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ABSORBED DOSE IN SCINTILLATORS
OF ZERO DEGREE CALORIMETER AT IRRADIATION
BY PB NUCLEI WITH 157.7 GEV/INUCLEON ENERGY

A.A.Astapov, A.N.Maximov, A.S.Vodopianov, L.N.Zaitsev

For the first time the absorbed doses in scintillators of hadronic calorimeter are measured
and compared with the results of simulation of the Pb-Pb interactions at 157.7 GeV/nucleon
energy. Measurements were performed during the Pb-run of WA-98 experiment at CERN SPS
using the Zero Degree Hadronic Calorimeter (ZDC). The efficient way is proposed to increase
the calorimeter resource by means of combination of the recovery of optical properties of the
scintillator + light guide system and of the decrease (shifting) of the maximum dose value.

The investigation has been performed at the Laboratory of High Energies, JINR.

IlornomenHas no3a B cumHTWLIATOpax ZDC
npu obxydenns aapamu Pb ¢ 3ueprueit 157,7 I'sB/uyknon

A.A.Acmanos u op.

Brepssie npu Pb-Pb B3auMoneiicTsuax u sreprun 157,7 I'sB/HyK/I0H H3MepeHE! NOMIONIEH-
HbIE JI03bl B CUHHTWUMITOPAX aIPOHHOIO KAIOPHMETPA, KOTOPHIE CPABHUBAIOTCA C Pe3y/ibTa-
TamH pacyetoB. UsMepenus muimonnenst Ha ZDC Bo BpemMs WA-98 skcrepumenTa Ha SPS
(CERN). [lpennoxen sddexTuBHbli Cc10CO0 YBIMYEHHS pecypca KATODHMETPOB MyTeM
KOMOHHALMU BOCCTAHORICHHS ONTHYECKHX CBOMCTB CHCTEMBI CLMHTIJLISTOP + CBETOBOX M MEp
0 YMEHBIICHHIO (CMELIECHHIO) MAKCHMAIBHOM BE/IMYKHBL HO3BL.

Pafora Brmonueka B JlaGoparopuu Bhicokux axepruit OUSH.

1. Introduction

Performance of the experiments at the high energy beams of the high intensity
accelerators like the LHC, RHIC, etc., puts strong requirements on the radiation resistance
of the detectors being used. In this case the major loading corresponds to the forward
calorimeters. Obviously, the simulation of radiation loading and the results of test
experiments are very important for development of detectors. It has been commonly ac-
knowledged the high reliability of FLUKA and MARS [1] as the radiation level estimators
for the primary high energy protons. These codes have been successfully tested [2].

However, the corresponding experimental results are practically absent for the beams
of high energy nuclei with the exception of data [3] obtained at the energies by 10
GeV/nucleon.
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In this work, for the first time the absorbed doses in scintillators of hadronic
calorimeter are measured and compared with the calculation results for the Pb-Pb
interactions at 157.7 GeV/nucleon energy. For this purpose we have used the Zero Degree
Hadronic Calorimeter (ZDC) of WA-98 experiment at CERN SPS. The ZDC is located at
the far end of the set-up and sees in the forward direction of secondary particles and beam
nuclei passing without interaction in a target.

2. Dose Simulation

The cascade, induced by heavy relativistic nucleus, has the new component which, in
its turn, is the cascade of the multicharge fragments (MFC). In contrast to the proton-
nucleus interactions, the nucleus-nucleus ones have additional sources of the nucleon-
meson cascade (NMC) — nucleons of the spectator residuals of the primary nuclei and of
the electron-photon shower (EPS) — photons, appeared due to the excitation removal of the
largest fragments of these residuals.

Electrodissociation of the target nucleus gives the contribution to the dose for the
proton-nucleus cascade at energies more than several hundred GeV. The electrodissociation
cross section is already comparative with the one of other nuclear process of the nucleus-
nucleus cascade (particularly, for Pb-Pb) at the energies of a few tens GeV/nucleon. Since
the velocities of the hadrons and fragments, emitted by the primary nucleus, are
approximately equal to the projectile ones, the electrodissociation process has to be
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Fig.1. Contributions of the cascade components to the maximum dose in the semi-
infinite lead block [3]: | — primary particles; 2 — nucleon-meson cascade; 3 —
electron-photon shower, 4 — low energy charge particles and neutrons; 5 —
multicharge particles
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Fig.2. Longitudinal distribution of the D,G
absorbed dose per one incident particle

in the semi-infinite lead block: e— ex-
periment at 300 GeV (protons) [2];

=~ — calculation by MARS code at 4g-7
150 GeV [S5]; A — experiment at
157.7 GeV/nucleon, normalized by
Apy, =208 times (see the table)
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considered as the additional contribution to the dose from new sources of the NMC and
EPS, and the nucleus dissociation of the environment material — as the new source of the
low energy component of the cascade.

. Figure 1 shows the secondary radiation contributions to the absorbed dose (in cascade
maximum) in dependence on the primary particle energy. The estimation is made with the
EDMONT code [3], which has been preliminarily tested by means of comparison with
experimental dose values, obtained by means of calorimetric dosimeters on the 2.55 GeV

proton, 7.31 GeV/nucleon deuteron, 3.65 GeV/nucleon carbon nucleus beams of JINR’s
Synchrophasotron [4].

At the energies of a few hundred the dose is determined mostly by the EPS, induced

by n0—>'yy decays, and therefore the radial distribution D(r) in the cascade maximum
coincides with the corresponding distribution of the electromagnetic shower [1,2].

The spatial dose distribution was calculated in the lead dump of the 150 GeV proton
beam [5] with the use of the modified MARS code version [1]. In Fig.2, the longitudinal
dose distribution is compared with the experimental one at 300 GeV [2]. As expected, the
calculated curves underestimate the experimental points at r=0, coincide with them at
r=2 cm and overestimate the measured values at r=12.5 cm. Such a picture is explained
by difference of the projectile proton energies. The radial dose distribution at z=17 cm
(Fig.3), obtained with the EDMONT code, demonstrates it.
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Fig.3. Radial distribution of the absorbed
T dose per one primary particle in the semi-
infinite lead block at z=17 cm: 1 — for
100 GeV/nucleon Pb nuclei, calculation
by EDMONT code [3], experiment A at
157.7 GeV/nucleon; 2 — for 150 GeV
protons, calculation by MARS code [5],
experiment eat 300 GeV [2]
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3. Absorbed Dose Measurements

The ZDC calorimeter has 75 x 105 x 1850 cm’ dimensions and consists of 35 modules
with 15x 15 cm* cross sections. Every module represents a set of alternating plates of
scinianon material {PS) and lead one witn Inckness of 2.5 mm and 1Y mm, TespetnveYy.
Figure 4 shows the irradiation geometry for two central modules with wave length shifters
(WLS). During the run the beam had two positions but that did not affect results (r1 = r?_).
In our experiment, very thin film dosimeters may be used only in order to place them into
the splits between the modules avoiding the calorimeter demounting. We could place, as it
is shown in Fig.4, three colour film CDP-4-1 dosimeters (analogous to the FWT-70 [6]),
developed on the polychlorstyrene basis with 150 pum thickness, 1 cm? cross section and
12g- cm™? density. These detectors are able to measure the absorbed dose in the interval
from 10 to 2 - 10° Gy.

CDP-4-1 detectors considerably differ from other film detectors in several important
characteristics. They have not any detectable postirradiation effect and are slightly sensible
to oxygen. The detector readings do not depend on the dose rate over the range

107 + 107 Gy - s”! at the room temperature. At the temperature raise up to 70°C, the film
dosimeter readings change by three times. Because of small dimensions and the radiation
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Fig.4. Irradiation geometry of the cen- 3
tral modules (the rest modules are not 4
shown): 1 — alternating scintillation / F4
and lead plates; 2 — wave length shif- 1 ——— ()
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similarity, the detector location between the calorimeter modules does not distort the secon-
dary radiation field. Under irradiation, the film dosimeters are getting the specific color in
the dependence of the absorbed dose value. Detailed investigations of these dosimeters are
performed in the work [6]. Dose values are obtained from the optical density measured by
the SF-26 photospectrometer and graduation curves.

While being calibrated with the 60Co-source (Ey~ 1.25 MeV), our dosimeters were

placed in the material, which was equivalent to the detector one in order to obtain the
electron equilibrium. The total error did not exceed 12% at the confidence interval of 0.95.
For the first time we performed the calibration of the colour film dosimeters in complex
radiation field of the nuclear-electromagnetic cascade at the energies from several units to
tens GeV. The above-mentioned copper microcalorimeters [4] were used as the test
dosimeters. In this case the uncertainty was estimated to be as high as 25% due to the
experimental inaccuracy and the imperfect radiation similarity.

To obtain the equivalent effect (optical density) the larger absorbed dose is necessary
in complex field than in the case of y-irradiation. It is seen, that for higher energies of
projectile particles this difference decreases since the linear transmission of the energy
(LTE) decreases also with the growth of contribution of the electron-photon shower to the
total dose (see Fig.1).

The experimental results of the absorbed dose measurements are presented in the Table.
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Table. Experimental results for Pb-Pb interactions with 157.7 GeV/nucleon energy

Seance Number Time Beam size, {Dose (Gy) in points with coordinates (cm)
of Pb nuclei of the mm
. . .. =10 r=10 r=10
during one | irradiation, r
n s z=57 z=13.7 z2=222
November — o:=4
December, ~ 10" 3108 oy=5 118430 220455  522%13
1995

4. Discussion

It is necessary to stress that the dose from the hadrons is several times higher than that
one from Yy-radiation (60C0) with the equal optical density of polystyrene [6], that is also
confirmed by our dosimeter calibrations.

From the other hand, the permissible limit dose D),  of the PS + WLS system in hadron

field of the operating calorimeter is, in contrast, less than one in the isotope source tests
{7.8]. Authors of [8] tried to explain the 10-times discrepancy of the prediction and results

by accounting for the considerable difference of dose rates, which were equal to 2.8 - 107

Gy - s ®%Co) and 5.6- 1077 Gy - s”! (hadrons), when radiation oxidation effects appeared.

Rough estimations showed [9], that the dose in scintillator was DPS =43.10° Gy and
that one in the wave length shifter closest to the particle beam (Fig.4) was Dy, <= 36 Gy,

where the dose rate was in the interval 1072+ 107 Gy - s7h Light losses of scintillator
samples were 10% at D, =5- 10* Gy and at the dose rate of 2.8 Gy - sL

However, the radiation oxidation effect was not observed under irradiation by co

source with dose rates 6 - 1072 Gy - s and 32107 Gy - s”! [10]. Therefore we believe
that the type and energy of secondary particles, operation conditions (temperature, joint
affection of radiation and light) are also important and can lead to the opposite result. The

light intensity in the maximum of the cascade curve for the ZDC is ~ 10" em™2 - 57",

The photoradiation affection is the complex process and cannot be considered as the
direct sum of radiation and light affections. The photoradiation growth of outputs of
intermediate active particles and the polymer destruction can overcome the recombination
of particles or the destruction decrease with the LET increase of irradiating particles
without the light affection (LETy~ 0.2 keV /um; LET ~20 keV /um).

hadrons
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The relaxation of intermediate active particles [11] slows down due to the
photoradiation. The, optical properties recover faster with the LET increase under irradiation
without light. Moreover, under the affection of the photoradiation the efficiency of
scintillation, spectrum displacement and antiradiation ingredients shows down also. So,
radiation-resistant scintillators can have the smaller photoradiation resistance than that one
predicted from simple radiation tests [12,13].

5. Conclusion

The problem of correspondence of the permissible limit dose obtained by isotope
source tests, to the real Dlim values for calorimeters is related to the correct determination

of spatial dose distributions in both scintillators and wave length shifters. To solve this
problem it is necessary to perform the benchmark experiment on a model of working
calorimeter with the correct mathematical simulation of particle transport over the energy
range from several hundred GeV to tens TeV.

At the real calorimeter exploitation the dose collection will be accompanied by the
periodical interruptions. Therefore the recovery of the optical properties of the PS + WLS
system by means of interruption (relaxation) combinations and very small displacements of
the beam meeting point is perspective way to increase the calorimeter resource.

Acknowledgement. The authors would like to thank Prof. Hans H.Gutbrod for the
permission to use the ZDC calorimeter for these studies, Drs. A.Malakhov and
A Kovalenko for their support and Dr. G.Shabratova for useful discussions.

References

1. Moxos H.B. — DYAS, 1987, tom 18, BBIN.S, ¢.960.

2. Muraki Y. et al. — Nucl. Instr. Meth., 1985, A236, p47.

3. 3aitues JI.H., Chipeiiiukos A.E., Los6yn B.U. — Coobienne OUSIU 16-87-821,
Hybna, 1987.

4. Hauxos B.H., 3aiines J.H., Myaran C.B. u ap. — Coobenue OUSIHU 16-84-677,
Hy6na, 1984.

5. Axrmpeit M.JI., Kypoukun H.A., Moxos H.B. — Tesuch noknanos IV Bcecoosnoii
HAYYHOH KOH(EPEHLHH IO 3ALIMTE OT HOHU3MPYIOLUNX M3NYydEHUl AAEPHO-PU3UYECKHX
ycTaHOBOK, ToMck, 1985, c.8.

6. A6pocumos B.K. u ap. — B ¢6.: Hoxnamsl VIII BcecowsHoro copelanus mo JIO3H-
METPHH MHTCHCHBHBIX NOTOKOB HOHU3UPYIOIUX W3nydyeHHi, OOHuHCK, 1987, c.142.

7. Marimi G. et al. — Preprint CERN 85-08, Geneva, 1985.

8. Sirous Y., Wigmans R. — Nucl. Instr. Meth., 1985, A240, p.262.



13.

Astapov A.A. et al. Absorbed Dose in Scintillators

. Eremeev R. et al. — JINR Rapid Comm., 1995, No.2[70}-95, p.45.
10.
11.
12

Bacunpyerko B.I". u ap. — IT3, 1995, 5, c.85.
3amo6bosckuit H.H. u gp. — T3, 1995, §, ¢.76.
3aiiues J1.H. — PanuausonHsie 3¢ekTsl B CTPYKTYpax yckopurened, M., Dueproa-

Tomu3nar, 1987.
3aiiues JI.H. — Coobwenue ONSIH P14-95-104, Qy6GHa, 1995.

Received on April 26, 1996.





