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Abstract: 

Agenda, attendees, and presentations of the GEM Calorimeter 
Simulation Workshop held at the SSC Laboratory on December 7-8, 1992. 



CALORIMETER SIMl"LATION WORKSHOP Dec 7-8, 1992 (Monday, Tuesday). 

Time and place: 9:00 am, Dec 7th, SSCL Directorate Conf. Room No. 2 

AGENDA 

The original purpose was to bring together as many as possible of the people 
in GEM working on calorimeter simulation to share experience on a variety of 
issues, and to have 'tutorials' on general issues. 
The formation of the Calorimeer working groups will give a new purpose: 
the organization and formation of the Calorimeter Simulation Working Group. 
The intent is to prepare us a~ well as possible for the PAC presentation in 
July, and do design studies for the TDR. 
One task is to address basic issues as well as particular GEM 
ones, and to address the issue of computing requirements. 
The workshop is deliberately planned NOT to overlap with the calorimeter group 
meeting so that simulators can attend both. Please feel free to attend and 
make presentations or lead discussions of topics. 
As a workshop, people should expect to share codes 
and demonstrate them, so 2 days seems about the right length. 

Below are some topics that are expected be covered. Possible contributors 
are indicated. Where there are ?? please consider whether you have a 
contribution to make. It may be that there are additional topics which 
should be addressed. Your advice is appreciated. 

Since this is a workshop we expect the agenda to be somewhat flexible. 
- The list below of topics below is a list of topics to be addressed in 

future meetings/workshops, if seen as important. 
-------------------------------------------------------------------------
MONDAY DEC 7th 

9:00 am. Goals of Workshop ~ McFarlane, Womersley 
- 9:15 am Discussion of Agenda and Workshop organization 

-

Goals of simulation -- Group 
Important effects (missing energy, resolution, backgrounds, pileup, 
pointing, pizero) 

Simulation types: global, partial. 
Physics: key processes 
Time scales: TDR, PAC'93, future 
Impact on other systems (e.g. muons -- trigger, dE/dx ••. ) 

10:15 SSCL/GEM approach -- I. Sheer 
10:45 Impact on other systems 

Tracker -- Jenny Thomas 
Muon System -- P. Dingus 

11:15 am GEANT: 
GEANT 3.16 (what changes from 3.15) Lee Roberts 
Volume search algorithm -- Lee Roberts 
Optimization strategies -- Lee Roberts, Mike Seman 
Speed of searching in different volumes ?? 

11:45 am CALOR89 interface -- Brent Moore 

12:15 pm LUNCH 

1:30 pm Existing SSCL/GEM simulations 
SIGEM stri.icture ~ Yu. Fisyak (30 mins) 
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y.:rniast s=ucture -- .i:. ::..icwarn.J..c.ici pu nu.ns) 
fJ-~y? - x. <;,'Z . ...:. . 

Parameterizations: 
(Parameterization in gemfast -- T. Skwarnicki) 
Hl approach (latest version derived from gflash) -- ?? (Stefan Peters will 
come to a later workshop) 
Mixture level descriptions (range of validity) ?? 
Shower parameterization (Range of validity) ?? 
Shower library techniques ?? 

2:30 pm Special Geometries 1».~~-
Accordion -- SemanjLelchouk ~'\ 't;; 
Strips ( 'preradiator') - H. Ma -
Asymmetric segmentation -- ?? 
Plate -- ?? 
Axial fiber calorimeter -- ORNL person? 
Simulating fibers in detail -- ?? 

Speed of simulations 
Comparison of approaches (Gemfast, UAZMIX, SIGEM -- Authors) 

Features 
Massless gaps 

<6:00 pm Discussion of working groups/Assignments 

TUESDAY DEC Bth 

9:00 am Data structures (HITs, DIGitizations infonnation) - Womersley 

Data structures expected from DAQ and algorithms for finding energy and time 
from samples. - Henk Uijterwaal 

More on CALOR -- C. Zeitnitz 

Algorithms 
Weighting factors in heterogeneous systems -- ?? 
Clustering algorithms in gemfast and CLEO -- T. Skwarnicki 
EM pattern recognition/reconstruction ?? 

Pointing, pizero rejection 
Jet finding -- ?? 
Jet energy reconstruction -- ?? 

Pile-up and noise 
Simulation and parameterization tP-chniques (10-33 and 10-34) - A. Vaniachine 

(Pulse shape parameterization -- ??) 

Integration Strategy -- Womersley 
GEM calorimeter simulation plans -- can we coordinate to maximize use of 
manpower, computing facilities and optimize results? 
Descriptions of simulations at Columbia, BNL, ORNL, CalTech, Mississippi? 
Coordination of fast, mix and full simulations -- ?? 
SIGEM and its data structures -- Yu. Fisyak 
Common MATE, ROTM, GEOM, HITS definitions-- ?? 
GEM tracker and muon simulations -- J. Thomas/I. Sheer? and P. Dingus? 

2 

-

.. 

.. 

-
-



G_ l c;:,,:YV 

Ntn~ 
... , .S.\-\t.f1\ 

Y. ff1·.: -.-e71.Ko 

... J>. Ov.opr;ev-b 

. /J. . vo .. >-''J I)..'> 1,..._ •"'-

JJ. So_,,,.,.;1.-ie... 

.L. fb~Yis 
... C~.\e) A\\t11 

---... U •'"' Cl-~ W-----
... y {)_,y.._C<,trr, Gt (A,O 

... r-<.st:~,_.akcv 

, , r:t~ -~ f.,,_ 

)A. Le/ofc~ k:. 

f1 · .Se m<:< "1. 

µ b "5 p!I r--

.. Xi~r .. "~ s~ 
H<:111K U.1J1c11:w1?1u. 

S"SC L 
0 R. NL 

oRtJL 

SSc. L

CPJV l 

SSCL 

ll\ A,<:;.-\i.-.. 

S~c....L 

S' S'C L 
ORll/L 

s.scL 
11/e v :-:s 
AJc.111'. 

~ d.J/,4; ~Ii,.,' 
"fJ. ot: l'11 •s1.ss.r'f''"i"I .. · :E.'?.£ _.,- /l'1 DO T-.€, 

, .. L~f?-~y c"""~E"'-

' 
~ 'Vf\..£,_ v<, 

_l (\N 1Y\_s1-\E:;.:~ ® 5 'SC' • ~ OV 

_EFf2.(.JVli311//(<...' ~ OCPH/il°'i 

0/VO PR.I E/l/><0 @ ORf>tlrl!J 

v (."\.M. )'cu. k. \,. @.. s;: s;: c v )( ( 

S 4v I ;V@ CJ.ePk¢f 

lrcber-is@ SSC vx ·1 

al~~ @. '-rthepZ. 1~~- \.\"lex.~:;,, ed... 

J\.w~@ sc;c.vxL, <;>c:..r 

auo @sS'evx-1 
s?, .. qkc;v e C/)?!.:JJ-1,r;f:f. 

XJ/UBsrc//,1' 1 

&-!.i-c k..a-,,, k. ~ "'- v.,,-t s 

Sc 1111-IV @AIEU/5; 

/+M fl. {3;/J tv t. CL l- . /~Nl, 'if'OJ 

s~~<'.9 c,..;t~.Q.x,Ji~-\.....d; 

l-!c111k ~ ~ pcA.sf .ssc.. jov 

~j : : S~c.Vt(. 

/VIOORE.@ S>c.vx:t.. 

, .. To.13'(' \:luRµi;7T \.) o~ w .... i.... ..... ~1.-

:'J;rr7 N e-cll.cS Lfe.11.~r /,;/-r t/.:11. 

; ; . To vi.i"".)..z_ ~Jt..,.i°'v"":c.k: s M. U 
! .. ffi!-Te.-., DA14'3vs SSGL 
.. ; :kr,· 77t'l~~ ~ !!c L 

... Joi-IN WOMERSL.E. y FSU I SSC\... 

. • Ncx..ssec- bq_n-eo:. ~ ssc L 
-3 

SSCVl<1:: INomerste.y 

do..l'lesh.Ql 15scvx. 1.s sc.~ov 



... 

GJ.or~~+'-'" ~ W\ 'A~~}! r.in Work k:>p • 
~c. !-~ ~ ! '~~'l. 

.. 

~oeJ l':Df<. 

q.,erA ?tt.~~oJt'OY\ aA- ~PAC 

Q) C.C ~~a. p pwo."" ~o ofo.~~ p~~;~ ... 

<0 ~~~~,~ I~~~ ~"' .. 
o1t;r t;~ ~s {-r~c.L.r .. 
M !AA\\_, • • ) 

.. 

® ~~·· o~ ~ch.tu~~ Ca~ .. 
@ c,'-'~ pool of ~P.J.w.M., ~,, 

~~·-· ... 

(j) ~J.~ ~ CJ. s~. w~; .. 

® tfr4~(~~-1 ) • 



-

-

-

-

-

PHYSICS PERFORMANCE OF THE GEM DETECTOR 

OUTLINE OF GEM TDR VOLUME 8 

8.1 INTRODUCTION 

8.1.1 Brief overview of electroweak and flavor symmetry brea.kings. Other physics 

beyond the standard model. Physics at£= 1033 cm-2 s-1 and at 1034 cm-2 s-1. 

8.1.2 Brief summary of GEM detector features and strengths-1, e, µand .C = 1034 cm-2 s-1 • 

8.1.3 Ove.""View / summary of Volume 8. 

8.2 GEMFAST - PARAMETERIZED SIMULATION OF GEM 

8.2.1 Overview of subsystems: CT, EC, HC, FC, MU, TR/DAQ -General description, 

coverages, cell sizes, acceptances. 

8.2.2 GEMFAST parameterization of subsystem responses. 

8.2.3 Plots of momentum resolutions vs. TJ for CT, MU; charge significances; single

particle energy resolutions in EC, HC, FC; missing ET resolution, etc. 

8.2.4 Jet definition and jet energy resolution. 

8.2.5 Trigger strategies and efficiencies; special problems of £ = 1033 cm-2 s-1 and 
1034 =-2 s-1. 

8.2.5 Shortcomings, approximations of the physics simulations. 

8.3 STANDARD MODEL HIGGS PHYSICS 

8.3.1 H 0 -+ II (MH = 80 - 150 GeV). This and the associated production process 

should be studied for couplings smaller than standard model (as in the minimal 

supersymmetric standard model) to determine the limits of intermediate-mass 

Higgs detectability. 

8.3.2 fi + H 0 -+ £11 + X (MH = 80 -150GeV). This process will be studied at 

luminosities £ = 1033 =-2 s-1 and 1034 =-2 s-1. 

8.3.3 H 0 -+ zo zo -+ f.+ P.-£+ .e,- for £ = e, µ (MH = 140 - 800 Ge V). For the 800 Ge V 

Higgs, this process will be studied at£= 1033 cm-2 s-1 and 1034 cm-2 s-1. 

8.3.4 H 0 -+ zo zo -+ .e,+.e,- jet jet (MH = 800 GeV). 

8.3.5 H 0 -+ zozo-+ £+£-v1i (MH = 800GeV). 
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8.3.6 New, au.."'Ciliary Higgs studies, if any. For example, zo, .f.± and decay-plane angular 

distributions. 

8.4 HEAVY FLAVOR PHYSICS 

8.4.1 it production form,= 140 GeV and 250- 300 GeV in standard (t-+ w+b) and 

non-standard ( t -+ H+ b for m, :2: 200 Ge V) decay modes and mass measurement 

via the lYltµ and multijet distributions. Tagging the it events by an isolated 

lepton plw an inclusive muon from b-decay is a major test of GEM's abilities. 

The charged Higgs mass will be A1H+ = 150 GeV and we shall assume the decay 

modes H+ -+cs and T+Vr with variable branching ratios. Identification of vv+ 
and H+ in dijet decay modes is an important consideration here. 

8.4.2 If time permits, we shall study the W polarization int -+ W+b decay. This 

involves measuring the angular distribution, in the vV rest frame, of the dijet 

from W decay relative to the W direction in the t-quark rest frame. 

8.4.3 Single technieta production, gg-+ T/T-+ tt. The object is to see a peak in the it 
invariant mass or in the PT distribution of the top quark. 

8.5 JET PHYSICS 

8.5.1 Quark substructure in production of jets with high-PT and/or invariant mass 

(deviation from QCD cross sections at PT;<:; 4 TeV). Studi~ at .C = 1033 cm-2 s-1 

of the ISO model with substructure scale A ~ 15 - 20 Te V. Special attention to 

jet energy measurement issues! 

8.5.2 Studies at .C = 1034 cm-2 s-1• Aie these feasible? If so, what is the reach in A? 

8.5.3 Devise a program for measurement of the parton distribution functions in exper

iments at low luminosity an~ carry out typical simulations (if time permits). 

8.6 PHYSICS AT ULTRAIIlGH LUMINOSITY 

8.6.1 Quark/lepton substructure in qq -+ µ+ µ- at high invariant mass (a deviation 

from the Drell-Yan cross section at M;:: 2TeV) and ultrahigh luminosity, .C = 

1034 cm-2 s-1 • Determination of the chiral structure of the contact interactions 

for substructure scale, A= 25TeV. Reach in A in one SSCD. 

8.6.2 Signal and backgrounds for quark/lepton substructure at the scales A = 25 TeV 

in the Drell-Yan process qq' -+ µ±v. Chiral structure of the contact interaction 

will be probed via the T/ µ distribution. 
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8.6.3 Signal and backgrounds for Z'0 -+ £+ £-, with t= = e=, µ±. Precision measure

ments of mass, width (via e+e-) and asymmetries (viaµ+µ-) for Alv = 4TeV. 

Determination of the reach in lvlv in 1 - 2 SSCD. 

8.6.4 Signal and backgrounds for vv1= -+ f.±vt. Precision measurements of the mass, 

width and asymmetry; determination of the reach in lvfw,. 

8.6.5 Signal and backgrounds for color-singlet Pf-+ zow±-+ £+£-£±+I/Jr and£+£

jet jet. 

8.7 MISSING Er PHYSICS - SUPERSYMMETRY 

8.7.1 Missing-Er requirements on the detector. 

8. 7.2 gg detection via the I/Jr signature. 

8. 7.3 gg detection via the likesign dilepton signature. Although not strictly a missing

energy process, this complements the preceding search. 

8. 7.4 Squark production and detection via the Jtr signature. (Is squark-gluino produc

tion useful and/ or interesting?) 

8.8 CONCLUSIONS 

8.9.1 Summary tables of discovery significances, reach, discovery /reach time, mass res

olutions, etc. Brief summary discussions. 

8.9.2 Plans for future simulations work - both detector and physics. A set of possible 

physics simulations is given in the "second priority" list of K. L. 's January 20, 

1992 memo, "Physics Simulations for the GEM Technical Proposal". This needs 

more thought! 
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1 Goals of the Full Simulation 

The goal of the Full GEM simulation are formulated as the following: 

• to create an adequate computer model for the detector; 

• to simulate the detector response up to the level of data which will 
be obtained from the GEM DAQ system; 

• reconstruction of events in order to provide reliable estimation of 
efficiencies for e 's, 'Y 's, µ 's and jet 's. 

It is needed to provide at least 3 levels of computer model detailization 
for different subsytems: 

• fast simulation - geometrical acceptance + parametrical model for 
detector responses; 

• so called "mixture" level simulation - dead materials, background 
estimation and reconstruction; 

• full simulation - detailed simulation up to DAQ accounting event 
pile-up effects. 

It is important to stress that we have to provide the consistent simu
lation at these different levels. 

84 
2 

-

-
... 

-

... 

-
... 

-



2 Computer model 

The computer model includes "title" data base which consists of: 

• description of geometry 

• magnetic field map 

• material and tracking media definition 

• sensitive element definitions 

• definitions of "hits" providing information for digitization stage and 
reconstruction 

• tools which provide possibility to work with this data base. 

" Title data base ": 

• title cards read by Zebra TZ package; 

• RZ-file which can be read directly by any program in simulation / 
production chain. 

There are tools which provide a possibility to create these title cards 
from GEANT geometry and to read these cards and to build the GEANT 
geometry. 

The example of titles in TZ format are presented on the next pages. 
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Zebra Reference Manual 

book TZ 

Title Handling 

Zebra version 3.67 

June 1991 

J. Zoll 

Chapter 1 User specifications for the TZ package 

1.1 TZFIND - access to title banks 

1.2 TZINIT - creating title banks from a text file 

1.3 TZUSER - editing title banks during input 

1.4 TZSHUN - insert banks into a title structure 

1.5 TZINQ - inquire about the title d/s 

Chapter 2 Formats for the text input to TZINIT 

2.1 Out-line 

2.2 Control-lines 

2. 3 Title header lines 

2.4 Fr«-field input 

2.5 Fortran formatted input 
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-
•CMZ : 02/12/92 18.30.36 by Yu.Fisyak ·-- Author 
•DO GPUR 1 -U -A4CW -cl/80 #. Title created on 921202 at ~o42 
#. list of pure materials A z dens x_o 

"Hydrogen II 1.0100 1.0000 0.70800E-01 865.00 
"Deuterium II 2.0100 1.0000 0.16200 757.00 - "Helium II 4.0000 2.0000 0.12500 755.00 
"Lithium II 6.9400 3.0000 0.53400 155.00 
"Berillium II 9.0100 4.0000 1.8480 35.300 
"Carbon II 12.010 6.0000 2.2650 18.800 
"Nitrogen II 14.010 7.0000 0.80800 44.500 
"Neon II 20.180 10.000 1.2070 24.000 
"Aluminium II 26.980 13.000 2.7000 8.9000 
"Iron II 55.850 26.000 7.8700 1.7600 
"Copper II 63.540 29.000 8.9600 1.4300 
"Tungsten II 183.85 74.000 19.300 0.35000 
"Lead II 207.19 82.000 11.350 0.56000 
"Uranium II 238.03 92.000. 18.950 0.32000 - "Air II 14.610 7.3000 0.12050E-02 30423. 
"Vacuum II O.lOOOOE-15 O.lOOOOE-15 O.lOOOOE-15 0.1000v- 17 
"Argon II 39.950 18.000 O.OOOOOE+OO O.OOOOOE+OO 
"Krypton II 83.800 36.000 O.OOOOOE+OO O.OOOOOE+OO 
"Silicon II 28.090 14.000 2.3300 9.3600 
"Oxygen II 16.000 8.0000 0.14300E-02 23944. 
"Clorine II 35.450 17.000 O.OOOOOE+OO O.OOOOOE+OO 
"Flourine II 19.000 9.0000 O.OOOOOE+OO O.OOOOOE+OO 
"Silicon D II 28.090 14.000 2.3300 9.3600 
"Borom II 10.811 5.0000 2.3400 O.OOOOOE+OO 
"Barium II 137.33 56.000 O.OOOOOE+OO O.OOOOOE+OO 
"Neobium II 92.906 41.000 9.4100 O.OOOOOE+OO - "Titanium II 47.880 22.000 4.5400 3.5600 
"Mangan. II 54.938 25.000 O.OOOOOE+OO O.OOOOOE+OO 
"Chromium II 51.996 24.000 O.OOOOOE+OO O.OOOOOE+OO 
"Nickel II 58.690 28.000 O.OOOOOE+OO O.OOOOOE+OO 
"Molybden II 95.940 42.000 O.OOOOOE+OO O.OOOOOE+OO 
"Magnesium II 24.305 12.000 O.OOOOOE+OO O.OOOOOF.+00 
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.. 
•CMZ : 02/12/92 18.30.36 by Yu.Fisyak ·-- Author 
•DO GMIX 1 -U -A4CW -c1/50 #. Title created on 921202 at lv42-

#. list of mixtures# 
"C02 II 2 0.19770E-02 comp.no. 

"Carbon II -1.0000 Volume (-) or Weig 
"Oxygen II -2.0000 Volume (-) or Weig-

"Gas II 3 0.19573E-02 comp.no. 
"Carbon II -0.52000 Volume (-) or Weig 
"Oxygen II -0.40000 Volume (-) or Weig 
"Hydrogen II -8.0000 Volume (-) or Weig-

"Insulation II 6 1.6900 comp.no. 
"Helium II -0.25000E-01 Volume (-) or Weig 
"Carbon II -0.45000E-01 Volume (-) or Weig 
"Hydrogen II -0.36000E-01 Volume (-) or Weig. 
"Oxygen II -0.18000E-01 Volume (-) or Weig 
"Aluminium II -0.50000E-01 Volume (-) or Weig 
"Iron II -0.18000 Volume (-) or Weig 

"STR II 2 2.6400 comp.no. -"Silicon II -1.0000 Volume (-) or \ii _g 
"Oxygen II -2.0000 Volume (-) or Weig 

"Front/endEl II 2 1.0000 comp.no. 
"Silicon II -0.95000E-01 Volume (-) or Weig.. 
"Lead II -0.50000E-02 Volume (-) or Weig 

"Graph/Ep.Sp II 3 1.5600 comp.no. 
"Carbon II -20.250 Volume (-) or Weig 
"Hydrogen II -20.000 Volume (-) or We ii;. 
"Oxygen II -2.0000 Volume (-) or Weig 

"Freon-12 II 3 0.49300E-02 comp.no. 
"Carbon II -1.0000 Volume (-) or Weig 
"Clorine II -2.0000 Volume (-) or Weig. 
"Flourine II -2.0000 Volume (-) or Weig 

"Plexiglass II 3 1.1800 comp.no. 
"Hydrogen II -8.0000 Volume (-) or Weig 
"Carbon II -5.0000 Volume (-) or Weifi,, 
"Oxygen II -2.0000 Volume (-) or Weig 
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•CMZ : 02/12/92 18.30.36 by Yu.Fisyak 
•-- Author 
•DO ROTI 1 -U -A4CW -c1/50 #. Title created on 921202 at ~o42 
"NULL" "OOOD" "180D" "XYXD" "YZXD" 
"XZXD" "90XD" "ZSXD" "90ZD" "90YD" 
"Z45P" "Z45N" "180X" "90YZ" "90XY" 
"NEXT" 
•DO ROTM 1 -U -A4CW -C1/60 #. Title created on 921202 at 1642 
"OOOD" 90.000 O.OOOOOE+OO Identifi 

90.000 90.000 
O.OOOOOE+OO O.OOOOOE+OO 

•DO ROTM 1 -U -A4CW -C1/60 #. Title created on 921202 at 1642 
"180D" 90.000 180.00 Identifi 

90.000 90.000 
180.00 O.OOOOOE+OO 

•DO ROTM 1 -U -A4CW -C1/60 #. Title created on 921202 at 1642 
"XYXD" 90.000 O.OOOOOE+OO Identifi 

90.000 9.0.000 
180.00 O.OOOOOE+OO 

•DO ROTM 1 -U -A4CW -C1/60 #. Title created on 921202 at 1 .• 2 
"YZXD" 90.000 180.00 Identifi 

90.000 90.000 
O.OOOOOE+OO O.OOOOOE+OO 

•DO ROTM 1 -U -A4CW -C1/60 #. Title created on 921202 at 1642 
"XZXD" 90.000 O.OOOOOE+OO Identifi 

90.000 270.00 
. 0. OOOOOE+OO O.OOOOOE+OO 
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•CMZ : 

•-- Author 
•DO 
"Air 
•DO 
"Air 

MATE 

TMED 

8.0000 
0.50000 

1 

1 

02/12/92 18.30.36 

-U -A4CW -c1/60 
II 

-U -A4CW -c1/60 

0 

II 

90.000 
0.10000 

1 

by Yu.Fisyak 

#. Title created on 921202 

#. Title created on 921202 

0.10000 0.10000 

-
at 1v-i2-

at 1642 

ISVOL, I
FIELDM, 
EPSIL, S 

•DO VOLU 1 -U -A4CW -c1/60 #. Title created on 921202 at 1642 
"GEM II 

•DO ATT 
"GEM 

27 
"PCON" 

O.OOOOOE+OO 
-7828.3 
-2000.0 
-1800.0 
-1800.0 

1800.0 
1800.0 
2000.0 
7828.3 

1 -U -A4CW 
II 

"Air 
360.00 

O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
0 . OOOOOE+OO . 
O.OOOOOE+OO 
O.OOOOOE+OO 

8.0000 
36.830 
36.830 
50.000 
1090.0 
1090.0 
50.000 
36.830 
36.830 

II 

#. Title created on 921202 at 
"SEEN 

90 
7 

II 

-N,low_ph 
z, R_min 
z, R_min 
z, R_mir._ 
z, R_min 
Z, R_min 
Z, R_min 
Z, R_111i.n. 
z, R_. .n 

1642 
0 

-

-
-
... 

-



-

-

•DO DETV 1 -U -A4CW #. Title created on 921206 at 1827 
"TRAK" "PADW" 12200 1000 0 
•DO DETH 1 -U -A4CW #. Title created on 921206 at 1827 
"TRAK" "PADW" 8 
#. NAMESH NBITSH 

"XOUT" 
"YOUT" 
"ZOUT" 
"DEDX" 
"T_OF" 
"YDET" 
"ETA II 

"TRFT" 

ORIG 
19 75.00000 
19 75.00000 
19 150.0000 

0 O.OOOOOOOE+OO 
16 O.OOOOOOOE+OO 

8 25.00000 
4 -1.440000 

16 O.OOOOOOOE+OO 

FACT 
1000.000 
1000.000 
1000.000 

0.1000000E+08 
10.00000 
200.0000 
6.670000 
10.00000 

•DO DETU 1 -U -A4CW #. Title created on 921206 at 1827 
"TRAK" "PADW" 

5 0.3000000E-01 0.2500000E-01 0.2500000 
0.1500000 0.5000000E-02 

•DO DETV 1 -U -A4CW #. Title created on 921206 at 1827 
"CALO" "C9HE" 22200 1000 0 
•DO DETH 1 -U -A4CW #. Title created on 921206 at 1827 
"CALO" "C9HE" 7 
#. NAMESH NBITSH ORIG FACT 

"XOUT" 12 360.0000 1.000000 
"YOUT" 12 360.0000 1.000000 
"ZOUT" 12 550.0000 1.000000 
"ELOS" 0 O.OOOOOOOE+OO 100000.0 
"TOF1" 
"TOF2" 
"TOF3" 
•DO DETV 
"MUON" 
•DO DETH 
"MUON" 

0 O.OOOOOOOE+OO 
0 O.OOOOOOOE+OO 
0 O.OOOOOOOE+OO 

10000.00 
1000.000 
100.0000 

1 -U -A4CW #. Title created on 921206 at 1827 
''SW54'' 31100 1000 0 

1 -U -A4CW #. Title created on 921206 at 1827 
''SW54" 6 

#. NAMESH NBITSH 
"XOUT" 

ORIG 
23 2000.000 
23 2000.000 
23 2000.000 

FACT 
1000.000 
1000.000 
1000.000 

"YOUT" 
"ZOUT" 

91 
8 



"DEDI" 
"T_OF" 
"TDRF" 

0 O.OOOOOOOE+OO 0.1000000E+08 
16 O.OOOOOOOE+OO 10.00000 
14 O.OOOOOOOE+OO 10.00000 

*DO DETU 1 -U -A4CW #. Title created on 921206 at 1827 
"MUON" "SW54" 

1 O.SOOOOOOE-02 
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3 SIG EM: from vO to vl 

VO 
SI --- steering 
UT utilities 
XS --- eXperemental 

Base line 1 

Setup 

==> 
==> 
==> 
==> 

Vl 
SI 
UT 
XS 
TT titles 
RE reconstruction 

==> Base line 2 

The expected arrival time for the version 1 of SIGEM is January 1993. 
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Presentation by: 

K. Shmakov 
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******************************************************************** 
* ACTIVE ACCORDION PARAMETERS * 
******************************************************************** 
Rmin = 95 cm - internal radius of the criostat ---
DRactive = 52 cm - length of the ACTIVE part of accordion 

Radius es Alfa Length Center Samping 
(cm) (deg.) (cm) radius(cm) thickness(cm) 

1 106.600 .000 .200 106.700 .698 (1) 
2 106.800 30.501 2.817 106.800 .602 (2) 
3 109.237 34.251 5.181 111.327 .602 
4 113.519 37.163 5.006 115.470 .602 
5 117.509 39.561 4.908 119.361 .602 
6 121.293 41.608 4.854 123.070 .602 
7 124.922 43.396 4.827 126.641 .602 
8 128.430 44.984 4.820 130.101 .602 
9 131-,839 46.414 4.825 133.470 .602 

10 135.166 47.713 4.841 136.764 .602 
11 138.423 48.904 4.864 139.992 .602 
12 141.621 50.002 4.893 143.164 .602 
13 144.767 51.021 4.928 146.288 .602 
14 147.866 51. 970 4.965 149.368 .602 
15 150.926 52.859 5.006 152.409 .602 
16 153.948 53.694 5.050 155.416 .602 
17 156.939 54.481 2.524 158.391 .602 (2) 
18 158.391 .ooo .200 158.491 1.037 (1) 

(1) - straight parts of 0.2cm 
(2) - "half" of the accordion line 
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How 1 O GeV muons see the accord·ion 
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How 1 O GeV muons see the accordion 
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How 20 GeV electrons see the accordion 
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How 20 GeV electrons see the accordion 
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LKr accordion - resolution at 90 deg. 

i+ 
' . . . ' ' . . . ..... ······~· ·············:······· .... ···-:--············ ;· ...... ·····91······ ...... ··!··············:······ ········:········ .... ··;· .. ···- -· .... . 

.c;:-. 9 . . . ' . ~: : : . . 
: : : : ::<:' : : : : : 

······· .. ) ... ........... : ............... : .... ·········· : .. it;-c;>l····· .:....... . .... ~ ............. : ............... : ...... ·- ....... : ... ·--··- .. -· -

: : : ~ : : . (:-Ci : ; 
: : : 0 : : : '¢ : : 
: : : (:-: ' : :::c::- : : . . ' ' ' ·10 '9) ' ' ···········:·············t·············1··············:---···-···· .. ( ·········: ·· ······~~· ·········r············(············ 

: : : : : : --f : : : 
: : : : : ''.':): : : ·········+············r···········t·············' -···- ··-···1·-···-········:A) · ·······-~----·--·-···+----····--··;········--···-
. . . ' . . . ' : : : : 20 : : : : : 

···········f ·············+·············+·· .... ·--~-- . . ... -~···· ·········-~·-····· .. ····+ ............ ·+· ........ ···-~- ............ . 

' l . i : 4EANT3.l~ L 
i '. i j (cujts f'=\10 ke~. e=\100 ~eV) 

·········-~---······· ....... 5Q .............................. t·············-~·-···········-~·-·········· .. :·············-~·-············ 
! . ! i i5x5 icellsi i 

·--··---···r···· .... l.f O.··---···-i-··--··------- ---------·--·1·---------·-··1-········----·l·--·-·········:··········--···1·--··········· 

:200 : : : . : ! . : 
.......... -~- ............ -:- .......... ···-:·· ............ ~- ............ -~-- .......... --~- .. .. .. . .. . .. . ............ -:-· ............ ~- ............ . 

: : : : : : 

: : : : 

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 
1 I v1(E) 
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LKr accordion - resolution at 90 deg. 
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) ) ~ ~ l l ; . ~ ······· ··--r ······· ···· · ·T·········· ···r· ············r··,··········~··············r ····· ·········r ······ ······ ·T········· ····r ············ · 
\ \ \ \ l : \ \ 

0 0.04 0.08 0.12 0.16 0.2 0.24 0.28 0.32 0.36 0.4 

5 +3 ;t ().I/ /VE ~ 0. '32 ±. 0. ~3 

5 IL, -:± tJ. I I I VE EB o. 2 '1 t: o. tJ L1 

111 

1/v'(E) 



> 1.8 Q) 
(_'.) 1.6 
-...__, 1.4 en 

I 1.2 
...---

1 

0.8 

0.6 

0.4 

0.2 

0 
16 

50 GeV photon, 35 deg. 
. . . . 

······························ . . . . . . . . . . . . . . 
. . ·········-·········-····-···· . . . . . . 

.. , ............ !. ........... ; ....... 11---. . . . . . 
.......... ]-""""'''] 
!-~-------1-···········1 
·········--1············1 

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

17 18 19 20 

Total, GeV 
7x7, 1 vs Total 

> 1 Q) 
(_'.) 

-...__, 0.8 
en 
I 

.,..--- 0.6 

0.4 

0.2 

0 

112 

No h1c;ssLes JC?/0 

!. I%' X 
0 

,:/-ee; c/ n<q f e -z:,'q t S 

ai ryo 0 

...... ~ ................. ~) ........................... . 
; . ; 

: l: . . 
...... ~............... • .j .......................... .. 

i ~ •• i • 

.... ) .............. ~-.,. ..................... .. 
i f.-~. - . 
; ~· 

'"'"i"""""""""'eft'~'""""""""""' ... 

. ,... . . 
i ~ 

""")"""""""""~;:·•·-- ................. . 

; .. 
16 18 20 

Total, GeV 
7x7, 1 vs Total 

-

-
-

-
-

-
.. 

.. 

-

-



50 GeV photon, 35 deg. 
> 0.9 
Q) 

(.'.) 0.8 
- 0.7 -I-' 

([) 

I 0.6 
.,.--

0.5 - 0.4 

0.3 

0.2 

' ' ....................... r .......•. ., .......... r············ 
: . : 

:::::::::::::::::::::::'.:::~:~~:::::::::::::::::::: 
' : . . : : ....................... ~ ... .r······· .. : ............ . 
. j • • • ! 

• ::::·::::::::::::::::::r~r:~::::::::::::r:::::::::::: 
. :.~ : • . .... -......... -... -. "! ·4f. · ......... -... -. ~- ...... -. -. -. 
' ················ ·····-'1--i\ .............. J ........... .. 

0.1 ' •' '· i ..................... i!··1······· .. -· .... ; ............ . 
• • • 

0 
16 18 20 

Total, GeV 
7x7, 1 vs Total 

/. 3 5 X0 
"""~ss Less 

" _r· ' 
Ove:110~i"I SQ L;"rOVi 

-

113 -



Optimization of ms gap at 45 deg. 
-+-' 

1.4 .r. 
en ·- 1.2 
(]) 

~ 1 

Q_ 0.8 
0 en o.6 
(/) 0.4 

E 0.2 

0 

-0.2 

-0.4 

-+-' .r. 1.4 
en 
·- 1.2 
(]) 
~ 1 

Q_ 0.8 
0 en o.6 
(/) 0.4 

E 0.2 

0 

0 

............ -'.. ............. ; .............. ; ............... ::c 1.4 

..... J..0.0 ... G.eY. .. :y.. ........ :...... ·-··-·· en 1 2 : ; ~ . (]) . 
·····-·····-:--···-···-·-···T···············: ···· ~ 1 

·--··--······:--········-·····r--·············i ............. Q_ o.8 

········--···r·········-·····:···· ....... ··:---········--· g 0.6 
············+--·······-··--->--·· . . ... ··\·········· .... (/) 0.4 

: : : E 02 ············-·····-···-······ ·········-·················-· . 

. . ············ .. . ...... ·······················-·--······· . . . . . . . . . 
·········----~---· ······-··················· .............. . 

2 4 6 8 
cm 

. . . . . . .............................................................. 
th : : 

........ 21;.1 ... G.eVl.'J ........... l .............. . . . . 
1 ~ ! . ---. ---. ---T ----. -------. -·r. -. -. -. -- --- -- ·1 · .... . ------

-- ----------·t -- -------------r --- ------------t ------ --- -- ---
. . ·············-··············-··············· ............... . . . . . . . . . . . . . 

::::::::::::r:::::::::::::r::···::: .. ::::1::::::::::::::: 

0 

-0.2 

·0.4 

-02 . . . .. . ... ..... --- . . . . .. ------- .. ---- -- .. -. -- ................ . 
. F----i i . 

-0.4 -------------~------·····-··································· 

0 2 4 6 8 
cm 

114 

. . . . ············-······························· ··············· . . 
........ 5.0 ... G.e.V~.y. ...................... . . . . . . . . . ············-···············•··············· ····· ...... . 

···········-~·-·············; ......•.•....•.............. . . 
. . . . . ···········--····························· ················· . . . . . . . . . . 

............. : ............... -~.... . . . . ..... ; .............. . . . . . . . . . . . . . . ············-·················· ......................... . . . . . . . . . . . 

.. -- ........ ..;. . . ....... -~ ............... ; .............. . . . . 
. . . . . ..•........ ~ ...............•.............................. 

0 2 4 6 8 
cm 

-

... 

.. 

... 

... 

... 

... 

... 



,.--.:_ 8.5 
w ..._____,, 

"> * 8 ,.----._ 
-w ..._____,, 

b 7.5 

- 7 

6.5 

6 

5.5 

5 

- 4.5 

4 

-
0 

LKr accordion - resolution at 45 deg. 

(cyts r+ 10 k~V. e ; 100 keV) 
· ! ! 5x5 dells . . . . ' ....... ····:··· .......... -~ ...... ·······:··--·· .... ----~--- ........... ~--·· ...... ----~- ............ -~ .... ·- .... ····:···· ...... -- ··i· ·- ...... -- ---

[ ~ ! : ! : : ; 

' ' 
' ' ' ' 
' ' ' ' 

' ' ' ......... - -~ ............. -:· -- ......... - - -:·. .. . . . • . ~- ... - - •...... • l · ............ ;.- ...... - ..... ·:- - ...... - ..... -:- ......... -- .. '.- ..... - - ..... -

i i ~ . ?.69%/v'(E)\ + 0.33% 
.......... ·f ............. ·' .......................................................... f ...... _ .... n ~ .. co r.r e<t i[o ns. _ · ]· .......... __ . 

' ' . ' 
' ' ' ' . ' ' . . . ' . . . ' 

•oo•• •Ooo ooO• Oooo o••O •••••'" O• Oo o oo oo -~-- ••O•OO oooooo ooOoooooo•••OoOOo••••• oo•••••oOo•••• ••oo••••OO oo oo •• oo o• oo ORoo o•••oo oo o ••• Oooo •• oo ooo••• o 

' ' . ' ' ' ' . ' 
' ' ' ' ' ' 
' ' ' . ' . . . . . . . . 
' ' ' ' ' ' ' 

. ' ' ' . ' ' ................. ······ .. .,... .......... ···~·· ..... ······· ................................................. ···~-- ............ •··· .......... . 

' ' ' ' 6,.20%/v'(E) + 0.~2% 
: : . . j njiassles~ gap j ... ·- ..... ·r· .... ---..... -f ....... -.... · 1- -.. . . . . . .. -- .......... ; ........ --· --: ..... --...... ·: ...... -. --.. --:-- ...... ---- .. :· ----..... -.. . 

, I 100 i , , ~.74%(vc~>I:- o.f6% ! t r50 l :20 r r·filg1l>ng r 
' ' . . . . ' ' . ........... [ ............. -r············-r· .......... T ............. l .............. f .............. :.·············-r··· .. ·-·· .. ··r ............ . 

. . . . . . . . . . ' ' . . . ' . . . ' . ' . . . 
···········r·············r·············r·············~·----, ···--···1···········-··r·············-r·············-=-········-···-~-·-·····-····· 

' . . . . 
' . . . . 
' ' ' ' ' ' 
' ' ' ' 
' ' ' ' 

0.04 0.08 0.12 0.16 0.2 0.24 0.28 0.32 0.36 0.4 

1/v'(E) 

115 



-+-' 
1.4 ...c 

CJ) 
·- 1.2 
(J) 

~ 1 

Q_ 0.8 
0 
CJ) 0.6 

UJ 0.4 

E 0.2 

0 

..0.2 

..0.4 

-+-' 
...c 1.4 
CJ) 
·- 1.2 
(J) 

~ 1 

Q_ 0.8 
0 
CJ) 0.6 

UJ 0.4 

E 0.2 

0 

..().2 

..().4 

0 

0 

-

Optimization of ms gap at 35 deg. 
············-~·-·············'···············!······ ....... ::2 1.4 
..... J..0.0 ... G.eV .. :y.. ....... .L. ............ CJ) 1.2 

! ! ! (J) -
' ' ' . --··········-······························· .............. . ' . 

........ 5.0 ... G.eVl.:v. ........................ . 
' . -~· . 
' ' ' . . ' 

···········••(•············-~···············'. ············· ~ 1 
. . ............ ~- ........................ ···-·· .... ·- ...... . 

·············:················~············ .. ;............... Q_ 0.8 . . . . . . . . . . . . . : ....... -..... -. -~ .......... ·-... . ........... . 
' . 

' ' ' ' 
i : ' 0 ···········-r········-···T··· . -·····:··············· CJ) o.6 

: ::: : ::: : ::: f:: :::: :: : : : .. :~:: .. :::: ::: ::: : l::: ::: :: : :::::: E ~:: 

' ' ' . ' . ' ' ············-··························· ................. . 
' ' 
' ' . . ' ............ ·:· ······ ........ -~ .. .. . .. ·····I·· ............ . . . ' . . . . ' ' . . . . ············-·············· ···········-··················· . . 
' . 

' ' ' . 
' ' ' ' . ' ' ' 0 
' ' ' ' ' ' ...... ···f-.. ······-·····~·-·············1··············· -0.2 . . .. .. . .. -~· ...............•............................... 

' ' ' ' . ' 
' ' ' . . . ' ' ..() ·············'··-············· -······························ .4 ' . ' 

••••••••••••• • ••••••••• •••••• -~---· ••••••••••• 1 ••••••••••••••• 

2 4 6 8 0 2 4 6 8 
cm cm 

.. 
' ' ' 
' ' ' ............................................................... 

0
, : : 

........ 2 ... G.eV.l.:y. ........... l .............. . 
' ' ' . ' ' 
' ' ' ' ' ' ' ' ' ...................... --- .................. ··--·--· ----- ... ----
' ' ' . ' . 
' ' ' ' ' . 
' ' ' ' . ' 

::::::::::::I:::::::::::::::[:::::::::::::::1::··::::::::::: 
.. 

. . . 
' . ' . . 
' ' . . . 

--- ......... -:--- .........•. --~........... . . f··. ·----. ------
' ' ' ' ' ' ' ' ' ' ' ' ' . ' ................................ . ........................ . 
' ' ' ' . 
' ' ' . ' . 
. . ' .... . ..................................................... . 
' . . 
' ' ' . . . 
' ' ' . ' . ................ ----- ... ------~. -. -. -- -----. -.•..... -........ . 

2 4 6 8 
cm .. 

116 



LKr accordion - resolution at 35 deg. 
,..-.., 12 ~----------,--,--,---, --, -~ 

_ ~ ( cyts r ; 1 o krv. e ; 1 oo ~ev) 
-,..-.., 

w 11 
'--' 
'> 
* - ,.....--.., 

-

w 10 
'--' 
b 

9 

8 

7 

6 

5 

. ' ' ' . . ' ' ' . : : : : : : : 5 5 : lJ :NGTTHE<CASE[··········c···········1 x c:e .. S .. . 

.......... -~ ............. .:. ............. ; .............. ~- ............. : ...... § ... -~ ............. ·' ............. -:---. ---... -. --'· .... -. ---... . 
: : ? ! x . ! :9.so%/-1c6:)_ +a.% 
: : : y : ; : no corrections : 

···········>··············1··············r···········-;--············j··············r··············>·············-1·············-r········· .. 

' ' . . ' ' . . 
' ' . . . . . . ' . . ' ' . ' . 

••••••••••••• •••• •••••• • • --- •••• •••••• "'"''"'"""" •••• •••• •• •4•• •••• •••o•••••• •••••• •••••••••• ooooooopoooo ooooooooo .. 00000000 •• oooooo oooo oo oo oo ooo . ' . ' ' . ' . . . ' ' . . . . ' . ' . . . . ' . ' ' . . . . 

m Lm :J;Lj L tl~7~~{,1~4t0~r~m 
[ [ 1 oo [ 50 , : + 6,.87%/ v(i::)[ .+ o.22% 
j j : j 20 j t we1g1ting : 
' . . . ' . . . . ' . . . ' . ' 

•••••••••••••••••••• --- •• - •• - • -- • - •••• - ...... -- •• -- •••••••••• -- •• -- •• - ••••••• - ••• -- •• u •••••••••••••••• - ••••••• -- ••••••••••• -- •••••••••••••••••• -
' . ' . . . . . ' . ' . . . . . . ' ' . ' . ' ' . . ' . ' . ' . ' . ' ' . . ' . ' . ' . ' . ' . . . ' . ' . . 

' . . . . ' . . 
···········~· ·············:· ··············:··············;- .... ·········f·· ...... ······•··············:········· ······:·········· ····~··. ········ .. . . . . ' ' ' . . ' . ' . ' 

' . ' ' ' ' ' . . ' ' ' . . . . . . . . . . . . . . . . . . . . . . 
4 ._,_.__._,_....__,__,__.__._........._.'-'-'--'-'-'-'-'--'-'--'-'-'--'-'--'-'-'-'-'--'-'-....__,__,_-L.....L.........._.'-'-'--'-'-"-'--'--'-' 

0 0.04 0.08 0.12 0.16 0.2 0.24 0.28 0.32 0.36 0.4 - 1 /v'(E) 

117 



u 7.2 
., 

'iJ 6.8 

~ 6.4 

--3 6 
V) 

5.6 

5.2 

4.8 

4.4 

4 

0.5 

0.45 

'j.J 0.4 
.t" 

....::. 0.35 
VI 0.3 
.t 
() 0.25 
ll 

0.2 

0.15 

0.1 

0.05 

0 

-
Stohastic and Constant term in energy resolution -

! : ! ! : : 1 ! ! 
·····]··················[··········:······]··················[·····-···········]··················:··········· j··]·-················:-······· 

: : : : : : : : 

11rrrr:1 -
: :: : : r :: :: : : :: : : :: :: : : I::::::::::::::::: r ............... ·r ................. :· . . . . ......... ! ................. , .................. : ....... . 

·····r··---------------:------------------:--------------···r···--------------:-------- -. . . . . . ' . . . ' ' . ' . . 

: :::r: :::: :: :: :: :: : : f :: :::: :: :: :: :::::: :: :: : : :: :: :: : : T :: : : :: :: :: :: :: :: L :: :: :: :: :: : : :: f :: :: :: :: : : : : :: :::: :: :: : : :: : : : : :: :: :: :: :: . : : 
0 0.2 0.4 0.6 0.8 1 1.2 1.4 

~ 
' ' . . . . . . . -- .. :· .............. ·- ·: ................. :· ............... --:- ................ :·. ---- ............ : ................. :· ................. : ....... . 
: l : : : : : ; -..... : ............... -- -~ ...... -- ......... .: ................. -~ ................. .: ................. -~ ......... -.... -.. .: .... --.. --.. -. ----:- -. ----. 
' . . . . . . . 
: : : : : : : : 
: : : : : : : : ..... ~- ............... --~ ...... ·- ........ -~-- ...... ·-· ...... -~ ................. ~- -- ·- ............ -~ .. . . . . .. .. . . . . .. ~-- .... -· .......... ~ ..... -.. 

LLLLLlLLL . : : ; : : : : 

: : : ::T.:: :: :: : : : : :. :: : : :l :: :: :: : '. :: :: :: : : t :::::: :: :: : : : . : :t :: ::: : : : : :: :: :: : : t :: :: :~ :: :: :: : ::t :: :: :: :: :: :: : : : :1:: :: :::: :::: :: :: :: l: :: :: : : : -
l 1 l l 1 l l l ..... ~- ................ -~ ................ -~-- .............. --~- ................ ~- ................ -~.. .. .. . . . . . . . . . -~-- .... -· .......... ~ ....... . 
f j l -; l l l l ..... : .................. ;. ................. .,: .................. ;. ................. ~ .................. ~ ................ .,: .................. ; ....... . 
1 1 l 1 1 1 1 ; ·····r····--···········r··--·············r···--··--······-·r·················r····--········--·r·················r·····-···········r········ -
0 0.2 0.4 0.6 0.8 1 1.2 1.4 

-

118 



Presentation by: 

Xiaorong Shi 

119 



-

-

-

-

Su.3~esflons of 'Pil..Q.u.p tJols.a.. 

lmplel""~..+Cl.-tioV\ _;_. GE ~.--t FAS'. 

Dec:. 7 
( 

* A ol.vOA\ {0-~ o~ fro p os....cl 

l. W\ p~ W\..e..V\ ..\-°"-+ ~o ~ 

121 



Abbu:::t Io -fi-x..e.cl -t~ hs : 

C,~1"~ -1'~..e d..etc."--\-o<" ,r..e.s.p0 1"S.e.s 

,f 0 ..+-R..e f 1-e~ e(" a.. 1'-e.cl ,...,_'"' \ "('(\ v..w'\ 

bltA.5~cl.. e.Ve.nts a.:t e.. sp.12c.\'-f~c 

_ 1 u.>m ~ 1\;() ~ l..t '8 . 

PY1H 1A PY-r~ tA 
'5' i4.n6...l ' L \ 0 Yf\ Ir\ -p•A.) 

~ +. ~ 'Poiss.on (m-/~~8>) 
/-P.~sc.vf I 
~ 

SJHULA-rto/J 

r i c.lc:: 0 n.e. ~n.f: ~a....+~ 0 V"\ a.1- t--18 
.e,v.U\-f5 fc-om -{~..e f' ~~cl. {,'.LL , 
AJ..J... ~ta -fo -t..fu. ot.ef Lc.1-o r 

('.e ~ f' o Y'\ s.e.. . 

122 

-

... 

.. 

... 

-

... 

... 



PY\H lA s\~"el.. 

~ 
; -h-E-;:,..e,vf I . ' • 

- $I HrJLA/ 1otJ 
l"+ I 

• 
Q.{"O SS Id YL 

I Po i s.s.o n r 'Yl"I / < ,._., s >) 7E 1 \, . 
/ 

C-r0-:>:5 I (j n-1 Po\s:1.o.,(°"'l~46)) '* w .•. :.f. l 

~ 

I • / 
• . 

" 

( r / 
' 

• • 
l • 

r 
I 

' 
I 

' i,...-

-

123 
-



-

-
D.( .. 
o. o LJ~.\---------;;p--~---

-o.r 

-1.0 L------------:/'~_-:-.~ .....,._ 
~OS.St r1 c 1\ 

-

... 

... 

124 ... 



-

-

-

-

\ I'\ ~ ..\-
'o ~ r 
~r.t 

.e.o-\r 
tLo ri..e.. 

~ 
\?o~ r-

~""~~. ~. \L~fo1'1S.ca. 

~C) I) p 

ba.\-..e "> ~~. ~. r~p·l'\~ 
~l'\-r ~ l.oof OVJU\. .;J_ ~~<r'o-l 

.e.o{-'2- ~0'"'-"'U.S pa. ~t / CAM-r--f,Lp+-
~ ~ r ~ e.o~ b4. cL.v-~ 

LY\J2.. 

125 



-
AJ....v~+()..0ii. { 

• 

• c ~ ~ ..fl> ~a...i:e. ~\ ~-~ -t ,'.J..g.. .e.ca..~ '~. 

• \-\ i ~ w .vi\ ~ 0 ~ .. ~ '° .h. +. -R ~~ Jc \. ~ --.. cletiu"c:!e-* 
~""°~\~a. c .e.~?o"'~+~...J.. a.La.CT). -

.. 

.. 
• for ~J 'trc..c..lc..Q...-r J ~ pi.ov~ a.. ~o~J. 

+f\~ ~ ~ r~~ok-\-~n c.~ l.tL ~ .. 
~ tl..CC-O ~ p 1.-0~ 16 ~ ~ {-e,,V..J_ • 

If c.4.t'\ ~ ~ ..ft> ic.-st .e.ff ,· ~~ v-f -
?~.e{"y-. r-e.~"'\-t~ ~, -e.:t c. ( e. J: 'D' 0-· :~::c ~ 

.. 

.. 

126 



-

-

-

• A f o.vl-o< "~ b o sic"-'.2.A. ~~ -+tl4.. ~r.c..4 

~~~4J._ ~~~~ ~ WA- ~~~ 45 .W~ 

e')\ ~ -tlo. 

• 

127 



Presentation by: 

A. Vanyashin 

~ 

~ 

129 



-

-

-

... 

\ . 

A . V Q.;.... ya...;. \~ -1. 

\2 -~-2>2-

= /v..e.>JU oc{~'-~l -<-t , J, ) l·""e.\lV -e\~ ....... "'-ct.fl~ "t1~-e.c; 
'(-°'-'.1 ~ ..... 

"-') "'"°~ ()JJ~ ~~e~ 't-e,;~ \A.-0 ,7e 

~ ~\,.a..-\- ~'-..M.e,.. ..,\i..ou\J. f?e. 01.?'-''"---~ uJ.? 

• ~ Lt x4. 011 ' s x S ~ ~ eJA 

• ..f.oc.. eo.c1. f {c~ . ? oU ~<("Q,\J\ .\- ~ \vi:'~ .... ~ 
~... ~'"e~a..d.:..os.~-('· 

C\.\~~ ~~? -~ 

cf~ "'4 ~o IA.. ~ ~'-td~ $ ~1 ~ Je~ 7 
~ ~- ""Q.'~~c..\e.~ c~,ol~i-~~-"1.) 

~- V-0 f ~ \~ ~-e. ~ ""- .SC.\ v..* . ~-Ct),_ 

4 •• 
\ 

; oC 

• r •. 
- 'Q •I"'"· ... _ 

'·~t 

• "'"'t ~ ·~ '5! ~'! ~-.. "' 
._; -

131 



\C -

\C -
0 7 ,, ---"°"' 
~ 

'fl • r::: -------coo/. 
- "' E Ei "E 

JI¥ 

132 

-
-
-

-

-c 
.£ -1il 
v; 

.E• 

-
• • .. 

-



-

<le* e,..;._"<A'~y ~u.. y--~ 

t ( f ,_.,. 0.l!~ \ 
Ev..Q..("~ y '~ -+-~ ~ L&- ) 

\A.eetLe&. k \ <;-0 ( o.11\9...v.. eu.X 

!>f{,'U.\Q,\ &~~ -\-~e. . ~ ct(~+ 

A. ~ ~""- ~re. : 
t. k eoee,, Lu.""'-;,""°~; ft 

-

133 



Q 

<=! 
0 
x 
Q 
0 
c:i 
~ --> 
c:> 
0 
~ 

c:> 
Cl) -0 z 

·J 

;;; .... 
0 
II 

s 
> .. 
£!. .. ., 
~ 

f 

F \ 
, -0.4 

~ 
SI Thermal Noise (GeV) (0.08x0.08 

--i! - Pileup Noise (GeV) (0.08 X 0.08) 
- -+ - Total Noise (GeV) {0.08 X 0.08) 0.3 

~· -
0.2 

~ 
i i 
I i . f . 

" l i i--11 -.. . -~· -a:-= r-- ; : J j -0.1 

~ --- i 
--- i I I .., 

0 I I (§) 1~0 0 4·0 160 200 -
Shaping Time (ns) ~ .... 

~ 

LKr Noise • Hadron -
1 

O ~ , • ; Therm~ Noise ;GeV) (~ = 0.45) 
8-- _. - Pileup Noise (GeV) (R = 0.45) 

~ , - • - Total Noise (GeV) (R = 0.45) 

6--~·-:-- 0 

"i ~ Lr~1 
~-~, I ) 
. l ~ . i 

2-t-~~~~~:--~-:-~~-;-~~+ 

4 .. 

-80 120 160 200 
Shaping Time (ns) 

-
134 .. 



-

A 

2 
~ - ~~~~ {tt 

~~c~ile:,. A ~~ 

ev..-e."'"~'1 ~\ ~~~ 

~"'" -\~~ ·- o ~B ~ 'H\i-~t-"i
i "'*' w. {-e. s~~ ~\A.,._ \ ~ ""'"-:. t ~ 

\ '\/~ 
s ~ (3 f-r '?;'~"'~{.+ . f?) 

A 

i (\ k..~·i\,&.€A--\- of\ s. ~~~ "'-~ -l-~-e... l 
135 



I 
( 

. . . , 

. . . ·.: . .. :. . .. 

w. E. c1e1and :an,d: E.· ·<'.i_ ·:si:e·rn 
. . ·-'. >. ':.' ... · .. ~~-; ·_·:::,~··.;:_ .. ··_ 

PILEUP NOIS.E 

The number of events of type i per crossing 

(in time Tc= 16 ns) is: 

-

-

-
-

These give rise to a transverse energy depo

sition in a calorimeter cell, whose variance ... 

is: 

2 Li E[ (Li Ei) 2 

Pp= 2 ' n n 
The "pileup noise density" Pp is defined by: 

00 

O"~ =Pirc L g
2 (ti) = p~Sp 

We have evaluated Pp for minimum bias and 

two-jet events using QFL/ISAJET in a spher-

L.u.'M\ ""°,~ +-r ~~c.e -~ 
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SUMMARY (cont) 

• The value of u A and Ao-7" can be estimated 

from the thermal and pileup noise densities 

1 enCtot Wionae J..Q.$) a""' 

-- -. 

Pt= -0 

.y2 . TJsqe cl.~~+ · 

Pp= 380(~TJ~¢)0 ·76 fI_MeV /.JriS VTa 
using the "infinite sampling limit": 

-:-e"°t .... +t.,..' f -2 3 I 
\ (j A= JatdPt Pp J A2a~ = Jsta Pf Pp 

-

- 0 if tzc < W ~ l.4tm < Tc. 

L ( 011 _Ji.-+tt) j 
• If tm ~ t~, effect of optima! filteiris minimal. 

• ~ ~~~ \u.~~~i..\.+~ ~d( 
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Outline 

Simulation of Baseline II 

LKr EM Calorimeter 

Hong Ma 

BNL 

• Tools and Geometry. 

• Energy resolution, (massless gap) 

• Angular resolution 

• Multi-photon rejection 

• Overa II optimization. 
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LKr EM energy resolution 
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Photon angular measurement using strips and towers, 25 GeV 
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Stochastic term of the LKr EM energy resolution 
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Higgs(80 GeV) on Gamma Gamma 
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l) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

List of gamrna-pizero separation parameters 

FA - "far" amplitude (outside radius KR from peak) 
FA - max signal outside KR strips with the 

center at hottest strip. 

KR=5 was used for strip width about 2 mm 
In this case FA - max signal 
outside 9 strips with the 
center at hottest strip. 

Relative signal heights 
normalized on sum 
of 2 largest signals 

·\-

'3 
u ' -, ..,_ 

• 
)- -· 

H3 = E3/S2 
H4 = E4/S2 
HS = ES/S2 · 
H6 = E6/S2 ----- .. ~ 

\ 6 1-: 
Widths, which sensitive 12 \ .. -. _ W2 - width of 2 max energy bins 

W3 
W4 ..• 

to holes in lateral 1'3 ~6-> 
energy distribution 14 -·· .. 

WR -
TW 
IF 

width of a base (width 
= TRELW*S2 
(TW .LT. TA) TW=TA 

at relative threshold· TW)- - - .. 
Example: TRELW = 0.1 

TA = 5 MeV + 2 sigma 

ALCl combination of previous parameters: 

19 
:2V 

of noise 

an attempt of including different information to one parameter 

Cl = W2*W3*H3*H4*H5*WR*FA 
IF ( Cl .GT. l.E-10) ALCl = ALOG(Cl) 

SEM = (SA - El)*ElR here SA - sum of strip signals, higher than TA 
example: TA = 5 MeV + 2 sigma of noise 

SEM - ratio of signal sum except max signal 

2 
S to max signal 

WSEM = ESEM/ETHREE 
SE = ESEM*ElR 

ESEM 
ESEM 

WSEM 
SE -

= WLEFT + WRIGHT 
- sum of 16 strip signals out of 3 "cent_~al~_.stx.i.M 

- ratio of this sum ~- ~~~~~~ s~~ .of··; "ctnfr."al" strips \\ 
ratio of this sum to max signal ----- ----;;Q 

WSE = (WLEF + WRIGH)*ElR 

WSE - ratio of sum of 16 strip signals out of 2 "central" strips 
to max signal 
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9) asymmetry 
ASEM = (WRIGHT-WLEFT)*ElR 
IF (ASEM .LT. O.) ASEM = -ASEM 21-

ASEM - absolute value of asymmetry outside of 3 "central" strips 
normalized to max signal 

ASE = (WLEF - WRIGH)*ElR 
IF (ASE .LT. O.) ASE= -ASE 2G 

ASEM - absolute-value of asymmetry outside of 2 "central" strips 
normalized to max signal 
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9) asymmetry 
ASEM = (WRIGHT-WLEFT) *ElR 
IF (ASEM .LT. O.) ASEM = -ASEM 27 

ASEM - absolute value of asymmetry outside of 3 "central" strips 
normalized to max signal 

ASE = (WLEF - WRIGH)*ElR 
IF (ASE .LT. O.) ASE= -ASE 26 

ASEM - absolute value of asymmetry outside of 2 •central" strips 
normalized to max signal 
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GEM Data Acquisition System 

Introduction 

The Data AcquisiLion System is re
sponsible for bringing the data for Lhe rel
evant physics events to mass storage in an 
efficient way. It also provides the context 
in which the kvel 2 and level 3 triggers 
run and b1ings Lhe data to these triggers. 

A design goal specific to the GEM 
DAQ system is that the fronL end chips are 
read out after each level I uigger. This 
way no data has to be stored on the front 
end chips during th..: level 2 d..:cision. 
Only buffers of moderate size will be 
needed to de-randomize the level I trigger 
rate l1uctuaLions. It also allows for a !~~el 
2 implemenLations with a large latency. 

The level 2 and 3 algorithms will be 
executed in general purpose processors in 
the on-line farm. This means that the 
event data must be transported to Lhe farm 
at rates up to the ma:<imum specified level 
1 trigger rate of HJU kHz. IL also means 
that there an:: basically only two levels of 
triggering: a low latency trigger (level !) 
and the com binaLion of level 2 and 3 that 
forms a high latency trigger. Th..: latency 
for level I is fixed by the depth of the 
pipelim::: buffers on the front end chips. 
The latency for h::vd 2 and 3 is variable 
and limited by the cost of buffer memory. 

Because front-end occupancies. trigger 
rates and tri!!!!er processing times an:: not 
yet well kno~,vn. the initiaC design for the 

GEM data acquisition system places a 
large emphasis on scaling and flexibility. 
With proper balancing of the front-end 
data rates, a total throughout of greater 
than 20 GBytes/sec is possible. A com
promise must be found between reading 
out strongly zero suppressed 200 kByte 
evenrs at up to 100 kHz or minimally zero
suppressed 2 MByte eventS at up to 10 
kHz. 

We propose a model (Fig. l) where, 
for each level I accept, the data for all 
front end boards are read out via serial 
links of moderate speed. The data are 
stored in a number Event Data Collector 
modules (EDCs). These modules contain 
the large buffers where event data remains 
during the long level 2 execution times. 
Data needed by the level 2 and level 3 al
gorithms are transported on high speed 
libers to the farm via a switchim? network 
(Event Builder). They are received by 
Event Data Distributor modules (EDDs). 
The EDDs forward the data to the proces
sors in the farm, again via moderate speed 
links. Data for each event originate in dif
ferent EDCs. Data fragments for events 
are combined in the ED Ds before they are 
passed to the relevant processor. 

Below we describe the properties of 
the system in more detail. 

Data Collection 

The table below lists the major GEM 
subsystems with estimates of channel 
counrs, number of front end boards. num
ber of bytes per eventS and data volume at 
a level I trigger rate of 100 kHz. 

Suhsvstem Channels FE Links Bvtes/event Qata Volume 
Calorimeter 82 k 
IPC 446 k 
Silicon 3230 k 
Muon 518 k 
Total 4276 k 

The iniLial estimaLe for level I trigger 
rate is IO to 20 kHz. The data acquisition 
system should therefore provid.: a mini
mum capacity of 4 GBytes/second (190 
kB/event * 20 kHz). Tt) accommodat.! in-

1640 'jQ kB ~ ~~'i 
1742 80 kB 8 GB/s 
1262 20 kB 2GB/s 
518 40kB 4GB/s 

5162 !~)kB 19 GB/s 

creases in trigger rates or data volumes, 
the design bandwidth must be scalable by 
a factor of five (preferably without re
placement of any existing components). 
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-c.u Dl!'ID ISIT •a ... .1r. 

"Pu. 
:s •• , ..... C•ll 

I 
: 1Calorim•"C•r c•lls' 

I 
= (l.uak = IITB [1,10] : '1m:llr. or rov' • 

Pi1• = Il'tl [1,10] : 1Pil• or col:maa.' • 
lullrgr • l.l1I. [0.0,100.] : •D19posit:ff. eza.-rgr') -• IBT !1m!ler • (bnk,Pil•) : 'Coll zmmha'; Ill> IZT; 

Track Cl••'•r 
r ac 
Tlt.•ta PC Clnst•r 
Plt.i Clt.U.q ••• ,,7 : 1Ca1ori.mot:or clllster' 
DP I DBa•U'IJ' • (l.C • l.l1I. [0.0,20.] : 1 Cant:roid (J.uak)', DTll•ta 
DPlt.i re • Ull. [0.0,20.J : 'Ceat:oid (Pih) ' , 
lt.lt.it lluir17 • JltlL [0.0,100.] 

: 
1
1:a.eru in '•''. Plait 

.!. 
DB:norgy • l.BlI. [0.0,10.] :•lr.ror oA Ql9rgy'); 

I 
DD ISKl' 

DBFllB lSBT 

• (Coll [0,1] -> [1,•] Cl.ust:or) 

I ~ ... u I : 'C&l.orim•••'Z' calls aergod t:o :fozm clust:•r'; 
BID 1Sll 

-

-2 - Data Definition 
1 - EB. Data diagram 

DO 100 IC1 • 1,CDU'?1B(Coll.) 
C.II.l. Plmil (C.ll,ID,IC1) 

c Coll D.Ot: used ad. do•• im.1iia.l ~oahold?' -IF (Coll....Clustor .sq. D1ltl. .DD. 
+ Col.1Jbwrgy.IE.DXTD) TDI 

Clllsi:er..IJ) • IEXT !-----~-~-~---------~----~--! 

C.II.l. CLUJ'il (1) I 'l'ab1•: c.u ADDIO/T1P I 
CJLL DSllT (Cl.uater) I Coaa.• • 32 I 
ClLL DSl.IL (C.lJ.,C.].J_Cl.uto:r,Cl.nst•r) I Print:•d a10J&g: Cl.ust:er [17,27]1 

c ldd. t:his coll t: o t:be st:ack !----------------------! 
TOSP • 1 !ID 11.m:Lkl File I Inergy ICl.ust:er I -ll1Til(TOSP) • Cell..Aal; ----1---1---1----·-------1 
PSIYS(TDSP) • Cell...J'il• 111 41 91 o.oeo:s 41 

c 191 SI II 0.040I 41 
c Iue liegilm•t:h t:M si.ml&t:•d %•cu:rsion 1TI SI •I 0.7SOI 41 
c 111 SI 101 O.OTOI 41 

so COITIIUB 211 II II 0.130I 41 
c Loop oTer t:bis eel.I.'• n•igblilfnlZ's 221 II 91 2.170I •I 

DD 80 IC2 • 1,8 231 II 101 1.01os 41 -
C•'' '•k • IS&U(TDSP) + l.OFl'(IC) 241 Ti •I 0.0708 41 
Cell..!'il• • PS&R(TDSP) + POPP(IC) 251 Tl •I 1.aao:s 41 
ClLL Sir.TD (Coll,JUl!BD,CUll,C:r!:) 281 Tl 101 0.790# 41 

c Do•• llOigbltoar exist; iD t;M t:.Ol.o? 301 al •I O.S20:t 41 
IP (CUU .IJI. CUU) TDI 1---------------1 

3 - Data manipulation in J'OB.TJLA.N 4 - Tabular pria.tout of results -
Figure 1.1: A summary of the use of ADAMO 
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LIST OF CALORIMETER SIMULATION TASKS 

'Full' means tasks that require a fully detailed level of 
simulation within GEANT, though not necessarily for the full GEM 
configuration. Full simulation geometries should be created for the 
accordion (basically done by Ma and Seman), and for the hadronic 
layers behind. 

'Mixture' means tasks that can be performed with a 'mixtures' 
level of simulation (individual modules replaced by single materials) 
within GEANT, modelling of the full GEM detector being required. 

EM: 

1) Gamma resoloution as a function of eta. (Full) 
a) Variable density of Pb. Misha Leltchouk 
b) Massless Gap. Misha Leltchouk 

2) Accordion structure. (Full) 
a) geometry beta/delta 
b) Field effects. 

Michael Seman 
Iuliu Stumer 

2) Pointing resolution as a function of eta. (Full) 
a) Granularity Jean-Yves Hostachy 
b) Longitudinal segmentation. 

3) Gamma/jet rejection as a function of eta. (Mixture and Full) 
a) Shower shape Hong Ma 
b) Fine theta granularity (strips) Misha Leltchouk 

Use of the first hadronic section to optimize the Isolation cut. 
Here we can see what the optimal transverse granularity is. This is 
both for isolated gammas and for electrons near the jet axis. 

4) Optimization of Jet rejection. 
Using existing structure. S.Vanyashin 

5) Gamma resolution at very high energies. Use of the first hadronic 
section as a tail catcher. (Full) 

6) Acceptance. (Mixture) 
How far in eta must be covered. eta=l.1 transition. 
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Hadronic sections: 

1) Single particle resolution and linearity of liquid section (Full) 
- what segmentation is needed? 

Washington, Rochester? 
2) Single particle resolution and linearity of scintillator section (Full) 

- how to unfold timing resolution? 
-- what is two track response? 

Oak Ridge 
3) Single Particle and Jet resolution of combined system 

as a function of eta. 
(Mixture may be OK, may need full) 

--- Weighting schemes. Can weights be made independent of E, 
eta, particle type? 

--- jet-jet mass resolution, esp. impact of scintillator (Mixture) 

4) Maybe need specialized e/pi simulation? Do we believe GEANT? 
GEANT 3.14 will predict liquid argon e/pi to 0.05. 
Krypton is untested. 
CALOR89 predicts e/pi to 0.03 in DO. Maybe we need to get 
Mississippi people (Brent Moore) involved here. 

5) Missing ET for the whole detector. (Gemfast, Mixture) Mike Shupe 
Here the emphasis is on the Dead material due to the cryostats, 
also cableways and the eta=l.5 and eta=3 transitions. 

6) Missing ET for the forward Cal. (Gemfast, Mixture) Mike Shupe 
Here the empahsis is on the Forward Cal performance and 
beam pipe. 

7) Neutron problem of the forward cal. L. Waters/Nelson Desilva. 
C. Zeimitz (Arizona) will help. 
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Muons 
(list of questions from Peter Dingus) 

1) Muon identification in liquid section 
--- is the noise low enough to see (80 MeV /cell) MIPs? 

2) Muon identification/triggering in scintillator section 

3) What level of multiple scattering do we get in the calorimeter? 
-- Cu vs Pb 

4) Muon catastrophic energy loss: 
--- can the energy be recovered? How well does it need to be 

measured in the scintillator calorimeter? Do we really 
need time structure for isolated muons? · 

--- is the muon ever confused with a jet punching through? 

5) Is 12 A. really needed? Or is it better to curl up tracks in air? 

Note: TDR date is now April 30, 1993 
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