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Abstract

Denisov S., Dushkin A., Fedjakin N. et al. Hadron Gas lonization Calorimeters with Steel and
Lead Absorbers: IHEP Preprint 94-103. - Protvino, 1994. - p. 15, figs. 16, tables 2, refs.: 6.

The characteristics of two gas ionization calorimeters with planar electrode geometry have
been studied in hadron and electron beams of the 70 GeV IHEP accelerator. Steel and lead
absorbers with thickness of 11.8 and 12.9 g/cm? were used. The calorimeters were filled with
90% Ar + 10%CF, gas mixture at a pressure up to 25 atm. The dependencies of calorimeter
response and energy resolution on gas pressure , absorber thickness, gate width and delay, hadron
cnergy and thickness of the entrance window are presented. The data on position resolution and
electron-to-hadron signal ratio are discussed.
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HMenucon C.II. s np. AnpoHHBIe ra30Bbie HCHU3ALMOHHbIE KaJJOPUMETDHI CO CTAIbLHEIMK H CBUH-
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XapaxkTepuCTHKI ABYX Fa30BLIX HOHM3AIMOHHBIX KaJIOpMMETPOB € INIOCKOIIapalliieLHolt reo-
MOTPuel SMeKTPONOB HCCAeNOBANLI B NYYKaX aJpPOHOB M 3EKTPOIOB. DBBITU HCHONBIOBAHDI
CTAILHLIC 1 CBHHIOBLIE noryioTHTenn ¢ tonmwnbamMu 11.8 u 12.9 r/cm?. Tlpescrasiens! 3anu-
CHMOCTH OTKIMKA # SHEPTETHCCKOTO pa3spelieNMs KaJOPHMETPOB OT TOMIIHHDLI CJIOSA ITOTNOTH-
JCIE. HIMPHEBL BODOT M 3QJICP/KRIT. DIEPIHI aPOHOB M TOLIEHBI BXOJHOIO OKlla NeTeKTOpa.
O0cy KIAOTCA KOOPAMNATHOC Da3pelleliie ¥ OTHOLICHNE BedWUHH CHTHATOB OT 3JeKTPOHOB M
AILPOTIOB.
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Introduction

The first study of a gas ionization calorimeter in hadron beams performed at the
70 GeV IHEP accelerator demonstrated that this type of calorimetry had good energy and
time resolution, high uniformity and stability, simple calibration, high radiation resistance,
relatively low cost and can play an important role in future experiments in high energy
physics [1, 2]. The absorbers of the calorimeter tested were made of uranium. Although
uranium is often used in calorimetry it has well known drawbacks which are high cost and
radiaoctivity. In 1993-94 we investigated the characteristics of gas ionization calorimeters
with steel and lead absorbers. The preliminary results of this study were reported at
the 1993 Calorimetry Conference [3]. The results of complete data analysis are presented
below.

1. Calorimeters

The calorimeters described have a planar electrode geometry. in comparison with other
solutions (spacal, accordion) the planar geometry has the following attractive features:

e any absorber material can be used,

e fine granularity in both longitudinal and transverse directions may be easily
achieved,

e very good uniformity.

The two calorimeter structures are shown in fig. 1. Each calorimeter consists of a
stack of ionization chambers interleaved with passive absorbers. The transverse size of
the absorbers is 58 x 58 cm?. The total thickness of the calorimeters is 7.4 A. Signal
electrodes made of 1.5 mm G-10 were placed between the absorbers forming two 4 mm
drift gaps. On each side of the electrodes there are 3 vertical signal strips 14 cm wide and
42 cm high.

The stack of absorbers and signal planes are contained in a cylindrical stainless steel
vessel designed to operate at up to 40 atm [1, 2]. The vessel has a 2 mm steel window for
a beam. It was filled with 90%Ar + 10%C F, gas mixture. The HV applied to the signal
strips was equal to 180 V/atm, which corresponds to a maximum electron drift velocity
of 0.12 mm/ns [4]. So the maximum drift time of electrons was 33 ns.



Signals from each strip were iransported to amplifiers [1, 2], using 4 m 50 Ohm cable.
The 8-function response of the electronics chain has a 30 ns base width. ADC gate widths
of 25, 55, or 145 ns werc used in most of the measurements. A pact of the measurements
were performed with the gate width varied from 19 to 240 ps.

The measured noise level for one channel is o = 9 ke (55 ns gate) which is in a good
agreement with the calculated value. The dependence of the noise for all 225 channels
on the gate width is shown in fig. 2. The value at 55 ns is close to that expected for
uncorrelated noise. It means that the contribution of the coherent noise is negligible.

2. Measurements and pulse height spectra

Measurements have been performed using 26 + 58 GeV/c negative hadron beams
and a 26.6 GeV/c electron beam produced in the internal targets of the 70 GeV IHEP
accelerator. The composition of the hadron beams is 7~ (> 96%). K and g (1 = 2.5%),
e and p (< 1%). The hadron contamination of the electron beam is less than 1%. The
typical beam momentum spread was 3%.

The studies consisted in measuring the pulse height distributions at different values
of the particle momentum, gas pressure, gate width and gate delay. Samples of 3 - 10° to
12-10% events were detected for each spectrum. The noise spectrum was measured before
and after the data collection for each set of parameters. Twice per day the detector was
calibrated.

Fivents satisfying the following criteria were selected for analysis:

e the shower vertex is between the 3-rd and 10-th electrode,
o the signal in the central strips is twice as large as that in the side strips.

The first criterion allowed one to avoid the corrections connected with the shower
energy leakage and muon contamination in the beam [2, 3]. The second criterion was
used to reject the events when beam and halo particles passed through the detector
simultaneously (typically 1% of events were rejected by this criterion).

A typical pulse height distribution for selected events is shown in fig. 3. This dis-
tribution and data presented below were measured at 24 atm gas pressure unless stated
otherwise. All the specira {or sclecied events are well fitted by a Gaussian. There is no
indication for any tails on the pulse height distributions due to "Texas towers” or other
effects.

3. Average pulse heights

The dependences of the average signal on the gas pressure P, gate width ¢y, gate delay
ty, and shower encrgy F are presented in figs.4 + 7. The following conclusions can be
derived from these data:

e 25,55, and 145 gates contain 45, 70 and 98 % of total ionization signal, respectively
(flg 4b\),

o maximum pulse height corespends to iy = 0 (t, = 145 ns), tg = 10 ns (¢, = 55 ns)
and tg = 20 ns ({, = 25 ns), (see figs. 5. 6),



e the ratio of hadron signals from steel and lead calorimeters is equal to 1.4 4 0.1
(fig. 5); the same ratio for electrons is about 1.6 + 0.1 (fig. 6),

e signal-to-noise ratio depends weakly on the gate width {compare figs. 2 and 4b):
this means that the equivalent noise energy is about the same for all valucs of ¢,

e the detector response is linear (fig. 7).

The data shown in figs. 4, 7 and presented below were measured with #3 = 0 (i, =
145 ns) and ¢4 = 20 ns (¢, = 25,55 ns).

4. Energy resolutions

Figs. 8, 9 show energy resolution o/ F vs gate width and gate delay. From these figures
it follows that for gate delays chosen the energy resolution depends weakly on the gate
width and reaches an optimum value.

Due to the fine longitudinal granularity of the calorimeters it was possible to study
the energy dependence of the energy resolution for the different absorber thickness ¢ by
summing the signal not only from all planes, but from odd and even planes separately,
{rom each 3-rd plane and so on. The values of o/ E} for hadrons obtained by this method
are well fitted using the formula [5] (see fig. 10)

c A B

E—E@(\/E+C)’ (1)
where the parameters A and B represent the equivalent noise energy and the stochastic
fluctuations of the shower energy deposited in the working gas. The values of A, B, and
C are presented in Table 1. The parameter A was estimated using signal and noise pulse
height spectra. The constant term C was assumed to be independent of the absorber
thickness t. Typical errors on the parameters are 0.03 for B and 0.004 for C.

The stochastic fluctuations are less for the steel calorimeter than for the lead calorime-
ter; the latter has values of C that are equal to zero within the errors quoted. It is worth
mentioning that no corrections were applied to take into account the possible energy
leakage in the transverse direction.

The dependence of the stochastic parameter B on the absorber thickness ¢ is well
fitted by either of the formulae (see fig. 11)

B(t) = bVi@e, (2)
B(t)=UVt+c. (3)

Parameters b and ¢ represent the contribution of the sampling and intrinsic fluctuations
to the stochastic part of the encrgy resolution and are listed in Table 2. From Table 2
it follows that for the steel calorimeter the sampling and intrinsic fluctuations give about
equal contribution to the parameter B while for the calorimeter with lead absorbers the
sampling fluctuations are more important. The data on the t-dependence can be used
to estimate the absorber thickness required for the calorimeter with a desired energy
resolution.

Fig. 12 demonstrates that the contribution of hadron shower fluctuations to energy
resolution depends weakly on the gas pressure up to 5 atm. The same conclusion was
reached for a gas calorimeter with uranium absorbers [2].



Table 1. Parameters in formula (1). ¢ is the thickness of one absorber. A and B are measured

in GeV and VGeV

Absorber Gate Para Absorber thickness

width, ns | meter | ¢, 2t 3ty 4t, 5t

A 6.0 9.0 { 11.0] 129} 144

25 B 0.71 ] 0.820.98 1.07 | 1.22
C 0.025

A 50 | 7.6 | 9.5 | 11.0 | 123

steel 55 B 0.70 1 0.85 | 0.94 1 1.07 | 1.18
C 0.045

A 50 | 7.5 1 9.2 1106} 11.7

145 B 0.77 1 0.88 | 1.00 { 1.18 } 1.27
C 0.044

A 7.1 110.2 1125} 14.5 | 16.3

25 B 0.8 1.12 1 1.32 | 1.49 | 1.67
C 0.001

A 6.6 9.5 | 11.7 1 13.6 { 15.3

lead 55 B 0.82 1 1.08) 130 | 142 | 1.62
C 0.002

A 6.1 { 88 |10.6 123 ] 13.8

145 B 0.92 ] 1.16 | 1.37 | 1.50 | 1.70
C 0.003

Table 2. Parameters in formulae (2),(3) for units B in vGeV and t in units of #,

Absorber | Para | Gate width, ns |
meter | 25 55 145

b 0.49 | 0.47 | 0.50
steel o' 0.46 | 0.38 | 0.41
c 0.50 | 0.51 | 0.56
¢ 0.29 } 0.31 ] 0.33
0.72 ] 0.69 | 0.71
lead v 0.66 | 0.64 | 0.62
c 0.44 | 0.45 | 0.59
c 0.17 1 0.18 | 0.29




In the runs with the electron beam signals from 35 (15) forward layers of the stcel
(lead) calorimeter were detected. The total thickness of these layers is about 30 r.1. Direct
calculations taking into account the momentum spread of this beam, and the method of
interleaved calorimeters were used to estimate the energy resolution for IXM showers.
The last technique permits the cancellation of all the systematic effects and uncertainties
including the momentum spread of the beam. Both appreaches have given the samc

result. For ¢,=55 ns (E, in GeV):

2.8 0.25
-Eq- = E—@ _\/—f (steel absorbers),

o 26 0.28
T EB N/ (lead absorbers).

Both the equivalent noise energy and the stochastic term are almost independent of t,.
Results of a M C simulation are in a good agreement with the experimental data. They
show that the constant term in the energy resolution for electrons is less than 1% for both
steel and lead calorimeters.

For the gas ionization calorimeter operating at high pressure it is important to inves-
tigate the dependence of its characteristics on the thickness of the entrance window. This
was done by neglecting the signals from the front layers. The results presented in fig. 13
show that the passive material in front of the calorimeter has negligible influence on its
response and energy resolution up to 2 r.l. for electrons and up to 0.5 A for hadrons. The
degradation of the average pulse height and the energy resolution above these values can
not be explained by reducing the total calorimeter thickness (see fig. 15 in {2]) and is due
to increasing the amount of passive material.

5. e/h ratio and position resolution

The ratio of calorimeter response to electrons and hadrons (e/h ratio) depends on the
gate width and delay (fig. 14). This behaviour can be explained by different shapes of
hadron and electron signals: an electron signal is shorter than a hadron one. Usually
it is important to keep the e/h ratio as close to unity as possible. I'ig. 14b shows that
this can be done for the lead calorimeter by using the short gate widili (~ 25 ns) and
t4 = 30 ns, while at the optimum value of {4 = 20 ns e/h &~ 1.1. In the case of the steel
calorimeter e/h is higher: 1.15 at {; = 30 ns and 1.2 at ¢y = 20 ns. It is well known
that the constant term in the energy resolution depends on the e/h ratio: the closer e/h
is to 1 the smaller the constant term is. So the results on e/h ratio are in a qualitative
agreement with values of the parameter C in formula (1).

The distribution of the difference A = z, — z,, where z, and z, are the horizontal
coordinates of incoming hadron and shower axis is presented in fig. 15. The trajectory
of incoming particle was defined by a small (1 x 1 c¢m?) trigger counter placed in front
of the calorimeter. The coordinate of the shower axis was estimated by the center of
gravity method. A-distributions were fitted to a Gaussian. The parameters o, of the
Gaussian distributions obtained from the fit were as a rule in a good agreement with
the RM S values of the A—distributions. The dependence of the position resolution o, on
hadron energy is shown in fig. 16. The experimental data were fitted to the formula which

[}



takes into account both the shower fluctuations and electronic noise. Position resolutions
rncasured with a steel/stintillator sandwich calorimeter [6] of about the same transverse
granularity are shown in the fig. 16 for comparison.

Conclusion

The characteristics of two fine grain gas ionization calorimeters (with steel and lead
absorbers) have been studied in hadron and electron beams. All the pulse height spectra
measured have a pure gaussian shape. The energy deperdence of the encrgy resolution
for hadron showers are well fitted to the standard formula containing stochastic, constant
and noise terms. Stochastic terin B depends weakly on the gas pressure up to 5 atm and
is equal to 0.7 -+ 0.8 for the steel calorimeter and 0.8 <- 0.9 for the lead one. With thinner
absorbers one can reach a B value of ~ 0.5. It is shown that sampling and intrinsic
fluctuations give about equal contribution to the parameter B of the steel calorimeter,
while for the lead one the sampling fluctuations are more important. The constant term
O is about 4% for the steel absorbers. For the lead calorimeter C' = 0 within the errors.
The e/h ratio depends on the ADC gate width and delay. This can be explained by
different shapes of hadron and electron signals. The e/h of 1.15 <+ 1.20 was obtained for
the stecl calorimeter. For the lead calorimeter one can reach e/h = 1 using a short gate
width and large gate delay.

A detailed study of the characteristics of the gas ionization calorimeters with plain
electrode geometry shows that they possess good energy, time and position resolutions
at rather moderate gas pressures, and that the e/h ratio can be close to unity. Due to
high intrinsic radiation resistance this type of calorimetry is especially promising for the
forward calorimnetry in high luminosity experiments.

Acknowledgements

We would like to thank C. Fabjan and B. Williams for reading the manuscript and
siving useful comments.



3AL

bl
]
0

F

20 Fe 40 Fe L3AL
1 I iy OO I
NN IV 22 SN
/ § N Q 2 \\\\5‘ i\\ /
AININ - NI NN j

beam 2 Q Q § /) // \Q\ “\ f
/ i AN N\ )
INNEN ZZ NN
2 s s ....... g — / 1 \\ \\ — \\\.'\‘\ u E
3 60 abs 4 abs, 7 abs,

62 abs. 13 abs

N N

beam
i

IS
WL

L4

- -

95
==

05Fe +10Pb +15Fe

Fig. 1. The two calorimeter structures. Dimensions are in mm.

On, ke ¢

200 +-

e

e

180 -

160 |- ’

Fig. 2. Noise level as function of ! |
the ADC gate width.

140 +

120

100

AR USSP DU R SRS RSP NI o
0 40 80 120 160 200 240
tg, NS




N
102 —
10 kL Fig. 3. Pulse height spectrum mea-
: sured with steel calorimeter
' in 58 GeV hadron beam (gate
I width t, = 55 ns, gate delay
ta = 20 ns).
'
ol I B B
0 1000 2000 3000 4000
Ah, ke
Apker A, keF
tg=55ns 2000 |-
100 |- C
L o] : °
. / 1800 |- .
1200 [ /° L
b 9 1600 [
1000 - / [
- o4
r / 1400 -
800 |-
r o L
500 :_ / 1200 [~
0 5 / 1000 |-
) o
200 - 800 -
el o sl o aa o b s a1 g 2o st s al g ad et 4 | N poa Lo w22 v g ) aa s
0 3 10 15 20 25 30 3 800 20 80 120 150 200 260
P, atm g, ns
a) b

Fig. 4. The dependence of average signal of 58 GeV hadron shower on the (a) gas pressure
and (b) gate width measured with lead calorimeter. The curves are drawn by hand.




Ay, ke

1200

1000

200

Fig. 5.

600

400

Fig. 6.

L . Ep=40 GeV

1 ! b

1 N o 25ns

E e SSns

F « * o s A 1Sns

L* .

. s

- .

L °

r o °

. ° ° s

o .

. °

s s

- o

E o .

[ ° 4

F .

-- ©

SO VA ST ST I G AN 1 ST AT UT AT I AP AT AT IV N A N T W WA I
4] 0 2 ko L] 50 60

td.ns
a)

Ap, kep
1750 |- E}=58 Gev
" tg
8 o 25ns
1500 [~ s e 55ns
- 3145ns
o 3
1250 [ .
r s
1000
ol .
™ o
L -]
™0 [T ° a
: L
S00 [~ < &
250:' .
o -3
L
oL WS ST N ST RWETY DU SRS
20 0 40 50 &0
. ns
b)

The dependence of the average hadron signal on the gate delay for (a) steel and (b)

lead calorimeters.

C Ae ke [

[ =265 r =

ST Een285GeV 1000 I- Ee = 26.6 GeV

3 A 9 o tg

. . o 25ns - o 25ns

o o 55ns ! s E5ns

C . & 145ns 200 |- & 145ns

t “ L

3 * s
L] -

- e 8 L

[ 8 .

L s 600:

- i 8

- -] [ ° - .

L ° - o

3 e wo-—

N ° r .

L ° s 3 ° .

- L] -

L N . A

C o ° . 200 O

8 . ° .

o ° a L [

o . [
.l....I..;-In.nxl.nnllu..nlnn;.‘l’.n (T BT I N I ST AT I I AT APV IT AT BN A I A
0 0 20 0 & 50 60 2 30 40 50 60

ta, ns tg. ns
a) b)

The dependence of the average electron signal on the gate delay for (a) steel and (b)

lead calorimeters.



Ah, ke [ “'/ ]
2400k tg ya
r o 25ns, A=21ZE yd
® 55ns, A=319E
2000 &145ns, A=423E //
F g /1;/
i .
1500 b //'
: /,f/ v
1200 [~ ) /,c/
b (3 -
r //
5 e
800 |- /
, )
20 30 « 50 60 70
En, GeV
a) ns

Fig. 7.

Gk,
o7
cs
05
04

0.3

[VR]

Ay, ke
" i W
1750 - P
L Yy /
L o 25ns, A=151Ep //
5001 * 55ns, A=2L4EL ya
L 2 165ns, A= 30.5E, s
. S p
1250 yd A
L /é v
:~ / -4 //o/f
mor / / /\
: - },/'
= P
500 I 5
%0
ollxl[snnlli]lIll'LlJLiA’:lexi‘ll-l
Y 10 20 30 &0 50 50
En., Gev
he D€
b}

Energy dependence of the average pulse height for (a) steel and {b) lead calorimeters.

r OrEy, | €)= 58 Gev
E E=40 Gev tq
- ty 0.8 o 25rs :
t o 25ns e 55ns '
N ® S5Sns ! 07 s 145 ns
N
N 8 145ns
. osf ¢
- 4 ¢
L g 05
. 4
X 4 04 .
- 4 b
" ° . . [ R 3
{ a 0.3
- 2 & B 3 ° .
r ¢ & o © ¢ o s 4, B
r 0.2 Iy s a
s | N NPUU SR i | Joa '--l..,l-."‘.i.l- I AR ST SP U ) !
10 20 30 %0 50 ) O- 0 20 30 0 30 %0
ty,ns fg, s
a) b}

Fig. 8. Hadron energy resolution vs gate delay for (a) steel and (b) lead calorimeters.




O/Eg [ OlEe
1 Ee=26.6 Gev
! £ =266 GeV N
0.7} 9
[ tg # s I o 25ns
o ©25ns ® 55ns Iy
06 * 55ns [ & 145 ns
[ 4145ns 05 t+
[ ¢ $
osf
[ 04
[ .
04}~
L [ ¢
[ ° 03 -
[ .
03 . g
I L]
! ° oz | °
2-
Q N ° R e
[ &
F 2 4 ¢ b e L b4 ¢
[PAN o 01
b Ls g2 a1 s o231 33 22} 122l g 3 1 4 J | B B | P O adl s Lo aad s
. [ 20 30l 40 * .50. : lso [} 10 20 30 [ 50 &0
td,ns 4, ns
a) b)

Fig. 9. EM energy resolution vs gate delay for (a) steel and (b) lead calorimeters.

O/E, e[ O/E,,, %fe
[ 3
70'— 10 |
60 ’: 80
50:- \\\ 50
wf ol
: <\\\ . \
3 », ~\. - t
= t [ 5
% F \“\-’:5 50 \.\4
[ \: Ty r T
L \ 3
f 3
20_— \ 2 0 b o,
L A ——— o
[V FVWE FTTWE FUTET FTTRY FETEY FUTUN PTUTE FUTIN SUTTS | 10 Loaual 1 1 I 1 L Laaaadl
25 30 35 L) 45 50 55 60 65 23 30 3 .0 45 %0 3% 60 65
En, Gev Eh,GEV
a) b)

Fig. 10.  Energy resolution vs hadron beam energy for (a) steel and (b) lead calorimeters (1, =
55 ns). Cuarves represent the eq.(1). Figures near the curves show the absorber
thickness measured in the units of £, =~ 0.08 X, where iy is the thickness of one
absorber.

11



115 -

0.75

05

axs
; .
ol 1 _a N | 1 H t 1 1 adas L e
0 1 4 5 3 °o 1 2 3 “ P €
t
a) &)
Fig. 11, Stochastic parameter 3 as a function of absorber thickuess ¢ for (a) steel and (4} lead

calorimeters (1, = 55 ns). ¢ is measured in the units of 4, where 4, is the thickuess of

one absorber. The solid and dotted lines represent the eq.(2) and eq.(3) respeciively.

0.6
£ - En= 58 GeV
L X
- O DATA
O .
05 - @ AFTER SUBTRACTION OF
i o ELECTRONICS NOISE
0.4 -
0.3 ©
i o
02 - o
o)
L + o
. ¢ ®
0.1 - ® ] ®
4 L 1 4 i L | S - l 1 AL 1 l 1 1 1. i l S d L i l 2 i 3 N l I 1 1 l i
0] 5 10 15 20 25 30 35
P, otm
g, 12, Energy resolution of the lead calorimeter vs gas pressure (1, = 55 na),

12



Ap ke 18.%  Ae ke B,%
1880 ® A, Ep=58Gev ] o [ oA, E.5266 GeV + i
! oB tg=55ns 120 ! [ & e °oB tg=55ns
1840 | + s .
¢ 4 1000 4
+ ‘ L -{100
4 -~ 110 [ .
1800 |- + r é
* 800 =
1760 — ¢ + - 100 w0 g ¢ Je0
[ L $
o F % R -
L L %0 700 r -850
i + * 4 L ¢ . 1
1680 1
600 |- 1
% 3 ¢
g ¢ ¢ t 4 ¢ ; o -«
1640 | § ] 500 |- Q
¢ 7o o ¢ 0 .
1 1 . 1 1 3 [ b ! 1 i 1 1 . 20
1600 ? < s o 400 = ? Z s ' 0
W
Q) b)

Fig. 13. Stochastic parameter and response for (a) hadron and (b) EM showers vs thickness
of passive material in front of the steel calorimeter (¢, = 55 ns). Ty is measured in
the units of absorber thickness, ;.

15
oot tg e/hn.s . tg
o 25ns - °o 25ns
} s 55ns ¢ e 55ns
16 - + 4 145ns L5 -~ a 145ns
+ ME—
134 t i
L [
R by 2
[ bty ; / z E o, 4
12+ e,
L 4 8 ¢ 4
: * K] :- 1
uL- L : ¢
L ' ': 9 6
1 PPEY WS PR FWE T FINTE FETWE S FTT T 09 :xllxquAJ.:inxlllnx.‘ln
-5 ] 5 ] 15 20 25 30 35 0 10 20 30 40
ta.ns tg, ns

a) b)

Fig. 14. e/h ratio vs gate delay for (a) steel and (b) lead calorimeters.

13



60

50
40 |-
- Fig. 15. Distribution of the difference
30 |- .
. between z-coordinates of the
A incoming hadron  and the
20 shower axis.
10
o L L | l.
-80 -40 0 40 80
XP"Xs, mm
3.2
€ - & lead P=24atm, t,=55ns
St ' O steel P=24atm. t,=55ns
28 + ) )
- Q uranium P=40atm,,t,=55ns
- } 5/
- , @ V.A.Davidov et al.
24 é
2 | ° #
1.6 e T
: 6 A
2 e T =X
| o g
0.8 TR D T T P T DU D T
' 20 25 30 35 40 45 50 55 60
Ep,, Gev

Fig. 16. Position resolution vs hadron energy.

14



References
[1] Yu.V.Gilitsky et al., Pribori i Technika Experimenta, N5, 1993, 34-43.
(2] S.P. Denisov et al., Nucl.Instr.and Meth. A335(1993)106-112.

[3] S.P. Denisov et al., Proceedings of the IV International Conference on
Calorimetry, Elba, 1993.

[4] A.Peisert, F. Sauli, CERN Preprint 84-08, Geneva, 1984.

(5] R. Wigmans , Nucl. Instr. and Meth. A259 (1987) 389.
[6] V.A.Davidov et al., Nucl.Instr.and Meth., 174 (1980) 369-377.

Received September 19, 1994.

15






C.11.IleHucoB u ap.

AII])OHHI:IQ Ta30Bbl€ MOHHU3AUHOHHBIE KAJOPUMETPHI (0 CTaldbLbuismit L

CBHHIUOBBIMH IIOTJIOTHUTEJIAMH.

Opurunan-MakeT NOATOTOBIICH C NOMOLLbIO clicTembl IANTEX.
Penaxktop E.H.T'opuna.

Monnncano x mevatn  21.09.1994 r. Dopyiar 60 x 81/%8,
Odcernas mevats. Ilew.n. 2,0, Ywu.-uzma. 1,54, Tupax 2400 Farus &)

Nnnekc 3649. JIP Ne020498 06.0:1.1992.

WucTuTyT QU3nKM BhICOKNX sHepruit, 142284, IIporsnio Mockopckoit i



WNunexc 3649

NPENPMHT 94-103, nNPBOI, 1994




