�YR��qZdmYC\_^`Y�S�OËr`U¨b�sgY{s½ru�u\�dgY{Ç��`UXdgUX[`fË\_^kb²\Sr�qe\g^¥\gd_behjy�s�bedmYÎUX[�\_^`Y �Æ�#� S Ð
behRh{Y{��\jbe[`hRYe�
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�#UXfZ�`dgY Ñ � ¬3N#¶+dgq�¦kacYPqe��berusgqZaX�u\_YvW�beaX�`YPqe� \_^`Y\_dgbehjy�s	Ucl��kbehR\¾�kbedgbelSY�\_YRd � ��� �`WeY{dmsg�`s	\_^`YRUcd\_dgbe[`s�WZY{smY��`acbe[`Yµb�[`fZ�`acbed]sgYR�kbedgb�\_UXqZ[�� � FZF����qedv\_^`Y�¸�¸ l�qop`Y � �
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�.UcfZ�`dmY Ñ � ®WN�S�O	\gdgUcfefZY{dKYRÍ�hRUcY{[uhRnSbesªb����`[`h Ì\gUcqZ[�qe��� � F0F ��qZd2\_^`Y]\g^`dgYRY�hRqZ[`smUcp`YRdgY{p p`Y Ìh{b�nµlSqop`YRs
� \/S¤YRWZYRa�OCUcl��kbehR\¾�kbedgbelSY�\_YRdÆh{�u\gs�bedgY½b��`�`acUXY{p be[up wªY]¦k[`pÅbµdgY�WZYRdgsgYRp�smUX\_�`b�\_UXqZ[

w�^`YRdgYµ�C� � ¢ ¹ ¢ » p`Y{h{b�n�s�b�dgYS� b�WeqZ�`dgYRp�w�UX\g^�dgYRsg��Y{h�\t\_q�\_^`YSqe\_^`YRdgstbesz\g^`Y�dmY{a¨b²\_UXWeY
sgU !{YRsµqe�	\_^`Y�^`UXsm\gqZfZd_b�lSsCUX[ ¦kf`� Ñ �QO�sm^`qEw	�"�P^`YRdgY UcsR|2UX[ � behR\{|¾b�\gdgUXWoUcbea2puY{��Y{[`p`YR[`h{Y
� �����
	��� ��� �g� r�Y�\xwiYRY{[½\_^`Yipkbe�`fZ^~\gY{d.\gd_behjy�Ucl��kbeh�\#�`bed_bel�YR\gY{di� ��� � be[`p]U�\_s#puY{h�b�ntbe[`fZaXY
��� � w�UX\_^SdgYRsg��Y{hR\ª\_q�\_^`Y��kbedmY{[~\iaXqZ[`f�acU�WZY{p��kbed�\_UXh{acY1UkUXfZ^~\��kb�\_^SUc[�\_^`Y�\_dgbe[`smWeY{dmsgYÆ�`acbe[`Y��
� sgUcl�UcacbedvdmY{a¨b²\_Ucqe[`sg^`UX�M^`qZacpus2r�YR\xwªY{YR[�� � F���F�� � � � F ¹� � � F »� �ube[`p � � F �� ��qZd � � F �� � � � [bep`puUX\_UXqZ[kbea�YRÃ�Y{h�\�|kb²\P^`Ucfe^�� � F��JF�� |upu�`YÆ\_q�p`YRh�b�nos�w�U�\_^MbtWeY{dmnµbesmnol�lSY�\_dgUXh�����sm^kbedgUX[`fUc[�\_^uY�acber���d_bel�YPr�Y�\xwiYRY{[�\g^`Y�\xwiq�\_d_b�hjyosR|�h{be�`smUc[`fzqZ[`YP\_dgbehjy]\_q�lSqEWeY�WeY{dmn�hRacqZsmY�\gq�\g^`Y
�kbedmY{[~\�lSYRsgqZ[ \_^��`s�^kb�WoUc[`fÎqZ[Åb�WZYRd_befZYSbMsglSbeacaXY{dÆUXlS�kb�hR\V�kb�d_bel�YR\gY{d{���#UXf`� Ñ � ¬Msg^`qEw�s
\_^uY bEWeY{dgbefZY � � F G� � |2besMb����`[`hR\gUcqZ[ q���� � F���F�� ��qedC\_^`YË\g^`dgYRYÅpuUXÃ�Y{dgYR[~\Mp`Y{h{bEn lSqop`Y{sR|sg�ufZfZY{s�\_UX[`fÅbe[¥^`UcfZ^uY{d½�`dmqZrkber`UXacU�\xnÅ��qed]\_^`YM� � � ¢ ¹ ¢ »*l�qop`YC\_q s_b²\_Ucs��´n�\g^`YC\_dmUcfZfZYRd
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Ucl��kbeh�\��kbed_b�lSY�\_Y{d�dgYRÇ��`UcdmY{l�Y{[~\�� � sm�`lSlSbed�n qZ[�\g^`Ucs�YRÃ�Y{h�\_UcszfZUXWeY{[�UX[�\g^`Y�fZdgbe�`^�Uc[
¦kf`� Ñ � ®�\_^`b�\]sm^`qEw�s]\_^`Y�S�OÎ\gdgUXfZfZY{d�YRÍ�hRUcY{[uhRn�b�s]b����`[uhR\_UXqZ[�qe� � � F���F�� � � s½b�dmY{sg�uaX\\_^uY SO�\gdgUXfZfZY{dzqZ[¥Ucl��kbeh�\]�kbedgbel�YR\_YRd]Y{[u^kbe[`hRY{s�sgUXfZ[`UX¦`h�be[~\_a�n \_^`YM� � � ¢ ¹ ¢ »¥noUcYRacp
be[`p�sg�`�u�`dgYRsgs¾\g^`Yt� � � ¸ ¹ ¸ » w�UX\g^�dmY{sg��Y{h�\¾\gq�\g^`Yt� � � ¸ ¢ l�qop`Ye�ªÄx[Î\g^`Ucs�wvb�n�b
dgYRa¨b�\gUXWeYªb�h{h{YR�u\jb�[`h{Yib�\&\_^`YK\_dmUcfZfZYRd¤acY�WZY{a�qe� �����
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UcsPpuYR\_YRdgl�Uc[`YRpÎ��dmqZl \g^`Y	YRÍ�h{UXY{[`hRUcYRs�dmY{��qZdm\gY{pÎUc[µ\jb�r`acY Ñ � Ð �
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S�O½h{�u\gst«��t¯ Ð� ¬e®����  ��� Ñ Ð� ®~±�� �  �M� Ñ Ð� ± Ð � �  ��� ÑqML�Uc[`YVhR�u\_st«��t¯ X �  X����  O X��  ±����  O XM�  ±����  O

�.ber`acY Ñ � Ð N	��dgUXfZfZY{d	b�[`p dgY{hRqZ[`s�\_dg�uhR\_UXqZ[ÅYRÍ�h{UXY{[`h�nÅ��qedÆ\_^`Y½\_^udgY{Y�p`YRh�b�n l�q�p`Y�� #�LSUX[`YdgYRh{qZ[usm\_dm�`hR\gUcqZ[ÎYRÍ�hRUcY{[uhRnMUcsPh{beachR�`a¨b²\_Y{pµw�U�\_^MdgYRsg��Y{hR\�\_q�YRWeY{[~\_s2�kbesmsgUc[uf�\g^`Y/S Ð be[up�S�O\_dmUcfZfeY{d�h{�u\gs{�Å��lSYRsgqZ[us]^kbes]r�Y{YR[�fZY{[uY{d_b²\_Y{p�w�U�\_^��vT/�KÈ�be[up�\_dgUXfZfZYRdtbe[up�p`YR\gY{h�\_qZdsgUXl]�`acb�\_UXqZ[C�`smY{pÎUcs2T	YR[`��dgUcfu�

�P^`YT�Ë}·YRWZYR[~\_s�^kb�WZY½r�Y{Y{[ dmY{h{qe[`sm\gdg�`h�\_Y{p��`sgUX[`fC\_^uY½s_bel�Y½be[kb�aXnosgUXs¾�`dmqZfZd_b�l�\g^kb�\
^kb�WZYzr�YRY{[��`sgYRp���qZdPpkb�\_bË��sgY{h�� Ñ � ® � �i�P^uYzdmY{h{qe[`sm\gdg�`h�\_Ucqe[�YRÍ�hRUcY{[uhRn�b��´\_YRd�beaca¤hR�u\_s�^kb�WZY
r�Y{Y{[�be�u�`acUXY{p]UXs@Y{s�\_UclSb�\gY{p]\_qVr�Y!X � �AX��C|AX��u� ±��·be[`paX��u� ±��·dgY{sm��YRhR\gUXWZYRaXnz��qZd#\_^uY�¸�¸�| ¸ ¢
be[`p ¢¿¢ l�qop`Y{sÆsmqC\_^kb²\Æ\_^`Y½�uUchR\g�`dgYtY{l�Y{dgfeUc[`fµb²�´\_Y{d2\_dgUXfZfZYRd¾sgUXl]�`acb�\_UXqZ[�UXsÆUc[�� b�hR\VhRqZ[�Ì
¦kdmlSYRpÎY�WZYR[�b��´\_YRdv¦k[kbea&b�[kbeaXnosmUcsPqZ[µ\_^uY	� b�sm\�sgUXl]�`a¨b²\_Y{pµsgbel��`acY��

Äx[�sm�`lSlSbed�nZ|k��dgqZl�bSs_b�lS�`aXY	qe�@smUcfZ[kb�a��Ë} w�UX\g^�b�� besm\t� �`bed_bel�YR\gdgUXh � p`YR\gY{h�\_qZd2be[`p
\_dmUcfZfeY{dismUcl]�ua¨b�\gUcqZ[º|�wªYVp`Y{dmUXWZY�be[µqEWeY{d_b�aca¤behRh{YR�u\jbe[uh{Y	h{qZdmdgYRhR\_UXqZ[µ� behR\gqZdi��qZdª\_^`YVdmY{a¨b²\_UXWeY
noUcYRacp`sÆq��+\_^`Y�� � � ¸�¹¤¸�»�b�[`p � � � ¢ ¹ ¢ »Ål�qop`Y{s�w�UX\_^�dmY{sm��YRhR\V\_qC\g^`Y½� � � ¸ ¢
l�q�p`YVq��

D 6�6 � Ð� ���M�����  � Ð � � Ñ �;O �
D :B: � �  �~± X����  �M� � � Ñ � ¬ �
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�P^`YK� besm\&smUcl]�ua¨b�\gUcqZ[ÆpuY{sghRdgUXr�YRpzUX[	\g^`YK�`dgY�WoUcqZ�`s�sgYRhR\gUcqZ[	p`qoY{s¤\jb�yeY��`dgqZ��Y{dmaXn¾Uc[V\_q�behRh{qZ�`[~\
\_^uY2p`U�Ã¿YRdgYR[�\ªbehRh{YR�u\jbe[uh{Y�qe�¿\g^`Y2puYR\_YRhR\gqZd�be[`p�q���\g^`Y�\gdgUXfZfZY{d+dmY{Ç��`UXdgY{l�Y{[~\gsK��qedK\g^`Y�\_^`dmY{Y
p`YRh�b�n�l�qop`Y{sªh{qZ[`smUcp`YRdgYRpº|ur`��\Pbz���`aXa�T/� � È�� sgUXl]�`a¨b²\_Ucqe[�UXsªdmY{Ç��`UXdgY{pC\gqthRqZ[`sgUXp`Y{dªqe\_^uY{d
YRÃ�Y{h�\_sv\g^kb�\PlSb�nCbea�\_YRdª\_^uYVbeh{hRY{�u\_be[`hRYVd_b�\gUcqZsibesvp`Y�\_Y{dmlSUX[`Y{pC��dmqZl \_^`Y¾� b�sm\PsmUcl]�`acb�\_UXqZ[º�
�P^`Y�lSqesm\�Ucl���qZdm\_be[~\vqe��\_^`YRsgY�YRÃ�Y{h�\_s2bedgY	acUXsm\gY{pµUc[µ\g^`YV��qZacaXqÊw�UX[`f�N

� ³o\gdgqZ[ufµUc[~\_YRd_beh�\_Ucqe[`sÆqe���	beqZ[Åbe[`p��uUcqZ[�qZ[�\g^`Y½r�Y{bel��uUc��Y½be[`p�qZ[�\g^`Y½l�b²\_Y{dmU¨bea
UX[`sgUXp`Yt\_^uY�\gd_behjy�UX[`fµWZqZaX�`lSY½^`bEWeY�bMhRdgqZsmszsmY{h�\_Ucqe[ \g^kb�\	p`YR��YR[`p`s�qZ[�\_^`Y��kb�dm\_UXh{aXY
sm��YRh{UcYRs{|º\g^`Y{UXdÆhj^kbedmfZY�be[`pË\g^`Y{UXdÆlSqelSYR[�\g�`l beaX\gY{dgUX[`fS\g^`Y½sgUXfZ[kbea�noUcY{aXp`sÆUX[�bC[`qZ[
\gdgUXWoUcbea�wib�nZ�

� ¸ £ b�[`p ¢ £ ^kb�WeY	btp`UXÃ�Y{dmY{[~\����º� � sgsg�ulSUX[`ft\_^`b�\Pbtsm�`r`s�\jbe[~\_Ucbea���dgbehR\gUcqZ[Sqe�&p`YRh�b�nUX[ UkUXfZ^~\twªqZ�`acp�[`qe\]r�YS\gdgUXfZfZY{dmY{p�qedzdmY{h{qe[`sm\gdg�`h�\_Y{p b�puUXÃ�Y{dgYR[`h{Y�Uc[�\g^`YCdmY{a¨b²\_UXWeY
noUcYRacpMqe��\_^`YVW�bedmUcqZ�`sPl�qop`Y{sPUXsPY�Á���YRhR\gY{pº�

� ³HK¾�"^kbeszb����vp`YR��YR[`p`YR[�\z\_dgbehjy�Uc[`f�YRÍ�h{UXY{[`h�n�dmY{acb�\_YRpÅ\gq�\_^uY�wib�n�UX[Åw�^uUchj^�\g^`Y
�kb²\g\_YRdg[`sP��qZdv\g^`Y�besgsmq�hRU¨b�\gUXWeYVlSYRlSqZdmUcYRsPbedgY	p`YRdgU�WZY{p¿�

� ³HK¾� ^`bes1����b�[`pMb�!{UXl]�u\g^kbea�be[`fZaXY ��r`UcbesgYRsiw�UX\g^µdgYRsg��Y{hR\P\gq]\_^`Y2\_dg�uYÆ�kbedgbelSY�\_YRdgs\g^kb�\�p`Y{��Y{[up�qZ[�\_^`Y�hj^kbedmfZY�qe��\g^`Y��kbedm\gUchRacY{sR�#�P^`YRsgY2r`U¨besmY{s�bedmY¾bVdgYRsg�`a�\iq���\g^`Y¾b���Ì
�`dmq�ÁuUXl�b²\_Ucqe[tUc[]\g^`Y�³HK¾� \gd_behjy�¦`\g\gUc[`f	b�acfZqZdmUX\g^`l�be[`p½qe� \g^`YPUcl���YRdm��YRhR\+b�acUcfe[`lSYR[~\
qe��\_^uY�puYR\_YRhR\gqZd{�

� �P^`Y]³HK �¾ÄgÄPp`Y�\_YRhR\_qed2hRqÊWeY{dgbefZY½be[up�^`YR[`h{Y]q��#\_^uY½³HK¾�·Ucs�^`Ucfe^`aXnµ[uqZ[Ë�`[`U���qZdgl Uc[
�Mbe[`p
	]pu�`Y2\gqtW�bedgUXqZ�`s�p`YR\gY{hR\gqZdvb�[`p�\_dmUcfZfeY{d��`dgqZruacY{l�s�Y{[`hRqZ�`[~\_YRdgY{pµUX[S\g^`YÆY�b�dgaXn
pkb²\jb]\jbey�UX[`f���YRdgUcqop`sPqe�#Ï��2È�ÄmÄj�

� �P^`YC³HK �¾ÄgÄÆpuYR\_YRhR\gqZdz^`bestr�Y{YR[�l�qÊWeY{p�h{qZ[`smUcp`YRd_beruaXn���dgqel UX\_s	[`qelSUX[kbea@��qZsgU�\_UXqZ[
\gq��kbed�\_a�nµh{qZl���Y{[`sgb�\_Y���qZd¾b�a¨b�dgfZY�r�Y{bel qeÃ�sgY�\Vbe[`p�r�Y{bel sgaXqZ��YzqZrusgY{d�WZYRp�Uc[�\g^`Y
Y{bedga�n�Ï��¾È ÄmÄ+pkb�\_bu���iqe\g^�\_^uYÆr�Y{bel qeÃ�sgYR\vbe[`p�\g^`Y	³HK �ÆÄmÄ+p`Ucsm�`a¨behRY{l�Y{[~\vfedgY�b²\_aXn
b�Ã�Y{h�\¾³HKÆ� beh{hRY{�u\_be[`h{Y��
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�P^`YÆ���`aXa�smUcl]�`acb�\_UXqZ[��udgqZfZdgbel h{pu�°³oUclÎ|�rkb�sgY{pMqZ[ÎT�� � È��V|`^kbesvr�Y{YR[M�`sgYRpM\gq½lSqop`YRa

\_^uY]}v�V�¥ÄgÄªp`YR\gY{hR\gqZd{�i�P^`YzUX[~\_Y{dgbehR\gUcqZ[M�`dmq�hRY{smsgY{s�w�UX\g^�p`Y�\_YRhR\_qed2lSb�\_YRdgUcbeaK�°b²\�\g^`Y�r�YRsm\
qe��UX\gs@y�[`qEw�acYRp`fZY � wªY{dmY�smw�UX\ghj^`Y{p�qZ[]\gq�feYR\@\g^`YPlSqesm\+dmY�beaXUcsm\gUch�sgUXl]�`a¨b²\_Ucqe[tqe� \_^uYP[o�uh{acY{bed
Uc[~\gY{d_b�hR\_UXqZ[�Uc[�\_^`Y�UX[`[`Y{dKWZqeac�`l�YPl�b²\_Y{dmU¨bea°|Zl�qZsm\KUXlS��qZdm\_be[~\Kh{qZ[~\gdgUcru�u\_UXqZ[½\_q	\_^`UXs�hRqZl�Y{s
��dgqel smUcaXUch{qe[©p`Y�\_YRhR\_qedMbe[`p U�\_s�sm�`�`��qZdm\µbe[`p hRq�qZaXUc[`fÅsm\gdg�`h�\_�`dmY{sMbesSwiYRaca2bes���dgqel \g^`Y
Uc[u[`Y{d2p`dgU��´\¾hj^kb�l]r�YRd¾WZqeac�`l�YzsmY{�kb�d_b�\gUcqZ[�wibeaXa ���P^`Y�³HK¾���udgqoh{Y{smsgqZd¾Ucs¾YRl]�`acb�\_YRpË�`sgUX[`f
\_^uY����������
	 �kbehjy²befZY�|2\_^`b�\MdgYR�`dgqop`�`hRY{sM\_^`YÅ³HK¾�'beaXfZqZdmUX\_^ulSsSb�\µ\_^uYÅruUX\µaXYRWZYRaV�`sgUX[`f
\_^uY½s_bel�Y]�kb�\m\_YRdg[`s�be[`p�hRqZ[`s�\jbe[~\_s	aXq~bep`YRp�Uc[Ë\_^uY]dgY{bea@p`Y�W�UXh{Y]��qZd¾[`qZdglSbea.pkb�\jb�\_bey�Uc[`fu�
�P^`YCsmUcaXUch{qe[�dgbEw p`b�\jb�r`be[`y©� ³�Ä �Æ� � UXsz�`smY{p¥beszUc[`�u�u\t\gq�\_^uYCsgUXl]�`a¨b²\_Ucqe[º� � [�qZ�u\_UXqZ[
wibeszUXlS�uacY{l�Y{[~\gY{p�\_qMdgY{bep�bµhRqZdgdmY{hR\gY{p�WeY{dmsgUcqe[�qe�ª\_^`YS³�Ä �Æ� rkb�[`y |�\g^`YSacb�\g\gY{dVh{be[�r�Y
Uc[usm\_dm�`hR\gY{pÎ\_q�sg�`�u�`dgYRsgsÆUX[�b��mhRqZdgdmY{hR\gY{p��WZYRdgsgUXqZ[Îqe�#\g^`Y]³oÄ �V��r`be[`yµbeaXa¿\_^uYzrkb�p�s�\_dgUX�`s
be[`pÎ\_^`Yz[`qZ[Î���`[`hR\gUcqZ[uUc[`f�p`Y�\_Y{h�\_qZd2Y{aXY{l�Y{[~\_s¾bes2puYR\_YRdgl�Uc[`YRp���dmqZl�\_^`Y�qZ[`aXUc[`Y	pkb²\jberkb�sgY
��qZdtbe[~n�fZU�WZYR[�dg�`[¿�ËÄx[�\_^uUcszwib�n�U�\tUXstUc[��`dgUX[`h{UX�`acY���qZsgsmUcr`aXY�\gqËsgUXl]�`a¨b²\_Y�qZ[�b�dm�`[�r~n
dg�u[ËrkbesmUcs¾\g^`YtsmUcacUXh{qZ[Îh{qEWeY{d_b�fZY�b�Ã�Y{hR\gUc[`fµ³HKÆ�·Y�ÍShRUcYR[`hRne|ºw�^`Uchj^ËUXs2\g^`Y{[��`[up`Y{dÆhRqZ[~\_dmqZa
��dgqel?\_^`UXs���qZUX[�\�qe�¾W�UXYRw	�:�kqZd½\_^uYËbe[kb�aXnosgUXs��udgY{smY{[~\_YRp ^`Y{dmYe|PYRl]�`a¨b²\_Ucqe[ q��	³HK¾� ^kbes
r�Y{Y{[���YRdm��qZdmlSYRp��`smUc[`fzdgY�b�a�hRqZ[`s�\jbe[~\_sibe[`pC�`b�\g\gY{dg[usvbes��`sgYRpCUc[SqZ[`Y�qe�º\g^`YV}v�V� ÄgÄ+dm�`[`s
�°Ï �¾È Ð ®JO ÐZÐ � � UX[`h{aX�`p`YRptUc[�\_^`UXs#b�[kbeaXnosmUcs{���P^`UXs#dg�u[twvb�s#hj^`qZsmY{[�bes.dgYR�`dgYRsgY{[~\_b�\_U�WZYPqe�`\g^`Y
sgY�\g\gUc[`f	�`smY{p�Uc[½l�qZsm\Kqe� \g^`Y�pkb�\jb¾\_bey�Uc[`fV��Y{dmUcqop½h{qZ[usgUcpuY{dgYRp���qed@\_^`UXs#wiqedgy �+�P^`Y�[��`l]r�Y{d
qe��p`Y{bepS³HKÆ�¥wiYRp`fZY�Uc[]\g^`Ucs#sgUclt�`a¨b�\gUcqZ[�Ucs Ð �u|Zw�^`UXhj^�UXs#WZYRdmn½hRacqZsmYi\_qÆ\g^`YPqZr`smY{d�WZY{pSlSY{be[
W�beac�uYVqe�#UX[kbeh�\_UXWeYÆwiYRp`fZYRs¾Uc[Mb�aca¿\g^`Y	dg�`[`sz� � Ð ¬ � �

�ÆUXÃ�Y{dmY{[`hRY{s�Uc[C\g^`Y	dgY{acb�\_U�WZYVb�h{h{YR�u\jb�[`h{Y��`sgUX[`f�p`UXÃ�Y{dmY{[~\2³HK¾� h{qe[u¦kfZ�`dgb�\_UXqZ[`svw�UXaca¿r�Y
\jb�yeY{[�Uc[C\gq�behRh{qZ�u[�\2bes�b½smnos�\_Y{lSb�\gUch�be[`pMp`UXsgh{�usgsgYRpËa¨b²\_Y{dR�

�.q sgUXl]�`acb�\_Y�\g^`Y YRÃ�Y{h�\�q��z\g^`Y p`Ucsm�`a¨behRY{l�Y{[~\Mqe��\_^`Y�³HK �ÆÄmÄ�p`Y�\_Y{h�\_qZdÎdgYRa¨b�\gUXWeYË\_q
\_^uY }$#Æ�?��U � Ye� \g^`YË[`qZl�Uc[`bea2}v�V����d_bel�Y � |v\_^`Y�b�hR\_�`beaÆbeaXUcfZ[ulSYR[�\�\_ber`acYRs�wªY{dgY��usgY{p
\_qM\_dgbe[`s���qZdgl�\g^`Y�[`qZl�Uc[kb�a+T�� � È2�"feY{qZl�YR\gdmnËUX[ÅbÎl�qZdgY½dmY�beaXUcs�\_UchtqZ[`Ye� � �kbed�\_UchR�`a¨b�d
beaXUcfZ[`l�Y{[~\	\jb�r`acYS^kb�WZYCr�Y{YR[�hj^`qZsgYR[�������������������������`�#�P^uYCs_bel�YS\_ber`aXYSUXs]beaXsgq��usgY{p
Uc[µ\g^`Yz�udgqop`�`hR\gUcqZ[M�kb�sgs½��qML�Uc[`YVdmY{hRqZ[`sm\gdg�`h�\_UXqZ[ � qZ[�qe�`d��Ë} ¦kaXY{s�Uc[MqZdmp`Y{d�\_q��`dgqe��YRdgaXn
h{qelS��Y{[`sgb�\_Y	UX[M\g^`YV\_dgbehjy�Uc[`f�h{qop`YV��qZdv\g^`Y	Uc[~\_dmq�p`�uh{Y{pÎl�Ucs_b�acUcfe[`lSYR[~\��
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��qop`Y{aXUc[`fÎhj^kbedmfZYSpuY{��qZsgU�\_Ucqe[�UX[`sgUXp`Y½\_^`Y�sgUXacUchRqZ[ p`YR\gY{h�\_qZdzY{acYRlSYR[~\_s�UcszbÎy�YRnÅ� behR\gqZd

��qZdV\_^uY�sgUXl]�`acb�\_UXqZ[�qe�i\g^`Y�puYR\_YRhR\gqZdtb�[`p�\_dmUcfZfeY{dVdgYRsgqZaX�u\_UXqZ[ÅqZ[�\g^`YSUXlS�`behR\��kbedgbel�YR\_YRd
l�Y�besm�`dgYRlSYR[�\{���ÆUXÃ�Y{dgYR[~\	hj^kbedgfeY�puY{��qZsgU�\_Ucqe[Ål�qop`Y{aXsVbedgY��`smY{p�Uc[�}v�V�i|¿w�U�\_^ p`UXÃ�Y{dmY{[~\
acY�WZYRaºqe��p`YR\_beUca°|�[uqe\�beaXa�qe�&\g^`Y{l r�YRUc[`f]���`aXaXn�p`Y�WZY{aXqZ�`��Y{pÎbe[`pµW�beaXUcpkb�\gY{p�b�\v\_^uYVlSqZl�Y{[~\{�
¼�Y]p`qZ[��\Vb�[�\gUchRUc�kb�\gY�\g^kb�\V�usgUc[ufCqZ[`YzlSqop`Y{a�qZd�\_^`Y]q�\_^`YRd2w�UcaXa�b�Ã¿YRhR\VUX[Ëb�smUcfZ[uUX¦kh{be[~\_aXn
p`U�Ã¿YRdgY{[~\�wibEn¥\g^`YÎ\g^`dgYRY�puY{h�b�n¥l�q�puY{s�h{qZ[usgUcpuY{dgYRpº|vsmq�\_^`b�\Sb sml�b�acavs�n�s�\_YRl�b�\gUchÎsg^`U��´\
Uc[¥\_^uYËbehRh{Y{��\jbe[`hRY�hRqZdgdmY{hR\gUcqZ[ � behR\gqZd�Ucs�Y�Á���Y{hR\gY{p w�^`YR[ smw�U�\_hj^`UX[`f�r�YR\xwªY{YR[ p`UXÃ�Y{dmY{[~\
l�q�p`YRacsR�V�kqZd2\g^`UcsVb�[kbeaXnosmUcs{|�\_^`YR[º|º\_^uY]sgUXlS�`aXY{s�\ÆfZYRqZlSY�\_dmUch�hj^kbedgfeY½p`Y{��qZsgU�\_UXqZ[�l�q�puY{a#UXs
be�`�uacUcYRpº|�be[`p�b�s�nosm\_YRl�b²\_Uch�w�UcaXa�r�Y]h{beachR�`a¨b�\gY{p�r�n�h{qelS�kb�dgUc[ufS\_^uUcs�dgY{sm�`aX\¾w�UX\_^Î\_^`YtqZ[`Y
qZru\_beUc[uY{pµ��dgqZl \_^`Y	�kb�d_bel�YR\gdgUchVhj^`bedgfZY	p`YR��qesgUX\gUcqZ[µl�qop`Y{a°�
d+egf+e�� ��v��ip-��v(zwp-�9m � ��z��	k��
	�������}|Wpix}~��sv(z�p-��m

�P^`Yµ��Y{d���qZdglSbe[`hRYCqe��\_^`Y ���������
	 sgUXl]�`a¨b²\_Ucqe[�^kbestr�YRY{[¥hj^`Y{hjy�Y{p*w�U�\_^�dmY�beaipkb�\jb�� ¼�Y
h{qelS�kb�dgY{p�p`Y�\_Y{h�\_qZd�be[up�\gdgUcfefZY{d+dmY{sgqeac�u\gUcqZ[`sR|~y�[`qEw�[�r`UcbesgYRs�UX[½\_^`YP\_dgbehjy]UXlS�kb�hR\K�kbedgbel½Ì
YR\gY{d ��� lSY{besg�udgY{l�Y{[~\�qe�#³HK¾� w�U�\_^µdmY{sg��Y{h�\�\_q½qML�Uc[uY¾\_dgbehjy�Uc[`f`|`be[`pC\_^uY�³HKÆ�:\_dgbehjy�Uc[`f
YRÍ�hRUcY{[uhRnMqZ[Îb�s_bel��`acY¾qe�@dmY�bea¤b�[`p�smUcl]�ua¨b�\gY{p�� ����«® Ð ¯ �
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�#UXfZ�`dgY Ñ � ±3N�S¤YR�´\BN�}i�`dmW�b�\g�`dgY¾p`UXÃ�Y{dmY{[`hRYÆr�Y�\xwiYRY{[�³HKÆ� be[upCqML�Uc[`Y�\_dgbehjy�s�besPbz���`[uhR\_UXqZ[qe� ����qZd������ pkb�\_bu| h{dgqesgsgYRsÆdgYR�`dgYRsgYR[�\gs¾\_^uYtb�WZYRd_befeYtp`U�Ã¿YRdgY{[uh{Y	��qZd�\gd_behjy�s�w�UX\g^���qZsgU�\_UXWeY� ruac�`Y � be[`pÎ[`Y{f~b²\_UXWeY	hj^kbedgfeY���hRnZbe[ � P Ï�Ucfe^�\BN�³ubel�YVsm\g�`punµ��qZdPsmUcl]�`acb�\_YRp�� ���*s_bel��`acY
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�#UXfZ�`dgY Ñ �;X3N�S&Y��´\CN+Äxl��kbeh�\��kbed_b�lSY�\_Y{dPpuUXÃ�Y{dgYR[`h{Y	r�YR\xwªY{YR[�³HK¾� acY�WZYRa&be[`pMqML�Uc[`YVdmY{hRqZ[�Ìsm\gdg�`h�\_UXqZ[�acYRWeY{a`\gd_behjy�s�bes�bÆ���`[`hR\gUcqZ[½q���\gd_behjy½b�[`fZacY$�S��qZd � ����pkb�\jb3P�Ï�UXfZ^~\CN#³ubel�YPsm\_�upun��qZdPsmUcl]�`acb�\_YRp�� ���*s_bel��`acY

¼�Yzbe[kb�aXn !{YRpÎ\g^`YVw�^`qZacY	sgbelS�uacYVqe�� ���*��dmqZl�p`UÂÌxl]�uqZ[C\_dmUcfZfZYRdPpkb�\_bu�K�P^`Y{smYtYRWeY{[~\_s
wªY{dgY2�`dgqop`�`hRY{p�w�U�\_^�\_^`Y�s_bel�Y�WZY{dmsgUXqZ[Cqe��\_^`Y2dgY{hRqZ[`s�\_dg�uhR\_UXqZ[��udgqZfZdgbel"wªYÆbedmY2�`smUc[`f�qZ[
qZ�`dVp`b�\jbÅ��Wo®`� ¬u� Ð � ���P^`Y�dm�`[�dgbe[`fZY½q��ª\g^`UcsVsgbelS�uacY½lSb�\_hj^`YRsV\_^kb�\	q��iqZ�ud�p`b�\jbµsgqµ\g^kb�\
p`Y�\_Y{h�\_qZdKhRqÊWeY{dgbefZY2be[`p�UX\_s+Y�Ã¿YRhR\gs�UXs+fZ�kbedgbe[~\_YRY{pS\gq	r�Yv\g^`Y�s_bel�Ye� � aca`hRqZl��`acY�\_Y{a�ntdmY{hRqZ[�Ì
sm\gdg�`h�\_YRpË\_d_b�hjyosÆbesgsmq�hRU¨b�\gY{p�w�U�\_^�l]�`qZ[Ë�`beUcdms2qe�@qZ�`��qZsgU�\_Y�hj^kbedgfeY]be[`p�w�^`qZsgYtUc[~W�bedgUcbe[~\
lSbesgs�Ucs+w�UX\g^`Uc[�±M�7��Y<K � ���i\_^`Y � ����dmY{hRqZ[`sm\gdg�`h�\_YRpµl�besmsib�dgY�dgYR\_beUc[uY{p���qZd����udm\_^uY{dªbe[kbeaÂÌ
nosgUXs{�+��d_behjy�sP� beacaXUc[`f	w�UX\g^`Uc[�\_^`Y�³JKÆ� beh{hRY{�u\_be[`hRYzb�dgYÆsmY{acYRhR\gY{pMacqoqZy�Uc[`ftb�\i\g^`YV�`smY{pM^`UX\gs
Uc[Ë\g^`Y½sgUXacUXh{qZ[�p`YR\gY{hR\gqZdV��qZd2\g^`Y½dgYRh{qZ[usm\_dm�`hR\gUcqZ[¿�z¼�Y½dgY{Ç��`UXdgY½®MÏ�R���^`U�\_sÆUX[�®µp`UXÃ�Y{dmY{[~\
a¨b�neY{dgs@w�U�\_^`UX[]\_^`Yis_bel�Y ��wªY{p`fZY�|�sgUc[uh{Yv\_^uY�³HKÆ� Ucs@puY{sgUXfZ[`YRp�\gqVdgYRh{qZ[`s�\_dm�`hR\�qZ[`a�nz\gd_behjy�s
w�UX\g^`Uc[SbzsmUc[`feacY �µwªY{p`feY¾qe�º\g^`YV³JK �ÆÄmÄ+p`YR\gY{h�\_qZdR����b�hj^Cqe�º\g^`Y{smY¾wiYRp`fZYRsvh{qEWZYRdgsPb��`�`dgq�Á�Ì
UclSb�\gY{aXn�b�¬�� � sgY{h�\_qZdR�Î¼�YS���udm\_^uY{dtlSb�\ghj^�\_^`YS®�acbEneY{dmsz\_q�\_^`YSY�ÁubehR\thj^`qZUXh{Y�q���a¨b�nZYRdgs
dgYRÇ��`UcdmY{p�r~nµ\g^`Y]³JKÆ�·Uc[Îbe[~nMfZU�WZYR[�wªY{p`fZYC� p`U�Ã¿YRdgYR[�\�wªY{p`fZY�r~nMwiYRp`fZY � bes�p`YR\gY{dmlSUX[`Y{p
��dgqel�\_^`Y�s�Wo\�hRqZ[u¦kfZ�ud_b�\gUcqZ[�dgY�\_dmUcYRWeY{p���dgqZl�\g^`Y�pkb�\_berkbesmY���qed+YRWZYRdmn�h{qe[`sgUXp`Y{dmY{p�dm�`[º�#¼�Y
�`smYz��qZdP\_^uUcs�hj^`Y{hjy�sÆqe[`aXnµ\gd_behjy�s�\_d_b�WeY{dgsmUc[`fCb�smUc[`fZaXYVsgYRhR\_qed¾Uc[ 	Sq��#\_^uY]³HK �ÆÄmÄvp`YR\gY{h�\_qZd
r~nSbesgy�Uc[ufz\_^`b�\ª\g^`Y 	th{qoqZdgpuUc[kb�\gY�qe�¿\g^`Y2\gd_behjy�Y�Áo\gd_be��qZa¨b²\_Y{pSb�\ªa¨b�nZYRd Ð be[`p�b�\iacb�nZY{di±�UXs
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b�\�acY{besm\¾±½lSl�bEwib�nM��dgqZl \g^`Y�[`qZl�Uc[kbea¿r�qZ�u[`pkbed�nMr�Y�\xwiYRY{[ËYRacY{h�\_dmUch�b�a¤^kbeaX��r`bedgdmY{acsR|`\_^`UXs
dgYRÇ��`Y{s�\zdmY{s�\_dgUXhR\gs¾\_^`Ytsm\_�upun�Uc[ËbS¦kp`�`hRU¨bea�WZqZaX�`l�Yt��qZd¾Y{behj^�³HKÆ��smY{hR\gqZd{|&b�WeqZUcp`UX[`fCl�Ucs Ì
Y{s�\_UXl�b�\gUcqZ[�qe�i³HKÆ��YRÍ�hRUcY{[uhRnËfeUXWZYR[ UX\_s2wiqZdmy�Uc[`fµdmY{sm\gdgUXhR\_UXqZ[�\gqC\_d_b�hjyosÆ���uacaXnÎhRqZ[~\jbeUX[`Y{p
Uc[Îb½sgUX[`fZaXYVsgY{h�\_qZdR�

¼�YSfZY{[uY{d_b²\_Y{p�b*�Ë}�sgbel��`acY�h{qelS��qZsgYRp�q���bÎl�U�Áo\g�`dgY�qe�!O �������M�`dgqelS�u\ ������be[`p
±M���M��� £ � �����i¸ £ ���P^`Yt�`dmqZl��u\¾hRqZl���qZ[uY{[~\¾UXs2qeru\jbeUX[`Y{p�r~nÎ¦`dgUc[ufSw�UX\g^Ë� bey�YC�@WZYR[�\
fZYR[`Y{dgb�\_qZd½smUc[`feacY ������UX[�\_^`Y���� � OZTVY<K���hMb�[`p � & � � Ð� ±Ëdgbe[`fZYCw�U�\_^¥b���qEwªY{d�a¨b�w
sg��Y{h�\_dm�`l � � » ��� � �� p`Y{dmUXWZYRp½��dgqZl�b¾sgUXlS�uacYª¦u\@\_qÆ\g^`YPb�W�beUcacber`acY�pkb�\_bu�#�P^uY!��h{qZl���qe[`Y{[~\
UcsiqZru\jb�Uc[`YRpC��dgqZl �PT���È UX[C\_^`YVsgbel�Y����.be[`p &Sd_be[`feYe�KÄx[µr�q�\_^Mh�besmY{s�[`q½l]�uqZ[C\_dmUcfZfZYRd
sgUXl]�`acb�\_UXqZ[ËUcs	��Y{d���qZdgl�Y{p�b�\V\_^uYSl�qZl�Y{[~\����P^`Y�r�Y{bel �kbedgbel�YR\_YRdgsVwªY{dgYShj^`qZsmY{[�\gq�r�Y
dgYR�`dgYRsgYR[�\_b�\_U�WZY�qe�KqZ�ud¾pkb�\_bSw�UX\g^����
	��� � � Ð� ¬SlSlÎ|����
	��� � ®  �Cl�l�| 	��
	��� � ¬  �ChRl
Uc[µ\g^`Yz}v�V�¥dmYR��YRdgY{[uh{Y�smnosm\gY{l�be[`p ����� � � ¬M���ºl�b�[`p ��� � ¬��½hRl��

�#Ucfu� Ñ � ±Cbe[`p Ñ �AX�sm^`qEw�\_^uY�ber`UcaXUX\xnMqe�K\g^`Y]�`dmY{sgYR[~\�WeY{dmsgUcqe[Åq���\g^`Y½sgUXl]�`acb�\_UXqZ[�hj^`beUc[
h{p���sgUcl � ������� �
	*\_q�dmY{�`dmq�p`�uh{YË\_^uYËy�[`qEw�[ r`UcbesgYRsCUc[©\_^`YË\gd_behjy �kbedgbelSY�\_YRdgs���dmqZl \g^`Y
³HK¾� p`Y�WoUch{Y�|2\g^kb�\MbedmYË�`dmUclSbedgUXaXn¥p`�`YË\gq�p`YR\gY{h�\_qZdMbeaXUcfZ[ulSYR[�\SYRÃ�Y{h�\_sR��Äx[:�kbed�\_UchR�`a¨b�d
d_b�p`U¨bea�sg^uUX�´\_sPUX[C\_^`YV[uqZlSUX[kbea wiYRp`fZY	��qZsgU�\_Ucqe[`sifZU�WZYÆ\g^`YVs_b�wvÌ \gq�q�\_^µsg^`be��YVq��.\g^`YVUcl��kbeh�\
�kbedgbel�YR\_YRd�Wos � p`UXsm\gdgUcru�u\_UXqZ[�q��@¦kf`� Ñ �AXu|kw�^`Y{dmY�bes¾\g^`YzWeY{d�\_Uch{bea�p`Ucsm�`a¨behRY{l�Y{[~\2qe��³HK �ÆÄgÄ
w�UX\g^ËdgYRsg��Y{h�\V\_q�\g^`Y�}$#Æ��dmY{sm�`aX\gsÆUc[�bSr�qEw�RoaXUcyeYzsg^kb���Y½qe�+\g^`Y]p`U�Ã¿YRdgYR[`h{Y]r�YR\xwªY{YR[Å\g^`Y
³HK¾� be[`p�³HK ��hR�`dmW�b�\g�`dgY�bes�b]���`[`h�\_UXqZ[Mqe�.\g^`Y�b�!{UXl]�u\g^kbea¤be[ufZacY	besPsm^`qEw�[�UX[M¦`f`� Ñ � ±��
#Æ[*\_^`YÎ\_dgbehjy¥s_bel��`acYMsmY{acYRhR\gY{p:besSber�qÊWeY�p`YRsghRdgUcr�Y{p wªYËb�dgY�ber`acYM\_q�lSY{besg�udgY�\g^`Y

³HK¾�*\_dgbehjy�Uc[`f	YRÍ�hRUcY{[uhRn���qZd+qZ�`dKpkb²\jbu�+�kqZd+Y{behj^�q���\g^`Y�\gd_behjytUc[�\_^`Y�s_b�lS�`aXYvwiY�acqoqZy���qZd
be[Åbesmsgqoh{U¨b²\_Y{pÅ³JKÆ��\_d_b�hjy�w�UX\g^ b�� ��� OZ±Cb�[`p�w�UX\_^ bCpuUXÃ�Y{dgYR[`h{Y�UX[ ��be[`p h{�udmW�b�\_�udgY
w�UX\g^ËdgYRsg��Y{h�\V\_q�\g^`Y]qML�Uc[uYz\_dgbehjyÎqe�KdgYRsg��Y{hR\gUXWeY{aXn Ð ±Sl�d_b�p�be[`p Ð � »�� h{l »�� �¾¼�Y]p`YRdgU�WZY
\_^uY�³HKÆ��\_dgbehjy�Uc[`fµY�Í�h{UcYR[`hRnËbesVb����`[uhR\_UXqZ[�qe������be[`p Ucl��kbeh�\¾�kb�d_bel�YR\gY{dÆr~n�h{qZ�`[~\gUc[`f
\_^uY�[��`l]r�Y{dzqe�v\_dgbehjy�stw�UX\g^�be[�³HKÆ�ÀlSb�\ghj^�be[`p�p`UXWoUcpuUc[`fÎUX\�r~n�\g^`YS\gqe\jb�a�[��`ltr�YRdtqe�
\_dgbehjy�stUX[ÅY{behj^�ruUc[º�S�P^`Y{smY�h{�udmWZYRs]bedmY�sg^`qEw�[�UX[Å¦kfu� Ñ � Ñ �S�P^`Y�behR\g�kbea+sm^kbe��YSqe�ª\_^`YRsgY
YRÍ�hRUcY{[uhRnM���`[`h�\_Ucqe[`s�bedgY�p`YR\gY{dmlSUX[`Y{pÎr~nÎ\g^`Yzbeh{hRY{�u\_be[`h{Yzqe�#\g^`Y��kb�\g\gY{dm[`s2aXq~bep`YRp�UX[Î\g^`Y
³HK¾�*besmsgqoh{Ucb�\_U�WZYvl�Y{l�qZdmn�r�q~bedmp`s{�.�P^`YPsgUXl]�`a¨b²\_Ucqe[tsg^uqÊw�s�b¾puUcsghRdgYR�kbe[`h�n�b�\@\g^`Yi��YRw©��Y{d
h{YR[~\	acYRWeY{a@UX[�\_^uY½acqEw ����Y{[up�qe�K\_^`Y½sm��YRhR\_dm�`lÎ���P^uUcsÆY�Ã¿YRhR\	Ucs¾^`qEwiY�WZY{d	l]�uhj^ÅdmY{p`�uh{Y{p
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�#UXfZ�`dgY Ñ � Ñ N�S¤YR�´\BNK³HKÆ� \gd_behjy�Uc[uf]YRÍ�h{UXY{[`h�nµbesvbz���`[`h�\_Ucqe[Cqe�����¤��qed � ���©pkb²\jbµ��dgY{p � be[`p
�Ë}�� r`aX�`Y � PkÏ�UXfZ^~\CN�³HK¾� \gd_behjy�Uc[uf�Y�Í�h{UcYR[`hRnÎb�s�b½���u[`hR\gUcqZ[Mqe��\_dgbehjyCUcl��kbeh�\P�kbedgbel�YR\_YRd
��� �
Uc[µ\g^`Y	[`qZl�Uc[kbea�\_dmUcfZfZYRdPbehRh{Y{��\jbe[`hRYzdmY{fZUXqZ[Mqe�(��� � OZTVY<K���h	b�s�sm^`qEw�[�UX[M\g^`Y	YRÍ�h{UXY{[`h�n
Wos¾UXlS�kb�hR\��kbedgbelSY�\_YRd��uacqe\�w�^`YRdgY½b����`dm\g^`Y{d�h{�u\	��� � OZTVY<K��²hz^kb�s2r�Y{YR[�be�`�`aXUcYRpº�v�P^`Y
b�WZYRd_befZYV\gd_behjy�Uc[uf�Y�Í�h{UcYR[`hRnCUc[µ\_^`Y���� � OZT	Y0K���hVdmY{fZUXqZ[µUcs�� ÑZÑ A� � �  O � �À��qZdvpkb²\jb�be[`p
� ÑeÑ  ®����  ± � � Uc[C\g^`Y	sgUXl]�`a¨b²\_Ucqe[º�

Ä \µUcsSUcl���qedm\jb�[�\SbefZbeUc[ \_q�[`q�\_Y�\g^kb�\S��qZdS\g^`YËl�Y�besm�`dgYRlSYR[�\SwiY b�dgY�puY{sghRdgUXr`Uc[`f�Uc[
\_^uUcs][`q�\_Y�wªYÎbedgYCl�qZs�\_aXnÅsmY{[`smUX\_U�WZYC\gqË\_^`Yµsm^kbe��Yµqe��\_^`YµY�ÍShRUcYR[`hRn�W�sa����be[`p¥Ucl��kbeh�\
�kbedgbel�YR\_YRdvw�^`Uchj^ÎsgYRY{l�s¾b�p`Y{Ç��kb�\gY{a�nµp`Y{smh{dmUcr�Y{pÎr�nµ\g^`UcsPsmUcl]�ua¨b�\gUcqZ[º�
d+egf+e�� � k��sv(z�p��9k v�{%{%k�t�zWv�m	{%k}��kVzWk�oqx psm	v(zwp-�9m�� pgz � �
	��� � �
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�P^`Y Uc[~\_YRd_beh�\_UXqZ[ be[`p puY{h�b�n �udgqZrkb�r`UcaXUX\xn � � F � b�WZYRd_befZYRp:qÊWeY{dµqZ�ud ���	sg��Y{h�\_dgb b�dgYdgYR��qedm\_YRpËUc[M\jb�r`acY Ñ � ±����P^`Y{smY]�`dgqerkber`UXacUX\gUcYRs�befZdgYRY�wªY{aXa�w�U�\_^�sgUcl��`aXY�YRsm\gUclSb�\_YRs¾b�\�¦uÁ�Y{p
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�.ber`acY Ñ � ±3N*¶KdmqZrkberuUcacU�\xn�� F qe�t^kbep`dmqZ[`Uch UX[�\gY{dgbehR\gUcqZ[`s�� § � �VÏ � be[`p p`Y{h{bEn UX[ UkUXfZ^~\�°�	} � � � Uc[ÎT�� � È2� qZ[MsgUX[`fZacY ��b�qZ[`s�be[`pM�`UXqZ[`sR�KÏ�qEw�sPlSbedgy�Y{pMw�UX\_^Å� Ð � dgY���Y{dv\gq�\g^`Y�`dmqZrkber`UXacU�\xn�\gqV�`dgqop`�`hRY�be[~n]sgYRh{qZ[upkbedmntWZY{d�\_Y Á¿��Ï�qEw�s@w�UX\_^�� O � fZU�WZYP�`dmqZrkber`UXacU�\xnV\_q	^kb�WZYbSWeY{dm\gY�Á���dmqZl w�^`Uchj^�[`qµ�`bedm\gUch{aXYzsgb�\_UXsm�´noUc[uf�\_dmUcfZfZYRd2dmY{Ç��`UXdgY{l�Y{[~\gsVY{l�Y{dgfeYe���+dgdmqZdgsVb�dgYsm\_b�\_UXsm\gUch�b�a¿qZ[`a�nZ�
l�qZlSYR[~\_�`lÀ��dgqel \g^`YÆ�`�ur`acUXsg^`YRpµ¸ £ � ¢ £ h{dgqesgsPsgYRhR\gUcqZ[Cqe[Cp`Y{��\_Y{dmUc�`l�« ®Z®e¯°�K� dmqZlÀ\_^`qesgY
[��`l]r�Y{dmsMwªYÅp`Y{dmUXWZYÅbe[:^kb�p`dgqZ[uUch�Uc[~\gY{d_b�hR\_UXqZ[ be[`p:p`YRh�b�n:Uc[ UkUXfZ^~\Mh{qZdmdgY{h�\_UXqZ[ � behR\gqZd
�87�9�:<;�;FZF>= � ��qZdv\_^`Y	�kb�d_bel�YR\gdgUch2\_dgUXfZfZYRdvsgUXl]�`a¨b²\_Ucqe[Cqe�.sgY{h�� Ñ �QOo� Ð bes<N

@
9�:<;�;FZF>= � @ FZF = ?

� Ð � � F � ? � Ð � � F&? � � @ FZF = ?
7 9�:<;�;FZF>= � Ñ �AX �

w�^`YRdgY
@ FZF =

bedgYV\_^uYz�`[uh{qZdmdgY{h�\_YRp�YRÍ�hRUcY{[uh{UcYRs���qed�\g^`YV\_^`dmY{Y�p`Y{h{b�nMlSqop`Y{sP��dmqZl \_ber`acY Ñ � Ð
be[`p�wªYÎbEWeY{dgbefZY{p©qEWZY{d½\g^`YC\xwiqÅhj^kbedmfZYMh{qZltr`Uc[kb²\_Ucqe[`stUX[¥\g^`Yµh�b�sgYMqe�¾� � � ¸ ¢ puY�Ì
h�b�ne�i�P^`Y�dgYRsg�`a�\_Uc[uf�Y�Í�h{UcYR[`hRnMdgb�\_UXqZs�h{qZdmdgYRhR\_YRp�w�U�\_^M\_^`Y�ber�qEWZY@7�� behR\gqZdgs�bedmY�dmY{��qZdm\gY{p

p`Y{smh{dmUc�u\gUcqZ[ D�� � D :B:smW�\_smUcl Ð�XÐZÐ ���  �Z¬ �  �e®����  � OÇ��`UXhjy�sgUcl � h{qZdmd{� Ð�XÐZÐ ���  � O �  �e®����  � OsmW�\gsgUcl Ì p`Y{h{b�n�Ìx^kb�p`d Ð� � Ñ ���  �Z¬ �  � � ���  �Z¬Ç��`UXhjyosmUcl Ð� �������  � Ð �  �Z±MX����  ��� �
�.ber`acY Ñ �;XWNV}iqZlS�`bedgUXsgqZ[�qe��\_^uY�qEWeY{d_b�aca+behRh{YR�u\jbe[uh{Y�h{qZdmdgY{h�\_UXqZ[`sÆ��qZdÆ\g^`Y�� � � ¸ ¹ ¸ »be[`p�� � � ¢&¹�¢#» l�q�p`Yi�`sgUX[`f	p`UXÃ�Y{dmY{[~\Kp`YR\gY{h�\_qZd�be[`p½\gdgUcfefZY{d.sgUclt�`a¨b�\gUcqZ[usBPZs�Wo\gsgUXl�Ucs@\g^`Yh{qelS�`aXYR\gY�sgUXl]�`acb�\_UXqZ[�\_qËr�Y�hRqZlS�`bedgYRp�w�UX\g^�Ç��`Uchjy�sgUXl � hRqZdgd�w�^`Y{dmYµ^kbep`dR��Uc[~\gY{d_b�hR\_UXqZ[be[`ptp`Y{h{bEntUc[>U`UcfZ^~\@hRqZdgdmY{h�\_Ucqe[tw�^`Y{dmYPbe�`�uacUcYRpt\_q¾Ço�uUchjy�sgUXl P �msmW�\gsgUcl Ì p`Y{h{bEn�Ìx^kb�p`d 2dgYR��YRdgs\_q½\g^`YVh{qZl��`aXYR\_YVsmUcl]�ua¨b�\gUcqZ[�w�^`Y{dmY	\g^`Y	p`Y{h{b�n�s�Uc[�U`UcfZ^~\�be[`pM^kb�p`dgqZ[uUchVUc[~\gY{d_b�hR\_UXqZ[`sPb�dgYsmw�U�\_hj^`YRp�qeÃ�\_q�r�Y	hRqZlS�`bedgYRpM\gq�\g^`Y	d_b�w Ç��`UXhjy�sgUcl dgY{sm�`aX\{�
Uc[ \jberuacY Ñ �;X�beacqZ[uf�w�UX\g^*dmY{sg�uaX\_sS��dgqZl �`dmYRWoUcqe�`sC�kbedgbefZdgbe�`^`sR� ¼:U�\_^`UX[©\_^uY�sm\_b�\_UXsm\gUch�b�a
behRh{�`dgbehRnÅqe�v\g^`Y��udgY{smY{[~\]s�\_�`p�n�\g^`Y�\xwªq�be�u�`dgq~b�hj^`Y{s]feUXWZY�h{qe[`sgUXsm\_YR[~\]dgYRsg�`a�\_sR�M¼�Y��`sgY
h{qe[`sgYRdmW�b�\_U�WZYRaXn�\g^`YVdgYRsgUXp`�kbea�p`UXÃ�Y{dmY{[`hRY	bes�be[µY{s�\_UXl�b�\gYÆqe�&\_^uY	beh{hR�`d_beh�nCqe��qZ�udvp`YR\gY{h�\_qZd
be[`pM\_dmUcfZfeY{dvsmUcl]�`acb�\_UXqZ[º�
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�P^`YVb�[kbeaXnosmUcsiUXsirkb�sgY{pµqe[C\_^`Y2pkb�\jbzh{qZaXacY{h�\_YRpCr~nµ}v�V��w�U�\_^�\g^`Y	³HK¾� \xwiq]\gd_behjy�\_dmUcfZfZYRd
sgUX[`h{YS�kY{r`dm�kbed�n�OM��� Oµ�`� \_qÎY�bedmaXn���bEn"OM�M� O����P^`Y�p`b�\jbÎbedgY�dmY{h{qedgp`YRp�Uc[�bMp`Y{p`UXh�b�\gY{p
sm\gdgY{bel [kbel�Y{p � }v§ � Ï�� \g^kb�\z^kbes�r�YRY{[��`dmq�pu�`h{YRp�w�UX\g^�WZYRdgsmUcqZ[�®u� ¬u� Ð qe�v\_^uYµ}v�V�
qML�Uc[uY�dmY{h{qe[`sm\gdg�`h�\_Ucqe[*�`dmqZfZd_b�l�|�\_^`UXs�wibes�\_^`YÎsm\_b�\_Y�qe�¾\g^`YËbed�\�WZY{dmsgUXqZ[ qZ[ w�Uchj^©\g^`Y
}v�V� dgY{aXUcYRp qZ[ UX\gsMsg�`l�lSYRd*O ��� O�dgYRsg�`a�\_s{� �P^`UcsÎpkb�\_b hRqZdgdmY{sg��qZ[`p \_q©b \_q�\jbeaVqe� �
Ð �e�ur »�� qe�ÆUc[~\_YRfZd_b�\gY{p©ac�`l�Uc[`qesgUX\xn � qZ[uacUc[uYÎaX�`l�Uc[`qZsmUX\xn�lSY{besg�`dmY{l�Y{[~\ � � � sm�`r`sm\_be[~\_Ucbea
��d_b�hR\_UXqZ[�q���\g^`Ucsªac�`l�Uc[uqZsgU�\xn½h{qZdmdgYRsg��qZ[`p`sv\gq]��YRdgUXq�p`sªUc[�w�^uUchj^C\_^uY	³HK � ÄgÄKp`YR\gY{h�\_qZdiwibes
[`qe\�qZ��Y{dgb�\_UXqZ[kbea.��qZdVp`UXÃ�Y{dmY{[~\�dgY{besgqZ[us{���P^uYSaXUcsm\	q��vrkbepÅdg�u[`s�wibes�Y�Á�h{aX�`p`YRp���dgqel�\_^`UXs
be[kb�aXnosgUXs{�@�P^`UXsªdm�`[`sKwiYRdgYÆlSbedmyeY{pSrkbep���qZdKY{UX\g^`Y{d�y�[`qEw�[Cp`Y�\_Y{h�\_qZdª�`dgqer`acYRlSs2� Y�� fu��}$#V�
§2UXfZ^ KKqZaX\_befZY � qed�\gdgUcfefZY{dV�`dmqZr`aXY{l�s{�C�P^`YSa¨b�\m\_YRd�UX[`h{aX�`p`Y½\_^uY�¦kdmsm\���YRw 	��»�� wiYRdgYS\g^`Y
\xwªq�\_dgbehjyC\_dmUcfZfZYRdPwvbes2�`dgYRsgh{beacYRpº|¿b�[`p�dm�`[`s2w�^uY{dgY�\_^`Y�qZ[`aXUc[`Y	r�Y�bel ��qZsmUX\_UXqZ[M¦`\g\gY{d���qZd
³HK¾� wibes2[uqe\�dgYR��qZd�\_UX[`f�b½W�beaXUcpC¦`\{�
�P^`Y	\_qe\_beaºUX[�\gY{fZdgb�\_YRpMac�`l�Uc[`qesgUX\gUcYRsiqe��\_^`Y	sgbelS�uacYVbedmY	acUcs�\_YRpÎUX[C\jberuacY Ñ � Ñ �

S¤�`l�Uc[uqZsgU�\xn����`r »�� ���qe\jbea Ð �u�;�È2q�³HK � Ñ � ±
�vbep�Ï��`[`s Ð �;�
�2smY{p ���;X

�.ber`acY Ñ � Ñ N.�Vb�\_bÆs_bel��`acY N.��qe\_bea`ac�ulSUX[`qZsgU�\xnzbe[`p�behR\g�kbeakaX�`lSUX[`qZsmUX\xn��`sgYRpSUX[]\_^`Y�be[`beaXnosgUXs� sm�`l�lSYRd#OM��� O � �

ACB�
 �MQ�SG*_>^ I�\VO�JSG c�H+IKN�O�H@Q{J�G
³�UXfZ[kbea�dgY{hRqZ[`s�\_dg�uhR\_UXqZ[MUcsv��Y{d���qZdgl�Y{pµdmY{a�n�UX[`f½qZ[C\g^`YVqeÍ�h{Ucbea�WeY{dgsmUcqZ[Îqe�&\_^uY	� � ¦k[`p`YRdPUc[
\_^uY�}i^kbedml���qop`sÆ�`behjy²befZY]p`Y�WZYRacqZ�`��Y{pÅbes¾bCdgYRsg�`a�\Æqe�+\g^`Y]l�qZ[~\_Y{h{bedgaXqCsm\g�`pun�p`Ucsmh{�`smsgYRp
Uc[MsmY{hR\gUcqZ[ Xu�;O��

�vwiq \_dgbehjy�s½h�be[up`Ucpkb²\_Y{s�b�dgYµ�`UXhjyeY{p¥dmY{Ç��`UcdmUc[`fË\g^`Yµh{qel]r`Uc[`b�\_UXqZ[`s	\_q�r�Yµ[`Y{�u\gd_beaiUc[
hj^kbedmfZYe��³oUc[`hRY¾�kbed�\_UXh{acY�UXp`Y{[~\_U�¦kh�b²\_Ucqe[SUXsª[`q�\ªneYR\�b�W�beUcacber`aXYe|e��qZdª� � � ¸ ¢ r�qe\g^���qZsgsmUcr`aXY
lSbesgsPb�sgsgUXfZ[`l�Y{[~\_svbedgY2��YRdm��qZdmlSYRpº�+�P^`YÆdmY{sg�uaX\_UX[`f½be��\_qZdmY<UkYRhR\_UXqZ[µrkbehjy�fZdmqZ�`[`pµ^`besvr�Y{Y{[
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� � � 8������ »���	 �W= � ���  � Ð ±�
 � �
� � ���
�� 8������ »���	 ��= � ���  ����� Ð ± ����»��

� �
�����

� Oe±
�.ber`aXY Ñ � � N�³JKÆ�iÌxq LSUX[`YÆ\_dgbehjy�s2lSb�\ghj^`Uc[`f½hRdgU�\_Y{dmU¨bu�

K�bedmU¨beruacY }i��\È�b²Á�U¨bea&}$#Æ� � Oe±È·s�\_Y{dmY{q�}$#Æ� � Oe±È�Ï��½³JK � � ¬
� acfeqZdgU�\_^`l #ÆÄ��

� & � � O
�.ber`aXY Ñ �;�3N+�.dgbehjy�s2smY{acYRhR\gUcqZ[º�

sm\g�`p`UXY{pÅUc[�p`Y�\jbeUXa@Uc[ sgYRhR\gUcqZ[ Ñ � ®`� Ð �]�P^`Y½\_dgbehjy�sgYRacY{h�\_UXqZ[ l�b�\ghj^ qML�Uc[`Y]\gd_behjy�sV\_q�³HKÆ�
\_dgbehjy�s{|VUX[ qedgp`YRdM\gq©smY{aXY{hR\ÎqZ[uaXn h{be[`p`UXpkb�\_YËWeY{d�\_UchRY{sÎ\_^kb�\µwªY{dmY�¦kdmUc[`f�\g^`Y�\xwiq \_d_b�hjy
l]�`a�\_UÂÌxr�q�punÅ\_dmUcfZfeY{d{� �vwªq�\_dgbehjy�h�be[up`Ucpkb²\_Y{sSbedmYÎdmY{Ç��`UXdgY{p \_qÅs_b�\gUcs��´n�\_^`Y�������� ����! #"

� smY{YMsgYRhR\gUcqZ[ Ñ �;O�� ® � \gdgUcfefZY{dzdgY{Ç��`UXdgYRlSYR[�\gs{|ªbe�`�`aXUcYRp�r�q�\_^¥qZ[�\_^uYµqML�Uc[`YCdmY{hRqZ[`sm\gdg�`h�\_YRp
Ç��kbe[~\_U�\_UXY{s�be[`p�qZ[Å\g^`Y�³HKÆ�"Ç��kb�[�\gUX\gUcY{s	w�UX\g^Å\g^`Y�s_bel�Y�l�b�\ghj^`Uc[ufÎhRdgU�\_Y{dmU¨bµ�`smY{p�UX["S&¬
be[`pÎacUXsm\gY{pµUc[µ\_ber`acY Ñ � � �

�P^`YÎp`YR\_beUcaXY{p¥acUXsm\�qe��\_dgbehjy�sSÇ��kbeaXUX\xn�dmY{Ç��`UXdgY{l�Y{[~\gsSUXs½dgY{��qZd�\_Y{p Uc[¥\jb�r`acY Ñ �A�u�¥�P^`Y
Uc[~W�bedmU¨be[~\MlSbesgsÎqe�t\g^`YÅ�kbeUcdMUXsM\g^`Y{[ lSY{besg�udgY{p be�`�`a�n�UX[`f©}i�+K����.�V|�w�U�\_^ \g^`YÅqZ[`aXn
h{qe[`sm\gd_beUX[�\¤\g^kb�\&\_^uYK\xwªq�\_d_b�hjyos&qZdmUcfZUX[kb�\gY#��dgqZl \_^`YKsgbelSY@WeY{d�\_Y�Á��+È�q2��qZUX[�\gUc[`fih{qZ[`s�\_dgbeUc[~\
\_q½\g^`Y	�`dgUXl�bed�nSWeY{d�\_Y�Á�UXs�be�`�`aXUcY{p¿�

�#Uc[`bea~p`Ucsmh{dmUcl�Uc[kbe[~\gs¤bedgY�sgYRacYRhR\_YRpts�\_�`punoUX[`f¾Ç��kbeaXUX\_b�\_U�WZY{a�n¾\g^`YªpuUcsm\gdgUXr`�u\_UXqZ[`s¤qe�usgY�WZY{dgbea
h�b�[`p`Ucp`b�\_Y�qZr`smY{dmW�beruacY{s���qZd+\_^`Y¾� � � ¸ ¢ 
_� � � ¸ ¹ ¸ » be[`pC� � � ¢&¹�¢#» ��qZ[~\_YRh�bedmacq
sgUXfZ[kbeaXsvbe[upÎqe[µfZY{[`YRdgUXh���qZ[~\_YRh�bedmacq � ��¾be[up � � � rkbehjy�fZdgqe�`[`pº| b��´\gY{di\g^`YÆ\_dmUcfZfeY{dismY{aXY{hR\gUcqZ[¿�³ubel�Y]smY{acYRhR\gUcqZ[ËhRdgU�\_Y{dmU¨bCb�dgY]�`smY{p���qZd¾\g^`Y]\_^udgY{YtsgUcfe[kbeacs]�°¸ ¢ |&¸�¸ be[up � � � ¢&¹�¢#» � |
w�UX\g^�hR�u\_s�qZ�u\gUcl�U"!RY{pMl�bÊÁuUXlSU !{UX[`ft\_^uY�$ � �%$ � � d_b�\gUcq`�K�P^`Yzp`YR\_beUcaXY{pMacUXsm\�qe�#�`sgYRp�hR�u\_s
UcsPdmY{��qZdm\gY{pÎUc[µ\jb�r`acY Ñ � Ð �u�

�P^`Y�dgY{hRqZ[`s�\_dg�uhR\_YRp�\xwªq�\_dgbehjy�Uc[~W�bedmU¨be[~\VlSbesgsV��qZdV\g^`Y½\_^`dmY{Y�sgUcfe[kbeacsVsmY{aXY{hR\gUcqZ[uszb�dgY
sg^uqÊw�[*Uc[�¦kfZ�`dmY Ñ � � be[`p Ñ �A�u� Äx[©\g^`YMp`Ucs�\_dgUXr`�u\gUcqZ[¥h{qedgdgYRsg��qZ[`p`UX[`f \_q \_^`YM\xwiqÅy²beqZ[
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� ���� � 
��� ���� �� � O  ���	��
 � �
� � � � � 
��� � � � �� Ð OM� � � � � � Ð � �
� � � ? ��� � � � ��� �

� 	 � � �� �:± ��
� �� � � �� � ±  ±�	��
 � �
�'� �� � ±  ±�	��
 � �

� ���� � � �� � ?����� � ±M��� � �
�.ber`aXY Ñ � Ð �WNK� � h�be[up`Ucpkb²\_YVsgYRacYRhR\_UXqZ[����_��� �

�

¸ 
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�#UXfZ�`dgY Ñ � � N�� � : p`UXsm\_dmUcr`��\_Ucqe[µb��´\_YRdP¦k[kbeaºsmY{aXY{hR\gUcqZ[�� � � ¸ ¢ �
be[`p:\xwªq*�`UXqZ[ lSbesmsÎ^~no��qe\_^`YRsgUXs�smYRWZYRd_bea���Y�bey:bedmY�W�UXsgUXr`acY�p`�uYÅ\gq©dmY<UkYRhR\_UXqZ[`sÎqe�t\g^`Y
�C� � ¸ ¢ | �C� � ¸ ¹ ¸ » | ��� � ¢ ¹ ¢ » �

�P^`YtacbedgfeYVr`�`l���qZ[M\_^`Y�acqEw l�besms2smUcp`Y�Uc[µ\g^`Yt� � � ¸ ¢ b�[`p�� � � ¸�¹º¸�»Ë�`acqe\gs
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\_^uYVsgUcfe[kbeaºb�[`pÎb½���u[`hR\gUcqZ[C\g^kb�\�UcsPT�be�usgsgUcbe[µr�Y{acqEw UX\gsv��Y{beySW�beaX�`YVbe[up�b��idmY{U�\mÌ ¼:UXfZ[`YRd
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��qZdKlSbesgsmY{s�fZdgY{b�\_YRdK\g^kbe[�\_^`Y���Y{bey]W�beac�uYv\_qtpuY{sghRdgUXr�Y�\_^`Y�� � � ¸ ¢ p`YRh�b�nosi��Y�bey]w�^`YRdgY
\_^uYµy�b�qZ[¥l�besms]Ucs�b�sgsgUXfZ[`YRp¥\gq b��`UcqZ[¿���P^`YMdmY{lSbeUc[`UX[`f�r`behjy�fZdgqZ�u[`p©UXs]�kbedgbel�YR\_dmU"!RY{p
w�UX\g^Îb�¦kdmsm\�qZdmp`Y{d���qZaXno[`qZl�U¨b�a ��Äx[Î\g^`Y	s_bel�YÆwvb�nµ��qZdv\g^`Y��C� � ¢ ¹ ¢ » puY{h�b�nµ\g^`Y	a¨bedmfZY
� � � ¸ ¢ ��Y�b�y�UXs2¦`\m\_Y{p�w�U�\_^�bµT	be�`smsgUcbe[�be[`p b��idgYRUX\sR~¼:UcfZ[`YRdÆbe[up�bC��qeaXno[`qZl�U¨bea¤UXs
bep`puY{pµ��qZdvrkb�hjyofedgqZ�`[up�b�svwiYRaca �@�#UX\m\_Uc[uftUc[C\g^`YÆsgbelSY¾Uc[~W�bedgUcbe[~\vlSbesgsP�`aXqe\i\g^`Y	¸�¸ be[`p
¸ ¢ sgUXfZ[kbeaXs	� qZd ¢º¢ be[`pÎ¸ ¢ sgUcfe[kbeacs � ltnS�`dgqEWeYzUX[C\_^`YÆ���u\g�`dgY	b�s2b�[MbeaX\gY{dg[`b�\_U�WZY¾wib�nµ\_q
l�Y�besm�`dgY�\_^`YtnoUXY{acp�d_b�\gUcq`|k\g^kb�\2Ucs¾UX[`p`YR��YR[`p`Y{[~\Vq��@\_^`Y]be�u\_qedgY<U`Y{hR\gUcqZ[���Y{beyÎsmnosm\gY{lSb�\_UXh{s
p`YRsgh{dmUcr�Y{pCUX[ Ñ � ®`� Ð �#§2qEwiY�WZYRdi\_^`UXsªl�YR\g^`qopSdmY{Ç��`UcdmY����udm\_^uY{d�sm\_�up`UcYRsiqe��\_^`Y�lSqop`YRa ��qedK\g^`Y
¦`\m\_Uc[ufS���`[`h�\_UXqZ[`s2��qed2\_^uYtp`U�Ã¿YRdgY{[~\¾��Y{bey�s{|ºsmq���qZd2\g^`Yz\gUcl�Yzr�Y{UX[`fSwªY]hj^`qoqZsmYt\_qCY Áo\_d_b�hR\
sgUXfZ[kbeaXsv��dgqZl \_^`Y�Uc[up`UXWoUcpu�kbea¿dmY{hRqZ[`sm\gdg�`h�\_YRpË��Y{bey�w�U�\_^M\_^`Y �mhRqZdgdmY{hR\ SlSbesms�^~no��qe\_^`YRsgUXs{|
bes�p`YRsgh{dmUcr�Y{pÎUc[µ\_^uY	��qeacacqEw�UX[`f]sgYRhR\gUcqZ[`sR�
d+e���eih �
	>k�{ z���� ����� | � v�t psm]z��	k��	� � 
 � t>k�v��

}i^kbedmfZY{p©�kbed�\_UchRacYµUXp`Y{[~\_U�¦kh�b²\_Ucqe[�Uc[*}v�V��UXs�rkbesgYRp*qZ[¥\_^uY�sm��YRh{UX¦`h�UXqZ[`U"!{b�\_UXqZ[�YR[`Y{dmfen
acqesgs{|ulSY{besg�`dmY{pµUX[C\_^`YVhRY{[~\_dgbeaºp`dmUX�´\Phj^kb�l]r�YRd{|kb�[`pµqZ[C\_^uYV�PUcl�YÆqe�.�#acUXfZ^~\vb�sPlSY{besg�`dmY{p
r~nM\_^`Yz[`YRw�� #V�*p`Y�\_YRhR\_qed{���iqe\_^�lSY�\_^`qop`s�dgYRÇo�uUcdgY����`dm\g^`Y{d2qZ�u\gUcl�U"!�b²\_Ucqe[µbe[`p�b�dgY�[`qe\
h{qelS�`aXYR\gY{aXnSdgY{bepunC\gq��`sgY�b�\P\g^`YÆ\_UXlSYÆq��.\g^`Ucs�be[`beaXnosgUXs{����qedgY{qEWeY{d{|ksmUc[`hRYV\_^`Y/S�Oz\_dmUcfZfZYRd
dgYRÇ��`UcdmY{s¾\xwªqµ\_d_b�hjyosÆw�U�\_^�b�\_d_b�[`smWeY{dgsmY�lSqZl�Y{[~\g�`l qe��lSqZdmYz\g^kbe[ OµTVY<K � he|�\_^`Y]� #V�
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w�UcaXaºr�Ytbe[~no^`qEw·qe�#acUXlSU�\_Y{p��`sgY���qZdv\_^`Y ��R ¢ sgY{�`bed_b�\gUcqZ[M��qZd�� � \_dmUcfZfZYRdgYRpÎr~nM\_^uYt³JKÆ�V|
\_^uY{[�bMl�q�p`YRa@��qZdV\_^`UXs�be�u\_qedgY<U`Y{hR\gUcqZ[Årkbehjy�fZdmqZ�`[`p�Ucs	[`Y{YRp`Y{p�Uc[ qZdgpuY{d	\_qÎsm\jb²\_Ucs�\_UXh�beaXaXn
sg�uru\_dgbehR\�\_^uUcs�h{qZ[~\gdgUcru�u\_UXqZ[C��dgqZl \_^`Y	qZrusgY{d�WZYRpËsgUXfZ[kbeaºY�WZYR[�\gs{�

�P^`Y�YRÃ�Y{hR\�qe��\_^uYz¸�R ¢ s�wvb���qZ[µ\_^uYz� � � ¸ ¢ ��Y�b�y�^kbes�r�Y{YR[�beaXdgY{bepunCs�\_�`puUcY{pÎqZ[
��qZ[~\gY{h�b�dgacq «¬e®e¯°|(X��QO���Ä \zh{be[�r�Y�sg^`qEw�[�\g^kb�\�\_^`Y�\_^`Y�w�dgqe[`f�lSbesgs�besmsgUXfZ[`l�Y{[~\t��Y�b�y
Ucs�hRY{[~\_YRdgY{p qe[©\_^uY�sgbelSYÎlSbesgsSbes�\_^`YÎh{qZdmdgYRhR\Cqe[`Y�b�[`p©\g^kb�\S^kbesSbe[ be�u�`dgq�Á�UclSb�\_YRaXn
T	be�`sgsmU¨be[Åsg^`be��Y�|�w�U�\_^Åbµw�Ucpu\g^Å\g^kb�\�Ucs�beaXlSqZs�\	be[ÅqZdgpuY{d	qe�vlSbefZ[uUX\_�up`Y½a¨bedmfZY{dR|¤fZUXWoUX[`f
be[Mbe��\_qZdmY<UkYRhR\_UXqZ[µrkbehjy�fZdmqZ�`[`pMUX[µb½¬ �Ëw�Uc[`puqÊw qe�&\g^`YV�C� � ¸ ¢ ��Y�bey�qe�.ber�qZ�u\v¬~±��C�
�P^`UXsÆr�YR^kb�WoUcqZdÆ^`besÆr�Y{Y{[ hRqZ[u¦kdmlSYRp�qZ[�pkb�\_b�sm\g�`punoUc[`fC\g^`Y½YRÃ�Y{h�\Vqe�K\_^uY ��R ¢ smwibe� qZ[
\_^uY�� � ��Y�bey���dmqZl � � £ � ¢ £ � � p`Y{h{bEnos�w�^`Y{dmY�\_^uY�b�[�\gU�Ì h{qZdmdgY{acb�\_UXqZ[�qe�2\_^`YÎhj^kbedmfZY
qe�v\g^`YCrkb�hj^`Y{aXqZdµ��qZd ��sgacqEw  � �`Ucqe[�w�UX\g^�\g^kb�\]q��P\_^`Y ��b�qZ[���dmqZl � � fZU�WZY{s]b���qÊwªY{d����`a
p`UXsgh{dmUcl�Uc[kb²\_Ucqe[�r�YR\xwªY{Y{[Î\_dm�`YVsgUXfZ[kbea¤b�[`pµ\_^`Y�be�u\gqZdgY0UkY{h�\_YRp�� � ���P^uY�sm^kbe��Y{s�qe�.h{qZdmdgYRhR\
be[`p�w�dmqZ[`fÎbesgsmUcfZ[uY{p l�b�sgsV��Y�bey�s{|&UXfZ[`qZdmUc[`f�\g^`Y½YRÃ�Y{h�\�qe��p`qZ�`r`a�n }vberuUcr`r�qµsg�`�u�`dgYRsgsgYRp
p`YRh�b�nosÆ� �	}P³ � |~b�[���� � �Ð � � YRÃ�Y{hR\{|�h�be[�r�Y�puYR\_YRdgl�Uc[`YRp�p`UcdmY{hR\gaXntqZ[½\_^`YPpkb²\jbu|�bes+wªY{aXakbes
\_^uY{Ucd¤r�Y{^`bEWoUXqZd�bes�b����`[uhR\_UXqZ[�qe�uy�UX[`Y{lSb�\_UXh@W�bedgUcber`acYRsºqe��\_^`YK�kbedmY{[~\#� � ���.q�sgYRacY{h�\@��� £ �
¢ £ � � p`Y{h{b�n�sR|uwªYVbep`p�\gqz\g^`YÆ� � h�be[`puUcpkb�\gY{sªsgY{aXY{h�\_Y{pMb�sip`YRsgh{dmUcr�Y{pµUX[��`dmYRWoUcqZ�usisgYRhR\gUcqZ[
bCsgq��´\Æ�`UXqZ[�\_dgbehjy�w�U�\_^��
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Dmasslr Chi2 / ndf = 42.66 / 40
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 6.047 ±Constant = 136.8 
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�#UXfZ�`dgY Ñ � ÐeÐ N�� � : UX[~Web�dgU¨b�[�\vl�besmsPp`Ucs�\_dmUcr`�u\gUcqZ[C��qedv\_^`Y�X����.d_b�[`fZY{sR|`��qZdPh{qedgdgYRhR\�hj^kbedmfZYh{qedgdgYRa¨b�\gUcqZ[Cw�U�\_^µ\_^uY�r`behj^`Y{aXqZdP�`UXqZ[µ��dgqZl � � £ �
� sm^`qEw�[ Uc[ ¦kfZ�`dmY Ñ � Ð � � UXs�\g^`Y{[*sgY{aXY{h�\_Y{p©\_q�r�YÎr�Y�\xwiYRY{[ � �Ð ®~¬  ®�� � �Ð ® Ñ  ¬ � ��
 � � � |
h{qedgdgYRsg��qZ[`p`UX[`f½\_qSbe[MUc[~\_YRdmW�beaºq�� � O �ÅbedgqZ�u[`pÎ\g^`Y � � ��Y�beyCq�� Ð ®~±  ¬ � ��
 � � � �

Äx[MqZdgp`YRdv\_q½�`[���qZacp�\g^`Y	� � l�qZl�Y{[~\_�`l p`YR��YR[`p`Y{[uh{Y	wiYÆ¦`\m\_YRpM\g^`YVdgUXfZ^~\�be[`pCw�dmqZ[`f
besmsgUcfe[`Y{l�Y{[~\V��Y�bey�sVUX[ X����Kr`UX[`s{|¿��dmqZl�±  ±S\gq�OM�  �	��
 � �Ê�7�ªqe\_^Ë\g^`Y½dgUXfZ^~\Vbe[`pËw�dmqZ[`f
sgUXfZ[ ��Y�bey�sµb�dgY�¦u\g\_YRp �`smUc[`f�b�sgUc[ufZacY�T�b��`sgsmU¨be[©�`ac�`s�b���qZaXno[`qZl�U¨b�av���`[`hR\gUcqZ[ ��qZdS\g^`Y
rkbehjy�fZdmqZ�`[`p¿�CÄx[��#UXf`� Ñ � ÐZÐ be[`p Ñ � Ð OC\_^`Y�¦`\m\_Y{p � � : lSbesgs	p`UXsm\gdgUcru�u\_UXqZ[Ë��qZdV\_^`Y�dgUXfZ^~\be[`pMw�dgqe[`f�sgUcfe[�b�dgY	sg^`qEw�[º�

�P^`Y � � �`dmqZrkberuUcacU�\_UXY{s�qe�2\g^`YC¦`\gs�dgbe[`fZYC��dmqZl �  O��'\_q������µ����Y�be[¥W�beac�uY{s½Uc[�\g^`Y
dgUXfZ^~\�be[`pÎw�dgqZ[`f�p`UXsm\_dmUcr`��\_Ucqe[`s�bedgY	hRqZ[`sgUXsm\gY{[~\2w�U�\_^ÎY�behj^�qe\_^uY{d�Uc[Îbeaca�\_^`Y7���#r`Uc[`sR| be[`p
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Chi2 / ndf =  31.1 / 26
Prob  = 0.2245

 3.022 ±Constant = 70.66 
 0.002196 ±Mean_value = 1.861 

 0.002696 ±Sigma    = 0.05205 
 7.053 ±Const    =  2070 
  4.54 ±Slope    = -2152 
 1.948 ±Quad     = 558.5 

Dmassl Chi2 / ndf =  31.1 / 26
Prob  = 0.2245

 3.022 ±Constant = 70.66 
 0.002196 ±Mean_value = 1.861 

 0.002696 ±Sigma    = 0.05205 
 7.053 ±Const    =  2070 
  4.54 ±Slope    = -2152 
 1.948 ±Quad     = 558.5 
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Chi2 / ndf = 17.81 / 28
Prob  = 0.9308

 2.863 ±Constant = 66.37 
 0.002725 ±Mean_value =  1.86 

 0.003894 ±Sigma    = 0.06303 
 6.666 ±Const    = 999.1 
 4.022 ±Slope    = -972.5 
 1.769 ±Quad     = 235.6 

Dmass1 Chi2 / ndf = 17.81 / 28
Prob  = 0.9308

 2.863 ±Constant = 66.37 
 0.002725 ±Mean_value =  1.86 

 0.003894 ±Sigma    = 0.06303 
 6.666 ±Const    = 999.1 
 4.022 ±Slope    = -972.5 
 1.769 ±Quad     = 235.6 
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Chi2 / ndf = 61.51 / 34
Prob  = 0.001829

 2.673 ±Constant = 72.68 
 0.002798 ±Mean_value = 1.865 

 0.00367 ±Sigma    = 0.07143 
 6.238 ±Const    =  2059 
 3.718 ±Slope    = -2122 
 1.589 ±Quad     = 544.9 

Dmass2 Chi2 / ndf = 61.51 / 34
Prob  = 0.001829

 2.673 ±Constant = 72.68 
 0.002798 ±Mean_value = 1.865 

 0.00367 ±Sigma    = 0.07143 
 6.238 ±Const    =  2059 
 3.718 ±Slope    = -2122 
 1.589 ±Quad     = 544.9 
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Chi2 / ndf = 46.27 / 38
Prob  = 0.1686

 3.133 ±Constant = 116.8 
 0.002279 ±Mean_value = 1.863 

 0.002486 ±Sigma    = 0.08368 
 6.378 ±Const    =  2624 
 3.304 ±Slope    = -2665 
  1.49 ±Quad     = 674.3 

Dmass3 Chi2 / ndf = 46.27 / 38
Prob  = 0.1686

 3.133 ±Constant = 116.8 
 0.002279 ±Mean_value = 1.863 

 0.002486 ±Sigma    = 0.08368 
 6.378 ±Const    =  2624 
 3.304 ±Slope    = -2665 
  1.49 ±Quad     = 674.3 
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Chi2 / ndf = 51.67 / 46
Prob  = 0.2657

 3.199 ±Constant = 132.4 
 0.002228 ±Mean_value = 1.865 

 0.002231 ±Sigma    = 0.0901 
 5.324 ±Const    =  2000 
 2.733 ±Slope    = -1998 
 1.207 ±Quad     = 497.2 

Dmass4 Chi2 / ndf = 51.67 / 46
Prob  = 0.2657

 3.199 ±Constant = 132.4 
 0.002228 ±Mean_value = 1.865 

 0.002231 ±Sigma    = 0.0901 
 5.324 ±Const    =  2000 
 2.733 ±Slope    = -1998 
 1.207 ±Quad     = 497.2 
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Chi2 / ndf =  78.5 / 53
Prob  = 0.01121

 3.017 ±Constant = 91.82 
 0.002914 ±Mean_value =  1.86 

 0.003167 ±Sigma    = 0.08889 
 5.526 ±Const    =   639 
 3.006 ±Slope    = -584.9 
 1.247 ±Quad     = 134.4 

Dmassh Chi2 / ndf =  78.5 / 53
Prob  = 0.01121

 3.017 ±Constant = 91.82 
 0.002914 ±Mean_value =  1.86 

 0.003167 ±Sigma    = 0.08889 
 5.526 ±Const    =   639 
 3.006 ±Slope    = -584.9 
 1.247 ±Quad     = 134.4 
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bedmY�\g^`Y�w�dgqZ[`fzl�b�sgs�besgsmUcfZ[ulSYR[�\�qEWZYRdªhRqZdgdmY{h�\ilSbesgsªbesmsgUcfe[`lSYR[~\�w�UXpu\_^�d_b²\_Ucqes@��qZd����ºruUc[
��Uc[½\_^`Y2¸ ¢ l�qop`Y�bes�p`YR\gY{dgl�Uc[uY{p���dgqZl�\g^`Y�qZr`sgYRdmW�b�\gUcqZ[�qe�¿\g^`Y2� � ��Y�bey]��dmqZlÀ��� £ � smY{Y
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 / ndf 2χ  64.35 / 59
Prob   0.2949
Constant  3.686± 212.8 
Mean      0.01326± 0.01542 
Sigma     0.009373± 0.9373 

pull2_4  / ndf 2χ  64.35 / 59
Prob   0.2949
Constant  3.686± 212.8 
Mean      0.01326± 0.01542 
Sigma     0.009373± 0.9373 
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�`[`hRY{d�\jbeUX[�\xne�
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dgYRsg�`a�\_s	qe�ª\_^`Y�\xwiqÎrkbehjy�fZdmqZ�`[`p�¦`\g\gUc[`fµ���`[`h�\_UXqZ[`s{���P^`UXs�ruUcfµW�bedgUcb�\_UXqZ[�UcsÆ\g^`YSdmY{sm�`aX\�qe�
\_^uYtacqEwªY{d $�� � d_b²\_Ucq�Uc[Î\_^`Yt¸�¸?sgUXfZ[kbea°|`\_^`Yzd_be�`UXp`aXnµ� b�acacUX[`f½rkbehjy�fZdmqZ�`[`p�sm^kbe��Ye|�p`qZl½Ì
Uc[`b�\_YRp�r�nËlSUXsgdgYRh{qZ[usm\_dm�`hR\gY{p�� � � ¸ ¢º¢ � b�[`p qe\_^`YRdVhj^kbedml'lSYRsgqZ[usVp`Y{h{bEnosR|#be[up \g^`Y
Ucl���qZsgsmUcr`UXacUX\xn�\_q�Y�Áo\gY{[`p¥\_^`YS¦`\g\gUc[`f�dgbe[`fZYCqe[¥\g^`Yµ^`UXfZ^�lSbesgs½smUcp`YCpu�`YC\_q�p`U�Í�h{�`a�\_UcYRs
Uc[ l�q�puY{acUX[`f�\g^`Y�dgY<U`Y{hR\gUcqZ[Å��Y�beyËq��v� � � ¸ ¢ p`Y{h{b�n�sR��Äx[Å�`Uch�\_�`dmY Ñ � ÐC� \g^`Y�p`UXÃ�Y{dmY{[~\
hj^kbedml be[`pM[`qe[Îhj^`bedgl�r`behjy�fZdgqZ�u[`p`s�sg^kb���YRs��u[`p`Y{dP\g^`Y	� � ��Y{beyCUX[C\_^`Y	¸�¸ Uc[~W�bedgUcbe[~\
lSbesgs��`aXqe\�|ubedgY	sg^uqÊw�[¿�
d+e��+egf �l~�zW��owk �k�{ z�ps�9m�xy�#��k��

³onosm\gY{lSb�\_UXhz�u[`h{YRdm\jb�Uc[~\_UXY{s�dgY{acb�\_YRpÎ\gqS\g^`Yz�`bed_bel�YR\gY{dmU"!�b²\_Ucqe[µqe�@\_^uYtbe��\_qZdmY<UkYRhR\_UXqZ[���Y�b�y
sg^`be��Y	�`[up`Y{d�\_^`Y�¸ ¢ hj^kbe[u[`Y{a¤wibes2s�\_�`puUcY{pÎUc[µpuUXÃ�Y{dgYR[~\�wib�nos>N
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�#UXfZ�`dgY Ñ � Ð�� N � 6�6 p`Ucs�\_dmUcr`�u\gUcqZ[ w�UX\g^�[`qe[�h{qZl��`aXYR\_YSdgYRh{qZ[`s�\_dm�`hR\gY{p � � � ¸�¸ � �|	� � � ¸ ¢ be[`p h{qZl]ruUc[kb�\gqZdgUcbea¾r`behjy�fZdgqZ�u[`p h{qe[�\gdgUXr`�u\_UXqZ[`sR� �kdgqZl � � � l�qZ[~\_Y{h{bedgaXqUc[���qZdglSb�\_UXqZ[º�
� �u[`hR\gUcqZ[ � � � ¸ ¢ � � � ¢&¹�¢.» � � � ¸ ¹ ¸ »
� Ð � �>O � �  ¬���� � � �Ð �
� Ð � � � � � �  ® X�� � Ð� ���
�>O � �z¬ � � �Ð �
�>O � � � � � Ñ A� ��.qe\_bea N � A� ±�� Ð��Ð � Ñ  ���

�.ber`acY Ñ � Ð ®�N���b²Á�Uclt�`l�W�bedgUcb�\_UXqZ[`s+qZ[�\_^uY2[��`l]r�Y{d�qe�º� � Y�WZY{[~\gsvqZru\_beUc[`YRpShj^`be[`fZUX[`f�\g^`Yrkbehjy�fZdmqZ�`[`pÎ¦`\g\gUc[`f]���u[`hR\gUcqZ[`sR�
� Ï�Y{��Y�b�\gUc[`fC\g^`Y½¦`\g\gUc[`fµ�udgqoh{Y{pu�`dgY�qZ[�� � � ¸ ¢ hj^kbe[`[uY{a |¤W�bed�n�UX[`fC\_^uY�dgb�\_UXqµr�Y Ì
\xwªY{YR[Ëw�dgqZ[`fCbe[`pËdmUcfZ^~\2sgUcfe[�w�Ucp�\_^`s2lSY{besg�`dmY{p�qZ[Î\_^`Y]��� £ sgbelS�uacY	w�UX\_^uUc[ � Ð �
��sgY{Y	\jb�r`acY Ñ � ÐZÐ � �
�P^`UXs�fZUXWeY{s�b½l�b²Á�UXl]�`l Web�dgU¨b²\_Ucqe[CqZ[M\_^`Y	l�Y�besm�`dgYRp�� � � ¸ ¢ noUcYRacpµqe� Ð� ¬��C�

� �#U�\g\gUc[`fC\g^`YSdmY<UkYRhR\gY{p���Y�bey�UX[�\_^`YS� � � ¸ ¢ pkb�\_bu|.UX[Å\g^`Y�s_bel�Y�\xwiqËT�be�usgsgUcbe[
l�q�puY{a#w�^`YRdgY�\_^`Y�dmY<UkYRhR\_YRp���Y�bey�w�Ucpu\g^�UXsV[`qEwÀbC��dgYRY��`bed_bel�YR\gY{dR���P^uUcsVfZU�WZY{szb
[`YRfZacUXfZUcruacY�YRÃ�Y{hR\2qZ[µ\_^uY�l�Y�b�sg�`dmY{p�� � � ¸ ¢ n�UXY{aXpÎq����  �Z¬�X��µ�
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� stb����`d�\_^`YRdth{dmqZsgs Ìxhj^`YRhjy�qe�v\g^`Y�dmqZr`�`s�\_[`YRsgs½qe�i\_^`YCdmY<UkYRhR\gY{p���Y�bey �kbedgbel�YR\_YRdgU !�b�\gUcqZ[º|
wªY��usgY�\_^`Y 7��@��� � d_b�\gUcqµl�Y�besm�`dgYRp�qe[ \g^`Y�� � pkb�\_bµ\gqµ¦`\V\_^`Y�� � dmY{h{qe[`sm\gdg�`h�\_Y{p�l�b�sgs
��dgqel � � w�UX\_^uqZ�u\ª�`sgUX[`f]\_^`Y2hj^kbedmfZYÆh{qedgdgYRa¨b�\gUcqZ[�w�UX\g^�\_^`Y¾rkbehj^`YRacqZdª�`UcqZ[¿�@�P^`YÆdmY{sg�uaX\_UX[`f
¦`\�UcsvWeY{d�nMfZq�qopº|ubes�sg^`qEw�[�UX[µ¦kfZ�`dmY Ñ � ±��;O�|uw�U�\_^Îb � � �`dmqZrkberuUcacU�\xnS��qedv\_^`YV¦`\�qe�#¬�X �C�

¼�YCbesgsmUcfZ[�b�s]b�s�n�s�\_YRl�b�\gUchS�`[`h{YRdm\_beUc[~\xn�qZ[�qZ�`dzlSY{besg�udgY{l�Y{[~\z��dgqZl \_^uYCdgY0UkY{h�\_Y{p
��Y�beyÎlSqop`YRa&\g^`Y]lSb²Á�Ucl]�ul�Web�dgU¨b²\_Ucqe[�qZrusgY{d�WZYRp�qZ[�qZ�`d¾dmY{sm�`aX\¾r�n�hj^kbe[ufZUc[`fS\_^`Yt¦u\g\_UX[`f
�`dmq�hRY{p`�`dmYtb�sPY�Á��`a¨b�Uc[`YRp�ber�qEWZY����P^uUcsP\_�`dm[`s�qZ�u\P\gqSr�Y � Ð� ¬��C�
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Chi2 / ndf = 62.31 / 59
Prob  = 0.3643

 12.02 ±p0       = 914.7 
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Dm Chi2 / ndf = 62.31 / 59
Prob  = 0.3643

 12.02 ±p0       = 914.7 
 0.0001488 ±p1       =  1.86 

 0.0001625 ±p2       = 0.01086 
 65.19 ±p3       = 617.5 
 34.85 ±p4       = -300.7 

�#UXfZ�`dgY Ñ � Ð �WN��ÆUXdgY{h�\]b�[`p�dgY0UkY{h�\_YRp ��Y�b�y�� � ��dgqZl ���zYRWZYR[~\_s]¦`\m\_Y{p��usgUc[uf�l�q�p`YRaª�`b²Ìd_b�lSY�\_Y{dms�lSY{besg�`dmY{pÎqZ[Î� � pkb�\jb��
d+e��+e�� �ap �ZkVzwpsxyk ��p�	,k�owk�m	{%k v�m	����� � ��k�{%v��#|

³�UX[`h{Y¾wªY	h{qZaXacYRhR\vqe�`dvpkb�\_btw�UX\g^Mbt\_dgUXfZfZYRdirkbesmY{pMqZ[µ\_^uYÆacqZ[uf½acUX��Y�\_UXlSY�qe��hj^kbedml l�Y{smqZ[`s
\_^uYCdgYRa¨b�\gUXWZYSh{qZaXacYRhR\_UXqZ[ÅYRÍ�h{UXY{[`h�n�h{qe�`acp�r�Yµbea�\_YRdgY{p�UX��b�puUXÃ�Y{dgYR[~\½acU���YR\_UXlSY�UXs]besmsg�`l�Y{p
��qZdP\_^uYt� �� be[`p�� �� �´\_^`Y�� � l�b�sgs�Y{UXfZY{[`s�\jb�\gY{s � | w�^`Uchj^ÎwiqZ�uacpÎsg^`qEw��`��bes�bSp`U�Ã¿YRdgY{[uh{Y
Uc[�acUX��Y�\_UXlSY½��qZdzp`Y{h{bEnos�Uc[~\gq }v¶�YRUcfZYR[`sm\_b�\_YRs�bes½¸ ¹ ¸ » qZd ¢&¹�¢#» dmY{acb�\_U�WZY�\gq�bËlSUÂÁ�Y{p
}v¶Àsm\_b�\_Y�besS¸ £ ¢ ¡ � �P^`Y�¶K�	T « ®Z®²¯¾Ç��`qe\gY�b�[*Y{dmdgqZd�qZ[ \_^`YÎwiqZdmacp©b�WZY{dgbefZYÎ��qZd�\g^`Y
qZr`smY{d�Web�r`acY�O��

��� � �� » � � ��
�

qe�#O��;O��C���P^uUcs�Ucs	Uc[`puY{Y{pÅl�Y�besm�`dgYRp�Y�Áubeh�\_aXnËr�nÅhRqZlS�`bedgUX[`f
acU���YR\gUcl�Yi��qZdKp`Y{h{b�n�siUc[C¸ ¹ ¸ » qZd ¢&¹�¢#» WZYRdgsm�`s�¸ £ ¢ ¡ �.¼�Y�\_^`YR[µbesmsgUcfe[Cbzs�nosm\_YRl�b²\_Uch�qe�
O��;O �"qZ[�\g^`YÆdgYRa¨b�\gUXWeY2r`dgbe[`hj^`UX[`f]dgb�\_UXqtl�Y�besm�`dgYRlSYR[�\vbesgsm�`l�Uc[`ftbtp`UXÃ�Y{dmY{[`hRYÆUc[SacU���YR\_UXlSY
wªqZ�`acpÎ�`dmqZ�kbef~b²\_YVacUX[`Y�b�dgaXn�UX[M\g^`Y	h{qZaXacYRhR\_UXqZ[µYRÍ�hRUcY{[uhRnZ�

¼�YÆbedgY2UcfZ[`qedgUc[ufzUX[�qZ�`dªh�beaXh{�`acb�\_UXqZ[�\_^`YÆhRqZ[~\_dmUcr`�u\gUcqZ[usªqe�¤\g^`Y¾puqZ�`r`a�nC}vb�r`Ucr`r�q]sm�`��Ì
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�`dmY{sgsmY{p�p`Y{h{bEnoszqe�v� � l�Y{smqZ[`sS� U°� Y��½� � �  u¹�¢.» UX[`sm\gY�bepÅqe�ª� � �   »k¢ � � �½�P^`Y�sgU !{Yqe�	\_^uUcs�Y�Ã¿YRhR\MUXsCY{Ç��kbea2\_q�\g^`Y�d_b�\gUcq�qe�z�	}P³©\_q }vber`UXr`r�q�beacaXqEwiYRp r`d_b�[`hj^`Uc[uf�d_b�\gUcqZsR�
�kdgqZl \_^uY½¶K�	T �`�`ruacUcsm^`Y{pËW�beaX�`Y{s2wiY½p`YRdgU�WZY½bCdgb�\_UXqCqe���  ¬ � � �  ��X�� be[`p besmsgUXfZ[ bes	b
h{qe[`sgYRÇo�uY{[`hRY½b½smnosm\gY{lSb�\_UXh�YRdgdmqZdPqZ[ÎqZ�`dPl�Y�besm�`dgYRlSYR[�\���qZdv\g^`UcsPY�Ã¿YRhR\2qe� �/�  ® �C�
d+e��+e�� � k��sv(z�p��9k v�{%{%k�t�zWv�m	{%k}{%��owowk�{ zwp-�9m

� s�Y�Á��`acbeUc[uY{p�Uc[�sgY{h�\_UXqZ[ Ñ �QO�|ÊwªYª�`smY{pt\xwªq¾l�YR\g^`qop`s¤\_q�lSY{besg�`dmY�\g^`Y�dgY{acb�\_U�WZYKbehRh{YR�u\jbe[uh{Y{s
rkbesmY{p�qe[�bM�kbedgbelSY�\_dmUch�be[`p ���`aca@\gdgUXfZfZY{d	smUcl]�`acb�\_UXqZ[ËdmY{sg��Y{h�\_U�WZY{a�nZ�µ��q�\g^`YS�`bed_bel�YR\gdgUXh
sgUXl]�`acb�\_UXqZ[¾wªYªb�p`p`Y{p�\_^`YKY�Ã¿YRhR\_s&qe��\_^`YK^kb�p`dgqZ[uUch+Uc[~\gY{d_b�hR\_UXqZ[`s¤UX[Æ\_^`YKlSb�\_YRdgU¨b�aZbe[`p�p`YRh�b�n
Uc[TUkUcfZ^~\{|`be[`pCwªYVsmw�U�\_hj^`YRpMqeÃ�besªwiYRaca�\g^`qZsmYVYRÃ�Y{hR\P��dmqZlÀ\_^`Y�T�� � È�� smUcl]�ua¨b�\gUcqZ[º���P^`Y
behRh{Y{��\jbe[`hRYVh{qZdmdgYRhR\_UXqZ[CdmY{sg�uaX\_sisg�`l�l�b�dmn�UcsªfZUXWeY{[µUc[S\jber`aXY Ñ �AXz��qZd�\_^`Y2\xwiq½dgb�\_UXqZs{�+�.Ucdgs�\
\xwªq�dgqEw�sCdgY���Y{d�\_q�s�Wo\gsgUXl be[up:T	YR[`��dgUcf�dgY{sm�`aX\gs�UX[*w�^`Uchj^*r�qe\g^ lSb�\_YRdgU¨b�a2b�[`p p`YRh�b�n
YRÃ�Y{h�\_s½b�dgY�\jbey�Y{[�UX[�\gq�b�h{h{qe�`[~\�|#\g^`Ucdmp�be[`pÅ��qZ�`d�\_^�dmqEw�stdgY���Y{d�\_q�s�W�\_sgUXl be[`p�TVY{[u�.dmUcf
Uc[�w�^uUchj^ r�qe\g^�\_^`YRsgYMYRÃ�Y{h�\_sSbedgYµp`YRh{qZ[~WeqZac�u\gY{pº� � s�be[¥Y{sm\gUclSb�\_UXqZ[�qe�2smnos�\_Y{lSb�\gUchµqZ[
\_^uYSdmY{a¨b²\_UXWeY�beh{hRY{�u\_be[`h{Y�h{qZdmdgY{h�\_UXqZ[ÅwªY�hRqZ[`smUcp`YRd�\g^`YSacbedgfeY{sm\�sm�`dgY{bep�r�YR\xwªY{Y{[�\_^`Y�\xwiq
sgUXl]�`acb�\_UXqZ[Cbe�u�`dgq~b�hj^`Y{s�Uc[Mb�[�nCqe�&\_^`YÆ\xwªqShRqZ[u¦kfe�`d_b�\gUcqZ[us{�+Äx[µ\_^`UXsvwvb�nCwªY�besgsmUcfZ[Mb Ð �A�
� be[up�Oo� ± � s�n�s�\_YRl�b�\gUch	Y{dmdgqZdP��qZd�¸�¸ be[`p ¢º¢ dgYRsg��Y{h�\_UXWeY{a�nZ�
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\_^uYtl�Y�be[ 	S��qZsmUX\gUcqZ[Îqe�+\_^uYtac�ulSUX[`qZ�`s�r�Y�bel sg��qe\{�2¼�Y]b�WZYRd_befZYRp�qEWZY{d2\_^`Y]YR[~\_UcdmYtpkb²\jb
s_b�lS�`aXYÆ\_^`Y�l�Y�be[ 	�W�beaX�`YVqe�#\g^`Yt}$#V� \_dgbehjy�s2WZYRdm\gUch{YRs���qed�Y{behj^�dm�`[º|�be[`pM\_^uUcs�[��`l]r�Y{d
fZU�WZY{s½\g^`YÎ¬ hRl?wiYM�`smY{p©Uc[¥qZ�`d�sgUXl]�`acb�\_UXqZ[º�Å�P^`Y�puUcsm\gdgUXr`�u\_UXqZ[¥bedmqZ�`[`p�\_^uUcs½W�beac�`YµUXs
be�`�udgq�Á�UclSb�\_YRaXn�U b²\2w�U�\_^�b��u�A�ShRl Ï��Ë³Îbes¾sm^`qEw�[ËUc[M¦kf`� Ñ � ±�� ®u�i¼�Yzhj^`Y{hjy�Y{p�\_^`b�\2\g^`Y
h{qedgdgYRhR\gUcqZ[ � behR\gqZdV^kbes�be[�be�`�udgq�Á�UclSb�\_YRaXnËaXUc[`Y{bedÆp`YR��YR[`p`YR[`h{YSqZ[Å\g^`Y�besgsm�`l�Y{p�l�Y�b�[ 	
W�beac�uYe|@b�[`p�Ç��`qe\gYCb�s�nosm\_YRl�b²\_Uch���dgqZl'\g^`YSW�bedmU¨b�\gUcqZ[ qe�P\g^`Y�l�Y�b�[ 	�qe��� Ð� ± ������P^uUcs
\_dgbe[`sma¨b�\gY{sPUc[Mb�[�b�p`p`UX\gUcqZ[`bea�s�nosm\_YRl�b²\_UchVYRdgdmqZdPqe� �/�  Ñ � ��qZdi\_^uY	� � � ¸�¹º¸�»�hj^kbe[`[uY{a
be[`p �/�  ±�� ��qZdP\g^`Y]� � � ¢&¹�¢#» lSqop`Ye�iÄx[�\_^uYts_b�lSY	wvb�nMwªYz��qZ�`[up�\_^`b�\¾�u[`h{YRdm\jb�Uc[~\xn
qZ[µ\_^uYzb�hR\_�`bea¤r�Y{bel�sm��qe\�aXY{[`fe\g^MUc[ 	S^`bes�[`Y{fZaXUcfZY{ber`aXY¾YRÃ�Y{h�\¾qe[M\g^`Y	lSY{besg�udgY{l�Y{[~\{�

� s�bthRdgqZsmsghj^`YRhjyµqZ[C\_^uYVbeh{hR�`d_b�hRnCq��¤\_^`YÆlSb�\gY{dgUcbea p`Y{smh{dmUc�u\gUcqZ[CUX[MT�� � È2�:wiY¾lSY{b²Ì
sg�udgY{p�\g^`Yµbeh�\_�kbea�[��`l]r�Y{d½qe�����]be[`p �� � puY{h�b�noUc[uf�Uc[~\_q�¸ ¢ Uc[�qZ�ud]pkb�\_bu� ³�UX[`h{Y�\g^`Y
Uc[~\gY{d_b�hR\_UXqZ[��`dgqZr`ber`UcaXUX\xntUcs�Y�Á���YRhR\gY{pC\_qzr�Y2sgUXfZ[`UX¦`h�be[~\_a�n½^`UXfZ^`Y{dK��qZd�¸ » \g^kbe[S��qedi¸ ¹ wiY
be[~\_UXh{UX�kb�\_Y¾btsgaXUcfZ^~\gaXn�acqEwªY{dv[��`ltr�YRdvqe��� � \g^kbe[ �� � �+�P^uUcsiUXsvUc[S� behR\ih{qZ[u¦`dgl�Y{pµsgUX[`h{Y¾Uc[
qZ�`dPsgbel��`acY¾wªYÆ¦k[`p 4 � � �

O ÑeÑ ��� � OZ±M�½be[up 4��� � �

O � ±MX�� � OZ±M��|uh{qedgdgYRsg��qZ[`p`UX[`f½\_q�b
dgYRa¨b�\gUXWeYÆp`UXÃ�Y{dmY{[`hRYVqe�i� O  Ñ � Ð� O � �C�+�kdgqel \g^`YVsgUX[`fZacY¾�kbedm\gUchRacY¾UX[~\_Y{dgbehR\gUcqZ[��`dgqZr`ber`UcaXUX\gUcY{s
qe�¤\_ber`acY Ñ � ±�wªYÆ�`dgYRp`Uch�\i\g^`Ucsªp`UXÃ�Y{dmY{[`hRY¾\_q]r�Y½� O  O � �  ¬ � �C�K�ÆY{sg�uUX\_Y�\_^`UXsi[��`l]r�Y{dibefZdmY{Y
w�UX\g^`Uc[MYRdgdgqedgs{|kwªYzhRqZ[`smY{dmW�b�\gUXWeY{aXnµbesgsmUcfZ[�b�s�nosm\_YRl�b²\_UchRs2qe[Î\g^`Y	l�b�\gY{dmU¨bea�p`Y{smh{dgUX�u\_UXqZ[ÎUc[
T�� � È2� qe����� ±��C�
d+e��+e�� � ow�!��~	{ z�ps�9m xy�!��k�

Äx[ qZdmp`Y{d�\_q�YRW�beac�`b�\_YM\_^`YÎYRÃ�Y{h�\µqe�Æ\g^`Y��udgqop`�`hR\gUcqZ[©lSqop`YRav��qZdShj^`bedgl�Y{p l�Y{smqZ[`sR|vwiY
hj^kbe[ufZY{p*\g^`Y*�

�
sg��Y{h�\_d_b�b�\S\g^`Y�UX[`�`�u\�qe�¾\_^`Y��kbed_b�lSY�\_dgUXhMsgUclt�`a¨b�\gUcqZ[¥qe�¾\_^`YM\_dmUcfZfZYRd

� TVY{[u�.dmUcf � �S¼�Y�YRW�beaX�kb�\gY{p�bef~beUX[Å\g^`YSdmY{acb�\_U�WZY�beh{hRY{�u\_be[`hRYCqZ[ \_^`Y�\_^`dmY{Y�p`Y{h{bEn�l�q�p`YRs
be[`p�UX\gs�Y�Ã¿YRhR\¾qZ[�\g^`YzdmY{acb�\_U�WZY/�vÏ	� ¼�Y	\_Y{s�\_YRp�\_^`Yz^~n���qe\gY{smnosÆq��+baUkb�\��

�
p`UXsm\gdgUcru�u\_UXqZ[

r�YR\xwªY{Y{[�®Sb�[`p*O �STVY<Kt|kbe[`pÎ�`[`U���qZdgl Uc[ � & � � Ð� O�|u�`sgUX[`f���b�yeYC�@WeY{[~\��
�P^`YMp`UXÃ�Y{dmY{[`hRYµqZ[�\_^`YµdmY{acb�\_U�WZY��iÏ Ucs Ð � � � ��qZd]r�qe\_^¥¸�¸ be[`p ¢º¢ � ¼�YµY�Á���YRhR\

�`[`hRY{d�\jbeUX[�\xn qZ[ \g^`Y��
�
sg��Y{h�\_d_b¥�`smY{p ��qed�\_^`Y dmY{a¨b²\_UXWeY beh{hRY{�u\_be[`hRY�hRqZdgdmY{hR\gUcqZ[ \gq r�Y

sgUXfZ[`U�¦kh�be[~\gaXnMsglSbeaXacY{dP\g^kbe[ËU�\_s�p`UXÃ�Y{dmY{[`hRYtw�UX\g^�baU b²\Æp`UXsm\_dmUcr`��\_Ucqe[�bes2UX\2h�be[�r�YtsmY{YR[�Uc[
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¦kfZ�udgY Ñ � ±�� ±ÎUX[�w�^`UXhj^ �

�
� � � � sg��Y{hR\gd_b�b��´\gY{d	\_dmUcfZfZYRd	Uc[�l�qZ[~\_YRh�bedmacq�be[`p�p`b�\jbu�MÄx[�\g^`Y

pkb�\_bC\_^`Y½hRacY�b�[�� � l�Y{smqZ[`s	sgYRacYRhR\_UXqZ[���dgqZl����Vp`Y{h{b�n�s	wibes	�`sgYRpº��¶KaXqe\VUX[Ë¦kfZ�`dmY Ñ � ±�� ±
sg^uqÊw�s�p`UXsgh{dmY{�kb�[`h{UXY{s�qe��\_^`Y	qZdmp`Y{dPqe� Ð � �C|`\_^`YVW�beaX�`YVqe��smnosm\gY{lSb�\_UXh	Y{sm\gUclSb�\_YRpµ��qZdv\_^`UXs
YRÃ�Y{h�\2b�\�\_^`YV\_UXlSY¾r�YRY{Uc[uf�UXsv\_^`YR[�Ç��`U�\_Y	h{qe[`sgYRdmW�b�\_U�WZY��
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0MC D

�#UXfZ�`dgY Ñ �;O Ð N��.dgbe[`smWeY{dmsgY�lSqZl�Y{[~\g�`l ��qZdV� � l�Y{smqZ[ b��´\_YRd¾\_dmUcfZfeY{d¾UX[�\_^uY]pkb�\_bCUc[Ër`aX�`Yw�^`YRdgY½� � bedgYzsgY{aXY{h�\_Y{pË��dmqZl�\_^uYtp`YRh�b�n�hj^`beUc[���� � � � ¢ �2Äx[�dgY{p�\_^`Yzsg��Y{hR\gdg�`l ��dgqel
�Ë} b��´\_YRd�\gdgUXfZfZY{disgUclt�`a¨b�\gUcqZ[Sw�UX\_^µ\g^`Y	�`dgqop`�`h�\_Ucqe[Îl�qop`Y{a¤b�p`qZ�u\gY{pº�

}i^kbedml l�Y{smqZ[`sCb�dgY��udgqop`�`h{YRp:b�\S�.Y�Web²\_dgqe[ r�q�\_^ p`UXdgYRhR\_a�n �
�m�udgqZl��u\  � be[up©��dgqel
sgYRh{qZ[upkbedmn�p`YRh�b�nos¾qe�+r�^kbep`dmqZ[`sR���P^uYtdgYRa¨b�\gUXWeY	noUXY{acpÎqe�+smY{hRqZ[`pkbed�nM\_q��udgqZl��u\¾� � ��� # �Uc[Æ\g^`Y+�vwªq2��d_behjy¾�.dmUcfZfZYRdº^kbes&r�Y{YR[�YRsm\gUclSb�\_YRp�UX[�«®Z¬²¯���sgY{YKsmY{hR\gUcqZ[/Xu� ± � |Êw�^uY{dgY�bPd_b�[`fZY+qe�
Ð ±�� ��� # � O�® ��UXsKÇo�uqe\_YRpº�KÄx[�qZdmp`Y{dK\_qzY{sm\gUclSb�\_YP\g^`Y¾Y�Ã¿YRhR\vqe[�\g^`Y¾dmY{a¨b²\_UXWeY�h{qZaXacY{h�\_UXqZ[
YRÍ�hRUcY{[uhRn���dmqZl sgY{hRqZ[`pkb�nM� � ��dgqZl sgYRh{qZ[upkbedmn�p`Y{h{b�n�sPwªYVsgUXl]�`a¨b²\_Y{p ��� � � �g¢º¢¿¢ be[`p
��� � � ��¢ acYR\m\_UX[`ft\_^uYV� � p`YRh�b�nµUc[�qZ[`YVqe�¤\g^`YÆ\_^`dmY{YVl�q�puY{sv�`[up`Y{dPhRqZ[`sgUXp`Y{dgb�\_UXqZ[º�#¼�Y
WZYRdgU�¦kY{pM\_^kb²\PUc[µ\_^uUcsvh{besgYV\_^uYÆ\_dgUXfZfZYRdPbe[`pMdgYRh{qZ[usm\_dm�`hR\gUcqZ[MY�ÍShRUcYR[`hRnMdgb�\_UXqZsPbedmY Ð �;��Oz��qZd
\_^uY  `  h�besmYMbe[`p �u�A��X���qZd ¢º¢ ��¼�YC\_^��`s�besgsmUcfZ[¥b�s�bËsmnosm\gY{lSb�\_UXhC\_^`YC���`aXaismU"!{Yµq���\g^`Y
Y�Á���Y{h�\_Y{p�YRÃ�Y{h�\Æbesmsg�`l�Uc[ufSb Ð ±�� rM��d_beh�\_Ucqe[µUc[MqZ�`d�s_b�lS�`aXYe�
d+e��+e�� nTowv�{ �#pim	r

��qZs�\	qe�K\_^`Y]\gd_behjy�UX[`fµ�`[`hRY{dm\_beUc[~\gUcY{s	b�dgY½Y�Á���Y{h�\_Y{p \_qµh{be[`hRY{a+Uc[Ë\g^`Y½d_b²\_Ucqes{�V¼�Y½[uYRWZYRd�Ì
\_^uY{acYRsgsK\_dmUcY{p�\_q	YRsm\_UXl�b²\_Y�dgYRsgUcpu�kbeakYRÃ�Y{h�\_s�hj^kbe[`feUc[`fzbeacUXfZ[`l�Y{[~\Kbe[up�\gd_behjy�Uc[uftbeaXfZqZdmUX\_^ul��
Äx[��`bedm\gUch{�ua¨bedvwªYzdmYR\gd_behjy�Y{pË\_^uY�w�^`qeacY	s_bel��`aXY��usgUc[uf #Æ�u\_smUcp`YRÄx[�\gd_behjy�s�w�UX\_^Î\_^`Y�a¨b²\_Y{s�\



����� ���(�(�*� ��� � Ð ±e¬
beaXUcfZ[`l�Y{[~\2\jber`aXYt\_^`b�\Vwvb�sV[`qe\�b�W�beUcacber`acYtb�\Æ\g^`Y]\_UXlSY]q��ª�udgqop`�`hR\gUcqZ[¿� #Æ�u\_smUcp`YRÄx[ÅbeacfZq²Ì
dgU�\_^`l p`q�YRsg[��\�\jbey�Y�Uc[~\gq�behRh{qZ�u[�\Ssm\gY{dmY{q�hRq�qZdmp`Uc[`b�\_YRs���qZUX[�\gs�Uc[ �kb�\g\gY{dm[*dgYRh{qZfe[`UX\gUcqZ[º�
�P^`Y½Y�Ã¿YRhR\�qZ[Ë\_^uY½d_b�\gUcqZsÆUXs¾��qZ�`[upË\_qµr�Y]wiYRaca#w�U�\_^`UX[�\_^`Y½s�\jb�\gUcs�\_Uch{bea�Uk�`hR\g�kb�\gUcqZ[`sR|&be[`p
wªY�besmsgUXfZ[ h{qZ[`smY{d�Web²\_UXWeY{a�n�\_^`Y�dgYRsgUXp`�kbea+p`U�Ã¿YRdgYR[`h{Y�|(�u� ® ��be[`p Ð � Ñ ����qZdÆ\_^uYS� � � ¸ ¢
be[`p�� � � ¢¤¹�¢#» lSqop`YVdmY{sg��Y{h�\_U�WZY{a�nZ|�bes�be[�bep`puUX\_UXqZ[kbea�smnosm\gY{lSb�\_UXh{sR�
d+e��+egd � �#|HzWkxyv(z�ps{%| ��~�xuxyv�o �

�.ber`acY Ñ � Ð ±½sg�`l�lSbedgU !{Y{sPUX[`p`U�W�UXp`�kbea¿smnosm\gY{lSb�\_UXh��u[`h{YRdm\jb�Uc[~\_UXY{s{|�be[upÎ\g^`Y	qÊWeY{dgbeaca&smnos�\_Y{l½Ì
b�\gUchVwiYtbesgsmUcfZ[Î\_q�qZ�`d�lSY{besg�udgY{l�Y{[~\�\jbey�Y{[�b�s�\g^`Y]bes�\_^uYzÇ��kbepud_b�\g�`dgYzsg�`l qe�.\_^`Y�Y�behj^
h{qe[�\gdgUXr`�u\_UXqZ[º��#¾\g^`Y{dVY�Ã¿YRhR\_s	b�dgY]Y Áu��Y{h�\_YRpÅ\gqCr�Ytqe��lSUX[`qZd�Ucl���qZd�\jbe[uh{Y�r�YRh�be�`smY�qe�KY�Á�Ì
��Y{hR\gY{p�h�be[`hRY{aXa¨b�\gUcqZ[CUX[µ\_^`Y	d_b²\_Ucqu�

³onosm\gY{lSb�\_UXh�smqZ�`dmh{Y �
� � � � 6 � 6 � �
� 8 � � � 6(:�= �

� � � � : � : � �
� 8 � � � 6(:�=�vbehjy�fZdmqZ�`[`pË³��`ru\gd_beh�\_Ucqe[ Ñ  ��� Ð� ®��Ï�Y0UkY{h�\_YRp���Y�beyCl�qop`Y{a Ð� ¬�� Ð� ¬���.dmUcfZfeY{d�³�UXl]�`a¨b²\_Ucqe[ Ð� ��� O  ±��r�Y{bel�sm��qe\�l�Y�be[ 	 �  Ñ � �  ±��l�b²\_Y{dmU¨bea�p`Y{smh{dmUc�u\gUcqZ[ �  ±�� �  ±��

S¤UX��YR\gUcl�YV�ÆUXÃ�Y{dmY{[`hRY O  O�� O  O���	}P³Î�ÆYRh�b�nos �  ® � �  ®��Äx[`�`�u\2� � sg��Y{h�\_dgb Ð�A� � Ð�;� �r � h	d_b²\_Ucqes Ð��Ð � R�.dgbehjy�Uc[`f �  ® � Ð� Ñ �� #Æ� � S�N ��A� � ®  X��
�.ber`aXY Ñ � Ð ±3N�³onosm\gY{lSb�\_UXhVY{dmdgqZdms�UX[ �µ�

ACB�� �MN � � _tI �
�@WZYR[�w�U�\_^]aXUcl�UX\gY{p	Uc[~\_YRfZd_b²\_Y{ptac�`l�Uc[`qesgUX\xn	}v�V��Ucs#ber`aXYª\_q2lSY{besg�udgYi\g^`Ucs.d_b�\gUcq�qe� r`d_b�[`hj^�Ì
Uc[uf½d_b�\gUcqZsvw�U�\_^Îbeh{hR�`d_b�hRnMh{qelS�kb�d_ber`aXY¾\_q½\g^`Y	r�YRsm\�Y�Á���Y{dgUXlSYR[~\_s{�ª}iqZ[usgUcpuY{dgUX[`f½\_^`Y	YRsm\_UÂÌ
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lSb�\_YVqe�.smnos�\_Y{lSb�\gUch{s�dmY{��qZdm\gY{pÎY�bedmacUcYRd{|owiY�qZru\_beUc[VN

2 � � � � ¸ ¹ ¸ » �
2 �°� � � ¸ ¢ � �

ÐZÐ��ÐÊÑ � �  ® � � 	 	���	 � � �  � � �
	�� 	 	 � �
2 � � � � ¢&¹�¢.» �
2 ��� � � ¸ ¢ � �

¬  ¬ Ñ ���  OM�k�
	 	�� 	 � � � �Ð Xk� 	�� 	 	 � �
�P^`Ucs�l�Y�besm�`dgYRlSYR[�\�hRqZlS�`bedgYV� b�WZqZ�ud_ber`a�nCw�UX\g^Î\g^`Y	r�YRsm\2sgUX[`fZacYVY Á���YRdgUcl�Y{[~\�Y�Á�UXsm\_UX[`f

�`�M\_q�[`qEw	�K�P^`Y��`�`r`aXUcsg^uY{p�}+S�� #�ÄgÄV« ±M��¯ºlSY{besg�`dmY{l�Y{[~\�UcsPUX[M� b�hR\CN
2 � � � � ¸ ¹ ¸ » �
2 �°� �ª� ¸ ¢ � �

Ð �  ® ��� �  ¬Z¬k� 	 	���	 � � �  O Ñ �
	�� 	 	 � �
2 � �C� � ¢ ¹ ¢ » �
2 ��� � � ¸ ¢ � �

¬  ± Ð ��� �Ð Xk�
	 	�� 	 � � � �ÐÊÑ � 	�� 	 	 � �
qZru\_beUc[uY{p�w�U�\_^µbtsmUcl�Ucacbed@\_YRhj^`[`UcÇ��`Y	b²\i\_^uY 
 � � w�UX\g^ � Ð � � � »�� UX[~\_Y{fed_b�\gY{pCaX�`lSUX[`qZsmUX\xnZ�
�P^`UXs#l�Y�besm�`dgYRlSYR[�\@Ucs.beacdmY�bepun�aXUcl�UX\_YRp�b�\#aXY�bes�\@UX[z\_^uYP¸�¸�lSqop`Y�r~nts�n�s�\_YRl�b�\gUchRs@dgYRa¨b�\gY{p
\_q�rkbehjy�fZdmqZ�`[`p�l�qop`Y{aXUc[`f`�S¼:UX\_^Ål�qZdgY�pkb�\_bÎwªYSw�UcaXa+r�Y�ber`aXY�\gq��`smY�l�qZdgY�YRÃ�Y{h�\_UXWeY{a�n
\_^uY½s_bel��`acYtqe�v� � \jbefZfeY{p���dgqZl���� £ w�^`YRdgY�bµr�Y�\g\_YRd�³ � È"UXsÆdgY{behj^kber`aXYe� #¾\g^`Y{dVp`Y�WZYRa�Ì
qZ�`l�Y{[~\�lSbEn UX[`h{aX�`p`Y��kbed�\_UXh{acY½UXp`Y{[~\gUX¦kh{b�\_UXqZ[�w�UX\_^ � � � � � |�bMlSqedgY�p`YR\_beUcaXY{p sm\g�`punÅqe�
\_^uYCrkbehjy�fZdmqZ�`[`p�sm^kbe��Y���dgqZl �Ë}"UX[`h{aX�`p`Uc[uf��`^~nosgUXh�beaªlSqop`YRacs	��qZdz\g^`YC¸ ¢º¢ � be[`p�¸ ¢
dgY0UkY{h�\_UXqZ[`s{|&b�[`p�lSqedgYth{bedgY����`a@Y Á`b�lSUX[kb�\_UXqZ[�q��KsgqZl�Y]qe�K\_^uY]smnosm\gY{lSb�\_UXh{sÆ\g^kb�\¾wªY{dmY½��qZd
\_^uY	\gUcl�YÆr�Y{Uc[uf�WeY{d�nMh{qZ[`smY{d�Web²\_UXWeY{a�nMbesgsmUcfZ[uY{pº�
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4 BED F&GCH@IKJML�N�OPH+QRJSG
� sµb�hRqZ[`sgYRÇ��`Y{[`hRY qe�Æ\_^uYËsm\g�`p`UcYRs�rkb�sgY{p qe[*\_^`YÎ\xwiq�\_d_b�hjy©^kb�p`dgqZ[uUchM\_dgUXfZfZYRdSpkb²\jb

s_b�lS�`aXYe|@�udgY{smY{[~\_YRp¥Uc[�\g^`Ucs�\_^`YRsgUcsR|+^`Y{dmYCwiYSwvbe[~\½\gqËfZUXWeY�smqZlSYC§¾� �`^~nosgUXh{s½��qe\_YR[~\_U¨b�a
��qZd�}v�V�:Uc[�\_^uYS[`Y Áo\z���u\g�`dgY�� � s�beacdmY�bepunË��qZU�\_YRpÅqe�u\�Uc[ Uc[~\_dmq�pu�`hR\gqZdmn�hj^`be�u\_YRd,Oo|&\g^`Y
sgYRacYRhR\_UXqZ[�qe��\_qe�`UchRst\_^kb²\�bedgYµ�udgY{smY{[~\_YRp©^uY{dgYMUXsz� bedgbEwib�n�\_q�r�YCY Áu^`be�`sm\gUXWeYÎq���\g^`YC���`aXa
hj^kbedml�be[upÎr�Y�b��u\xnC�`^~nosgUXh{s2}v�V���`acbe[`sR��}iqZlS�uacYR\gYÆ�`dmY{sgYR[~\jb�\gUcqZ[`sPq��@}v�V���udgY{aXUcl�Uc[kb�dmn
dgYRsg�`a�\_s�qZ[�§2� �`^~nosgUXh{stb�\�sg�`l�lSYRd,O ��� Oµh{qZ[u��YRdgYR[`h{YRs{|@h{be[�r�Y���qe�`[`p�UX[ « ®�±²¯¾« ® X�¯2« ® Ñ ¯°�
�kqZd�b½p`YR\_beUcaXY{pMdgY�WoUcYRw qZ[�}v�V� � �`^~nosgUXh{s���YRdgsm��YRhR\_U�WZYRs¾h{qe[`sg�`a�\z«® � ¯ �

S¤Y{�u\gqZ[�\_dmUcfZfeY{d�s_bel��`acY�rkbesmY{pCl�Y�b�sg�`dmY{l�Y{[~\_sPb�dgY¾[uqe\ª\g^`dgY{b�\_YRpMbesªwªY{aXa¿b�siqe\g^`Y{di§¾�
\_qe�`UchRs.\_^`b�\@h{be[½r�Yibep`p`dmY{smsgY{p�Uc[�\_^`Yi^kbep`dmqZ[`Uch�\_dmUcfZfZYRd.U�\_smY{aX� ���P^`UXs#hj^`qZUXh{Yv^`bes@r�Y{Y{[½puqZ[`Y
Uc[µdmY{acb�\_UXqZ[�\_q]\g^`Y	��l�Y{sgqe[`sPdgYRh{qZ[`s�\_dm�`hR\gUcqZ[MUc[C\g^`Y�³HK¾� sgbelS�uacYe|ube[`pMUc[µ�`bedm\gUch{�ua¨bed�\_q
\_^uY¾dgYRa¨b�\gUXWeY2r`dgbe[`hj^`UX[`fz��dgbehR\gUcqZ[SlSY{besg�udgY{l�Y{[~\ª��qZdv}vb�r`Ucr`r�q�sg�`�`�udgY{smsgYRp�� � � ¸�¸ 
 ¢º¢
p`YRh�b�nos{|�besPsgYRY{[�UX[Mhj^kbe�u\gY{d Ñ �

�P^`YV}v�V� hj^kbedml �`^~n�smUchRsi��qe\_YR[�\gU¨beaXs{|��`dmY{sgYR[~\_Y{pµUX[SsmY{h�\_Ucqe[ � �;O	UX[�\gY{dmlSs�qe�ºhj^`bedgl�Y{p
l�Y{sgqe[`s]noUcY{aXp`s{|Kb�dgYµbest�`dgqZl�UcsmUc[`f�bes]�`[uY�Á���YRhR\gY{pº���P^uYµ�`dgqZ��qZsgbeacst��qed]� � � �� � lSUÂÁ�Ì
Uc[uf�l�Y�besm�`dgYRlSYR[~\tWoU¨bMacU���YR\_UXlSYtp`UXÃ�Y{dmY{[`hRYe|+be[up���qZd	\_^`Y�p`UXdgY{h�\½}v¶ WoUcqea¨b�\gUcqZ[ sgY{bedghj^�Uc[
� � � ¸�¸ 
 ¢º¢ p`YRh�b�nos{|KsgYRYCsgYRhR\gUcqZ[`s � � ¬�be[`p � � ®`|#^kbestr�Y{YR[�p`UcdmY{h�\_aXn sm�`fZfZYRsm\gY{p���dgqel
Y{[uh{qZ�`dgbefZUX[`f��`dgYRacUcl�Uc[`bedmn�dgYRsg�`a�\_s�qZ[ÎdgYRa¨b�\gUXWZY��iÏ ��qZdv\_^`YRsgY�hj^kbe[`[uY{acs��`dmY{smY{[~\_YRpËUc[M�`dmY�Ì
WoUcqZ�usPhj^kbe�u\gY{d{���P^`Yz}v�V��h{qeaca¨b�r�qZdgb�\_UXqZ[�Y Á���YRhR\_s�\_q�^kb�WeYz�`dmY{aXUcl�Uc[kbed�n�dgYRsg�`a�\_s�qZ[µ\_^`YRsgY

Ð ±Z±
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}v¶�K�lSY{besg�`dmY{l�Y{[~\_s�WZYRdmnMsmq�qZ[¿�
�P^`Ytq�Ã�Ì acUc[uYVdgY{hRqZ[`s�\_dg�uhR\_UXqZ[�\gY{hj^`[uUcÇ��`Y{s2p`YRWeY{aXqZ�`��Y{p���qZd���lSYRsgqZ[`s2^kb�WZYzr�YRY{[��usgY{p

bes�¦kdgs�\¾s�\_YR����qZd � � � � p`YRh�b�nosÆbe[kb�acUcs�nos2b�s2p`YRsghRdgUcr�Y{p�Uc[ÎsgY{h�\_UXqZ[�X��;X���qZdP\_^`Y � £ �
� � ¢ £ �

�P^`Y � � � �� � l�U�Á�Uc[`f�l�Y�besm�`dgYRlSYR[~\Æ��Y{dgsm��YRhR\gUXWZYRs{|ºUX[�smY{hR\gUcqZ[ � � ±o|�w�^`UXhj^�bedmYzrkb�sgY{pqZ[]���`aXaXn	^kb�p`dgqZ[uUch � � p`YRh�b�nos+\_qV� � ¢ 
j� � ¢º¢º¢ w�UcaXa�r�YR[`YR¦`\+��dmqZl·\_^`Yv� � sgYRacY{h�\_UXqZ[]h{dmUX\gY{dgUcbqZ�u\gUcl�U"!{b�\_UXqZ[�b�siwiYRaca¿besv��dgqZl \_^uY	³HKÆ�:\_dmUcfZfeY{dismUcl]�ua¨b�\gUcqZ[�sm\g�`p`UcYRsPh{qZl�l�UcsgsmUcqZ[uY{p�w�U�\_^
hj^kbedml��`^~nosgUXh{s�s_bel��`acY��

�P^`Ytl�YR\g^`qopÎ\gqSY Á�\gd_beh�\V}��/� be[`fZaXY�����dmqZl � � ��� p`Y{h{bEnosÆ�udgY{smY{[~\_YRpËUc[ÎsgYRhR\gUcqZ[
� �AXz^kb�siUX\gsªY Á���YRdgUcl�Y{[~\_beaca�n½h{dm�`h{Ucbea Ucsgsm�`Y¾UX[S\g^`Y � � ¸ ¢ 
 ¢º¢ h{qZl���qe[`Y{[~\_sª��qesgsgUXr`aXn�puY�Ì
sgYR[~\jbe[`feacY{pM\_^udgqZ�`fe^��kb�dm\_UXh{aXYVUcp`YR[�\gUX¦kh{b�\_UXqZ[Cw�UX\g^ � � � � �&� � \�\g^`Ucs��`�udg��qZsgY	^`UXfZ^Msm\jb²\_Ucs Ì
\_UXh{s	� � � ��� sgbel��`acYtw�UXaca.r�Y�bµ�`[`UXÇo�uY�\gY{s�\zfedgqZ�`[up ��qedÆ\_^`Y�Y�Á���Y{dmUcl�Y{[~\jbea.\_Y{hj^u[`UcÇ��`Y
[`YRh{Y{sms_bed�nM\_q���YRdm��qZdml \_^uUcsPl�Y�besm�`dgYRlSYR[�\{�
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� sSUcaXac�`s�\_d_b²\_Y{p Uc[©hj^kbe�u\gY{d Oo|�}i^kbedml smY{hR\gqZd�q�Ã¿YRdgsClSbe[~n¥hj^kbe[`hRY{sC\gq�sm\g�`pun©^`Y�b�W�n

l�Y{sgqe[`sV�`^~nosgUchRs{|.}v¶ WoUXqZa¨b�\gUcqZ[�be[`p [`Y�w��`^~nosgUXh{s	sgY{bedghj^uY{s{�½Äx[ �kb�dm\_UXh{�`acbed¾smUc[`hRY]hj^kbedml
Ucstbe[��`�oÌ \xno��Y�Ço�`bedgy |+acqoqZ��p`U¨befed_bel�szpuqË[`qe\tUc[~WZqZa�WZYC^uY�b�W�n�\_qe��Ç��kbedgyÅacUXyeYSUc[�\g^`Y��
sgYRhR\gqZd{|kdmY{sg�uaX\_UX[`f½Uc[µsml�b�aca¿³�� b�lS�`aXUX\g�`p`Y{s���qZdvl�U�Á�Uc[uf½be[`p�}v¶©WoUcqea¨b�\gUcqZ[º�.È2Y�w �`^~nosgUXh{s
h{qe[�\gdgUXr`�u\_UXqZ[]lSb�nzYR[`^kbe[uh{Yv\_^uUcs@b�lS�`aXUX\g�`p`Y{s.be[`p½aXY�b�WZYip`Ucs�\_Uc[uhR\@smUcfZ[`b�\_�`dmY{s@UX[z\g^`Yvhj^kbedml
sgYRhR\gqZd{�

�kdgqZl \_^uY]Y�Á���Y{dgUXlSYR[~\jbea.��qZUX[~\¾qe�+WoUXYRw�hj^kbedmlSYRp�lSYRsgqZ[`s2���`aca�nMdgY{hRqZ[`s�\_dg�uhR\_�ur`acY]puY�Ì
h�b�nosÆ�`dmY{smY{[~\��vÏ�qe�@\g^`YtqZdmp`Y{d�qe� Ð � � w�UX\g^ËdgYRsg��Y{hR\2\_qCqedgp`YRd Ð ��» � ��Uc[�\g^`Y,� sgYRhR\_qed{|
l�qZdgYRqÊWeY{d�ber�qZ�u\�qe[`YÆ\_^`UXdgpµqe�.� � l�Y{smqZ[`sPh{qelSYRsv��dgqZl b½��� ¹ � � � ¢¤¹ s�\_dmqZ[`f�Uc[~\_YRd_beh Ì
\_UXqZ[�p`Y{h{bEn�\_^��`svbeacaXqÊw�UX[`fV\_^`Y�\jb�ftqe�&� � U b�WZqZ�udvb�\ª�`dgqop`�`h�\_UXqZ[Sw�U�\_^Cb�[�YRÍ�hRUcY{[uhRnSh{acqesgY
\_q Ð ��� �C�+�P^`UXsvUcsibtlSbÊÉmqZd�acYRWeY{dPb�dglÀ��qZdil�U�Á�UX[`ftb�[`pM}v¶¥sm\_�up`UcYRsvUc[�\g^`Y¾hj^`bedgl sgYRhR\_qed{�

Äx[�\_^uY¾�kbes�\vhj^kb�dgl �`^~nosgUchRsv^kbesªr�YRY{[CpuqZ[`YÆb²\ª¦uÁ�YRpC\jbedmfZYR\ªY�Á���Y{dgUXlSYR[~\_sªw�^uY{dgY{bes{|uUc[
dgYRh{YR[�\�nZY{bedgsR|`b�\K\g^`Y#�¥� beh�\_qZdmUcYRs�dm�`[`[`UX[`f�b�\ 
C��® 	 � feYR\g\gUc[`fV��dmY{Y�hj^kbedgl"��dmqZl�hRqZ[~\_UX[o�u�`l
qZd2qeÃ�Ì dgYRsgqZ[kb�[`h{Y]dm�`[`sR�VÄx[Ë\_^`Y][uY�bed¾����\_�`dmY½}+S�� # Y�Á���Y{dmUcl�Y{[~\¾w�UXaca&p`Y{puUch�b²\_Y½b�sm��YRh{Ucbea
¬�neY�bedSdg�`[ ��qZd�hj^kbedml �u^�nosmUch{s��`�u\g\gUc[`f�}+��³uÏ�behRh{YRacY{dgb�\_qedCb�\��'dgY{smqZ[kbe[uh{Y{sµqEWeY{dµ�
l�Y{sgqe[��kb�Ucdgsi�`dgqop`�`h�\_Ucqe[M\g^`dgYRsg^`qeacp`sR���P^uUcsPw�UcaXaºbeaXacqEw:\_^`Y	Y�Á��`aXqZUX\_b�\_UXqZ[Cqe��\_^uY�hRq�YRdgYR[`h{Y
qe��Uc[uUX\_Ucbea�sm\_b�\_Yv��qZd.\jbefZfeUc[`fVb�[`p�be[�Y�Á�h{YRacaXY{[~\+wvb�n]\gqVlSY{besg�udgY�ber`smqZac��\_Y1�vÏ¥��dgqZl��`dgYRh{UXsgY
y�[`qEw�acYRp`fZY	qe�@�udgqop`�`hR\gUcqZ[µ�udgqoh{Y{sms{�

Äx[ }v�V�©dm�`[ËÄmÄj|�\g^`Y½³�UXacUXh{qZ[�KKY{d�\_Y Á���d_b�hjyeY{dVpuY{sgUXfZ[`YRp�\_q�\_dgUXfZfZYRd�qe[Ëp`Ucsm�`a¨b�h{Y{pÎWZYRd�Ì
\_UXh{YRs{|vh{be[*hRqZacaXY{hR\�^`UXfZ^ sm\jb²\_Ucs�\_UXh � s_b�lS�`aXY{s�Uc[¥���`aca�n�^kb�p`dgqZ[uUchµ¦k[kbea�s�\jb�\gY{s{� � sSU�\SUXs
YRWoUXp`Y{[~\]��dmqZl lSY{besg�udgY{l�Y{[~\gs½be[`p¥³JKÆ�Àsm\g�`p`UXY{s]�`dmY{smY{[~\_YRp UX[�\g^`Ucs	\_^`YRsgUXs{|#\g^`Ucs	\_dmUcfZfZYRd
h{qe[�\_beUc[usvbeaXsgq]b�a¨bedmfZY�s_bel��`acY�qe�º���uacaXn]dgY{hRqZ[`s�\_dg�uhR\jb�r`acYÆhj^`bedgl ^kbepudgqZ[`sR��}i^kbedml �`^~nosgUXh{s
^kbes.[`qe\.nZYR\@r�YRY{[½p`qZ[uYPb�\@^`bep`dgqe[ � ��½hRqZacaXUcp`YRdgs&r`�u\.wiYi\g^`Uc[uy	\g^kb�\.\_^`Yv^��`feYism\_b�\_UXsm\gUchi[uqÊwbehRh{Y{smsgUXr`acY�b�\	}v�V�i|¿fZU�WZYt\g^`Y]qZ�u��qZd�\_�`[uUX\xnÎ\_qÎ}v�V�*\_qµlSbey�Yt¦kdgs�\	h{acbesgsÆl�Y�b�sg�`dmY{l�Y{[~\_s
Uc[MsmYRWZYRd_bea&UX[�\gY{dmsm\_UX[`f�hj^kbe[`[uY{acs�UX[M\g^`UcsPsmY{h�\_qZdR�

Ï�YRaXnoUc[ufCqZ[�\_^`Y½hj^`bedgl�Y{p�l�Y{smqZ[`sÆnZYRacp`sVqer`sgYRdmWZYRp��`��\gqµyo[uqÊw�be[`p qZ[ËWeY{d�n�dgYRh{Y{[~\
qZ�u\gUcl�U"!{b�\_UXqZ[Mqe��³HK¾��\gdgUXfZfZY{d�wªY]fZUXWeYe|�Uc[�\g^`Yz��qZaXacqEw�Uc[ufSsmY{hR\gUcqZ[¿|ºb�dmqZ�`fZ^ËYRsm\gUclSb�\_YRs¾qe�
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\_^uY�hj^`bedgl�Y�WZYR[�\2noUcY{aXpM�`dgqZsm��YRhR\gs���qedPdg�`[ÎÄgÄj�
� sgYRacYRhR\_UXqZ[µqe��hj^kbedml �`^~nosgUXh{sv\gqZ�`UchRs{|��`dgY�W�UXqZ�`smaXnCUX[~\_dgqop`�`hRY{pµUX[�\_^`YÆ¦`dgsm\gsPhj^kbe�u\gY{dms{|

bedmY	\g^`Y{[ÎdgY�WoUcYRwªY{p¿�
� egf+eih � �	v�oqx ��psk��-��|

�kqZaXacqEw�Uc[uf¾Y�Áubeh�\_a�nt\_^uYPsgY{aXY{h�\_Ucqe[½qe�¿Y�WZYR[�\gsK�`sgYRpSUX[½hj^kbe�u\gY{dgs�X	be[`p Ñ |ZwiY�dgYRÇ��`UcdmYPqZ[`YPqe�
\_^uY�qe�`��qesgUX\gYVhj^kbedmfZYV\_d_b�hjyC�kbeUXdgsPUc[µ\g^`Y���l�Y{smqZ[Îp`Y{h{bEnµ¦`[kbeaºs�\jb�\gY	\gq�l�b�\ghj^�b�[�³JKÆ�iÌ
acUXyeY�\_d_b�hjy��kb�Ucd{�¾�P^`Ucs¾beacaXqÊw�s�\_qCdmY{a�n�qZ[��`dgYRh{UcsmYtwibEn�\_qCl�Y�b�sg�`dmYt\_dmUcfZfZYRd¾Y�ÍShRUcYR[`hRn���qZd
sg�uhj^�YRWeY{[~\_sR|ub�s�puY{l�qZ[`sm\gd_b�\gY{p½��qZd+Y Á`b�lS�`aXYvUc[½\g^`YPlSY{besg�udgY�qe��hj^kbe�u\gY{d Ñ �@�P^uY�hj^`bedgl�Y{p
l�Y{sgqe[`s@���`aca�n�dgY{hRqZ[`s�\_dg�uhR\_YRpSpuY{h�b�nosKUc[]\g^`Y�³HK¾� \gdgUcfefZY{d#bedgYPsm^`qEw�[�UX[]\_^`Yi�`acqe\gs@qe� ¦kfZ�udgY
� � Ð �@�P^`Y�noUcYRacp`s+l�Y�besm�`dgYRp�qZ[�\_^uUcsKpkb�\_b	sgbel��`acY�qZ[Sbe[�Uc[~\_YRfZd_b�\gY{p�ac�`l�Uc[uqZsgU�\xntqe�¿bedmqZ�`[`p
Ð � � �{»�� \gqZfZY�\_^`YRd	w�U�\_^ÅY�Áo\_dgbe��qZa¨b�\gUcqZ[us¾\_q Ð ��� � �{»�� w�^uUchj^�}v�V�:��qZdmY{smY{Y�\_qMh{qZaXacYRhR\	r~n
sg�udgUc[uf�O ���Z¬½be[`pM\_qTO � �{»�� \_^`YV\gqe\jbea¿dg�`[MÄgÄ b�Uc[~\gY{fZdgb�\_YRpÎaX�`l�Uc[`qZsmUX\xne|ubedmYVUc[µ\jb�r`acY � � Ð �

Ð � �{»�� Ð ��� � �{»�� O � �{»��� � � ¸ ¢ ± � X Ñ ± � X Ñ ��� ÐZÐ � Ñ ®T�� � � � � ¢ Ð X��Z± Ð X��~±M��� ¬u�;O Ð �� � � ¸�¸ ±M�M� ±M������� Ð � Ð�� �� � � ¢¿¢ O Ð � O Ð ����� �u� ®JO��� £ � ¸ ¢¿¢ ®Z® � ± ®e® � ±M��� � �A� Ñ �� � � � ¢ OM��® OM�e® ��� �u� ® Ð �
�.ber`acY � � Ð N�}i^`bedgl�Y{pµnoUcYRacp`sPUX[C\_^`Yz³HK¾� \_dmUcfZfeY{dPb�\v�`dgYRsgY{[~\2h{qZ[up`UX\gUcqZ[`si��YRd � � »��ªUX[M\g^`Y¦kdmsm\�h{qZaX�`l�[º���#Áo\_d_b���qZacb�\_UXqZ[`si��qed Ð ��� � �{»�� be[up�O � �{»�� Uc[C\_^uY�acbesm\P\xwªq�hRqZac�ulS[`sR�

¼�Y�h{be[SdmY{lSbedgyza¨bedmfZYinoUcYRacp`sKb�acsgqVUX[�sg�`�`�udgY{smsgYRpChj^kbe[`[uY{acsKaXUcyeY ¢º¢ |�lSqedgY{qEWeY{dKbedmqZ�`[`p
qZ[`Y�\_^`UXdgpËq��@\_^`Y]� � l�Y{sgqe[`sÆh{qelSYRs2��dgqel b����2\_^��`sÆbeacaXqÊw�UX[`f�U b�WZqZ�`d2\jbef`���P^`Y]Y�WZYR[�\
nZYRacp`sVUX[�\jb�r`acY � � Ð bedmY]l�Y�besm�`dgYRp�qZ[�pkb�\_b���dgqZl�³HKÆ��dg�u[`[`Uc[ufµh{qZ[`puUX\_UXqZ[`s2h{qZdmdgY{sm��qe[`p�Ì
Uc[uf�\_q���YRr`dg�`bedmn~ÌxlSb�n�O ��� O�pkb²\jb�\_behjy�Uc[`fË��Y{dmUcqop�qZ[�w�^`UXhj^�\_^`YCbe[kbea�n�smUcsz�`dgYRsgY{[~\gY{p Uc[
\_^uUcs½\_^`YRsgUXs�bedmY�r`besgYRpº� � sSsg^`qEw�[©Uc[ sgY{h�\_UXqZ[ Ñ �;O�|ªqZ[©\g^`Ucs�pkb�\_bu|P³JKÆ��Y�ÍShRUcYR[`hRn ��Y{d
\_dgbehjy

@ �����
wvbes�� � ���C| lSY{besg�`dmY{p�qZ[�UX[`p`UX��YR[`p`Y{[~\2s_bel��`aXY�q�� � � �½��KKY{d�nMdgY{hRY{[~\Æqe�u\_UÂÌ

l�U"!�b²\_Ucqe[`s¾qe�i³HK¾���`b�\g\gY{dg[us{|¤dgUXsgY]\g^`Ucs¾W�beaX�`Y]�`��\gq��u������P¤\g^`UcsÆ^`bEWeY½\_^`Y½Y�Ã¿YRhR\	qe�ªbe[
Y{[u^kbe[`hRY{l�Y{[~\]qe�ª\_dmUcfZfZYRdVYRÍ�h{UXY{[`h�n \_qM\_^`qZsmYShj^`be[`[`YRacs{��Ä �vwiY�h{qe[`sgUXp`Y{dzb�� � p`YRh�b�n \_q
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5 Sigma Observation

125k events
 75k events (default)
 25k events

s mixing parameter, xsB
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5 Sigma Observation

Sig:Bg = 2:1
Sig:Bg = 1:1 (default)
Sig:Bg = 1:2
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