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The light reflection conditions near the crystal fringes are known to differ from those
in the sample middle part due to additional reflections from the butt surfaces. Such
effects may be insignificant (as, for example, in most standard spectrometric detectors)
but may be of importance in image visualization systems (as gamma cameras). In this
work, the light yield inhomogeneities near the butt surfaces of gamma camera detectors
are studied. Seven types of the crystal surface treatment and the reflecting coating
materials are considered.

WsBecTHO, uTO BOJMBM KpPaeB KPHUCTAJJIA YCJIOBUS OTPAKEHHs CBeTa OTJIMYAIOTCH OT
TAKOBBIX B CcpemHeil yacTtu o0pasiia m3-3a JOIOJHUTEJIbHBIX OTPAa’KEHHII CBeTa OT TOPIEBBIX
moBepxHocTeil. Takoro poma apdeKTsl MOryT OBITHL HECYIeCTBeHHBIMU (KaK, HAIPUMED, IJs
OOJIBIIMHCTBA CTAHJAPTHBIX CIEKTPOCKOIMYECKHX [AETeKTOPOB), HO B CJIydYae CHCTEM IJis
BU3yasu3anuu us3obpaskeHuil (ramMmma Kamepa, HANOPHMEDP) MOLYT HIPATh CYIECTBEHHYIO
posb. B paGore mcciaenyoTcsa HEOTHOPOJHOCTH CBETOBOI'O BBIXOZA BOJIM3U TOPIEBBIX IIOBEPX-
HOCTell IeTeKTOpOB [Jsi ramMma Kamep. PaccmarpuBaioTcs ceMb BapHaHTOB 00pabOTKU IIO-
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BEPXHOCTH KPHUCTAJJIA W BHIOOpPA MATEPHAJa CBETOOTPAMKAIOIIUX HOKPBITHIH.

The use of large-area scintillation detec-
tors is among the most common ways to
visualize images in scientific and medical
application fields (SPECT cameras) [1]. In
such cases, the optimum detector design is
defined by two main factors: the physical
homogeneity of the scintillation crystal and
the minimization of fringe effects associ-
ated with the light reflection specific fea-
tures at the crystal butts. The geometric
causes of such fringe effects is illustrated
in Fig. 1. It is seen that at the crystal butt,
a fraction of light reflected from the side
surface may return to the crystal or leave
it. This effect gives rise to the light yield
inhomogeneity that must be manifested to
the greatest extent near the side butts
(fringes) of the scintillator. At the same
time, it is known [2—-4] that a certain
roughness of the scintillator surface and/or
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the use of various light-reflecting coatings
may influence considerably the light collec-
tion character in the crystal.

The aim of this work was to determine
the causes of the light yield inhomogeneity
at the crystal butts and to develop the
fringe effect control methods for large-area
scintillators. In particular, the calculations

outlet window

Fig. 1. Scheme of light beam reflection at a
crystal butt.
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Fig. 2. Light reflection schemes from butts at various treatments and the reflector configurations:
(a) case of a mirror semi-transparent surface; (b) reflection towards the crystal volume from a
mirror crystal surface with a totally reflecting surface coating; (c) no reflection from the blackened
surface (black body approximation); (d) case of totally reflecting coating out of contact with the
crystal surface; (e) case of a roughened crystal surface in optical contact with white reflector; (f, g) case
of roughened surface in absence of any reflector (f) and with a reflector at the crystal surface (g).

and experiments were made using Nal(TI)
single crystals being typical scintillators in
the diagnostic SPECT systems.

Simulation of light collection conditions
at the crystal butt and potentialities of the
"fringe effect” control. The fringe effects
are insignificant as a rule in bulk spectromet-
ric detectors (where the crystal height ration
to its transversal dimensions is 1-3). How-
ever, in the image visualizing systems
(SPECT), such effects may be of a significant
importance, because even small homogeneity
deviations should compensate the errors in
the scintillation flash coordinate reconstruc-
tion using the Anger algorithm. Thus, the
suppression of fringe effects by optimizing
the light collection conditions near the crystal
butt is of great importance along with the
electronic methods of the signal correction.

In this work, under consideration are
seven options of the crystal surface treat-
ment and the light-reflecting coating mate-
rial selection that influence substantially
the light collection. In this case, the Monte-
Carlo simulation of the light collection coef-
ficients at the butts of a scintillation crys-
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Fig. 3. Light collection coefficient as a func-
tion of the distance from the crystal butt
(point 30 cm) at various treatments of the
crystal surface: (1) reflecting MgO shell; (2)
black reflector on the crystal butt; (3) pol-
ished reflector-free surfaces; (4) polished sur-
faces with white reflector (Tyvec); (5) rough-
ened reflector-free surfaces; (6) roughened
surfaces with white reflector (Tyvec); (7) the
crystal surface coated with a transparent
light guide with refractive index 1.4.
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Fig. 4. Light yield profile over the detector
area: (1) the surface treatment according to
calculation 6 (Fig. 3); (2) that according to
calculation 2 (Fig. 3).

tal is a very effective way to estimate the
fringe effect value. Such calculations have
provided a high efficiency and reliability of
the forecasting both for halide scintillators
[2, 3, 8] and oxide [3, 6] ones. As a rule,
however, such calculations were carried out
for standard type detectors [2, 3, 5] or long-
length ones [3, 7], while there are only few
works concerning the detectors with a crys-
tal large cross-section/thickness ratio. In
the calculations, used was the PARAL-
LELOGRAM model of CFlash algorithm
proved to be reliable in the simulation of
alkali halide scintillators [5]. The cases con-
sidered are presented schematically in Fig. 2.
The simulation results are shown in Fig. 3.
Experimental data on the light yield
value distribution along a large-area detec-
tor screen. In experiments, a Nal(Tl) crystal
of 590x470x9.5 mm3 size glued to a 17 mm
thick glass light guide. Such a sandwich is
an analogue of a detector for medical
gamma camera. To measure the light yield,

PMT
Glass
* Nal(TI) crystal
R=0.95 /'| |
R=0 =

a Hamamatsu R1306 PMT combined with a
spectrum analyzer and collimated with a
57Co source centered at the side opposite to
the PMT. Scanning of the source and meas-
uring system along the crystal-light guide
assembly made it possible to measure the
light yield both at the central and periphery
areas of the crystal. In Fig. 4, shown are
the experimental data for two cases.

It is to note that to provide the light
yield measurements immediately at the butt
of a scintillation crystal, the light guide
should overlap the crystal as is shown in Fig.
5 (left). Therefore, the experimental data
must include a contribution from the light
guide that somewhat deteriorates the fringe
effect measurement accuracy immediately at
the crystal butt. At the same time, the light
collection simulation for such a sandwich in
the cases 1 and 2 (Fig. 4) shows that the light
guide contribution to the light collection coef-
ficient decrease is small (0.285 to 0.24), the
signal drop shape at the crystal butt being
the same. Fig. 5 presents the case of the re-
flection at R = 0.95 and that of total absorp-
tion of light exiting through the butt, R = 0.

Thus, the experimental and calculated
data have been shown to coincide rather
well, thus confirming the correctness of the
model and parameters used to the light col-
lection calculation. The light yield inhomo-
geneity at the crystal butts can be reduced
by blackening of the butt, however, the
total number of registered photons is re-
duced in this case. The size increase of the
light guide overlapping the crystal butt pro-
vides some compensation of the fringe ef-
fects. It is to note that in this case, an
additional possibility arises to control the
exiting light distribution by a special treat-
ment of the light guide butt.
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Fig. 5. The light guide and fringe PMT overlapping of the crystal butt and the contribution thereof
to the light yield distribution at the butt of a large-area detector.
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KpaiioBi epeKkTH y CHUHTHIAMINHUX JEeTEKTOpax
BEJIHKOI IJIOINHHA

0.10.Boapunyes, O.B.I'ekmin, B.Il.'agpuniok,
B.I.Kowenwv, B.IO.Iledaw

Bigomo, mo mo6sm3y KpaiB Kpucraja yMOBHU BiggsepKaJsieHHs CBiTja BigpisHsioTbCA Bif
cepeaHbOl YaCTHMHM 3pasKa 3aBAAKH ICHYBAHHIO JOJATKOBMUX Biga3epKaJsieHb cBiTia Bix Top-
1eBUX II0BePXOHb. Taki eperTr MOKYTh OyTH HECYTTEBUMU (AK, HAIPUKJIAL, NJd OlabIIocTi
CTAHIAPTHUX CIEKTPOMETPUYHHUX HAETEeKTODPiB), aje y BUmAAKy cucTeMm Bisyauisamii sobpa-
JKeHb (raMma Kamepa, HAIPHUKJAL) MOMKYTb BimirpaBaTu CyTTEBY pPoOJib. ¥ Po0OTI mocaimxy-
IOTbCSA HEOTHOPiAHOCTI CBiT/IOBOrO BHXOAY II00JM3y TOPIEBUX IIOBEPXOHBb IETEKTOPIB I
rama Kamep. Posriasmaiorsca cim BapiaHTiB 00poOKM IIOBEpXHiI Kpucrasay Ta BHOOPY Mare-

piany cBiTioBigOuBaOUMX IIOKPUTTIB.
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