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It is shown that engineering of long length Csl:Tl scintillators for medium and high
energy physics projects significantly depends of the primary performance of scintillation
single crystal. In particular statistical study on several hundred samples for different
project justify significant role of the Tl concentration. Tl concentration gradient along the
bar and final finishing (stability of surface roughness for the light collection tuning) in
the technology optimization for scintillator production. It is necessary to note, that any of
these parameters are not taken into account in the Monte Carlo simulation (Geant 4) that
usually use as the start point for the scintillator optimization.
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IToxasaHO, YTO NMPOEKTHPOBAHNE AIUHHOMEPHBIX cHuHTUIAATOPoB Csl:Tl mas mpoexrtos
no GpusrKe BLICOKUX 9HEPruil AJNd LUAIASOHA CPEJHUX U BBICOKMX JHEPruil B BHAUYUTEIHHON
CTEIIEHN B4BHCUT OT XaPaKTEePUCTUK CLUHTUIAINUIOHHOIO MOHOKpDHCraiia. B dwacrHocTH,
UByYeHUE CTATUCTUYECKUX JAHHBIX HECKOJBKHUX COTEH 00pPasIoB IIOKASHIBAET HA CYI[ECTBEH-
HYI0 POJb B ONTHMUBALVY TEXHOJOTUV MIPOUBBOACTBA CLUVUHTUIJIATOPOB KOHUeEHTpammu 11,
rpajinenTa KoHleHTpanuu 1| Bgosb Opycka u GUHUIITHON 06paboTKu (cTAOUIBHOCTD IITIEPOXO0-
BATOCTHU TOBEPXHOCTU, IPUMeHsgeMoN mpu TioHuUHTe cGopa cBera). Hamo oTMETUTH, UTO KaiK-
OB U3 9TUX mapaMeTpoB He yuuTwbiBaercs B Moure-Kapno mogenuposanuu (Geant4), xoro-
poe, KaK MPaBUJIO, UCIOJAbL3YIOT B KAUeCTBE OTIPABHON TOYKU MPU ONTUMUIAIUYN TAPAMETPOB
CIIUHTUJLITSITOPOB.

Inxkenepia cumnTuaaropis Csl:Tl Benuxoi moBxuHM Hiaa (isMKM BHCOKHX €HEPrii.
d.I3ocum, O.B.Iexmin.

ITorasaHo, 10 NpoeKTyBaHHA goBromMipamx cumHTHIATOPiB CS|:.T| ans npoexrTis 3 Qisurm
BHCOKUX €Hepriil miud miamasoHy cepefHix i BHCOKHX eHeprili B 3HauHiil mMipi sasexurs Bifg
XaPAKTePUCTUK COUHTUIANINHOIO MOHOKPHCTANA. 30KPEMa, BUBUEHHS CTATUCTUYHUX TAHUX
IeK1JIbKOX COTEHBb 3Pas3KiB BKAasy Ha iCTOTHY pPoJb B onTuMmisamii TexHosorii BupoOHHUIITBA
cuuaTUAATOpiB Koumeutparii Tl, rpagienry wommentpanii Tl ysmomk Opycka i dimimrmoi
00pobKu (cTabiNMbHICTL IITOPCTKOCTI MOBEPXHi, IO BacTOCOBYEThCA NPM TIOHIHTY B360py
ceitma). Cmix BimsmauwmTu, 110 KOKEH 3 IIUX TTapaMeTpiB He BpaxoByeThca B Monte-Kapio
mozenioBanHl (Geantd), AKe, AK TMPaBUI0, BUKOPUCTOBYIOTH B SKOCTi BiApPaBHOI TOUKW TIPU
onTuMisanii napaMeTpiB CIMHTUIAATOPA.

© 2015 — STC "Institute for Single Crystals”

1. Introduction

Last decades Csl pure and Tl doped crys-
tals dominated in medium and high energy
physics (HEP) experiments due to ability of
their mass production as bulky long length
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bars [1]. Such projects as BELLE [2], BaBar
[3], FAZIA [4], GLAST [5] had very similar
claim for the light output uniformity along
the bar (i.e the minimal deviation of the
signal A; from average) with the store of
scintillation efficiency (like the light cutput
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— Ly and energy resolution — R). The new
project — CALIFA [6] has to has even bet-
ter uniformity then previous one and dem-
onstrate the progress in the detector assem-
bly performance.

Usually technology of uniformity access
is based on preliminary simulation (Monte
Carlo, like Geant4 [7, 8] or conventional es-
timation [9]) that has to demonstrate the
surface roughness which will lead to the
light output uniformity [10-12]. Later per-
formance was reflected the state of the art
with crystal finishing, stability of the sur-
face conditions and reflector. At the same
time simulations and experimental practice
always based on the assumption that the
crystal physical and optical parameters are
always the same and have not act to the
process of detector development.

This work is directed to analysis of sta-
tistical data and deviation of long scintilla-
tor performance from average due to the
influence of host crystal parameters to the
scintillation uniformity.

2. Experimental

The main data base cover few thousands
Csl(Tl) samples for HEP projects [3] and [5].
Reference samples were prepared from the
same quality raw material at the same tech-
nology [13]. All samples were cut and fin-
ished by the same technology too.

Absorption spectra and proper coefficient
were measured at 10x25x45 e¢m samples
(10 cm is the absorption length). Neverthe-
less Tl concentration in all samples was in-
side the plato (L = f(Cy)) [14]) of the scintil-
lation yield vs. activator concentration this
value was measured by an optical method as
well. All samples were selected to two
groups: with the uniform Tl concentration
along the bar and with non uniform distribu-
tion. Intrinsic stress level was tested by opti-
cal polarization technique (PKS-250 [15]).

The light output and energy resclution
were measured at reflector (BHA film [16])
wrapped crystals with Hamamatsu R1306
PMT on the MCA Sugan [17]. There were
three typical gamma sources with energies
511, 661.5 and 1275 keV. An optical pad
from PMT and samples was used. The L
value was measured with non collimated
source removed from the crystal at the dis-
tance that was equal to the crystal length.
The data spread from point to point of irra-
diation was estimated as

Functional materials, 22, 1, 2015

39
)
/N
/ \
X 26+ / \
2 /
o
>
w
e T_j
1.8
Fig. 1. Light output distribution of

1.0x4.5x22 cm3 Csl(Tl) bars.
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The same 1” x 1” size Csl(Tl) detector was
used as the reference crystal for all meas-
urements. Spectrometry line allows sustain
accuracy of L measurements not wore than
0.285 %.

For the group with different h/d rate
(length (#) to cross section (d) size) and
uniform Tl distribution the percentage (p)
(where p=m/M; m is amount of samples
with 8Ly = 0, M is the total amount of sam-
ples) was estimated.

Refraction index (n) was evaluated by
the optical microscope equipped with the in-
dicator Logic™ Basic (Model BG3110-3
(USA) [18]). The accuracy of the test for
different optical glasses was not exceed
~1073. So, this accuracy has to be typical
for our tests of ngg.. Each data is the
average result for at least 10 samples with
the same Tl concentration in samples. The
data spread at the range 10 % include the
difference of non controllable harmful im-
purities (like Na*, for example) and errors
in Tl concentration measurements.

3. Results

As the typical (for different shaped samples)
the 1.0x4.5x22 cm3 Csl(Tl) bars (h/d = 4.77),
were selected. The proper light ocutput dis-
tribution of these crystals is shown at Fig. 1.
It is necessary to note that it looks like two
peaks histogram, nevertheless in accordance
with general simulation it has to be one
Gauss distribution peak.
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Fig. 2. Light output difference measured at
opposite bar entrances as a function of the TI
gradient.

Fig. 1 demonstrates that situation in
large batches of detectors is not simple and
we can propose that some third factors (ex-
cept surface finishing) can deteriorate uni-
formity through formally similar crystals.
First of all it is necessary to check the role
of Tl concentration in Csl bars. It relates to
even continuous growth technique [12] that
allows minimizing the Tl non uniformity in
the ingot comparing conventional Bridgman
technique [19]. The measurements were
completed with PMT matched to opposite
sides of the Csl(Tl) long bars with simulta-
neous control of Tl content along the bar.

Fig. 2 demonstrates the different be-
tween Ly, that were measured at different
Tl concentration gradient (Vg = Aq/Ax). It
has to be noted that even gradient free sam-
ples possess with some OLy.

This phenomenon reflects activator non
uniformity and depends on the Ai/d rate.
This dependence is shown at Fig. 8. The fre-
quency of deviation from 8Ly = 0 is rise up
with increase of k/d rate. (Note these meas-
urements were made for the crystals) with
the uniform distribution of Tl ions along the
crystals).

These data demonstrate some influence
of small Tl ions non uniformity (in the
range of the light output yield) on the light
output uniformity. It can be supposed that
even small changes of activator content can
change crystal properties and later scintilla-
tion uniformity. The refraction index was
chosen as non direct criteria of crystal in-
ternal structure (properties) change. This
change (dependence of refraction index de-
crease with Tl concentration growth in
Csl(Tl) crystal) is visible from Fig. 4. This
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Fig. 3. Dependence of value 8Ly =0 on the
h/d rate for crystals with Cq = const.
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Fig. 4. Correlation between refraction index
(n) and Tl concentration increase in CsI(TI)
crystals.

trend is out from the spread and accuracy
of the n measurement.

4. Discussion and conclusion

Light output distribution of CsI(Tl) bars
(Fig. 1) reflects complex influence of mini-
mal deviation of crystal parameters on the
probability of best crystal performance for
the HEP detector application. The prob-
ability to reach an optimal result does not
exceed 0.47 for the light output and even
less (0.151) for energy resolution.

It means that in major cases the handle
tuning of the surface reflectivity needs to
compensate such deviations. It is necessary
to select (except Tl concentration) yet at
least two aspects that relates to the crystal
structure itself. These are internal stress
relaxation that can change the surface con-
ditions and optical absorption at the emis-
sion wavelength. The first argument can be
removed from analysis if a crystal sustains
at stress relaxation condition during few
weeks till the full surface relief. The second
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parameter influence rise up with the bar
length increase, when optical losses stay
significant. The spread of absorption coeffi-
cient usually does not exceed for Csl (Tl)
crystals 0.05 em™L.

Refraction index selection as the crite-
rion of the crystal deviation for an optimal
(see Fig. 2, 4) has an integrated character.
It includes not only Tl content modifications
but minimal changes of lattice parameter
(Vegard’s rule) and later changes of inter-
nal stresses. The data obtained demonstrate
that accumulation of several "influence”
factor can play an important role with h/d
rate increase and it can be the reason for
the second peak (see Fig. 1) appearance.

Finally it is necessary to note, that con-
ventional modeling software [7, 8] do not
include in the algorithm any of discussed
above parameters or these parameters devia-
tion form the average. It is shown that
their role is not negligible and claim to be
taken into account during detector design
and engineering. This is why the state-of-
the-art with crystal finishing is still the key
element of the long length HEP detector
production.
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