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Abstract: 

Agenda and presentations of the GEM Calorimeter Working Group 
Meeting held at the SSC Laboratory on March 16, 1993. 



From: 
To: 
CC: 
Subj: 

SSCVXl::WOMERSLEY 
@CALSIM 
WOMERSLEY 

"John Womersley, SSCL-DO" 15-MAR-1993 16:53:25.93 

Calorimeter Simulation Working Group meeting 

Calorimeter Simulation Working group meeting 
Directorate 2 conference room (near the library), SSCL 

3 - 5 PM on Tuesday March 16. 

The start has been delayed to 3PM to allow those interested to attend 
the GEM Local Computing meeting on OOP methods in Bl25 conference room 2-3 pm. 

The calorimeter simulation meeting will focus exlusively on what 
has been done and what else is needed to be done for the TDR. 

Agenda: 

Status of calorimeter in gemfast (pp.Skwarnicki) 

Status of UAZMIX mixture-level simulations (Shupe) 

Status of detailed simulations of EM (Ma, ?Seman, ?Leltchouk) 

Status of detailed simulations of liquid HAD (Moore) 

Status of detailed simulations of scintillating barrel 
and overall system resolution after weighting 

(Efrernenko, Shrnakov) 

Pileup noise in GEM liquid ionization calorimeter 
(Vanyashin) 

What other work is needed? 
e.g. jet reconstruction studies? 

(discussion} 
(Carey?) 

The last item will be continued in the Physics Simulation meeting on 
Wednesday afternoon. 
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Presentation by: 

Michael Shupe 
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***** MAKING MIXTURE FROM PROPORTIONSJBY VOLUMEi BRASS 
t OF COMPS: 3 DENSITY: 8.920 SAMP.FRAt! 0.000 
RAD.LEN. (CM): 1.400 ABS.LEN. (CM): 15.256 DEDX: 1.427 

COMPONENT INPUT FRAC BY WT INDX 
COPPER 0.93000 0.93417 15 J•'p·r-
ZINC 0.05000 0.04002 16 "' v I 

LEAD 0.02000 0.02545 22 

ELEMENTS BY FRACTIOiAL WEIGHil 
COPPER 
ZINC 
LEAD 

• = 3 
0. 93450 6 
0.040037 
0.025458 

15 
16 
22 

***** MAKING MIXTURE FROM PROPORTIONS [BY ATOM j: MYT...AR 
t OF COMPS: 3 DENSITY: 1.390 SAMP.FRAC: 0.000 
RAD.LEN. (CM): 26.740 ABS.LEN. (CM): 61.660 DEDX: 2.066 

COMPONENT INPUT FRAC BY WT INDX 
CARBON 5.00000 0.62493 6 
HYDROGEN 4.00000 0.04204 2 
OXYGEN 2. 00000 0. 33302 8 

ELEMENTS BY FRACTIONAL WEIGHT. 
CARBON 
HYDROGEN 
OXYGEN 

• = 3 
0.624935 
0.042044 
0.333021 

20 
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*****MAKING MIXTURE FROM PROPORTIONS BY VOLUME: LKREM l.OPBS 
f OF COMPS: 5 DENSITY: 4.190 SAMP.FRAC: 0.394-
RAD.LEN. (CM): 2.064 ABS.LEN. (CM): 37.328 DEDX: 1.350 

COMPONENT INPUT FRAC BY WT INDX 
SS 0.04000 0.12686 13 
GlO 0.01600 0.01385 108 
LEAD 0 .10000 0. 45451 22 
KAP TON 
LIQUID_KRYPTON 

0.04000 0.01778 107 
0.40000 0.38699 17 

ELEMENTS BY FRACTIONAL WEIGH'J.. f = 7 
SS 0.126863 13 
LEAD 0. 454511 22 
LIQUID KRYPTON 0.386995 17 
CARBON- 0. 019963 6 
HYDROGEN 0. 003358 2 -..,-......._ 
SILICON 0.003885 10 
OXYGEN 0.004426 8 

SIG-EM SIG-HAD CTERM CNOISE BOOST ETCH: 
0.0600 0.6000 0.0040 25.0000 2.2200 1.8000 

***** MAKING MIXTURE FROM PROPORTIONS BY VOLUME: LKRRl\D 9CUS 
f OF COMPS: 4 DENSITY: 7.383 SAMP.FRAC: 0.051 -
RAD.LEN.(CM): 1.744 ABS.LEN. (CM): 18.173 DEDX: 1.411 

COPPER 
COPPER 
GlO 

COMPONENT INPUT FRAC BY WT INDX 
0.93400 0.15889 15 
4.50000 0.76554 15 
0.50000 0.02052 108 

LIQUID_ KRYPTON 1.20000 0.05505 17 

ELEMENTS BY FRACTIONAL WEIGHT. t = 6 
COPPER 0. 924431 15 
LIQUID KRYPTON 0.055046 17 
SILICON 0.005756 10 
OXYGEN 0. 006558 8 
CARBON 0.007027 6 
HYDROGEN 0. 001182 2 

SIG-EM SIG-HAD CTERM CNOISE BOOST ETCH: 
0.1600 0.6000 0.0200120.0000 2.0100 1.6000 
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The Higgs mass resolution at 80 GeV is re-evaluated, taking into a.co 
the tower size change in the endca.p and more realistic pile-up noise. 
The resolution is calculated using GEMFAST, as well as parametrization of tl 
resolution and noise. The parametrizations, in addition to what are used 
in GEMFAST, includes the following items: 

1) The pile-up noise in 5x5 towers parameterized as 
120+366•(eta.-.14) MeV 

and for 3x3 towers 
40+181.8•(eta.-.14) MeV 

based on Sasha's study. 

2) shaping time of 20 ns for towers above eta.=1.8 is considered. 
noise is increased by a factor of 2.83, and the pile-up noise is 
a factor of 0.8, compared to 40 ns shaping time. 

The them 
decreased l 

3) Resolution of 3x3 tower is assumed to be 15" worse than that of 5x5 toweI 

Mass resolution I tool eta cut I other assumptions 
(MeV) 
550 GEMFAST 2.5 two photon only, no noise 
715 GEMFAST 2.5 with all noises, 5x5 towers 
615 GEMFAST 1.0 n 

654 GEMFAST 1.5 II 

674 GEMFAST 2.0 II 

540 PARAM 2.5 two photons only, no noise 
713 PARAM 2.5 all noises, 5x5 tower 
619 PARAM 1.0 II 

641 PARAM 1.5 II 

669 PARAM 2.0 II 

l 
• 

From the above table, it is clear that by taking into account the 
proper pile-up noise, parameterization gives identically the same resolutior 
as GEMFAST. The mass resolution given by GEMFAST simulation is fully 
understood. Since GEMFAST lacks a reliable 3x3 tower resolution, I 
have to use. the parameterization for .. ,.:t;he ._furth_er optimization, as shown in t 
following table. · · 

(eta._3x3 is defined as the eta above which 3x3 towers are used, 
tp is the shaping time above eta=l.8 ) 

Ma.ss resolution I tool eta._3x3 tp 
713 PARAM 2.5 40 
688 PARAM 1.1 40 
677 PARAM 1.7 40 
666 PARAM 1.7 20 
657 PARAM 1.7 20 

647 PARAM 1.7 20 
~ .. 

(ns) I other assumption 

E-reso 

E-reso 

in endca.p =8.0%/• 
and 0.4% const 

in endcap =7.5%/• 
and 0.4% const 
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TOWERS IN GEM EM ENDCAP 
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Number complete towers = 44160 c 3 cells/tower 
"lumber of incomplete towers "' 1128 a 4 cells/tower 
XIMAL NUMBER OF CHANNELS = 45288 LI 5 cells/tower 
oth endccps with 3 long. div.) 
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From: 
To: 
CC: 
Subj: 

NEVIS6::LELTCHOUK 
SSCVXl::WOMERSLEY 

Nevis status 

Dear John, 

16-MAR-1993 09:45:56.71 

These are a few words to summarize the status of our recent 
work at Nevis {Columbia University) . 

M.Seman and I are working on detailed simulations and design 
of EM calorimeter. 

1) I'll send you in next message a postscript file {paw.metafile) 
with our results on energy resolution in the barrel. Here we used 
energy, deposited in first section of fine hadronic LKr calorimeter, 
for leakage corrections at 160, 240, 320 GeV. 

2) We discussed with Hong Ma my last results on piO-rejection. 
He'll present our combined results. 

3) M.Seman has a lot of progress in the endcap design. 

Best regards, Mikhail 
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From: 
To: 
CC: 
Subj: 

ORPHOl::SHMAKOV 
SSCVXl::WOMERSLEY 
SHMAKOV 
Tuesday meeting 

Dear John, 

15-MAR-1993 21:11:22.51 

I would rather go Dallas for this simulation meeting, but unfortunatelly 
I got a cold and can't go {we used to drive). 

Simulation of the energy resolution of Scintillator barrel calorimeter 
and overall system was originally done by Sasha Savin. He used q-jets 
(with normalized energy) at 90deg and weighting procedure to minimize 
resolution (rms) of the overall calorimeter response and to keep linearity. 
(Though after minimization resolution is from sigma, not rms). This results 
was published in Boston's january meeting GEM note. 
Now as I know he is doing at different angles, not only 90deg. 

Missing Et study was done by me (published as GEM note in February) and 
now I am trying to check the resolution by tuning GEANT to different 
experimental data - BNL 91 Pb/LAr test, Hl test (very similar to us!) 
with gas chambers tailcatcher. As you know GEANT is usually not predicting 
e/pi good enough. Sasha Savin was using default GHEISHA. After justification 
(may be tuning) what GEANT is doing well with existing experimental data 
I am going to repeat Sasha's procedure for GEM resolution. 

All this have to be finished before TDR (probabelly mid. of April) 
and published as GEM note (the number is reserved already) . 

Sincerely Yours 
Kosty a 
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From~ 

To: 
ORPHOl::SAVIN 10-MAR-1993 15:29:56.34 
KAMYSHKOV,SSCVXl::WOMERSLEY 

CC: 
Subj: 

Dear Johnt 

Unfortunately, status of detailed simulation of OVERALL system resolution 
is on the same place where it was in the beginning of Febriary. As you know, 
i got my results as argument for TailCatcher instrumentation & optimization. 
Those results were reported, and GEM TN should be written. 

If to speak about OVERALL system, one need some completed design with wall 
thicknesses, walls location, realistic estimation of dead material and so on. 
Now i have quite fresh numbers for wall thicknesses, but i don't know exact 
positions walls in crack region . I asked Hong Ma about it, and he send me 
one drawing, but it again has no NUMBERS for crack and walls in it. 

As you mentioned in your mail about Calorimeter Status, this region is 
most 'interesting' to understand. I confirm, but for this understanding it 
is necessary to know all details of design. In opposit case any simulation 
should be shallow and results will have no 'weight' after any change in 
design. Optimization of design is so large job (not only in man power, 
but in CPU time & Disk Space too) that it is possible to do in 5-6 months, 
hardly less. 

Now i try to write some 'flexible' geometry which may be easely 
changed using few 'key' sizes. This is the only reasonable way now, 
but requare more time than operation with fixed design. 

Moreover, i was completely busy last 2 months by final optimization 
of Tail Catcher, preperation results for TDR and intensive study 
of Forward Calorimeter options {here i try now to reconstruct jet Pt 
in axial fibers system). 

I don't plan to visit this meeting. We try to send to meetings now as 
small groop as possible because we soon may be out of money. 
K.Shmakov, Yu.Efremenko and Yu.Kamyshkov will be there, and some 
questions you can discuss with them. 

Best Regards. Sasha 
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PILE.UP 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: 

P2 = Li E[ (Li Ei)2 

P n n2 ' 

The "pileup noise density" Pp is defined by: 

00 

u; = PtTc L g
2 (ti) = p~Sp 

i--co 

We have evaluated Pp for minimum bias and 

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

ical calorim~t~r: 

Lu."""' IM) 7 ~ ~ ~""~c..e -~ 
74 

I 
eV/..;n5 l 



.. ·t~ 

Pileup Noise Denslly vs. Tower Area 
104 ~~~~~~~~~~~~~~~--~~~~~~--, 

103 

I 
'1. Q) 102 
en le 

" 
.... 
"' w 

cf" 

101 

J.f. 

I 

I 

"" 380 A0·76 MeV/~ns 

1 oo I , , ! , , , , , 1 , • • , , , , • 1 , , , , , , , • 1 

1 o-2 o.o'f 1 o-1 1 oo 1o1 

~A 

' 



93/01120 11.00 

. . . 1 ...... ;. .........•....... ················t"4"''"0''"'"''"'."'"'""""""'(""""'""""!""'"'""""'' 
: w.!r : 

. . ........... ········· ...... ~- .... ··-······· --··'."···· ........... . 

• 0 1 " bunchcrossing 
LKrEC 

.to 1 
bunchcrossing 

LArEC 

-.... 1 
"ii 
~ 

........... '\p::o··:~ ................ + .................. j····· .............. ; .......... .. 

0 _._ ... £:................................. . . -. --------·· .. -·:. ------........ ···:··········· .. -- --·~-----. - . . . . . 

• 0 

bunchcrossing 
LKrHC 

• 0 . :to ' 
bunchcrosslng 

LArHC 

76 



10 

10· 

10 

I 

10 4 

10 3 

10 2 

10 

I 

10. 

10 3 

• 10 -

JO 

) 

\\.a'-\. - ~ 0 ... 1,,\. >-"7~ G.._V\ 
93/03/08 l:?..52 

GEMFASTvlllOZ_pileup_at_Y=l.7265 

-k 

- -- •. -- - w-: ... -,,.~· .• 

0!2 

ID 
Entries 

Mean 
RMS 
UDFLW 

P3 

0.4 

EC Cell 

ID 
Entries 
Mean 
RMS 
UDFLW 

Pl 
Pl 
P3 

0!8 

EC9 

ID 
Entries 

Mean 
RMS 
UDFLW 

EC25 

77 

102 
1008000 

.7l7lE..03 

.3960E-OJ 
79.00 

165.0 
.I008E+07 

0.6 

1102 
168000 

.7102E-02 
.1814 
78.00 

135.0 
.1678E+06 

1112 
168000 

.2235E-OI 
.3836 

32.00 
45.00 

.1679E+06 
52.01 



\>i \·~'( "'-Dt7C '5 e:.co~..:,;....e,. 'i-·~-e.. 
,, ""- C ... a. "'i e ec-<," s;;. 

GEMF ASTvll_pileup _at_ Y= 1.7263 

ID 1142 

Entries 3000 
Mean .~942 

RMS 3.027 

UDFLW 3.000 
10 ~ 

2995. 

1.231 

1 

4 

EC0.45 

ID 1162 

Entries 3000 
Mean .7722 

RMS 4.727 

10 
UDFLW 3.000 

2.000 

1 

• 5 ii 5 

EC0.6 

ID 1172 

Entries 3000 

Mean L013 

RMS 6.073 
UDFLW 1.000 

10 .OOOOE+OO 
2999. 

1.383 

31.01 ±: 

1 

EC0.7 

78 

93/03/08 13.12 

.6607 

.8387E-Ot 

7455E--Ol 
I 

'is' ' . ' 

.8314 

.1073 
447E--01 



l 

·I 
10 

-1 
10 

GEMFASTvll 

Sigma from gcussicn fit to c non-gaussian pileup distribution 

oJ 

IO .J JO .2 JO ·I 

79 

O.~ 
0 

()b 
• 0 

Ot<S 
0 

o'=tb A. 

J 

93/03/16 15.14 

O-=t 
a· 

Ana 



-1 
10 

GEMFASTvll 

Sigma from gaussian fit ta a non-gaussion pileup distribu ·an 

A o7~ 
~ 

o_ro. 'b?D ~/u\4.~ 

0 

0 

0 

0 

10 -z 10 -· 

80 

1 

93/03/16 15.18 

Area 



r ... J ••• , 1 ·• ·1~·. ~=I., :..:J 

~ -== = ~ i ~ 
f i 

W .. J 
0 0.25 0.5 0.75 1 

EM 

.... , .... , ... ,~···=····~ :: :: ~ == ~ 

l 

l 
-j 

~ 
0 0.25 0.5 0.75 1 

EM 
..A«ST,,_.,, O..._.*OVtsT 

12 • • • • I • • • • I • • • ·..;,. ... _I . • "1120 . . = = ., 
10 

a 
6 

4 

2 

-- J 

0 o ··a~ .. ;,~· ·a.~5· · ·~ · 
HAO 

30 

20 

10 

·1·= .=· .. ~ - ·- ~--· ·--· ·--

Q . , . I, .. I , . I 

0 025 0.5 0.75 
HAD 

1 

25 ;:.:·· .. .;:;;."':;:;;· .. 7-;:;""'~· "'I'"""'?-..,..,....,..,...,..,.., I-. ' ' ' I ' . ' . I · 

22.5 =- .:· · ·.;,o 
20 

17.S 
15 

12.5 

..Ji'li'So•FISW G&MMAOZ.~ 

- ·- ---:: = ::i 

1 

'no + \\A.C..-~a)-~A S 

~\AfN;QAJ 
81 



> 
" :.:. 0.28 

" ~ 

0.16 

0.12 

0.08 

0.04 

0.4 

0.35 

O.!S 

O.lS 

o.as 

o II 

'tO LKr LAr ~ 

EC5x5 

o:s 1.2 1!6 

Pileup noise (Sigma or ET) In 1Xl 3"3 SxS 

LKr LAr 

HC5x5 HC.3x3 

o:s 1.2 

Pileup noise (Sigma of ET) In 1Xl 3"3 SxS 

82 

93/03/16 11.37 

EC.3x.3 

I'""- ~"-e o c,-e,. 

~.(!., "'"° e.. 
t>?. y.. 6. ~ 

.2.4 

EC1x1 

2!8 
rapidity 

HC1 x1 

l!S 

rapidity 

~~·~'J 
CiM"~tt 
~ ~~{; 



'3/0V.::: 12.l:? 

I I I I I I I I I I I I I 
3 I I I I I I I I I I 

I I I I I I 
I I I I I I 

I I 
I I 

I I I I I 
I I I I I I I 

I I 

I 
I I I I I I 

I I I I I I I 
I I I I I I I I I I I 

I I I I 

.. 
' ' ' 

' [( 
' ' " I I . ' .. 

' '' ' ' ' ' 
' .. . ' l 

" ' 

' " 

.. ' ' 

... 

' ' ' 
8 ' a 0.4 a.s i.: %.4 %.S 

83 



\-~r ct. ~t )l. e..d.. 0-t1eee \Jl..V 

,,.,o Is e.. .:il <2-E> e<-.. d..ew- e.. 9'r"'< ~ 
93/03/08 13.03 

GEMF AST ll • 
> 2 .. 
c; 

LKr LAr . 

. -= 

. -Ec03 -
1-

. 

-- - -- -

- Ec02 
~ 

-
- - - Ec01 -

. -
-

1 . . . 2!4 . -
%!8 

0 . -o!s . ·1!2' .. ·1.6' . . . . o!4 -

Pileup no!5- (Sigma ot ET) ID 02 03 045 
rapidity 

> 1 .. 
0 .. LKr LAr 
i 
"' ' c:. • .. 

..I! 

=-

......_-~..__-+..-e----ElHc03 

Hc02 

Hc01 

Piieup noise (Sigma or ET) In OZ 03 045 

84 



93/03/ 16 l:?.:?3 

GEMF ASTvlU02 

LKr LAr 
=.Z..0 ' 'l l\ L-A \,I.::::> \ "'- f M 

=- 0.:?4 
~ 
::. 

!"-!. 

~ ? 

OS o" "'e.&.u.c-ti~ 
O.:? 

0.16 , 

EC3x3 
0.1::? EC5x5 

0.08 

0.04 

2!8 

~ o.s1"~~~~~r-~-i-~-•e-up~no_b_•_<s_1gma::__o_r~ET.:.:_:>m::_:l.J<l=-::J:x3~~=-JQ:·~~~~~~-~-p-id~lty 
c : 
i OAS 
;; 

LKr LAr 

" ;- 0.4 
..!! =. 

0.35 

0.:?5 

0.15 

0.1 

0.05 

HC5x HC3x3 

Pileup nobe (Sigma or ETJ In l.J<l Jx3 5"5 

85 

HC1x1 

2!8 

rapidity 



'- \.'-<) \ f. 4.0 \.\. s .·· ~ 2fl.l\.c_ -
\-"'-~ lMO--~ \A,{) ~ ~ D l =uJ \A.C:.. { '2..-0 I.\. S. 

. - - . .,, - \. 0-0 µ.QA} '2.'80 µe.)J l \~().) 
~ v-S · f 1' \~ ~>e. --z ~o t-1.../LJ t \ o ~ 
@ \o'\:o.1 "'-0~-e.. 2~0 ~ ~00 ~ 

'I '.::.\ 1 ' 
• \...e.'77 \/\.OM. £3ll.u.>c,.. 'lXM. 

00 
~ 

1.0 

0.8 

> 0.6 
Q) 

CJ -t> 0.4 

0.2 

• 

tO 
m 

l • • • • • • 
• • 

• • • • 
• • • 

0.0 11 I I I I I I I I I I I I I I I I I I 
10 30 50 70 90 

tm (ns) 
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From: 
To: 
CC: 

BUPHYC::CAREY 
SSCVXl::WOMERSLEY 

"Isabel and Andrew's Father" 14-MAR-1993 20:56:58.40 

Subj: RE: calorimeter simulation meeting 

Dear John, 
There is very little that I've done which would be of much interest to you. 

Most of my studies were really of GEMFAST and its clustering algorithm. However, 
your group may be of some help to me. As you know, one of the most significant 
shortcomings of the compositeness analysis is the fact that e/h is set 
to 1 in all calorimeters. Thus, the non-linearities which arise from lack of 
compensation never appear. Now it is certainly possible to put non-linearities 
into the response, if after-the-fact. However, I don't have a good idea how 
big those non-linearities ought to be for the mighty central jets that I 
consider, and even more important, how well we might be able to correct them. 

That's my own selfish interest. Another, perhaps even more important 
issue to address is the question that you raised not a week ago; that is 
how to calibrate jets in general, in a range of etas and pts, particularly 
those of several hundred GeV which go into some of the leptons + jets 
studies. I don't think that there is time to introduce a more realistic 
model of the the detector and then try to unfold the various new effects that 
we might put in, but there is a clear need for someone who knows the hardware 
intimately (ooh that's cold) to write down a persuasive plan of calibration. 

I don't think I will be down until Wednesday, if I'm down at all. But if I 
am, I will try to look for you. 

Rob 
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