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Abstract: 

Agenda, attendees and presentations of the GEM Sub-Detector 
Simulation and Parametrization for GEMFAST Meeting held at Boston 
University on January 8, 1993. 
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9: 30•·.m 

lill: 30-.m 

ii :30am 

AGENDA 

GEMFAST status report 

Central tracker simulation 

EM/HCAL simulation 

Toma:•: .•:;.cw.:cnicki (SSCL) 

Hong Ma (B~lL) 

12:15am Sein. fiber calorimeter simu. -----Rob Carey/Shmakov/Savin/Efremanko 

12: 45pm Lunch 

1:45am Sein. fiber calorimeter simu. ----- continue 

2:00pm Forward/backward cal. simu. ----- Mike Shupe (Arizona) 

J:45pm Trigger algorithm and simulation -- Henk Uijterwaal (SSCL) 

3:30pm Break 

4:00pm Discussions 

5:30pm Summary Bing 2.nou i~ 

6:00pm End of meeting 
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- of the GEM Central Tracker 

A# description of the process and code 
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The Subroutines 

The central tracker paramaterization is ac-

complished by 5 subroutines: 

• FSl_CTISO - Determines (at the generator level) 
if a track is isolated. 

• FSl_CTRECON - Estimates the track reconstruc­
tion probability. 

• FSl_CTSLAY - Returns the number of LAYERS 
of tracking crossed. 

• FSl_CTSMEAR - Provides a measured momen­
tum, measured charge and sigma for impact pa­
rameters. 

• FSJ_CTCONV- Converts gammas in the tracker 
based upon tracker material distributions. (Under 
construction) 
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FSl_CTISO 

The FSI_CTISO routine has the following in­

terface: 
LOGICAL_FLAG = FSI_CTISO(ICT,DE,DP) 

where JCT is the index of the charged track 

and DE and DP are the required separation 

in rapidity and phi. If the required separation 

arguments are less than or equal to zero a 

separation based on the size of the tracker 

IPCs is used as a default. 
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FSl_CTRECON 

This routine determines the reconstruction ef­

ficiency based upon GEANT runs using muons 

from 10-100 GeV /c. It is called as: 

CALL FSI_CTRECON(IHEP,EFFICIENCY) 

where IHEP is the particle number (assumes 
it is a charged particle) and EFFICIENCY is 

- the track finding efficiency from 0.0 - 1.0. 

-

-

The efficiency is based upon finding 10 or 

more coordinates in a track (as determined 

by the current pattern recognition algorithm) 

divided by the total number of charged tracks 

in this eta bin. Results are averaged over phi. 
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FSl_CTSLAY 

This routine determines the number of layers 

crossed by a given charged track. It assumes 

the track is straight and that there are NO 

dead spaces inside the nominal detector ex­

tents. It is called as: 

CALL FSI_CTSLAY(XIN,XOUT,ICODE) 

where XIN is the input coordinate, XOUT 

is the output coordinate and ICODE is the 

return value specifying the number of layers 

crossed. The information is made available 
as: 

ICODE = N51_1ayers + 100 x N1pc_1ayers 
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FSl_CTSMEAR 

This routine is really the heart of the tracker 

response. It is called as: 

CALL FSI_CTSMEAR(IHEP,PMCT,QMCT,DPMCT,DIMCT,DIZMCT,IFl 

• IHEP is the particle ID. 

• PMCT is the measured momentum vector. 

• QMCT is the measured charge. 

• DPMCT is the standard deviation of the o(f) dis­
(15) 

tribution. 

• DIMCT is the impact parameter in mm (R - <I:> 
plane). 

• DIZMCT is the Z (along beam) impact parameter 
in mm. 

• IFL is an error flag, O for normal return. 
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Details of FSl_CTSMEAR 

The smearing routine for the central tracker is 

based upon 154 runs of electrons and muons 
through the detailed GEANT model of the 

central tracker. All charged particles but elec­

trons are parameterized using the muon re­

sults. Each run of muons had 300 events. 

The rapidity and momentum values for each 

run were as follows (14 etaxll mom= 154 runs): 

Rapidity: Starting with o.o and incrementing 

in steps of 0.2 to 2.4 (12 bins) plus events 

run at exactly 2.4 and 2.5 (14 bins). 

Momentum: 11 bins at 1, 2, 5, 10, 20, 75, 

125, 225, 325, 425 and 525 GeV /c. 

The electron results were in the same bins but 

used 500 events instead of 300. 
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Muon Data 

All muon histograms were fit to a gaussian. 
The important results were then parameter­
ized versus T/ and </>. The functional form used 
varied. For the impact parameter the data 
was fit first as a function of momentum: 

P1 
Bimpact = p + P2 

while each parameter was fit to a special func­
tion versus T/: 

P1 = (Ef x 77 + Ei) x 77 + Ej 

p. _ { (Ef x (77 - Ei) + E~) x (77 - Ei) + Ej if 77 > E~ 
2- 2 E 3 otherwise 

The same functional form with different pa­

rameters fit the Z impact parameter. 

The muon resolution data was fit as follows: 
o(-1) P 
(;) = ; + P2 + P3 x P 

with each parameter fit to a fifth order poly­

nomial versus T/· 
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Electron Data 

All electron momentum resolutions histograms 
were fit to a special function of 4 parameters. 
The function form is: 

P1 x ( .3: 4 l) + G(X, P2)) if X > O 
(P2 xx2+ 

P1 x (1 + P4 ) x (G(X, P2) + (X-:.;)4 ) otherwise 
·? ( P2 +1) 

Gquf)1C.:!\ l {j_ 1 ~ 5<jM"'! Cer-,(r,,;cf ;5 o.o 

Each parameter in this equation is a function 

of 77 and P, i.e., 

Function fits were found for each of the four 

parameters over the whole range of the elec­
tron data. 

The electron impact parameters were fit to 
functional forms as well. 
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Results from FSl_CTSMEAR 

FSI_CTSMEAR returns measured momenta 
for charged tracks within the acceptance of 
the tracker (O.O < 1111 < 2.5). For c~arged 
tracks except electrons, the momentum ts gen­
erated by selecting a number from a "normal" 
distribution. Since the original histograms were 
in terms of D: 

D=( Q -~)xP"' p -1 
Pmeas P Pmeas 

and our distribution was approximately gaus-

sian, we take the normal random, add 1 and 

invert to give Prygas. PMCT is then found by 

multiplying the true momentum by this num­

ber. 

Electrons are treated differently. The func­

tion described above is used to generate a 
distribution. HISRAN (CERNLIB) then draws 

a random number based on this distribution. 

This allows us to simulate the extensive tails 

which occur in the electron distributions. 
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Limitations of the Parameterizatior 

• Efficiency currently is estimate for isolated 

particles ONLY. 

• Response is incorrect for high luminosity 

(1034 after silicon fails). 

• Routines assume no dead areas or detec­

tor inefficiencies (except for FSJ_CTRECON). 

• Effects of tracking in high occupancy ar­

eas are not simulated. 

• Events below 1 GeV /c may "blow up" due 

to extrapolation effects. 
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Planned vvork 

There are a few more things to do that the 

CT group is aware of: 

• Finish FSJ_CTCONV using best estimate 

of CT materials. 

-

-
-

... 

.. 

.. 
• Create high luminosity data for FSI_CTSMEAR 

(no silicon). 

• Update FSI_CTRECON as more accurate 

info becomes available. 

... 

• Suggestions from this meeting implemented ... ?-

.. 
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-

I. Low luminosity (10**33): 
Higgs width because of the noise and energy resolution- 563 MeV. --Higgs width increasing because of poil".': ing inaccuracy. 

a.) With vertex information: 

\ E 

>$1fral 'io.,.ruJ. \ n 
\ d :::,.....-- -\ c ~TT ~s \ a 

Barrel \p 
\ 

----------\ ---------- --------------
TT 1.09 1.05 

----------- ----------
TS 1. 07 1.03 

SS 1.03 1.04 

b.) No vertex information: 

\ E 
\ n 

' ·d 
\ ;c 

\ a TT 
Barrel \p 

\ 
----------\ ----------

TT 1.43 

TS 1. 34 

SS 1.33 

TS 

1.24 

1.20 

1.21 
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-
II. Hight- luminosity-( l0**34T:-----·-· ····------------··-- -

Higgs width because of the noise and energy resolution-~ MeV. -
Higgs width increasing because of pointing inaccuracy. 

a.) With vertex information: 

\ E 
\ n 

\ d 
\ c 

\ a TT TS SS 
Barrel \p 

\ 
----------\ ---------- -------------- -------------

TT 1.27 1.16 1.11 

TS 1.22 1.12 1.13 

SS 1.17 1.12 1.09 

----------- ---------- -------------- -------------

' d \ c 
\ a 

Barrel \p 
\ 

----------\ 
TT 

-----------
TS 

-----------
SS 

-------

TT 

--------
1.32 

----------
1.27 

----------
1.22 

---------

TS SS 

-------------- ----------
1.19 1.13 

-------------- --------

1.15 1.14 

-------------- ---------
1.14 1.11 

-------------- -------------

Errors - 2% · 

--------------------------------------------------------------~est regards, Yuri E. 
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Fraction of muons losing their 

energy more than 3 a µ. system. 

Muon Energy 

50 - 200 GeV 

500 GeV 

1000 GeV 

Ins. TC N onins. TC 

0.5% 0.9% 

0.6% 0.9% 

0.1% 0.2% 
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GEM TN-9:z;.197 

what happens to the muon momentum reso1ut1on 11 tne u••n uu""' 

lengths of the calorimeter are not instrumented. 

It is seen that the calorimeter resolution has a negligible effect at muon mo­

menta of 500 Ge\" ln the 100 Ge V region a 1.13 effect is seen. This must be 

added in quadrature to the 1 % momentum resolution from the muon spectrome­

ter. It does not seem to matter for the muon momentum resolution whether the -
last three interaction lengths are read out or not. 
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based on Tail Catcher information only? 
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preserve a conservative safety margin regarding 

particle rates in the barrel even at the highest 

luminosities requires at least 12 .it for the barrel 

calorimeter. 

1~0'---o~A~-o~~~~,2~-,~.1~~~-0~2.4.i........12.11-1 
('II) -

Flpre 2.3·7 Tiie total maoa rate • a fucdOD of 
p1ellllorapidity far l'T cats of 0. 5, 10. 15, 25 GeV/c 

2.3.3 Description of Technologies 

This section describes the teehnology options 

considered for the final design of the GEM muon 

system. For the barrel region. pressurized drift 

tubes cPDn and limited sm:amer drift tubes 

(LSDn an: being investigated for the muon 

momentum reconstruction and Level 2 trigger. In 

both the muon reconstruc· 

tagging and Levels 1 and: 

Muon •'*!IY loss. 

Flpre 2.1-1 Fa ti lml c 

·-iD die c:alarimete'. 

(a) Pressurip;d Drift I 

possible with cylindrica 

parallel to the magneti 

electric field configura· 

of the time-to-distance 

incidence. The cylin 

enables improvemen 

pressurization as 11../Pr 
the diffusion cocfficicn 

cluster formation ( 1]. 
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Rate in Barrel: 
1 cm. strips - 820 Hz 

2 cm. shifted strips - 1230 Hz 

4 cm. shifted strips - 2800 Hz 

Background: 
Signal from 1 Mev neutron is less than .15 MeV. 
Muon signal in 1 cm scint. is in 8 times highte 

Probability to imitate muon by hadrons is low because 
of the huge material thicness between trigger layers. 

Number of channels: 
1800, 2 cm strips are in both trigger layers, and 
200 - 300, 10 cm strips in the middle of TC. 
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If muon trigger is based on the Tail Catcher: ... 

1. It is fast, ... 
because it is based on the scintillator signals. 

2. It is simple, 

because no complicated analysis is required. 
... 

3. It is cheap, 

because routine electronics and .. 
no information from other subsystem required. 

-
... 
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Presentation by: 

M. Shupe 
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Physics Requiring a Forward Calorimeter 

Missing ET 

Higgs 
H-+ ZZ-+ .e+.e-vv 
H-+ ZZ-+ .e+t.-rr 

New heavy quarks 

SUSY 

Technicolor 

P± -+ w±zo-+ .e±vf.+.e-TC _ 
Leptoquarks gg -+ P3P3 -+ brbT 

New Gauge Bosons 
W 1±-+ f.±v 

Other sources of boson pairs 
w±zo-+ .e±vf.+R.­
w±w± -+ .e±ve±v 
w+w- -+ e+ve-v if separable from tt 

Forward Jets 

VV scattering with forward jet tagging 

Low x physics via forward di-jets 

178 

-

-

-

.. 

-

-
-
-



-
-

s 
~ s ·->< 
«! - ~ ..qt 

s.. s::-
Q) 

~ >. 
0 ..,.J ·-..c: "t1 

C/l c.. ·-- "' 
~ 

~ «! 

e s.. Czl 0 
..,.J 0 "t1 
«! s.. ~ - Q) 
Q) e Ill 
Ill c.. 
0 C\l 

Q 

s:: 
0 

""" e ·- C') ..,.J 
0 0 «! s.. ·- - -"t1 II -ttl 
~ e i:i::: - LO 

M 

0 

= cc I'- cc II) 

""" 
C') N -0 0 0 0 0 0 0 0 0 - - - - - - - - -

(.z.A/.A!)) .Ialaw1.zoy-go u1 a sop X'9}1 

179 



? 
-

c fYEtu;..y AND fff'f<-t'E" f:fl-ltnC.'5 

Fof2. FaR-wfJllO Cflldl'-Jm~ret. 

p Wd'EN Pr= /0 G£\. 

5.7 .O'J~ 100 &.V 
~. I .037 ~10 
.77 .. o 1+ /fa 
.f7 . 001f2 I ~:20 

.2.f ,ooso ;to~o 

A flJ 0 Ht Gttr=/2.. Fo tL 11 Ht6tt'' p Q .., 0 

sou~a=s CtF ef2./all2 ttJ p.,- PC> ee.f'Yt1rv/Tj'Ta~ = 

J'rr .. r(k)-a. +- ~ a r~'& 7 Yz. 
p.,.. Li ~ ~ e .. 

,._ [ ( 1-JL -1-( 1/-) al YL 

Af\10 1t ~I.Ille =s> f 't ~ .ft- 1Al Fc.q<.,._ 

{ft ~m IS COYV1P8'1A81."b 

rat!. l'f Pt cen._ 'R:lh... l>B<6r'S. 

180 

-

-

.. 

.. 

... 

.. 

.. 

-

.. 

-



) ) 

1.0-

..fo) 

~ ......... 
~ -"d b. p 

col\l-nt 18u71~S 7'd df.r: 
P-r 

GEM 1r /LAr Fonrard Cal. - Pion Showers 
I I I I I I I I I i ,. : I 

10 GeV 
200 GeV 
500 GeV 
2000 GeV 

. . 
. . 

...... l 
• 1! 

I! 
/I 

/ I 

I j 
I . 

) . 

Jt'.,-
- ::::::J p.,.. (Jf+(f:-)& 

~ ~<f) 4-fo 0.5 ... -~ . . 
• 

I 
I . 

I 
I . 

I ! 
°' ... 

/0 Ge.V 
.520 __.. 

200GeV .o" __.. 

. 
o o o o o o o I o o o o 0 0 0 0 

I I 
I 

8
1 

J'e ,...Ah 
I. --~ 

I. l!J .jii - - - - - - - -/ -·-·-·-·-·-·-· 
i.ooo G .. V .o .... 

0.0 I I I I I I I I I I 1, I I I 
• 

(POIN"f" $HoLA>t:la5) 

8<1'1 SM°""~ 
2 4 

+ TflltNS V'msE R..uc.S. 
..... L"NG. FL'1G'5. "" <.E'&tc:'9G'C". 
+ € <A~S F'<.UCS. 

Eta 
..... 1e/Jfll s \l'f1l.. 9E 

Fc...uc:ru1moru s 
I m PaR-rflr..f-r 

Hl611 'l 'Etxie. 



• 

,_. "' 
co 
N 

GEM Forward Calorimeter - 11/16192 Ill 
a: 

VllClllllD Vcucl I u II I I 

Bellowl 

• 

8cm OD Beam Tube 

10.l cm OD V8CUWD. 
Tube 

• • 

BAS£l. I"'€ ;Jr. ~ ~ 

• 

LI <JUI 0 SQl'IT CJ9t.? 
QuM:r-e 'f"18f;L '? 
l...Rr ~ 

.------<~- ThermalBumper 

fJIJ'f€~ 
L..Ar 

CIA.? 
&Ill''>? 
w~ 

~ LAr Vc111cl Bellows 

,,__ Bi-MctallcJoina 

VICUum Ve11el 
Bell.owl 

'-- MU !pacie 
12.7 cm OD LArTWI 

'--- I.Ar Veucl Bellcnn 

..____ Bl-Mctallclolntl 

"Nd\11 .. "" T. 0 Ct')!\ PIM 

''N6w" ~ II·" cM V//HVl 

• • • • • • 



UAcrYlt')( G-£orne1Ry­
BAse<-1N€ .:JC. 

lfH2 BN EF3N 

, .. "". • .. ......... :.:·.: 

EEMN E F1N EF2N EC1N 

========§;;:····-·-----···· 
= ~! 

D 
= 

- 183 

i 
I ,. 

i 
I 

AN 

.· 
! 

... 
... 

... 
\ ... 

· •. 
... 

· .. · .. 
' ·, 

... 

' 

,. 
! , 
, 

! 
I 

I 

... 
... 

·•. 
·•. 

! 

' ... 
· .. 
' 

· .. 
'· ·, 

·· . 

, 

••. 

/ , 
i 

I 
I 

/ 
/ 

I ;,~lj[~t·( 

, 
i 

/ 
i 

B2N 

.,. 
""" I>J. 

·• . 
.... 

... 
·•. · •. 

'· ... 
· .. 

... · •. 



--·-------· 

I H2 ... BN 285 I E EF3N I 

I 
EFON 

I 1 

. C.F,1:-!1 I 
I · ... -:'-· · ... 
! 

I 

~ ~! i I =~ .. -:.~\ :_ :· .. : 
CEMC ! I I 

jEEMN E E~ I F1N ' I ··-··-----·· ·-··· ... 
I 

<;c.V 
i 

/3(J eL€CTf2.oN ! 
I 

I ' .. I 

' ' ' ' l i 

-' 

i c-
I 
' 
i 
I I I 

I 
I ... 
' 

~· 
' .......... 
I 

~ 
! 

·:~, 
' ! •. i . . . . 

I 
.. .. . 

. :::. ' .... ·: . . . 
-··, ... I' .. ... , : ._ .. 

11'- ~ 

I -

l .. 

. 

-~===========================-:================== 

184 ... 



- ;;(., o o Ge v· P 16N 

.. JLLUS 'fll er II p. Cfl 0 5So v cte. ,, 

~BN 
EFON 

EF3N EC2N 

. . . 
.. 

........ 
t. • • 

~~················ 

~ 

185 

... 

• 

I 
,I 

EAN 

•. 
... 

·· .. 

· . 

\ 

.... 

\. 
\ ·• •. 

· .. 

· . 
.... 



~95mm 

103mm 
.748 mm 

04.800mm 
04.868 mm 
05.365mm 

II MODIJl.E llHOl!M 

--7.500 mm --
8.202 mm 
8.947 111111 

FCAL MODULE - 'fUNGS'fEN AH.UAGEMEN'f 
($1c) 

IOO~m 

IN F&tr\11' • 

300 jN'" 
IN 2 1 3 · 

5.868 111111 

6. 365 111111 

SM CllAE 

• 

~ .... 
~ 

~ 

' 



~ 

i ~ 
"";' 6 ~ 

~ ~ ~ 'O ~ 

~ -< .J 
~ 

;.J 

~ QJ ~ qi '--' 
~ CJ f\ :::> ~ 

J 
.... ~ ~ ~ :l 

s~ 
'O 
~h - ~ ~ 

:> ct 

Cll ~ .J 
"O 

~ ~ ~ 
> 

~ ~ 2 ~ 
3 ~ ~ ll :si '2 

IA 
~ c.J r:, 

~ 
+~ 'O 

~ _l 
"C "2 
'O 

t -- t t :i:. 

0 r-

- 189 



c 
0 
c) 

c .. 
c 

N 
0 
c) 

190 

-

-

.. 

-

-

-

-

-



... 

-

-

-

-

Cl 
~ 

" 

ID -0 
ID 
C! 
0 

191 

..... ..... 
u .. 
= llO 

f:i: 



-

-

c .s 
0 

f 

-e -.! 
.! 

00 

J .,, 
l ~ ~ ~ q:: . 

e. II) -0 ID at ..l 

0 
.... 

"' - ...... 
E " "3 

.. 
't{ - = \I\ "° Q ~ J: - c: 

"' V\ • --
~ "' "Cll 

& . "'Z IU 
.J C2 ..) 

" 0 ~ U\ 
2 u v \tJ 

~ -
~ 

\L. "' -
2 ~\~~ t) 

E E e e e E 
• I:') N N - C! 1t ~ ci ci 0 0 0 0 -

192 



-



-

-SN L -res-r ~UN. 
SU'tYI~ J fqq3, -('f fVI CoiJ-rf; (NIN 6=) 

194 -



• V£J251CJN 3.141~ 

• GH€tSl-IA 

• s7~NMRD curs 
E fYl 1. .Ci me V 

H80t?.ot"llC iCJ. f'(leV 

6-vt.L fr-WT" 
TUNG S"f'E'.'N • ~41 ."137 

() = 
I NICl'eL .0~7 .034-
1ia.~+ f:: 

lOPP€t2. • OJ.~ .01 t;; 17. 3/ 

S1"91NLfSS • OOl f .oo'f ) .. 
Ll(f. AJ?(;o N • 04.:2. .oo3 11 on 

- (PURE: Sot..e.<S10bc...) • B Flf=t..D • g '1'€SL/t . 

Na 16 ~ A GG9Nr = A 'Pt?G- ± /(j 3 

"f'H l s Ne'fS) s IN ves71 G~11<J ~· ~ 

195 



Sa-F,..w11-~ ce<..t.-5 

.. CR L TOC>J~ ,, 

~ IC SP€€0 UP 6-€.ANr, i::eouct. 'TH€ NU(Y)8~ 

O'F VO<.tJM"e'S . 

q USIN& ftl1X7'"Utl.'ES ftL.l.OWS vo1.um'E"s 1tJ 'f"t:JL.C.Ov.l 

"N 1.;y II rtlR:TO~,, 5'£ M'IS f}-N D Ct.Ac.ic:. s . 

,./>CT. 

·---. 
~--· 

'IOL.I 

l'l 1 X1". 

·- -- ---
·-----···· 

MIXT. 

-------· 
---···-

+ fje°/HnP1P€ 

+ Cf.YOST!f-r 

'v'O<..Urn'E$ 

Vt11... 2 Vol.. 'J 

seiFTwRe.€ cE'<..<- ArAcf> 
~-~ 

I 
I 
I 

' ' ' 
'VOL. I( 

196 

cu~r ~,.,,-l= 
JN Gus-re-P 

fooU'I Ettl + H9D. $<.Jm & 
11'> n11s ce-u. wfft!'N 

r ... N <r < r"'''i' 
ct,.,.., ~ 4 <. .,.." 

(QlJIC~ t) 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 



-

-

I 

~"' ·' 
'3 

'TOT' L! f 
~HjjO I 

I 

e t--c~~ _ t_ 
---:-_......__ ___ _ 

, 

• 
. 

• 

, 

€ i.oss 
FLl.ICTS. 

10 , .. 
c ("=v) 

E\115 
E"m 

(PO G€"AN"T"" 

.- He-re 

'PIS1t6~'?) 

F v C..'-"t' s"rnP&.et>. 
(No P<.. UC.'T"U9'TlOrJS.) 

€.VIS 
UAD 

f Ul,,\.'f SlttrtPt.ED. 

(NO f'l.UC'TS.) 

E' IN\JIS NdT" Se:Q\I. 

Hso ( NUC.C... fil1f(D1NG­

l.OS~.., V's ..... ) 

I~ rrltXTlJIZ.e ce<..c..S J ON'E IS SllM~l~cf- f VIS'E"I'( 

/:1,.J() ~VIS Heo. Wffer 0:1€S ~ ~'- C~...oa11Yt5:le~ 

PC' TO 'T'ttEIV! '? 197 



ResfbriSE OF SBmPc.1"16 Ct11..01Z1mf"-re£: 

• 

• 

J~ w£l6~ SA~,~ 
f'tAC"Tlt1N S ~ 

ejp,
1
p (~17tCIN eFf"fic:r ... ) . 

• PLUC.'TV~114NS PUC TI> s,,, 
S~Pt.1flf<i" Fll.'6qufftVG'( .1 ~-

. do/'~ W61d'H1ff0 ~~Pt.tNG 

~'""' s. 
• Fl.UCTUt97\ ""1 S DU6' 7b S>. 

SBmPc.111lG- Fll&9'16NC'( 1 ~ .. 

Ner tz:£su,:r ~ f't11'>'tufl.6S GC"r "THt! e/h ltf"'5Pdr<Sf; 

W fl6 rl 6- J hrJ {) IN C.(J cJDC ~HE: HIJOflAN I C. 

(3 !ASS F°LcJCfl'\Jh'ltlN s ) Ben- Nor '/He 

semPt..1 N<f 'Ft..uc:rvm '""{;. 

G~'2.Lfg'C::n,.SG- "7l:JE" 05fbrlSe7 :1"0 tvl~"'1'CM fZ€~<.. DC"i6t-TOR. 

([) em f'NeaGy d6.stif.11so: ~vis Em x S x %,p 
(1i ~ 1::'N6t2.G V 06551.UGD : t VIS IMO X S. . 

~ -r11erJ. sum + ~ctk..18flm1? 1ttf5 m11flt1f. ~ 

~ S6M~ #?.e"~CE. C. 

oe.. 
198 

-
.. 

... 

-

... 

... 

... 

... 



-

Cofl.llE=eT1NG- 'THE f!'ESPoNSC 10 /Y>ltTctt /#ll'f 'fJeTf?C.TOli!.. 

tJ'F A 6 l V~N e/"' . 
.... 01-K m'9y STUDY f'l)IJ.N '( p~-r~c 7lJI!.. (J P71'1NS '" (JNCo ! 

WHA'T"' Pt.oflf3Rtt ~'Es A P~'R:fCTLY co(YI Pt;Ns~11Hc.. 

2)E=';C-...JoR.. HI.hit: '? 

~rsP0111SE -ro f"E"ft'I = ta="SPoNSc -ro 'C HN> 

0£. J 'X ~IP : ,X 5t4M>-a/15 

LL>ftGll.'Ei° ~ :: E° VIS ""/{.D 
PAo·Vl~ E 

HBO 

='I' ! %11P = .f HOC»VIS l 
50 SI l>lcE- ~l>GTU/l.6S ~ f(Jd()f!f"<.. tf "'90.1/tS. CLJR,,(lf!JcTC.."f.J 

Bvr Cdf\f 'r 'ft'Jt>Ofi'- ~ 1p ~ o Ne f>des ~ t=o<..uJV11f.fG-: 

(!) :f'HRC>•VI~ I& €t\J1if2.G'( IN~tNf", 8c.JT" 

('flA-1 C-n.1tn.. OffPC"-N ~ ( 5 LI() fllTt>(). 
so 1)0 Pe"P1cl9nf'O f?.UN s 1.AJrTH Pt6N s~c..reiras 

'"' cow-re-1 ,..,, f'.f <? Vo c..~ m~s fill, ~ ffl8'ictt.1t!K.. 

( ~ US"r 'FI y.f () ;f €'m ; /!JN 0 TH C'iN tf ltlH> "11$ 'fiJ fl. 

'Ef Ac:.u 5 J.IOWe'R. ~ 

(6· SE?r' e/m1P = rf ~vis BNI> CJJUl!i"cr· ~ 
--ro moDec.. Pff'l.ff~· Q:Jt'nP6t<Sln"ioN. 

~- 'f o a. m&reru f.n.I .s w rrw e;J,, #' :i J 

~ el = ~ Ve/. "I ....... r 0 .,.= 
vv I I F"llP \;;- lthD VIS /. I~.,.· "'v QM.,,"°cr; 

199 y ) AS 8~~6. c, r~ l.f: r er 



(D ~5Sllm6 CT"'~m IS 1::'.ridwN 'E'~P51.1nG~V 

CJ{l. f'(Z.CfY\'! D~Lee m. C .• 

s m'ff8fl. E" em 8 Y CT"" tin-\ Befi>L6 s c.r m m , NC-. 

© ~'.6cJM'6 CT"" HfK> 15 ic:rldl.d N 8 y s 9-m'C '2.cJ JTt:'. 

-

... 

... 

~nr68'l. €HBO BY Jfr~ - <:i:i.oss. ~ Ci"S~PWN<r • 

7-,.,.9..,.- 1s J -r~ m1x111~ 1tr..f$~ Hes 

c!'NStGt <..oc;s Fw~oN"S) ~ c. <1NL-v.: 

S fh'Ei'BL" BY 7tJ£! IH>O 1"1'1drl 19t..· H6{)1'.4N IC. 

S BmP(..t l'IJ G 'Ft.U cnJ IH1 ONS. 

l N6~~f €1~ It Te"51 B'il9m ~~ tJll fJ- DC18•'-cO 

ffk5'f'l-re CJf(U(j L>lrnl c.ow au-rs m&Jsr Be 

USEo 7D 'F11'40 -,,re-sr: Rtc.n~s flr<D 

-ror.1 E TtJe 101xTVe5. 

200 

... 

... 

-

-

-
-

-



-

(
p f2A 6 L'51t\ 

([, -C:N"e:e6-'f: 1a, s-~) 200 , s-a o w mt ur:»rrr 
@ P/M..TIC<.1:. 1 "7r (c~. _) . 3.14 ~ 2ddcJ) 

@ ~ ll/!INGtf: O.o - 7.o ( 6er.s~ 1'tm" 1f\l 1 J cjJ) 
@ # -ni ~ : 30<1a - 250 ~ 

~ f="of E=IK,1+ E\JS\I ,.-: 

• Accumuut7E 6 vas 6 ,.. J.MID cv1s HJao IN 

e~GM ce=c..c.. NO ScsaST. f'4d StttfilJIL1NG-. 

• wtz.ate 7fJ l>JSt::': LtS-r tSf= .+rr c€u. 

l~OlG6S l.JJITH aeo lit! C"Ne£.61E='S • 

201 

,, ,, 
(.. €<.J.­

(J{)_ 
,, VtJ l.. ,, 



fr) I 't 'f IJ fe 
gJ 

PR/lBdl~r:e VA Lt.teS IN Cu/228\J-; 

STUD"'! 

5WM> v•s e/"h 
• 

ACC. lf:;:r Pb ."'fS"O I.~ 

-

-

71.. (w1 ~eie. . ) - - .... 

f H /...Kr Pl> • 4.::r g 
J ·' 

(1.+~) .. 
~ 

ACC l.Rr ~. • 5c:> 0 I. f 

ff+ LAt- CC(.. • '500 I. t .. 
lfGJ 

FG GAt" w • SJ5 1.4 -
(Pei C4. '-OG H 

SIM CJc.lfin Oft/ ) 

.. 

-
-

.. 

202 .. 



75. 

-
75. 

~ 

S'O -

f 

50 G-t!J'./ Ptaf'J S 

ENTRIES• 16111111 ID• 1111111 

' 

' . . .. -: . . . -..... . 
• ··. ·· .. ~.·~ 11.··: .. a."•fo"······ 1-•• ••• ">- ·• - ..... ,.. -~: .... • ... s-•• , ·. ··, ~!i-1 •j':l-". •:/._::;:.;:-. i.·l •.;~·:i..~:·· ~-.:. . 
·.:i:i:.:::..!~i,::i;!;.~=a~~::... . ..:..-:ii ···~..,!., , 
-4~~,._ •• :;-!l,.t.f1/lr'!;.'~~.::. :· ~ ~·~·'.t ~~'{•. ·· ·= ... 
···:···-'.•.·. •r •r s'!_• •• 

0
!•,..·.1-

• ·. 
• .• .: I-

. 

PTDT ALL V. ETA 

ENTRil!S• 1608 

~· . •. 

•• 
PTOT SENS V. ETA 

ID• 

. . .• . 
. ' 

11112 

.. 
·; 

a. 

ENTRIES• 1601i! 

75. 

•• 
PT/S ALL V. ETA 

ENTRIES• 16111111 

75. 

•• 
PT/S SENS V. ETA 

203 

ID• 11111 

· . 

ID• 1111:3 

-. :· . ... . .. 
• i ' . ,• . 
:·-

15 • 

'7 



, N~iES ~N P 'IS~ 

BN D f.t /.~tj vs '?. 

© L d SS-E=!> IN o'EZ'l:lO fV1 Ill fil.tll'l.. 

@ L'f!~l'Acr~ OCJ"f" B~CK (PuNC14TMl«Juc,..) 

@ L~A~ OU.,- ~n lid~ wr tfl6H 'l 

© Fo a.. ttidrJ- Clffllt>EirJ s Rn /\(er C.4-S"EfS .J ~M (€) 

L,.<3SS ot= H1Wll41\S1c. CbffJPdN'&NI. * 

-

... 

... 

... 

~'( 
(Sy 0 Ult colllf/'f!ltl'TJO.,.,S). D~ 

&====i> C flN fj L\.. t>SI 6G<.t:;.S 8~ ~a\J~ BY 

~t8fl.IJJ~ ? ~~ 
5P'2fjg0 6F P UJ I LC. ~UiCJ , 

([) 'F L.lJOT. E>c.16 -n:> Dt530 M'951i721i!t.­

© Ft..ucr. O&Jff -rz> L619~ +- LOS~. 
@ H80'2.dt\JlG ~ U~ FLclCl'U'9n"1\SS 

@) fOtz. IUdN -c.oml"t;tilSf>nf'/G- ~SCSJ 

I N~rlSJC F11vc::r 1"1 ffii'NI" + ~- Et/k. 
© ~fl sm!i'Nl fiQ. cAscs : D""'-an , er~ 

(No Noif:.e oil. Q/fUS"/8t<rr 1'S\.m · s mEIH2..1N~ 
l+o OCtl t N c.ollllffNT P<..crs · l 

204 

... 

-

-

-

... 



-

- . - --IL_.;. 
·?· , ' 

, ~- '.,-

lr.,.;....._e ~s '! J 

~ f.,.) fY) !?AN 

• r 

([) w 1 u. sec sfl.Jttff E"rJ e~ ~ s P vs 11 • 
c un..ues L.tl't <-<.. '1ft.l'D -ro OJ / NC1t>'C. 

® Wll...l.- rhl-<- 8e"Ldw p VS 'l W..,Cts 

'T'Ht:Jl.E JS P-v CRo sso VEiit.. 

('l(J1€ : ~ 1 s A 6'EOM e; a'°"- o 1~c..•1 tJNc 

CIJNNOT 8t!i ~&A1C:O 1Jw'9-y ~ 

c~ t-r &r; co~ r=o~ ~'? 

!YJA-t ()C-f'a\111 a~ -rltff PttvstcAc.. p/ldcass. 

SP~ 
( ,;mBu. LN &lt:1Cf"c=,,~ ::rL). 

0 COINCliXSS WITH Ci"p ~-r rz '=0 

@ ~i; l.,~ ~..,.. H-tG-U. 'l /:! 6 

Fe~ seo14'Ss -ic odm1Nl9sc • 
. 
-. /N'1'fl.INStc. -m8NS~ St#Our-.,,.,,,_ 

1>€vr:toPtnffl\rr 'FLcJC1'V1.Wlt1'US 

L.£90 -to A- Ctki~ ~. 

( Ald-r PIJlt:tl cu c,,4fl,,(,,,y ll18>61li St- Sfl'ffS'/nl.1'f' 

w) clN) 

205 



ENTRIES• 11500 

. 

. 

PTOT COMP V. ETA 

ENTRIES• 16011! 

15. 

·o 

PTOT HYBA v. ETA 

• 
.... t ·-

50 GeV PldN S 
GOftlPer.J~/9'TJNG- Cl9t-0R1m~ 

IC• 

79. 

. •. 

. .. -
.. . .;:. 

.. 

ENTRIES• 161110 105 

. : ..... . . . . . . :···.:·:· .. :·.· .. ··.· .. · .. . .. ·····- .!._........ . . ... .. . .. .- ... ..... "fJi.l'~f. -.:.· .. .. . ::J.:1."00 -'"-ti.'J!ii:i"'iti.' ~~ w :a!-: • • ... ,.... • . • ~. t • 
~ r' .. • .... ___ ... • : :.,·~-· ;•.·.·,-~-••• 
":N'6"fi:i• a "''-.•.--:•..,•-'lo._. !IJ....i;,-1.r ·-·· 
•• ,... ·-· ••••• 11 • • .l·i•"•,"' ••. • .. ~"I) •• ·-
. . • -:- . ·.,-' "t,-r;· -'~· •:-:· • ·;. • •• ":-.:~;·,:;·.;·-.;;... ·::.l: , .•.• 

. . . . •. . ~ .• -:it-=.··:. . . . . . ... . . ·- -. . ...... .... -. . ...... . 
•• •. • r •• • ........ 

• • fsJ'• • · ..... .. .. : .. . .... . · . .. 
•J 

· . . · .. 
L+..--..-...... --~--..-...... --..,....--.---..--.,.0..-~ 

J:D• 106 

79. 

·. ·.•: ... 

206 

L 

PT/S COMP v. ETA 

ENTRIES• 1600 J:D• 107 

.. 
. . .· . 

... • , •• ... 1· - - •• :i. :- . : ..... ; .• 

....... .S.t •• _,_. •• _ •• : •• • ... -: • 
~"':.S-1-,·~·=··--.:-.. .1..1 ••••• • ·:· •• : .... • •• ..... r.,_ • 1""1-• "I•• o4 ...- • • • • I •• , • 

;r-,:f.'.lt·1'!'=+.'=i_:~::f.1- =~ !.; i Zi:: "-:!~i..~:: ·.:.- . 
.... ~z:!l:Jl ........ 'f}.¥-..·····"""'r: ..•. ·-........... ·l'"!""/."}.a.:a.······· ........ -~ •• ~ ~ w ···-. . . •·. ::. . .. . . ·.r . • :. . ... '#-":. .,. ... 

· .. · · . ·· ·• · ,.•.-t:.·. •r· .•r ..... ···• .. •s4""····1rr.--.. · • - ... ,i.· .... ::~· .... ,,_. 
·: .. ··:·. ·.:: .·.·.~· ... . • • . •. . . . ... r·:.a. 

' • :· ":·:..:·.:.! 
: . - ·. ·--·. 

PT/S ~YBR V. ETA 7 
IS. 

. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 



-

50 G-e.V PtONS 

cm Ao:.0~:01t:1 /\I ~ com P tffleR.trr(tc. 
ENTRIES• 11599 ID• 106 

... . 
L+,--. ... ...,.... ... ,.........,. ... ..,.... ... ,..... ......... ...,.... .......... ""4-

L .. 
PTOT COHR V. ETA 

INTRIES• 1600 IO• 110 

75. 

I .. " 

r 
-• . ... 

75. 

ENTRIES• 1600 ID• 109 

..· ·. 
. . . . . . . .. .... . · ..... -: ... 
• •.. : :;•,;·:j.-=.•;::..i.~;*-·;;·.:, .• • : ·~r.i-'S·:. ~ 
Iii .. ··~· ................. -' :Iii: !' ... ,.. ........ ~. 

· ';;i_',f' ·•,•··~·,~H".i:· i··• ~·.,;i_£J.:i.' '• ,. •• · • 
r;_~'I· ;r .1.:·~+.~··· .,·· . .::--- · - ·:rn.-'i, !-" ·-.-· 

·~.f.'·~:ri~'f_L ~-:: :·~·[S -~~-~~rf;:fr~~~7:i~ .. ::;~:·. . . .. ... . . . . .. "• ......... ·•- ... 
• : •• • • •• r ·::.• • t;~ • • • ·-:- ;•._• -· . . ...... . . .,, .... ... .. .. . . .. . ·. . .. .......... .. .. ..• .·. ·: . ••• . . : .... . . . . -, :: 

•J 

•• j.: 

& L 

PT/S CDHR V. ETA 7 

ENTRIES• 1600 ID• 111 

• • 
·• ··-- ... ·. .. . . . - . :-•. 

-···.,,,. ••· .. ·• :-~"!~-·:.:..· .. ·.:: ........ · • ....... : .a.••"S.··-·-· .• ,, . .I' ..... .. Jo"t···- -··· - ... -~ .. .J".-... . •. . - - . 
~- :.-·~·.Vri~--.::-::.:.: . .. . ·:.·· .... i.-. I 
ftj-;:1.:: ~I·~~ .... tra:ai. 'fo .rt::-·~ .•.. ;"; !. ;s••-.._ • : ... : ... ~ ,_ .~r , •.. ·x· .......... w-· ...... r .. . 

.:.&~Tr ••~ "'• ••.• 0 •" .,1."• I - •L • • Z"o 

•.=:-,.-~ .. ~'·.- ;.:·.·· ·.:.:n;·. ~rt··~j ~i·!·;'::· .:r . . . • . . . . ' . : ,. ·r ..... :'i's~· • ., .. 
· •• : .. • • ··.::: . .• rz. r· ,·;:.·.r,· .. ~.~. 

,' :-·:.:~·,.· .~ ••• "$,.· 
. -:·.. : ... •. _: .. ~·::: 

.· ·. 

... 

. .· 

. 

. 

' 

. 

.. .. 
• l .~ .. ~...,....--..--..---,.---.---..---.---.--...;,....o..i. •·-!---.-......,---.---...---..---.---r--...,..--~~··A·9oj..• 

¥. ll. •• II. 
PSME COMP V. ETR 

-·~;:~~!; 

1,1;.S 
-~~·,·~~-~ -

-1,, . . 

PTSM COMP V. ETA 7 
S/Y)~~ 

c~~,o-"190) 
207 



5C> G-e V P10NS 

7S. 

. L 

• 
-.. ,_ 

ENTRIES• 16118 112 

.. · ..... . · 

. 

:·· . .. 

L 
PSME HYBR V. ETA 

ENTRIES• 1600 

. • .. ··. 

L 

7 

114 

L • .. • ......... • .:~!-.i:· •.. ::.r:S: .:. ··..i . ·! •'·::·.- •. 
~~.i::··,.fi~ ~=.· . ..._ .. i.;.:;.:... .. ~.: .. ·;•.: .. ;:. ~._ . .,.:· , -'2' 'T.I:: .,...r;.:Jo. ;,'f" :.i.;:;. ·:·.r,;.; ·t"::"-.~~ :,;-.;. ; 

.. , • ""?:._"LL-I .t..l<oiiri •. M r•.•is. ":r:t t•- T:"l: • 

~ ~
-····T"~.- ..... ._. C.: ·.r.• ...• .:._.·.;..:.,--~:-.1 • 

.. 

r.. ~ """····;:k!!!L !·· •• .~:: :.::= ... sr~:'·:'" .. ··:.-.. -": , • _, • ..,-' .·•• . · •• • ·.-i.·.r. · ..• . •.&.-::.• .. . -.,_:r • .. ., ..... ••' ... · • .... s "•• r ..• · :.: •· 
- :.·•· . ·.. s.:-. -·:·.. . . :=··' ;~·-· ~···:.··· . . .. -·.• .. 

-· . 
. ··.· 

; 

.. 
~ ... II. 

PSME COHR v. ETA '{ 

:- :-:~ ._ . •••• • nu 

-r.s. 

75 • 

e. 

Stot:RUIP 

208 

ENTRIES• 1600 

. 

. 

. 

PTSM HYBR V. ETA 

. . . . 

!IS 

• 

ENTRIES• 1609 IO• 115 .. 

.. • 
•• . . . .. • .... 

.. . :..:: 
e. II. 

PTSM COHR V. ETA 'l 

.. 

-
I 
T 
' 

I 
f I ., 

T 

-
-
.. 

... 



-

-

-

-

-

-

l. 

....... ,,.. .·" \ ,· ;>1_0 .. 15 
'.'.) l,_, _-e, V IV 

,' f12.JJtrl 
~ 

ENTRIES• 181110 

· .. 

PTOT I.ERK V. ETR 

ENTRIES• 1"102 
- .. ·: 
. ·. :~.~~ : :· .. .. . ·- · .. . ' :. .. ': :· .. . 
. . -.:· .:. ... 

• • . · . : 
• • ... : . .. 

.. 
. ' 

... .. .. 
• • • r 

. : . :. . -· .. · .· . · ... .. 
.. ·:·· 
I • • •:. 

=:-=· " 

: · .. . ·. 

150 

.r-·. 

... 
·. ·· . .. -

:· .. · ·· .. · 

15. 

f( 

IO• 201 

ENTRIES• 1"102 

1. 

II. 

IO• .211111 

. .. 

• I 

.. . . . .. . . -

OERO FRC v. ETR 

•"•. • ••• _,..::"-a .= r " .:,.; •• :.. 
1. '.• I •. ,,. •• "• ; • • "• • • .. • . .·-.... :·:..... . :.:·· . . .· . ... ·. 

.. I • •" • • •" I• . ... :· 
. • .. • ·:· ·:: • •.• ·i . - ·.. . . . 
....... •t ••••• : : • • 

' •. .. · .... ":• . . ·-::. ··.·:: . ··. · .. ·. . ... .. :: 
·· .. -· • i • • . . ·. . . 

:· .. -:i .• •'1 ·-.:·. . ·. . . . ,. •.. ... ' . · . 
( €xa.lllll1iw:. :F·: .:.:~. :-: .:·: -... :.:· 

~ ? : ·:: .• · .. _: .,· •. ~- .. . 
S I'::) ... :·. .. . . . .- : ... . 

' ·.t •• ... . :-· ~ ::.: : ... .. •.: . . :::_..;. ... - .. ..... :·-:·: ... 

. : .. 
202 

• • 

· . 
• 

• ,1,1 :" ·:. • •• •• • 

.. ~-~·.:..· ...;"'":..· ·:..· .. ··=·.,.· :..:::'·;::· =·-:::;;-=·~··,.:·:.;;'·.;;··:;._,..;~··;._ __ J .. ... 111 .• .... :-·. . .. ' . 
11-+-~..-~..---' ..... --.~ ...... ~~~~~.....-~...---+ 

• • 

EMCRI. FRC v. ETR FHCRI. FRC V. ETR 
a. e. 

209 



50 GcV P1ofJS -
ENTRI£5- l"B2 IO• 203 -1. 

' . . 

p. .:.: • ····· . ..... . .. -.. e. .. ... , ..... 
L L 

OMCAL FRC V. ETR 

-
-
... 

-
210 -



-

ENTRIES• 111158 

75. 

J 

-

PTOT ALL V. ETR 

ENTRIES• 11115111 
75. 

-

-

-

1.2. 
PTOT SENS v. ETR 

-
...,, -

IO• 

A • . --
1121121 

' 

· .. .. 

•• 

ENTRIES• 

7S. 

·- .. -
r •. -.-

11215111 

I •• • 

IO• 181 

·~"7<1.~r ·' . . ::•t 
• • ~,~ .. I" 

1ft . 
" •• • i­.. . .... 
• •• I" 
!• • 
.,_: I" ... •• • .. ' •· ' 
~I" 

PT/S ALL V. ETR 

7. 

IO• 11212 ENTRIES• ~1115111, IO• UIS 

75. 

' 

' 

' 

' 

' ... . . : .. •.:· 
r,: 

I 

I 

. 
I 

•·+---..--....... ~ ....... ~.--....... ~....--~.--~~~~~"'I-
J. 111. , 

(No s~~~'r.JG} 
211 

11. 

PT/S SENS Y. ETR 



t ENTRIES• 1058 

7'5. 

::: 
o· 

•• .. 
PTOT COMP V. 

• !NTRI!S• 11115111 

?!!. 

'I". . ·. 
p : 

ETA 

PTOT MYBR V. ETR 

• 

-
IO• 1111~ ENTRIES• 11115111 IO• 11115 

-. 

·i.-~1111··.r.is~llllfliliiji'"ili!ii'":i. 
• ··.·: "*- .• ~~I ~t 

• • .. r ••• ,;~~ .. • - --·!·~·· -r :· ~ .. ·.. \~:: .... ,· . . .... _ 
.• 

... 

' 
•: ~ 

.:;, 
' ... . . : --i 

' 
• L .. L .. ... 
"l 

PT/S COMP v. ETR 

f>,. $1: '-I Ille .lr 
IO• 11116 

'· i 

ENTRIES• 11115111 IO• .11117 

7S. 

f-r; e 
1~ 

212 

. 

I 

•·+-~~~~~~~~.,.....~~""T~-.-~~~~ 
•• .. 

PT/S MYBR V. ETR 

-

... 

... 

-



ENTRIES• llllSlll IO• 11116 

" 
" 

" 
" 

,. 
·1 

•. " 
:. ~ 

! 

• .. -i.---.-....--..---.-.....--..---.--.--..---i. .. 

-r.;. 
. 

-F 

. 

-- '6 

· . • 
. ;;: 

PTOT COMR v. ETA 

11115111 IO• 

PSME COMP v. ETR 

11111 

.. ~ 
i 
: 
• 

ENTRIES• llllSlll ID• 11119 

. 

. . -
. •.•~' ·.:··'·i_,;~ I -. .• 

.. elm: r:. l!(·;;r-··;··· . 
. . :• ";;,.:..-·. . "T\ i·:. . .· .. ;· . . ..... 

•: ;ei 
"=• ... . . : 

~: 
~ 
I 

. 

' 
L.j.---,,.--~-...--....--...-...,...-.---.-...,...~~r.j. 

?S • 

F-r/ LI 
/~O 

.. 
PT/S COHA V. ETA 7 

ENTRIES• 11115111 IO• 111 

• • - ...... • ••• : •• t 

jrtllfl,31,~ .. liiai;i:-~···~:~,rl .. !!I, ... ;.;~~~ •. ~ . 
·-= ~ ~ • .,~9Ji .. ~ t•; .. 
. . . t-1: :.,:· . •··r 

-· !t," ·. 
"'• • I .· .. • :-. .... 

PTSM COMP V. ETR 



75. 

e. 

• 
75. 

e. 

~ 

ENTRIES• 

... 

e. 

11158 IO• 112 

·_ • ·_ •.•"l.: I ~-• • ~~. . . 
~ ~-.f., .:I 

"-i'"~·r:. • • ~._:~ 
•• r.s-

P5ME HYBR V. 

• •"!'". 

ETR 

~ 
i 
I 

' 

.. 
IS. 

'1 

ENTRIES• 1050 IO• 113 

75. 

. ~·;:.~:... -~. ·.:·.~~~.::· . ~~ 
. ..~':IL • -~~ • .; ....... =-:.~· ·-~.· . . ' "M:".::· . . ~ .... 
' ~ t• .. *' :• I 

I:• 

L .:. 
L e.'1 

Sm~E'O PTSM HYBR V. ETR 

em . '9CC. + comP. »PP. 
ENTRIES• 11115111 IO• 114 

e. 

.... 11 
.MU?&& b '-'.! I ~-· • • • . . . . . . ·. :.- . -~ .·· 
.. · . "'"f...i·,~L· . ' : :I~ :.i;_ 
- ~=-=i .. . ~ .. ~·~ 

-· •'!". 

r~ 
i 
' ' 

.: . 
IS. 

PSME COHR v. ETR 7 

ENTRIES• l lllSlll IO• 115 

75. 

I : • 

II • 
11l. IS. 

5~~-0 
PTSM COHR V. ETR 

214 

-

"" 

... 

... 

-
... 

-
... 



- 50 Gev €L13:Cn?m./$ 

C'Fi2om RU.+ ltc-rl\Je VatumE"s) , 

ENTRIES• 10s0 IC• 150 ENTRIES• 966 m• 29111 

7S. 1. .: 
' 

' 
L€iH~A6'€ 

' €Jac:n:~ €N~6Y. 

' 
SDeAD ~ 

·. 
• . ' I ·.· . , r . 

I ·.· ... :: : . . ·' . . 
ii7 .. .. 

. ·.· ·.: -.. 
' ~~:.~:; I.~. 

. .. :.;.·. r •• ~ ... 1 ~t~ . 
. .;i ' .. : . 1°·'~{ .· - i•i • j'"' . . . : ..: 

•• •• .. e.. •• 11. 
PTOT LEFIK V. ETFI 

l 
OEFIO FRC v. ETA 

~ 

ENTRIES• 986 IO• 201 ENTRIES• 968 ID• 282 
I. , 1. ' 1 

' 

' 
. . 

e"'1e , 
E:lkn' 

' 
.ft/AO . 

6. 
EMCRL FRC V. ETA FHCAL FRC V. ETA 

215 



• 
• ""11FCAL..-FCAL..~ -.:am 

~ 
'I I - , 

I , 

~ 
, 

I 
I 

I 

c:.L~ 
, 

I 

I 
, 

, 
! 1N EF2N EC1N I 

_j EDfi 
, 

I 

I~ ~· IN IR121 
II' 

11 

~ •, 
' 

I 
\ 

' \ 
' \ 
' 

" 
\ 

' ' \ 
' \ 

I II ' \ 

GEM FCAL Option 7: 200 GeV/c Pions 

~ 
ti 

t 
ti 
II 

~ 100 
c.. 

o._.._.._..__..__.J...._..__..__.._.._.1..._.~.._J......,.J 

0.0 2.5 5.0 

Eta 

GEM FCAL Option 7: 200 GeV / c Pions 

..... 
.€::_ 0.4 -...... .e::. 
"ti 

-" ..... 
GI .c: ..... -i:: ... 

0.2 

O.Ol-'--'--''--''--1~~__,___,___,___.___.___.___, 

0.0 2.5 5.0 

Eta 

GEM FCAL Option 7: 200 GeV/c Pions 

~ 100 ..... 
c.. 

OL_..___,__.__,__.__.__,__,__,__,__.__.__..__. 

0.0 2.5 5.0 

Eta 

216 
. ·t 

. ; ~ 
-- - ~ _, _., 

-

-

-

... 

-

... 

-
... 

-

... 

-



-

• 
-

GEM FCAL Option 7: 200 GeV/c Pions 

0.2 

0.0 ___ .__.__..___..___..___....._..__..___...._...._..__..___.l..--J 

0.0 2.5 

217 

5.0 

Eta 



•• 

"C 
Q) 

> r.. 
Q) 
f/l 

~ 100 
0.. 

GEM FCAL Option 7: 200 GeV / c Pions 

0 .._...__...___.__~.....l.-....1...--'---'---L.--1.---1....!....J-L--l 

0.0 2.5 

218 

5.0 

Eta 

-

-

-
! .. 

-

-

-
-
-

-

-



-

-
.+-) 

P-. ........___ 
,,.......... 
.+-) - p... 

........... 
"O 

• 

0.4 

0.2 

c u flll'f3\Jn Y JN 'f G s m f:fl i-

GEM Baseline II. - Pions 

10 GeV 

50 GeV 

200 GeV 

500 GeV 

. . . . . . . 
. . 

. ....... . 

•' . ... .. 

. . : I ... 
: ·: I 

:· /\I 
.'· ......... I I 

. I 

0. 0 ..___.-..J...__.__,____...___..__.___.....__~~___,__,,___. 
0.0 2.5 

219 

5.0 

Eta 



' 

I 

GEM Baseline II. - Electrons 

0.2 

• 
.. 

0. 0 ir:.." _~..__.....__~~......L--......J.---'-~--'---'---'----'---''---' 

0.0 2.5 

220 

5.0 

Eta 

-

-

-

-

-
-
-



_, 

--------------4 
=:t.1et.z.G--~ ~1~;a;; 

STV01f.'S. 

10 t..06"' R-r -r~ €F'f'ec:rS OF NdtJ -O<JfY'IP-r::NShndNJ 

€.N'Effl.6'( SC~S ~ 'l :=o w-etl;E Ml>ae ll'r 

10 J $0 I 200 8-NO S"60 Ge.V w t'TH- Q.:) P1t1('l s 
ftN 0 @ c:re-rs . 

1"11€ ~ul:TS FOL PtotiS ~ 

UNS~ 

F'UCN'( CltbP9lSIJl\NG-

88'Stfc..11\f'f5 ;JI__ 

C. <JrltP WJ()/2drl{J G 

~m1'9fl8D 

'f'uuy OM1 PGifStmt\ftr 

88£E°""N6 ;II:_ 

CIJ"1P fl80{Ld1J1c. 

_a mll'l'EN'r s 

.2/!f :t.01 

. '?>'t :t. d I 

.s'!±.0'2.. 

. 7 f -:I:" .02. 

·'"":t.oz. 
. i+:t .02. 

tic • a21:t .001 

. 0,3 :t ,002 

.031 ± ,002. 

.. 011 % .OO+ 

~ • osg-± .004-

02 s '1' .od+ • 

* €>etf t61-r5 Some' rl'T tN~IL-trY (-mAoeb'F'F ttJ ~~) 
111'~ ~10 l$ 81<5'" ~ :J& 'S"IVI) '( LS Ntl"T CA't\ PL-fiv ~ 

6CJ"r CJJlttt6~41tf0 ING Pdtt\JT IS of-.S"'?c (9E:isdl?..) 

~ mA-At1>e VJC: w • u.- Nfi"'fft> ~ ilQ.,y ~ 
IJ UJ€L6HT7nffr 6C~6 ~ lf6H. 

??1 



ENTRIES• 188!1 

•• 
.· .· 

JE'/ fN'f:D..G'I 

SAS€L1N'C :n:. 

• a.· • • • 
. · ! • :.. 

IC• 

Ill Ge.V 

-
Sc!JN RT' . '?. '::t 0 ( J"E'lser) 
l"i 'IBP. ID 

ENTRIES• 742 IDo .... 
1 • 

Sot;eV 

.. 

.... 
.. 

•• I 



-

.:1"€'7'" £('4€{2(;'1 SCflN Ar '1_ o. O (:re'J".SE"T) 

ACC<J/1.0101N <em; Fdu.owtfO BY comPeNS911NG HAD. 

I. 

·: .. . _ .. _ -

.. -~··1 • ':Ii.a-•• •.-··-· . -.- .... :-• .. · :·, ... ~-. · .. : ...... . 
• • 1. I 

:· . 

S(JGeV 

L+---.---...---.---.---.--.....--.. ..... --..--.---+ 
I 

L+---..--...--.....----.---.---.--...----.---r--+ 

-··) ,,, 
I I. 

-

L 

PEM/PCOHR V. PCOHR 

ENTA%ES•. 3R ID• 

.2()6 Ge. V 
. 
• .. .. ~ 

.h•" . ~-~· 
.:,.·.-r. .... . . 

•. 

. :_.::t. 
~ . -~ 
·It . "'.: .. . . . n.: 
. ;r .. -. 

PEM/PCOHR V. PCOHR 

IL 

E 

223 

I. 

L 

PEM/PCOHR V. PCDHA 

ENTAJ:ES• 237 

soo <;eV .• 

.. -· 
..t. 
·;?fr .. ~ . 
. ~--· . .: .. .. _ 

••• 
I 

L-1---,---...---.---.,---,....--..--..---..---.---+ 
a. • 19. 

PEM/PCOHR V. PCOHR 



' • CilJR. Clk>tcf -ro .Do Pt.'EiCISIO'N eM 

G flt.all. I m'C-rfl-Y M9-5 GI uEN us Brr ~ 

s ee:n4N w t"'T'U Pdd R. e/ "-. , fts t 1 mu sr. 

• 11-11s Clt<l1c::G,, ~s We'"'- 1ts 06}0 m1.hco'lL~ 

~,_, tJ 017J &a-l t!r'-JS ( e-T-c.. ) l LetWS -rl' f.J 

.s1~c..e: a::ws-~.,.. 'ien.nt 1'N ::rer 
t2£SO(..cJ"J1'1N l F ('l(o UJ6't 61:11'1Ntr SC.Hf:MC 

LS (Jf;e"O. 

• -t?> RelJ (.f C,'6° 01N'~1'~ ( 8 Y J 1. _, Z 'Po?) 
vJ6ta ""11\Str IS N'ttba> VJ H6"71:'1M.. trlL 

No'I l#){)IUJy(r,c, Strc:T7""1 !$ am ~Slml'("(j-_ 
. ( s~ ~ l\fo-rf ev wt6mtms .r PeBa.) 

• R'ESti ~-rs f'llH oa. m/9-Cr NCJ-r 6ffi" '-1f\fe8fl:. ~ 
( ~Bm6 Getn 1'10~), 

_!'J6"1€: (JJ£C6tffll\iG ~tfS IJ(1..t!F 

~p~ ICl:HJr..t: ~#\JC..'?' IO I Sd l..lt'Jet> 5Hd~6i'l...S 

Oil. ·"lC 1 SJ ,.Sc-r -ro G!A6f.Jf.. ~ r...'#9N'n n t:'S 

51.5C.H 45 ~· 

224 

-

-

-

-

-

-

-
-

-
.. 

-



... PLJ7TS Ft2dm 5'E"6meN·:n9nc:W l 
\ S-ru D t€S f SCJ Ge\l PwrtfS 

150 IO• 203 ENTRIES• IO• ::iee0 150 .. \ EN~RIES• 
I. I -

. • 

. 

" e~. I 

" ~ t:: • " 
• • 
• • 

. ~ " ' 
L+-&~"..--.-~~.-....,......~~....--.----.~~ L9 .. .. .. - C11CAL FRC V. ETA CAL TMol'TMSENS V, ETA 

~ (GeN. ('i9Q../LOW 88t>IO ar'l) 
IO• 3001 ENTRIES• 158 

I. I 1. 5 

'· 

•= ,.. 
·: 

... )I) II. 
CAL FI/FISENS V. ETA .( 

... II. 

CAL Pol'PSENS V. ETA 

-

225 



I. I 

• 1. 5 

. 

. 

LS 

• 

ENTRIES• 12'4 IO• '1111111 ENTRIES• 12'1 

. 

. 

. 

. 

t= 

L 

-
12. :1C:T ~,_._7_-;:; 

JA>z -a.+ta.ct-z. 
IO• '411111 

-
-

L 
.JET TH/TMSENS V. ETR ~ JET FJ:/FISENS V. ETA 

(w1C>'tlL _,,, ~ti' a>N6 e-1 t=cO"S) 
-ENTRIES• 12'4 IO• '411112 

p __ , / 
;... "":' .. 

S'fGm ~04\J CtltU Q._cJS/ t1NS 

/fS6ftS 
.. n-r- L.d v.) 'l ,, CffCo s at\J -

6) cp) ~oP ef'Pr$}1L. 

Nff6-c.,1Gt8<£ 
t ==- -.. 
·=· f ocm, A...,_, lJJll.C,, AN tSH S€cs~~ . • • . 
!· lN V,,IU>1t>e +" 06 Fuu.. 

' s er or P<...o"f"S Foll- In.<.. ~ . -.. IS. 

JET P/PSENS v. ETR 

-
226 -



-' 
-

-

-. 

-

-

.L---------·· 

0 DeSIGN LOO~S ~£A:sa'6 Rec...~ l'N -r-E(Z.m s 
<''F" SPfp; gp~ ) ~-

@ ~ cc:svr:~ fllltY oil mflr ·l\fc:rr ~ f11?ffi<PU~. 

c0Nnns1.16 -ro ~ss c::tro 66Am HC3US s1~e. 

GffM~~ .SaMUt.~S WIU.. 12E'"~ 1"1-f'l:f 

~,.s ~ wf5£ . 

® A WE"161ff1Nli PQ.oc:Q>U£c WL u.. ~ NCWW JN 

8f\S"f ~-re .te-cov~ -rtte uts-r l-21o oF 

CIJfl/S"J9rtn" rd'UY\) BcJT mtJ:!IT SE:° Pol't6 CIHl1ffFU1.A.,'f 

'1l' ff\lhN-1&/#J L1N''EffftT"Y. 

8~ StGtnf1N78r1d\'\.I LOd~~/jl:::... '1N601fl(G- STUDY. 

[ JN PIZOGlt'CSS. "'1ff')(:l. J 

Q rlNl:SH SE"GIV"~O'N (oc..ch..,..'EC, 'Fe) 
('%} ~DD N01:SE" l*-NO PIL.E'"UP 

® JlJN6" ~u.. Plme'N"S'ldNS -t' mn162..1fl<..S 

_ ........ ., ... cesoL\j6 Ace~~ Apo~. 

@ CIJN"TIN'Ut IJJL"""T"M W'El6 H611f\Jtr S:::.UOne;: S'TU01€$ 

'#J ® P&JOtJcncl\J. 1 mPllduc-nir5M:S 81'Q::. '""° ~nrl9-s-r: 
227 



Presentation by: 

A. Savin 

229 



,,/ 

C r-· ./.t. r;, * r f.; v- ~-~ .,.. ~( 

{ ~ r r' "-"'- / ,.....':1 

B v .~ veP ~"3 
id. si.v./,..,, 

-
... -~ . . 

' . . . ~ 

-

-

-

-

231 -



Tun~ s Je~- v" 

2. 'De-taTor - Q vtcvr 4-e- .;-,·fl r.r; 

¢ L n-, ri--t ( "' = 

• 

11. Sfcpe.. - non.e.( r""~.;~~~·ve.) 
R Ul..~ () - h.ovv- <t-v .ttA-i ,,(,.:( ck. v / c.e.. w; It, 

a.) s &> pe- r .R) po"if-) J,~,..., Y'~&r/,01'1 f 
c.) fO..VtVi.""CCJ- J-v-a.c-f.-t·oYi ~ 3 _,.o f 

oA- --b-h.e. ~o..~ -& L 'M £ ~ 

-

-

... 

... 

... 



.. 

-

-

-

-

05/12/92 21.51 

Response of Cherenkov fibers (clodding 1.51/1 .53) 

"' c .iii 
Ill e 
" '-. .; 
ci.1.6 ~---

"' c .iii .. e 
~ 
.; 

1.4 
1.2 

1 

0.8 
0.6 
0.4 
0.2 

0 

ci. 1.6 

1.4 
1.2 

1 

0.8 
0.6 
0.4 
0.2 

0 

0 l"'~l,IJll I 

0 

80 
120 

80 
120 

····· ... .... 
.... ... ... 

... .... 
.... ... .... ... ····· 

... .... .... 
.... . ... 

... . ... .... ... 

400 ~ 
lmjo66t parameter (mkm) 

····· ... .... .... .... 
. ····· ····· .... ······· ... ······ ······· 

····· ... .... 

200 

400 t 
lm1'66t parameter (mkm) 

g' 
.iii 
Ill 
0 
~ 

~ 
.; 
ci. 1 .4 -=<~_,· 

1.2 

1 

0.8 
0.6 
0.4 

0.2 

0 ...,..,..u.J I 

0 
40 e· 80 

120 

.... -... 
····· ···-
·- .. 

... ·- .. 
···­ ··--

·- .. 

200 

400 

. .. 

... 

lmP,66\ parameter (mkm) 

"' c 

! ,. .. ~-~-.1:::::::.::::::: ::::::::::::::::::::::::::::::::::::::····· 
.; .· _ .. · ···- .... 
ci.3.2 ~.._. ... ······· .... .... 

2.8 
2.4 

2 
1.6 
1.2 
0.8 
0.4 

0 .,..,~lli 

0 

233 

40 
e· 80 

120 

--... . ... 

···-
.... 

··--

400 

... ··--
... 

lmP,66\ parameter (mkm) 



Electrons 1n Cherenkov Fibers/Tungstedh 1f~ 0b-f0 

no slope no re;i-ivow12A" . 

100 

75 

50 

25 

0 
0 100 

60 

40 

20 

0 
0 100 

100 --75 

50 

25 

0 
0 

200 

200 

.... ..... 
• 

200 

12 

8 

4 

0 

10GeV 

8 

6 

4 

2 

0 

10 GeV 

..... 12 .... 
8 

4 

.J 0 

10GeV 

0 

0 

0 1000 

234 

• .... .,.., 
• .. 

"'"' * O.Jltl .... 11 .. 1 

• 

2000 
100 GeV 

2000 
100 GeV 

2 

0 

1.2 

0.8 

0.4 

0 

2 

1 

0 

0 20000 

0 20000 

0 20000 

u.u -· ,. .. 

40000 

40000 

40000 
1 TeV 

-

-

-

-

-
-

.. 

-



... 

93/01/04 22.07 

Electrons in Cherenkov Fibers + 3cm Lead 
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Electrons in Cherenkov Fibers + 3cm Lead 
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Reaction :\io. I Re2c~iou I Trigger/Comment 

0.1 I single W trigger on most W to lepton"? 
0.2 single Z trigger on most Z to 2 leptons·? 
Hicro·s 

~·~ 

1.1 H.-) 7-<" (:2 of E1c) V £50 
1.:2 "":."":"..., :.;-, ~Ct' (:2 of£10) /\ (:lrd £11; V J/10) 
1.:l ;..t.-~ :..1...:. (2 of£1G) /\ (2 of.\110) 
1.4 "-:...!1.j~J.~~+ ( l .:l) 
1.5 ':-1.--:.P.Jy~ ( l.:l) v P100 
!.G ~ --:. J.) f't .. ( 1.5) 

Extendt'd Higgs 
Hea,·y Fla\"Or Physics 
:). I a_,. w+& (£50 V Af10) 

tt __, H+b (£50 V JI3oV (mnltijet"?) v J/10) 
•) ·) 
.).- leptoquark [H50 v ( (:2 of Ern) v (:2 of.\110) /\ 

(2 ofH.;o) V (Ern V J/10) /\ (:l ofHso)] 
V[-rtrigger·? /\ (2 of H.;o)] 

:J.:l Technicolor ("l •J)? . ·- . 
.Jet Physics 
4.1 quark substructure H100 or H150 "? 
4 •) pf (:l.l) V((2 ofHso) /\ M10) 
4.:3 +ec.\,.,.; c~{o .. i. (4.2) 
Physics at high Luminosity 
:i. l 

!quark substructure 
(:! ofEsu) V (:2 of.H~o) - •) ~\,fhight>st possible- V Eso ;)._ 

:).:3 Z'° ( 5.1) 
.5.4 vV1± .A.nv trio·o·er 

v UV 

.5 . .5 
.. 

Anv tri"0·t'r Pr .. '':!"' 

Missing Er Physics - Supersymmetry 
6.1 I~ p? -6.2 d' P7 V (:3 of H80 ) 
6.:3 I" (6.2) , 

Table 1: List of -'uggested Level 1 trigger criteria for the physic.5 proceMes listed in Mction !!. 
The symbols Ex, Hi', iVfp, Pw and Tn are defined in section 5. The logic symbols used are: 
~ (not}, /\ (and}, V (or) and V (exclusive or}. 
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