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Radiation-resistant composite scintillators based on grains of inorganic single crystals of the yttrium orthosilicate
Y2Si05:Ce and yttrium aluminium garnet Ys3Al;0i2:Ce were studied. The irradiation of the samples by KIPT
10 MeV electron Linac causes the dose rate of 1,500 Mrad/h or 0.1 Mrad/h when it is 9.2 MeV beam electrons or
bremsstrahlung photons, respectively. We run the measurements of light transmittance, luminescence spectra and
scintillation light outputs of a scintillator before and after irradiation. The paper presents and analyzes the results
obtained for scintillators exposed to doses about 25 Mrad (the dose rate is 0.1 Mrad/h) and 150 Mrad (the dose rate

is 1,500 Mrad/h).
PACS: 42.88.+h, 81.05.Zx, 81.40.Wx

1. INTRODUCTION

Experiments that are planned or being carried out
at the new-generation high luminosity particle and
heavy-ion accelerators (such as the LHC at CERN)
are featured by the exposure of the detectors and sub-
detectors (trackers, calorimeters, etc.) to a high level
of radiation doses. One of the examples is the CMS
experiment at the LHC. The maximum dose accu-
mulated in the CMS HE ”critical” zones upon the
LHC ultimate shutdown is estimated as 30 Mrad [1].
Furthermore, there are plans of gradual increase of
the LHC luminosity by the order of the magnitude
in the future. Therefore, a development of materials
for radiation detectors with high radiation resistance
becomes an important issue.

In the very begging of our study, we investigated
the dielectric gel compositions for radiation resis-
tance. The study showed that the light transmittance
T-values, practically, did not change with increase in
the radiation dose D about 90 Mrad. More details
you can see in paper [2].

In previous papers [3],[4] we investigated the com-
posite scintillators based on single crystal grains

GdySiO5:Ce  (GSO), GdaSia07:Ce  (GPS) and
Al,O5:Ti%t as a radiation-resistance materials. The
aim of this work is to study the other promising
materials, namely the composite scintillators based
on single crystal grains of the yttrium orthosilicate
(Y2Si05:Ce (YSO)) and yttrium aluminium garnet
(Y3Al5012:Ce (YAG))

As in the previous papers, we are following the
classical definition by Birks. If the amplitude of the
scintillation signal before irradiation I(0) decreases
to I(D) after irradiation by dose D then according to
this definition a scintillator is considered as radiation-
resistant up to dose D, in the case when the relative
amplitude of scintillation pulses I(D)/I(0) > 1/2,
where [5]. Below the same approach we will use not
only for scintillation output, but also for the optical
transmittance of a scintillation material.

The light yield of YSO single crystal is about
9,200 ... 10,000 photons/MeV. The value of decay
times for the single crystals is 42 ns [6]. The light
yield of YAG single crystal accepted to estimate
9,000 ... 11,000 photons/MeV. The value of decay
times for the single crystals is 120 ns [7].
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2. EXPERIMENTAL DETAILS

2.1. Preparation of composite scintillators

In this work, we used the dielectric polydimethyl-
siloxane gel Sylgard-184 as the base material for com-
posite scintillators [8].

To obtain a composite scintillator we mechani-
cally grind up a single crystal boule. After that, the
necessary fraction of the grain sizes we select using
a set of calibrated sieves. The grains we introduced
in dielectric gel according to the following technique.
Firstly, we introduced the grains in the first compo-
nent of the gel. After adjunction of the second com-
ponent, the gel composition is carefully mixed, and
after that, it is introduced into a forming container, in
which it left up to it complete polymerization. As the
result, the scintillator is obtained and can be taken
from the forming container. We investigated the com-
posite scintillators with thickness 4 mm (the size of
the grains was 0.5...2 mm).

2.2. Irradiation of the samples

As in our earlier studies [2]-[4], we irradiate the
samples at the KIPT 10 MeV electron Linac. During
the irradiation at the room temperature, the dose
rate was practically uniform over the sample sur-
faces. Inhomogeneity of irradiation of the samples
did not exceed 5%. Direct irradiation of a sample by
9.2 MeV beam electrons provided the highest dose
rate, namely, 1,5004+5 Mrad/h. The samples irradia-
tion by bremsstrahlung photons causes the consider-
ably lower rate. It was equal to 0.10£0.01 Mrad/h.
The samples were, consistently (by one sample of each
type), exposed to radiation until they accumulated
the necessary integrated radiation dose. The dose
was measured by Harwell Red 4034 plastic dosime-
ters to an accuracy of +£10%. The details we outlined
in [4]. One of the composite scintillators in each se-
ries we used as a check sample and it was not exposed
to radiation.

2.3. Measurements of scintillation light
output and decay time

The set of gamma sources allowed us to calibrate
the energy scale of the measuring setup. We used
not irradiated composite scintillators of Y5SiO5:Ce
and Y3Al5015:Ce as the reference for correspond-
ing composite scintillators. For all the scintillators
the relative light output we obtained as the result of
measurements of scintillation amplitude spectra. For
YSO:Ce and YAG:Ce the scintillators were excited
by alpha particles from radionuclide sources 239Pu
(5.15 MeV). Measurements we run before and after
irradiation.

The measurements of scintillation pulse shape we
run using a delay coincidence technique (see [9]).
Gamma radiation from a '%?Eu radionuclide source
we used to measure a decay time 7 of YSO and YAG
scintillators.

2.4. Measurements of transmittance

To measure the light transmittance T" in the range
from 300 to 700 nm we used Shimadzu-2450 spec-
trophotometer with the integrating sphere. The com-
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parison channel remained blank and the light flux
inside it is the same as the light flux falling on a
sample in measuring channel. The inaccuracy of the
calibration was limited by 0.5%. The value of T we
calculated as follows:

T = (I/I) - 100%, (1)
where Ij is the light flux in comparison channel, I
is the light flux, which has passed through a sample
in measuring channel. Actually, the T-value (1) is a
relative luminous transmittance, where T = 100% it
is the luminous transmittance of air.

2.5. Measurements of luminescence and ex-
citation spectra

To obtain luminescence spectra and absorption
spectra we used spectrofluorimeter Varian Cary
Eclipse. In our experiments, the range of wavelengths
is 300 - 700 nm.

3. RESULTS AND DISCUSSION

3.1. Measurements of luminescence

Figs.1 and 2 show photoluminescence spectra
for the composite scintillators containing YSO and
YAG grains before (D = 0) and after irradiation

(D = 150 Mrad) with dose rate 1,500 Mrad/h.
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Fig.2. Normalized luminescence spectra of 4 mm
composite scintillator containing grains YAG

Figs.1 and 2 represents the normalized spectra
and shows the typical example of the luminescence
spectra obtained for the composite scintillators based



on YSO and YAG grains after irradiation with dif-
ferent D. They demonstrate that the luminescence
spectra of composite scintillators do not change their
shape with irradiation. This means that new peaks
do not appear in this spectrum, and therefore new
luminescent centers do not appear too.

3.2. Relative light transmittance

The luminous transmittances T’ were measured in
the wavelength range from 300 to 700 nm.

Fig.3 and Fig.4 demonstrate the luminous
transmittance T of the composite scintillators
based on grains of single crystals YSO and
YAG, respectively, for different doses of irradia-
tion and the dose rate equal to 1,500 Mrad/h.
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Fig.3. T wversus A for 4 mm thick composite
scintillator based on the grains of a YSO single
crystal. The dose rate was 1,500 Mrad/h
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Fig.4. T versus \ for single-layer composite scin-

tillator based on the grains of a YAG single crystal.
The dose rate was 1,500 Mrad/h
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Fig.3 and Fig.4 show that the composite scin-
tillators based on YSO and YAG at least for
D = 150 Mrad is radiation resistant, because the T-
value for the band of luminescence (A > 390 nm for
YSO and A > 520 nm for YAG) reduce less than to
half.

3.3. Relative light output and decay time

Fig.5 shows the results of measuring the rel-
ative light output L, for composite scintillators
based on the grains of an YSO single crystals.
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Fig.5. Relative light output L,¢; of the scintillators

based on Y5S8i05:Ce (YSO) for different integrated
doses D and dose rate

Fig.5 demonstrates not only that L,.;-value does
not change more than 2 times with the doses increase,
but also increases with increasing dose. It gives the
evidence of the high radiation resistance of compos-
ite scintillators based on the grains of an Y2SiO5:Ce
single crystal.

Fig.6 shows the results of measuring the rel-
ative light output L, for composite scintillators
based on the grains of a YAG single crystals.
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Fig.6. Relative light output L, of the scintillators
based on Y3Al; O19:Ce (YAG) for different integrated
doses D and dose rate

Fig.6 demonstrates that L,-value does not
change more than 2 times with the doses increase.
E.g., the L,;-value of composite scintillators for dose
rate 1,500 Mrad/h and 0.1 Mrad/h are within 0.85
and (.88 relative units, respectively.

Fig.5 and Fig.6 demonstrates that composite scin-
tillators based on the grains of YSO and YAG are
radiation resistance to dose above 25 Mrad with
dose rate 0.1 Mrad/h and 150 Mrad with dose rate
1,500 Mrad/h.

To understand the possible influence of dose
D on the decay time of composite scintillators
based on YSO and YAG, the measurement of the
decay time was carried out before and after ir-
radiation. Fig.7 and Fig.8 present these results.
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based on YAG for different integrated doses D

Comparison of the Figs. 7 and 8 shows that the ir-
radiation of the scintillator leads to a slight decrease
in the decay time.

Thus, the composite scintillators based on single
crystals YSO:Ce and YAG:Ce are radiation-resistant
to doses not less than D = 150 Mrad for dose rate
about 1,500 Mrad/h and D = 25 Mrad for dose rate
0.1 Mrad/h. The scintillation light output and the
luminous transmittance T of composite scintillators
based on grains of YSO:Ce and YAG:Ce single crys-
tals does not change significantly with dose increase.
The normalized luminescence spectra show that new
luminescent centers do not appear. The study of the
scintillators for higher dose is planned.

4. CONCLUSIONS

1. Composite scintillators based on grains of
Y2Si05:Ce (YSO) and Y3Al5012:Ce (YAG) are
radiation-resistant at least up to D = 150 Mrad and
D = 25 Mrad when the dose rate is 1,500 Mrad/h
and 0.1 Mrad/h respectively.

2. Transmittance decreases less than 2 times
over the range of the luminescence of the scintilla-
tor, which also indicates that these scintillators are
radiation resistant.

3.  Luminescence spectra does not change, it
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means that the new luminescent centers do not ap-
pear.

4. Decay time constants of composite scintillators
based on grains of the yttrium orthosilicate (YSO)
and yttrium aluminium garnet (YAG) decrease with
D-value increase from 45 to 40 ns and from 79 to
73 ns, respectively.
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KOMITIO3UIINOHHBIE CIITMHTNJIJIATOPBI HA OCHOBE
MOHOKPUCTAJIJIMYECKUX I'PAHVJI Y5SiO5:Ce (YSO) U Y3A1;012:Ce (YAG)

H.3. I'aaynos, A.B. I'epacumos, T.E. I'opbauesa, B.B. I'punés, H.J/I. Kapasaesa,
C.Y. Xabycesa, A.B. Kpew, JI.I. Jleeuyx, E.B. Mapmuvnenrxo, B.®. Ilonos,
0.11. Cudreuxudi, ] II.B. Copoxun, ‘ O.A. Tapacenxo

Uccmenopanbl Ha DPAIUAIMOHHYIO CTOMKOCTH KOMITO3WIIMOHHBIE CIMHTHUJIISITOPBI HA OCHOBE TDAHYJ HEOD-
TaHUYIECKUX MOHOKPUCTALIOB Y2S105:Ce u Y3Al;012:Ce. [lnist mogyyuenust KOMIO3UIMOHHOTO CITHHTHILIIS-
TOpa 3épHa ObLIM BBEJEHBI B JAUIIEKTPUIECKYIO Telb-Kommnozunuio Sylgard-184. O6pasiel obiaydanuch Ha
ssekrpontoM (10 MsB) suneiinom yckopurene XO®TIU nenocpeacrBeHHO JEKTPOHAMU IIyYKa € SHEPIHEi
9,2 M»B (upu mownocru 103bt 1500 Mpay/4) u ropmosubivu doronamu (1pu momnocru 403bl 0,1 Mpag/4g).
3HadyeHNsT TMPOIYCKAHUS CBETA, JIIOMWHECIEHIIUNA W CBETOBOTO BBLIXO/A U3MEPSINCH 10 U TIOCTe OOIydeHus .
[Ipencrapiensl u TPOAHAIM3UPOBAHBI PE3YJILTATHI, IOy YeHHbBIE JIs CIMHTUIISTOPOB, 00JyYeHHBIX 10 103
25 Mpag upu remne 0,1 Mpan/4 u 150 Mpax npu remne 1500 Mpag /4.

KOMIIO3UIIINHI CIIMHTUJIATOPY HA OCHOBI MOHOKPUCTAJITYHNX 'PAHYJI
YQSIO5:Ce (YSO) TA Y3A15012:Ce (YAG)
M.3. I'aaynos, S.B. I'epacumos, T.E. I'opbawosa, B.B. I'punvos, H.JI. Kapasaesa,
C.Y. Xabycesa, A.B. Kpewu, JI.I. Jleeuyx, €.B. Mapmunenxo, B.II. Ilonos,
0.11. Cidreuprudi, ‘ I1.B. Copoxin, ‘ O.A. Tapacenxo

Hocmimkeni Ha pagiarifiny CTIHKICTb KOMIIO3UIHHI CIHHTHIATOPH HA OCHOBI T'PAHYJ HEOPTaHITHHX MOHO-
kpuctais Y2Si0s5:Ce 1a Y3Al5012:Ce. JIjist oTpuMaHHsT KOMIO3UITHHUX CIIUHTUIISITOPIB TPAHyIn OyId BBe-
JIEHO B JIeJIeKTPUUHY Tesb-Komuosuiio Sylgard-184. 3pasku onpomintoBasiucs Ha ejekrpounomy (10 MeB)
minitnomy npuckoproadi X®TT Gesnocepentno eekrponamu mmydka 3 eaeprieio 9,2 MeB (npu noryxuocri
no3u 1500 Mpaa/roa.) i ranemiBauvu doronamu (npu noryxuocti aosu 0,1 Mpas/ron.). 3nadenus upomyc-
KaHHs CBITJIa, JTIOMIHECIIEHIIl Ta CBITJIOBOrO BHXOIY BUMIPIOBAJINCA A0 i micia ompominenHsi. IlpeacraBieni
Ta TIPOAHAJIIZ0BAHI PE3YILTATH, OTPUMAHI JJIs CIIMHTUIATOPIB, OMPOMiHEHUX 110 703 25 Mpam mpu Temmi
0,1 Mpag/roa. ta 150 Mpax npu Temni 1500 Mpan/rox.
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