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Here · a version of the compressed gae ionisation 
calorimeter baaed: on .·etacke of etainleee steel tubes· immersed 

.._ . ~ - ' ' 

into lead and disposed at small angle to the incident 

particie · dlrectlon, . for the forward calorimetry_ in 

detector11 / ie presented. 

We suppose 'the next list .of' the 
'• 

parameters 

-Energy resolution •••...•.. 

..J 

<5E/E = 

the SDC 

forWard 

~ 

0. 7!E112 (9 .'; 0.05 (9 
' / ' · ... '. . ,' 

.... ·.,. ,.,, .· .. 0.7/E•·· 

E in GeV; the last term is caused by 

electronics noises. 
- Minimal registered 

transverse energy, ET 1· • · •• - . 0.1 GeV • . m n . •
2 .Segmentation transversal.. ~- 10 * 10.cm, 

long! tudinal. • - · . 0. 4 m electromagnetical 

part, 

2} L3 m.- hadron part·. 
Shower position accuracy.~.- 1·cm. · 

Time resolution .•• " •. :.· •.•.• '-· 6.0 ns .·(full width . of the 

signal). 
- Electron/hadron separation Is·;p~ssibl~ ~due);o ,the 

longitudinal segmentation. 
- Radiation hardness ... : .•. , •. -:: > 100Mrad. 

. . : ' ,'... 

stability •• ~ •.•.•..•....•.•• - high. . . . 
Linearity." ••..•.•. : .•....• - high., 

- Passive materiaL ........... - lead + stainless steel (or 

Gae ••.••..••••.• :~ • • · ..••.• ·.- Ar + 10%CH
4

, P = 
High voltage supply ••...•.. - ~-10.KV. · · 

'cooper). 

100 atm. 

-Total number of tubes .••••• - = 1.5. million, for· :both 

calorimeters. 
~ Electronics channel number - = ~000. 

The design of one hadron calorimeter cell is shown in 

fig. 1 - 3.It consi.sts of 200 stainless steel (or cooper) 

tubes with 4 mm inner diameter. In the center of each tube 

50 p.m diameter wires. are stretched. The tubes are 'sealed '-flth 
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·insulator made plugs,. which support the wires~· At. one . cell 

end the gas collector plate is soldered to the tubes, _while : · 

the plate at the second end forms a divergend tube stock to 

satisfy the forward calorimeter projective geometry·. The' 

volume between the tubes. is filled. with·molded lead· 

plates. 

The. · hadron cells .are packed into the· ·forward· 

·calorimeters at a. small· angle (d.) to the ··incident particle 

directions (--1° both i~ th~ polar and azimuthal directions): 

The EM cells must have some bigger. inclination i (up· to· 5°. ·as 

it will be discussed below). The only· :disadvantage of . the• 

inclination is a . some worsening. of ·.the . shower· .. position 

resolution, but it would.not :be meaningful, • ·as .•we·:believe: 

The gas ionisation calorimeter, based on·tubes;•has some; 

attractive. advantages over · the ;.multiplate··· :·sandwich 
/2 3/ structure ' , as·follows~ 

',\,' 
~ : \ .. ~ ~ . '" 

.1.· There are nn t problems . • ri.th . .the :high;. pressure 
' .. ' 

·gas· 

containment in the ·.tubes~ '; · 

2. The .construction technology based on the-co~ercially 

available tubes; !is . much simpler .. and . cheaper: than .that for'· the 

multiplate calorimeter .. ' ·· .. ' 

3. The capacitance._ of the tub~ structure is ·ctwice ··less 

the mul tip late, one . than -that of -·· adequate ' ,mul tiplate · ··one, 

which is cr~cial for ·the electronics 'noise 'problel!l. : 

4. The -output •·' signal· 'charg~ from . wire · : ionisation 

detector. is very .close, to·.the summ~ry ·charge of all electrons· 

liberated in the gas; whereyas'' in the·. parallel'plate ca'se the . 

signal is twice as ·less. '· ·· 

5. The signal 1,spreading iri multiplate structure. is very 

intricate, which' l~ads to the :·'signal expansion :and cross~ 
talks between neighbor' 'calorimeter cells 'if the'y are'!, 'placed . . ' . ' . . . 

in a common'volume:~' .There are no su'ch ·.problems with 'the· 

tubes, which are practically ide'al waveguJdes with' ··the ···wave 

resistarice'p = 262 D. 
';. ~ . ~ 

The main problem with 'the· tube option· ''is the energy 

.}[ :~=~:,~;e;t~~: I 
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resolution~ There are no investigation of· such calorimeter 

structure. (The most similar is :the. "sp?ghet ti '.' one, but it 

differs very much in the structure· .·scale and active 

substance.). Our Monte Carlo' simulation with the GEANT141 

program are shown in fig" 4-7.where the· statistical term 

coefficient (6E/E*root(E))and constant term (A) of the 

calorimeter energy. · resolution function for protons and 

electrons are presented.versus,to tl1e geometrical calorimeter 

parameters (inner tube diamete-f. (d)~voltime·ratio 'of passive 

to active materials (v) and angle(Ci)-. The base set of the 
\ 

parameters in these calculations were as follow~ The passive 

material (including the tube. walls) - lead or.. c'opper, the 

active mater:Lal- argon with·9% of'methane·admixture at 100 

atm-pressure, v= 3, d-= 4.mm.·Ci'= 5°.-

As i_t .. follow from fig. 4 .. the statistical term for. 
hadrons is 70%/root(E) and satisfied the forward 
calorimetry needs in the ,wide range of:. the geometrical 

parameters rather well. The real problem we. have .with 'the 

constant term. There are two reasons for ·its •origin. 

The· first one is caused by'. narrowness -of .the .EM showers ' 

which leads to the. strong dependence of.the EM shower signal 

to the shower a,;; is position -between the tubes. As · a result 

the constant•term for incident. EM ·particles -is large· and. 

badly depend .on the calorimeter parameters (fig.6)~ The 

hadron shower,being much wider than EM.one,-realises part of 

its energy through the electromagnetic.- form.So· the formula· 

for hadron energy_ resolution contains the constant term· as 

well. But in. the last case it is much .smaller. and smoothly 

depend on t_he calorimeter. parameters (fig. '7). 

The second. reason for the. hadr~on ... constant term · is· 

inequality. of the calorimeter response -.to the hadron . and EM 

showers ( e/h-ratio )_. Our simulations show the ratio .·e/h = 1.·2 

·for. the cooper/( argon + 9% methane) · calorimeter .. and e/h = 
0.93 for the lead/(argon + 9% methane) one~·independently of 

the c~lorimeter • geometrical parnmAt.ers. The e/h-Nl t io 

dependence, on the methane concentrati oi-1 ifLshown_ in . fig. A. for•. 

_both the cas~!~. 

'T•-'j.o: ~"'· . •· ·1 

j 

I 

·As. it follows· from . these calculations the· hadron 

calorimeter. consis.ting f~-jm 'lead mainly with 4 mm inner 
, , 

diameter tubes inclined at the angle a = 1.5° and with the' 

passive to active volume ratio v= 3. will be characterized 

by the constant term a = 5% which meets the forward 

calorimeter demands111 . (The lead may be replaced by steel or 

copper but for c~lorimeter ·. compensatlon more methane 

percentage (30 - 40%) woul~ be ri~edeci''wiilch leads to a higher 

anode voltage.) 
But such a calorimeter structure ~~uld give the 

extremely large constant term· for gammas.and electrons which 

are presented inside the jets together with hadrons. So the 

fro~t part of_the forward calorimeter must h~ve different 

geometrical parameters. One of p9osibilities is to use such 

calorimeter structure as is shown.in fig. 1- 3, but without 
. '. , :. 0 .· , 

lead plates and w~th angle a = 5 . 
The ~ resolution of the ·gas calorimeter is defined by 

the time needed to collect the electrons ,liberated in the 

. gas. The ·electron drift velocity in argon with small 

percentage-of methane at 100 atm pressure.was measured by N. 
·a· ' k . . . t 1151 T,h. . 1 1 t ·. · . d b G · N' 1 161 

.· ~o ar~s e a ,.. . e ca cu a ~ons: ·rna e y ~ ~cu escu • 

coincide with, the measurements very ·well (fig. · 9): So we 

expect'the collectio~ time:-- .40. ns for •tubes with ·inner 
. ~ ' ' I .'> ' 

diameter' d = 4. mm. ·The full signal width· at· the amplifier 

output would not· exce.ed _60 ns. 

The possibility o~ the ~reon,CF4 ,admi~ture to 

have to be examined. 

the gas 

The scheme of the from one calorimeter 

cell is shown ·in :l~ig" 10: 'It profits by the excellent 

waveguide properties of the tubes. The tubes are connected in 

sE_Jquence by 4 (the ~i.unber !~·limited by the disperse -of the 

signal spreading time along the tube chain) and united at the 

input of the cable with the, wav~ resistance p 
1 = PIN, where P 

is the tube wave resistance and N~is a numbef. of parallel 
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FIG.l.Hadron calorimeter ~odule~-
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FIG.-3. -Front -end of the. module. 

connected tube'chains~ 0In our-case.p-= 260-D,~N,= 40, p 1 = 
6.5 D.) The dable is necessary to - remove 'th~'- preamplifiers 

~~ . . 

from highly irradiated zone inside the forward calorimeter. 

(It may consist of . 8 ·standard 50 Q cables:'> The transformer . '·" . 
is used to match the·pieam~lifier input i~ped~nce with the 

cable wave resistance. 

The calculations show·that· the electronic~ noises of 

such a scheme are equivalent to · the- calorfmeter chaL·ge 

amplitude fh.ictuations: .'. 

2 
Q = 

kT * 
2' ·-· ., ' ' . . '-- '' •'-·' 

t * N- * [1 + exp(:::._2t /~£:) +2R ;R. ,], . 
c . _ a- - a- ~n 

2 
2 * p * .'r£* [1- e~p(-;tc/'[f)J . 

~here k'' 'the B6itz~a~' 'consta'nt·.'· 'i• ·-· the'. absolute 

temperit~h~~·-. ~~- the ch~r~~--c~_l.lectlon·\ike:;_-rf _ ~ . 2tc - _the 

filter''constant, t: -'- the'.time ·of'signa-1 spreading along· the 
. _s . - -. . . 

cabl'e :" ' R-- - . the effective' ; noise ; ·. rea'istance · of . the 
a 

preamplifier and R. - its effective input resistance. 
' J.n 
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For our hadron cell one can get-~ = 0.7 * root(N)-=5 fC. . c 
But the hadron shower occupies - 12 of such cells with the 

total.noise Q = 17 fC. This value has to be. compared with 
S· 

the simulated calorimeter response 22 fC to 1 GeV of the 

shower energy. Thus the electronics noise gives an ~ncertainty 
OE = 0.7 GeV in hadron energy measurine. 

R & D Elans. 

1. To build a small,· ( 10 + 10 i 50 cu13 ) tube calorimeter 
module to test it at an electron beam. 

2. To build a set of ·the hadrori modules with 0.4 i 0.4 ·o 

3 111
3 

total .dimensions and test it at hadron beam. 

3,. To develop the electronics chain ( to choose. the type 

of the prean~llfier. transformer. cable a~d s? on). 

4. To continue the calorimetei investig~tion by Monte 
Carlo simulations. 

By the way we plan to simulate the tube calorimeter with. 

the wires replaced by roads. It leads to ~ecreasing of the 

signal to noise ratio by fac,t.<H; ·· .;) (m••,• items 3 and'4 of the· 

I:~ 



"advantages"),. but the calorimeter const:ruction cost may J:.e 
" reduced very meaningfully in such a case. 

5.· A'fter the hadron module test we would ·be ready ·to 

write the technical' project for the, forward calorimeter. 
J< 
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EiyAaroe IO.A. 111 Ap. E1-91·572 
nepeAHI'Ii1 KanopHMeTp -AllA T3B:K0llllai1Aepa 

npeACTaeneHa BepCI'IA raJOBoro I'IOHI'IJaf..II'IOHHOrO KanopHMeTpa BbiCO• 
Koro AaeneHHA, co6paHHoro 1'13 cTallbHbiX Tpy6oK. B Ka'leCTBe naccHBHoro 
MaTepHana I'ICO~llb30BallCA CBHHef..l; KaK HaOOllHI'ITellb Me>KAY Tpy6oK_, 

. naCCHBHOe Be~eCTBO BKlliOif~eT TaK>Ke CTeHKI'I Tpy60K. AKTI'IBHOe Be~eci: 
eo - raJ Ar + 1 0% CH4 np1o1 AaBneHHH 100 aTMocQ>ep. 

Pac'leT npoBOAHllCA MeTOAOM MoHTe Kapno c ~cnonbJOBaHHeM npo
rpaMMbl G~ANT, rAe CTan1cTH'IecKHi1 Ko::IQ>Q>Hf..IHeHT 111 noCTOAHHbli1 'llleH . 
OOTI'IMio131o1pOBalllo1Cb no 3HepreTH'IeCKOMy pa3peweHHIO AllA npOTOHOB 
1'1 3lleKTpOHOB B JaBI'ICI'IMOCTH OT reoMeTpH'IeCKI'IX napaMeTpOB Kanopl'l~ 
MeTpa (BHyTpeH~ero AHaMeTpa TJ?Y60K,. o·;HOWeHI'IA .aKTI'IBHOrO K nac
CI'IBHOMY MaTepHany, yrna BlleTa 'laCTI'If..l) ~ 

Pa60Ta BbiOOllHeHa B na6opaTOplo11o1 AAepHbiX npo6neM OIIIAIII. 
' . 

Coo6llleune O{il.e.o;HHelmoro nHCTHTyTa a.o;epHhi~ uccne.o;~~aaun. ,lly6ua 1991 
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Budagov Yu.A. et al. 

Forward C~lorimetry for TeV:Col!iders 

~ 

E1·91;572 :; 

A version of the compressed gas jon~sation calorill}eter is presented 
based on. stacks of stainle·ss steel tubes~ The volume De'tween the tubes is 

filled with molded lead plates as •. passive material (including the tube walls). 
' . 

The active material is gas Ar + 10%CH4-p = 100 atm. 

Our Monte Carlo_ simulation was performed with the GEANT program, 
-- where the statistical term- ~oefficient and constant term of the calorimeter 

' . 
energy resol_uti~n for prot':'ns ~nd electrons are presented versus to the geo
met,rical calorimeter para~eters .(inner tube di~meter, vqlume ratio of pas
sive to active materials, and angle). 

The investigation· has been performed at the Laboratory of Nuclear 
Problems, JIN R. - · - · · 
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