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simulated. A design of the calorimeter module is presented.
calorimeter is studied and the performance of the calorimeter in typical collider environment is
tories and light is oollected by optical fibers with WLS is described. The active element of the

A hadron calorimeter in which the scintillator paddles are placed parallel to particle trajec

Protvino, 1993. — p. 12, figs. 12, refs.: 1.
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from a calorimeter (to be used for a. trigger) and the other fiber - from the OCR Output
scintillator. Without the light isolation the first fiber will collect the total light
first part of the scintillator is painted black to isolate them from the second

them close to the back side of the tower. The section of the fibers from the

at the end of the second scintillator the fibers are inserted into a grove to bend
shown in tig. 2b, the fibers are put to the edges of the scintillators and only
in the first scintillator and 2.6 mm deep in the second one. In the other method,
fiber with VVLS is embedded in a grove 1.3 mm wide and 1.3 mm deep machined
methods of light collection were studied . Fig. 2a illustrates the first one. A
molding. The scintillators have trapezoid shape for projecting geometry. Two
by a single fiber which can be useful in case of production. of the scintillators by
development. Obviously, the scintillator can be divided into more parts viewed
The scintillator is divided into two parts to measure the longitudinal shower

Fig. 2 presents the active element structure of the hadron calorimeter.
The fibers are bundled together and coupled to a photodetector.
fibers with WLS are applied to the narrow edges of the scintillator paddles.
tors interspersed with absorbers almost parallel to the beam particles. Optical

The gist of the proposed construction (see fig. 1) consists in placing scintilla

2. The active element

proposed.
ter performance in typical collider environment. A design of the module is
types of the active element (scintillator/ WLS fiber) and simulate the calorime
easy to assemble and has no dead space. In this article we consider several

In [1] a hadron calorimeter has been proposed which is simple to construct,
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see sharp ungukalr (i.·.*§.¤<:E1KlC@L(TS, of the energy msolutiuxz impaired by the
Wl. No 1&l3,l,l`€t7C in lu nl of iw hadron ca.l<>ximux,s:, maguctyic field is zero. One

asszmzpt10n»>

69, between the C€l.l(`?l`lL[1§¥t€l` axis amd an pzuticle zrnjwztowy under the following
Fig. 4; gives the calorimeter e.u·2q;j, vesolution as :1 function of the angle

all nalculzsticnsz the zniysosbwr plains a wedge form (sae fig. 10).
of the rafl01·i:1mte=: fm differem; gasmps a simulation was dame with GEANT. In
placed in front of llw bmlraxu c;Qa»;riu¤etex, as a rule. T0 smudy the performance
the other hand, an e:lc<rt;<mmgu.eti<; calorimeter about one interaction length is
makes this angle dependent ou the particle momencum amd charge sign. On
must, be tilted ralaijve to the particle beam]. But the presence of magnetic Held

without interaction. The cure for xhc c{i`cc’r. is wall known - the calorimeter

type ca,10rimetc1·sl; when a particle hits the scimtillator aud goes a. lrmg way
The proposed calorimeter is vulnerable to " chaumcli11g” (similar to spaghetti

3, Simulation of the calorimeter performance

the number 0f defected cl¤ct.1·cn$ will be about 1425.

rama ézl the muozx path in scim.iHa.t0r (95 cm long calorimeter) is 19 cm. Then
phwmdetcctor. For 4 mm rhiclc scimtillam; amd absorber/scintillatm thickness
from muon passage through the calorimeter a silicon photodiode as a
higher than that of FEU—85. One cam estimate the level of amplitude signal

Quantum. sensitivity of a silicon photodicclc is about an order of magnitude
equal 1:0 ]Vp_e = 3.5}.
trigger ou passage of electron from Rum. For both methods (2a and 2b) it was
number of photoclectrons was measured with two scinizillamr counters to
50% reHectivity. The scintillators were wrapped into aluminized mylar. The
in fig. 2a) a. reflective aluminum layer was deposited under vacuum providing
coupled to ax photomultiplier FEU—85. Os; the upposite fibre ands (for the case
refractive indices cf ni == 3..59 and ng = 1.39, 1·<vs;>ectiv»2ly., Both fibers were air
doped with K-27 The polystyrene cure and cladding material of the fiber hwzl
selemeut with dimeusic>ns presented in Hg, 2 The 1.2 mm diameter fiber was
the eflicicncy of the light collection there wm; made a 4 mm thick scintillating
the cases of shower debris passing through the phomdctector. To measure
plwtodetcctor but the use of two phctodctectors can be preferable to eliminate
the light outside of the magnetic field. It easy to example bath ends to a single
pattern shown in fxg, 3 and coupled ao pb0t0d.e$s,:<;cu:s to clear fibers to guide
second part. Cm the haul; side of the ca,l0ximem;· me fibers are laid Gut in EL



to a detrimental effect on the electromagnetic calorimeter resolution. MeasureOCR Output
growth of particle energy {electron or photon) the longitudinal leakage will lead
magnetic calorimeter placed in front of a hadron one is about 25 X0. VVith the

For the next generation collider the typical radiation length of an electro
resolution is described by expression 0/ E = 38%/ fi @3 5.5%.
the light collection efficiency) is summed up ("ideal" calorimeter) the energy
the energy released in the absorber and in the scintillator (without variation of
proportional to the absorber thickness variation. lf in such calorimeter
variation of the light collection efliciency from the scintillator in depth was
a/E = 54%/x/E EB 7.8% in the energy range 10-100 GeV. In this case the
thickness at the entrance the energy resolution is well described by expression
the backside. For a 40 interaction length calorimeter with the same absorber
tion degradation with the particle energy is due to the energy leakage through
thick at the entrance and the scintillator plates were 2.5 mm thick. The resolu
ter, magnetic field is 4 Tesla). The 95 cm long copper plates were 10 mm
interaction lengths electromagnetic calorimeter in front of the hadron calorime

Fig. 6 presents the energy resolution dependence on particle energy (with 1.6
one, the particle trajectory angle was 5° and no magnetic field.
an electromagnetic calorimeter of 1.6 absorption lengths in front of the hadron
(at the calorimeter entrance). The scintillator thickness was 2.5 mm, there was

Fig. 5 shows the energy resolution dependence on the copper plate thickness
putting a black paper in the form of a wedge on the scintillator).
in depth proportional to the absorber thickness variation (for example,
form of a wedge but variation of light collection efficiency from the scintillator

to 55%. It is more practical to realize this condition not by scintillator in the
ratio was constant along the depth. The energy resolution improved from 60%
thickness of which varied from 2 mm to 3.5 mm, i.e. the absorber/scintillator
the longitudinal leakage. A calculation has been carried out with scintillator
thickness). The incident particles {protons) momentum is 10 GeV/ c to minimize
5 mm thick at back interspersed with scintillator plates 2.5 mm thick (constant

The calorimeter consists of 95 cm long copper plates 3 mm thick in front and
range the energy resolution is constant.

front of the hadron calorimeter, magnetic field is 4 Tesla. In a wide angular
3. An electromagnetic calorimeter of 1.6 interaction lengths is placed in

improved due to fuller containment of the shower.

angular dependence becomes significantly weaker and the energy resolution is
released in the electroniagnetic and hadron calorimeters is summed up. The

placed in front of the hadron calorimeter, magnetic field is zero. The energy



passage of particle through the scintillator) was also 3. OCR Output
parts}. The number of photoclectrons for this configuration (perpendicular
front and back surfaces of the calorimeter (for longitudinal division into two
thickness. Fig. 12 shows the scintillator paddles with WL§ fibers put on the
plates are fastened through spacers, whose thickness is equal to the scintillator
adjacent plates. The layout of the module is presented in fig. 11. The absorber
section for all central calorimeters (see fig. 10) have small projections to fasten
the cut-out view of the module. The wedge absorbers with the same cross
absorbers as the support structure for the barrel calorimeter. Fig. 9 shows

The main advantage of the proposed calorimeter is possibility to use the

4. Design of the calorimeter module

bined energy resolution versus the energy threshold of the hadron calorimeter.
calorimeter was supposed to have no energy threshold. Fig. 8 shows the com
scintillator was 2.5 mm thick and the calorimeter was tilted by 5°. The hadron

full containment of electromagnetic shower. The copper was QU mm thick, the
resolution of the electromagnetic calorimeter was taken as 0 / E == 2%/x/E for
the amplitudes from the hadron calorimeter and with summing. The energy
tromagnetic calorimeter resolution {25 X0) on electi on energy without summing
amelioratos the resolution. Fig. 7 illustrates the energy dependence of the elec
ment hadron calorimeter of the escaping part of the electromagnetic shower



Figure 2. Scintillating paddle/Hber assembly. OCR Output
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Figure l, Scherxiatie view of the calorimeter.
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and magnetic field 4 T. OCR Output
absorption lengths and without magnetic field; c) with electromagnetic calorimeter
calorimeter and without magnetic field ; b) with electromagnetic calorimeter of 1.6

Figure 4. The energy dependence on angle for different conditions: a.) without electromagnetic
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calorimeter and a magnetic coil.
Figure 3. Arrangement of fibers outside of the calorimeter to minimize the gap between the
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Figure 6. The energy dependence on particle energy. OCR Output
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with 045 ~ 3 GeV energy threshold. OCR Output
with summing energy from the hadron <ra.l0rim¤·t,er without energy threshold and

Figure Si. The energy resolution of ar 25 Xg electromagnetic celorirrxeter versus electron energy
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Figure 9. Cu:.»c>ut view of the bamei ealmimemr module. OCR Output

Scintillatorf ‘ \Spacer

R

~—E’EiE"ij\

M12—6g

per plate3 fgg

7 A { 7 J 7 j

¥ll|Q|Hll!l!!H

!{ /

""’**** *****···’· ~JiillilllllllmIIillHI!F!§II!il!l5!iI!L

i;:,_;-»·j
W "‘"



10

Figure 10. Absorber plates.
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Fxgurx J V View of the barrel calorimeter module.
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additional support structure that excludes dead zones.
—the proposed design of the module for a barrel calorimeter does not need
—the absorber thickness is 1.4 cm for the energy resolution 0 / E = 70%/x/E-;

suppressed for jets;
is not a serious problem even for a single particle, the eHect will be further
calorimeter in front of the hadron calorimeter, magnetic field) the channeling

—calculations show that for typical collider conditions (the electromagnetic
realize a control of active element performance with a radioactive source;

-because all scintillators end at the flanges of the calorimeter it is simply to
and assemble;
longitudinal division, requires small space for photodetectors, easy to produce

-a construction of active element is proposed which easily allows to make

In conclusion we summarize the results:

5. Conclusion

Figure 12. The layer of the sciutillator paddles with WLS fibers.

scxumuxrons

Hams wma vas



I/IHc·r1·xTy·r qmauxu sucoxux aueprui, 142284, Hpornuuo Mocxoncxoii 06:1. OCR Output

Hana 49 py6.'Saxaz Z/6· Huncxc 3649.
Oqyceniax ueqarb. I`Ic*~¤.n. 0,75. y¤1.—ua¤.n. 0,94. Tupaxc 260.

H0,mmca1·x0 K ncqawu 28.04.1993r. <b0pMa·r 60 >< 90/ 16.

Koppexrcp E.H.I`op1»ma.
Pc,1xax<·r0p A.A.AH·rx»m0na. Tcxunqccxnii pcnaxrop H_II_Tp;MKpma_
Opurnnan-MaxcT HOLIYOTOBIICH c nomcmmo cncrcmu IATEX.

Azxpommxi xanopumerp c nepcnsnyqaxomnmu Bonoxuamu.

A.B.K0c·rpm11<m7x 14 mp.




