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Abstract 

The response of a segmented lead glass Cerenkov counter to (1-10 GeV) incident elec- 
trons, gamma rays and hadrons is studied using the CALOR computer system. The 
counter is divided into 30x30 modules each with a size of 3.5~3.5~46 em3. The calculated 
quantities include module cross talk, pulse height distributions with and without energy 
cuts. 
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Response of a Segmented Lead Glass Cerenkov Counter 
to (1-10 GeV) Incident Electrons, Gamma Rays and Hadrons 

T. A. Gabriel and B. L. Bishop 

I. Introduction 

Lead glass Cerenkov counters play a very important role in high-energy physics, espe- 
cially in the detection of gamma rays and electrons. Their operation is based on the col- 
lection of the Cerenkov light emitted by the charged particles of the electromagnetic and 
hadronic showers. The number of photons emitted by the charged particles per unit path 
length is proportional to l . - [n (~ )P] -~  where n(v) is the index of refraction for Cerenkov 
photons of frequency Y and 0 is velocity of the charged particle. Typically, SF5 lead glass 
has an effective index of refraction in the frequency range of interest of 1.67 which yields 
a threshold energy value of 0.126 MeV for electrons and positrons. Electrons and posi- 
trons below this energy will not emit Cerenkov light. Charged muons, pions, and protons 
in a Cerenkov detector will have much higher threshold values due to their larger mass. 
Additional information on SF5 lead glass is included in Table 1. 

Since lead glass counters are often used in mixed fields (leptons and hadrons) it 
becomes necessary to have a working knowledge of the response of the detector to both 
types of incident particles. Presented in this paper for a laterally segmented Cerenkov 
detector (30x30 modules 3.5X3.5X46 cm3 each module) are data for 1-10 GeV incident 
electrons, photons, protons, and negatively charged pions. The data include pulse height 
distributions, cross-talk between adjacent modules, and the effect of threshold cuts on 
energy resolution and the previously mentioned calculated quantities. The method of cal- 
culation is presented in Section I1 and the results of the calculations are presented and dis- 
cussed in Section 111. 

11. Method of Calculation 

The calculations performed with the CALOR computer system follow approximately 
the procedures used in previous calculations.'*2 A flow diagram of the codes in CALOR is 
given in Fig. 1. The three-dimensional, multimedia, high-energy nucleon-meson transport 
code (HETC)3 was used, with modifications, to obtain a detailed description of the 
nucleon-meson cascade produced in the devices considered in this paper. This Monte 
Carlo code takes into account the slowing down of charged particles via the continuous 
slowing-down approximation, the decay of charged pions and muons, inelastic nucleon- 
nucleus and charged-pion-nucleus (excluding hydrogen) collisions through the use of the 
intermediate-energy intranuclear-cascade-evaporation (MECC) model (E < 3 GeV) and 
scaling model (E > 3 GeV), and inelastic nucleon-hydrogen and charged-pion-hydrogen 
collisions via the isobar model (E < 3 GeV) and phenomenological fits to experimental 
data (E > 3 GeV). Also accounted for are elastic neutron-nucleus collisions (E < 100 
MeV), and elastic nucleon and charged-pion collisions with hydrogen. 
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Fig. 1. Flow diagram of the CALOR computer system. 
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The intranuclear-cascade-evaporation m d e l  as implemented by Bertini is the heart of 
the HETC codes4 This model has been used for a variety of calculations and has been 
shown to agree quite well with many experimental results. Even when agreement is not 
very good, the results produced by this model can lead the user to make correct decisions. 
Tbe underlying assumption of this model is that particle-nuclear interactions can be 
treated as a series of two-body collisions within the nucleus and that the location of the 
collision and resulting particles from the collision are governed by experimental and/or 
theoretical particle-particle total and differential cross-section data. The types of particle 
collisions included in the calculations are elastic, inelastic and charge exchange. This 
model incorporates the diffuseness of the nuclear edge, the Fermi motion of the bound 
nucleons, the exclusion principle, and a local potential for nucleons and pions. The density 
of the neutrons and protons within the nucleus (which is used with the total cross section 
to determine interaction locations) are determined from the experimental data of 
Hofstadter.4 Nuclear potentials are determined from these density profiles by using a 
zero-temperature Fermi distribution. The total well depth is then defined as the Fermi 
energy plus 7 MeV. Following the cascade part of the interaction, there is excitation 
energy left in the nucleus. This energy is treated by using an evaporation m d e l  which 
allows for the emission of protons, neutrons, d, 3He, a, and T. Fission induced by high- 
energy particles is accounted for during this phase of the calculation by allowing it to com- 
pete with evaporation. Whether or not a detailed fission model is included has very little 
effect on the total number of secondary neutrons produced. 

The source distribution for the electromagnetic cascade calculation is provided by 
HETC; it consists of photons from neutral pion decay, electrons and positrons from muon 
decay (although this i s  usually not of interest in calorimeter calculations because of the 
long muon lifetime), deexcitation gamma rays from inelastic nuclear collisions, and fission 
gamma rays. Since the discrete decay energies of the deexcitation gammas are not pro- 
vided by HETC and only the total energy is known, individual gamma energies are 
obtained by uniformly sampling from the available energy unEd it is completely depleted. 
The transport of the electrons, positrons, and gammas from the above sources is carried 
out using the ECS ~ y s t e m . ~  

Neutrons which are produced with energies below 20 MeV are transported using the 
MORSE697 Monte Carlo transport code. The neutron cross sections used by MORSE were 
obtained from ENDFB/IV. Gamma rays (including those from capture, fission, etc.) pro- 
duced during this phase of the calculations are stored for transport by the EGS code. The 
MORSE code was developed for reactor application and can treat fissioning systems in 
detail. This ability is very important since a majority of the fission compensation results 
from neutrons with energies less than 20 MeV. Time dependence i s  included in MORSE, 
but since neither HETC nor EGS has a timing scheme incorporated, it has been assumed 
that no time passes for this phase of the particle cascade, Therefore, all neutrons below 20 
MeV are produced at t = 0. General time cuts used in the. MORSE code are 50 nsec for 
scintillator and Cerenkov counters and 100 nsec for liquid argon counters. 

The Cerenkov light pulse is obtained for hadrons from the following equation 



and for electrons and positrons I = C(1- 1/P2n2)Ax. The overall normalized C 
determined relative to 1 GeV incident gamma rays. 
defined as 1 GeV. All particles are normally incident at the center of the center module. 
Since light collection statistics dominates the energy resolution all pulse height 
distributions have incorporated a smearing function so that the resolution of a 1 GeV 
incident gamma ray is 12% (u/E = 1 2 % / E )  with no energy threshold cut. 

The peak of this pulse height 
is 
is 

111. Results 

In many EGS calculations the cutoff energy of the electron/positron is sometimes set 
very high, on the order of several MeV, so as to speed up the calculation. However, 
caution should be applied when high cutoffs are used. The results in Fig. 2 show the 
relative change in the average Cerenkov signal for 1 GeV incident gamma rays when the 
cutoff energy is progressively increased. Approximately 20% of the Cerenkov signal results 
from electrons with energies between 1 .O MeV and the Cerenkov threshold of 0.126 MeV. 

The average Cerenkov pulses in the lead glass arrays are given in Tables 2-8 for 1-, 5-, 
and 10-GeV incident gamma rays and protons and for 1-GeV incident negative pions. The 
numbers in the B tables represent the average signals when 50 MeV energy cuts are 
imposed on each lead glass module; i.e., the signal in each lead glass module must be 
greater than 50 MeV before it is used in calculating the average. The other numbers have 
no energy cuts. 

Substantial cross-talk between adjacent modules is evident in all of the tables. The 
data for the incident gamma rays will sum approximately to the incident gamma ray 
energies. The higher gamma ray energy sum will be slightly less due to energy leakage. 
The average signals for the incident hadrons will sum to values substantially lower due to 
leakage energy, to energy lost in neutron production, and to the production of charged 
particles below the Cerenkov production energy. 

The effect of energy cuts on the average Cerenkov signal and energy resolution is 
present in Table 9. Percentagewise the energy cuts have the largest effect on the 1-GeV 
electron and gamma ray data both for energy deposition and resolution. 

The pulse height distributions integrated over all modules for 1-, 5-, and 10-GeV 
incident electrons, negatively charged pions, and protons are presented in Figs. 3-5. The 
large pulse heights in the hadron cases at approximately 300 MeV are due to 
noninteracting primary particles punching through. The 1- and 5-GeV proton pulse height 
distributions with 50-MeV energy cuts on each module are also indicated as points in Figs. 
3 and 4. 



6 

QRNL-OWG 86-13765R 
3000 

! -GeV INCIDENT y 

CERENKOV THRESHOLD 
(E=0.426 MeV, n =  1.67) 

I 1 1 I I 
0 0.2 0.4 Qa6 0.8 I\ .O 

ELECTRON / POSITRON CUTOFF ENERGY (MeV) 

Fig. 2. Effect of energy on Cerenkov pulse. 



7 

0.8 

0.4 

Table 2.A 

1.9 3.2 1.9 0.8 0.3 

0.5 0.9 0.6 0.2 0.2 

Average Cerenkov pulse (MeV) io Pb-glass array 
I-GeV gamma rays incident on center Pb-glass block 

13.4 

787. 

11.8 

0.1 

- 
0.2 

- 
0.6 

I_ 

0.7 

I_ 

0.5 

- 
0.3 

I_ 

0.1 

- 

0.8 

13.0 

1.6 

Table 2.B 

Average Cerenkov pulse (MeV) h Pb-glass array 
1-GeV gamma rays incident on center Pb-glass blwk 
with a 50 MeV ewrgy cut on each Pb-glass module -;1 0.0 

0.1 

0.0 



8 



9 

- 
Table 4.A 

Average Cerenkov pulse (MeV) in Pb-glass array 
1-GeV protons incident on center Pb-glass block 
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Average Cerenkov pulse (MeV) in Pb-glsss array 
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Table 9 

Effect of energy cuts on average Cerenkov signal and energy ressolotlon 

Energy Cut 
(MeV) 

0. 
2. 
4. 

10. 
20. 
50. 

Average Signal (MeV) 

5 C e V  IO-CeV 1-Gev 
Gamma e' Gamma e- Gamma e- 

999. 999. 4952. 4931. 9851. 9777. 
989. 989. 4932. 4910. 9825. 9751. 
977. 977. 4904. 4883. 9789. 9715. 
947. 947. 4834. 4812. 9696. 9621, 
910. 910. 4750. 4731. 9575. 9498. 
843. 842. 4608. 4595. 9340. 9282. 

Energy Resolution (AE/E%) 

0. 11.8 12.0 5.3 5.4 4.2 4.1 
2. 11.9 12.4 5.3 5.4 4.2 4.1 
4. 12.2 12.6 5.4 5.4 4.2 4.1 

10. 12.7 13.4 5.5 5.5 4.2 4.1 
20. 13.9 14.6 5.6 5.6 4.3 4.1 
50. 17.1 17.7 6.0 5.9 4.7 4.2 
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