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Unidimensional position sensitive detector
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It has been shown that a predetermined distribution of the light yield along the length
of scintillator can be achieved by treatment of the side surface of Csl(Tl) crystal. A
principle and of manufacturing a position sensitive detector have been considered. The
dependence of the detector position resolution on its size has been studied.

TIokasano, YTO TpeAOIpeesIeHHOe paclipe/iejieHre CBeTOBOTO BBIXOJA BJOJb MJIWHBI CI{UH-
TUJIIATOPA MOJKET OBITH JOCTUTHYTO 06paboTKoM GoKoBBIX moBepxHocTeit Kpucrasaa CsI(TI).
TIpuBemeHbl IPUHITUIT U METOJ, TOJYUEHUS MO3UIMOHHO-UYBCTBUTENLHOTO AeTeKkTopa. Vsyue-
HA TOJYyYeHHAS 38BUCHMOCTDL MO3UIMOHHOTO PAa3peIleHnsd JeTeKTopa TAKUX pasMepoB.

As a rule, distribution of the light yield
along the scintillator length is not uniform.
The main reason of this effect is the differ-
ence in the efficiency of light collection.
Due to this fact long length crystals require
special surface treatment intended for level-
ing the light yield along the scintillator
length. Such treatment includes applying
some roughness on to surface of a scintilla-
tor. A rough surface has different reflective
properties as against a polished one. The
theory of roughening up the scintillator
surface to modify light collection and scin-
tillator performance can be found in [1, 2].
The scattering indicatrix of a rough surface
has maximum in the direction of the mirror
reflection, but only 75 % of the total inten-
sity of scattered light reflects to this direc-
tion in fact [3]. So the change of the light
collection by the surface treatment allows
to modify distribution of the scintillator
light output. In [4] for instance, such a
method was utilized to reduce edge effects
in a scintillation camera.

The grade of the surface roughness, di-
mension and location of the site to grind
can be calculated beforehand by the meth-
ods of mathematical simulation of the light
collection in the detector [5].
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The light yield leveling by the surface
treatment was applied to long length CsI(TI)
scintillators for electromagnetic calorimeter
BELLE (KEK) [6], for example. It allowed
to achieve light nonuniformity less than
7 % along 300 mm length of a crystal. Such
approach was also used for the BaBar Csl(TI)
scintillator treatment to unify the light out-
put to 6 % [7]. Statistics and reliability of
this treatment were confirmed on more than
6624 Csl(Tl) scintillators for BELLE calorime-
ter [6] and for BaBar ones [7].

It is clear that leveling the light output
distribution along the crystal could be done
in the opposite direction, i.e. to make
nonuniform distribution too. In this work
we will show how to use such treatment to
make a position sensitive scintillation bar.
Fig. 1 describes schematically the principle
of position sensitivity of long length scintil-
lator and conditions to be fulfilled to
achieve such a property. Showed is a typical
irregular light output distribution along the
length of a scintillator the lateral size of
which is small as compared to its length
(20x20x400 mm3 for the reference scintilla-
tor) and the side surface is ground rough.
The inset shows characteristic pulse height
spectrum yielded by the scintillator when
irradiated by a 22Na collimated source.
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Fig. 1. On the principle of position sensitiv-
ity of a long length detector. Side surface of
the detector is ground rough, so light yield is
sloping considerably. Accuracy of position de-
termination 8z is defined by light yield e,
pulse height resolution R and slope of the
curve at the point of interaction.

The side surface is made rough so that
the light yield distribution has a tilt. Under
these conditions the position of the colli-
mated source of ionizing particles z can be
determined by the measured value of the
light yield c¢. The accuracy 8z of the source
position is defined by the value of pulse
height resolution (PHR) of the detector R
and the tilt o of distribution c¢(z) in the
point of measurement:

tgo = lim E, oz = ci. @)
Az —0 A2 tgo

Thus, a long length detector possesses
positional sensitivity in one direction. To
achieve better position sensitivity one needs
to improve light yield and energy resolution
of a detector, preserving c(z) distribution as
steep as possible.

These requirements are somewhat contra-
dictory. Accordingly, this paper is focused
on the study how the transversal
size/length ratio of Csl(TIl) scintillator influ-
ences its position sensitivity. We tried to
determine the optimal dimensions of a de-
tector allowing to achieve the best position
resolution.

Csl(Tl) scintillators in the form of a par-
allelepiped 20x30x400 mm3 were taken as a
base of the detector. After preliminary
treatment of the side surface the crystal
was enveloped in a layer of Tyvek reflective
coating. One of the ends was left free for
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Fig. 2. A diagram of the scanner used for
measuring light yield and pulse height reso-
lution. Collimated source of radiation was
moved along axis of 400 mm length scintilla-
tor. Light is collected on photomultiplier tube
placed on the readout face through air gap.

coupling with a photomultiplier tube
(PMT). PMT utilized was R609 which is
sensitive to the spectral range of CsI(TIl)
emission band A = 650 nm. There was air
gap between free end of the detector and
PMT.

Light yield distribution was measured
with a help of the set-up schematically
shown in Fig. 2. The luminescence was ex-
cited by a collimated 22Na source, E, =
1275 keV, 511 keV. Diameter of the colli-
mator hole was 2 to 5 mm.

Several measurements of the detectors’
pulse height resolution were made using
y-quanta source collimated to a smaller di-
ameter of the beam in order to estimate
shift contribution to the wvalue of position
resolution. For example, narrowing collima-
tor hole to 1 mm was acknowledged to lead
to a better energy resolution: 8 % under
irradiation by EY= 1275 keV. Comparison
with the value obtained when the beam was
collimated to 5 mm showed that changes en-
ergy resolution only, not light yield or its
distribution. Thus, the width of the colli-
mating hole 5 mm chosen for the experi-
ment is justified enough since the accumu-
lation rate increases along with the beam
broadening, contribution of background
events to the photoelectric peak decreases,
so accuracy of the measurement improves.

Characteristic pulse height spectrum
yielded by detectors is shown in Fig. 1.
Since 22Na has two lines, both can be used
to determine light yield and PHR. The pho-
toelectric peaks from the two energies were
approximated by a Gaussian. For each point
along the length of a sample determined
were the position of the approximating
curve (light yield) and its width on half-
height (PHR). Typical energy resolution
achieved was 5 and 10 % to the two ener-
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Fig. 3. Purposeful variation of the slope of
the light yield distribution curve. I — side
surface of the scintillator is polished; 2 —
side surface is rough; 3 — side surface is
rough, coating on the far end of the scintilla-
tor has been darkened.

gies, correspondingly. The values obtained
by approximating 1275 keV line were taken
to represent properties of a sample, the
ones yielded by 511 keV line were used to
control correctness of the measurement.

The y-quanta source was moved along the
detector axis with a step 20 mm. The meas-
urements were repeated in each point to ob-
tain light yield distribution over the whole
length of a detector. The initial detectors
with a polished side surface had approxi-
mately uniform light yield distribution over
the length (Fig. 3, curve 1). The distribu-
tion ¢(z) becomes more steep if all the lat-
eral surface has been made rough (Fig. 3,
curve 2). If in addition cover on the far end
has been rendered black, the curve becomes
more linear (Fig. 3, curve 3).

The tilt o is determined by the roughness
grade (grain size of the grinding abrasive
material) and reflective efficiency of the de-
tector envelope, so one can find a compro-
mise between slope of the curve and too bad
PHR. The values presented in Fig. 3 are
absolute, so mutual comparison can be
made. Note, that light yield from far sec-
tions of the scintillator drops when side
surface is rendered rough. But light yield
from sections adjacent to readout end im-
proves simultaneously, so the slope of the
curve gains. This circumstance is favorable
from the point of view defined by (1).

It has been found that the difference in
the ultimate values of light yield and be-
havior of its distribution over the length of
the detector can be controlled in a wide
range by varying degree of the side surface
roughness. The biggest tilt of the function
c(z) is observed for the detector with the
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Fig. 4. Light yield distribution in scintilla-
tors of different lengths. Reflective proper-
ties of the detector surface, its coating and
parameters of signal amplification are kept
unchanged, so comparison can be made. If
detector shortens, average light yield be-
comes higher, the curve levels.

highest degree of the side surface rough-
ness. Such an experimental conclusion com-
plies with a theoretical one [8, 9]. Detector
possessing big tilt of the light yield distri-
bution has better spatial resolution accord-
ing to (1). However, energy resolution at
the low light yield regions worsens together
with the increase of the tilt ¢(2). Therefore,
one should find a balance between these two
factors to choose the optimal tilt of the
light yield distribution. Characteristic value
of pulse height resolution measured in the
central part of the detector worsens from 5
to 9 % when the light yield tilt increases.
This drop is bound to a total light yield
drop among other causes.

A series of measurements were carried
out on one and the same sample each in
order to determine the effect of the scintil-
lator dimensions on the light yield distribu-
tion. Since prototypes utilized possessed a
high transparency (which did not exceeded
0.005 cm™1) only the ratio of length to
cross section is important [1, 2]. Cross sec-
tion was fixed at 20x30 mm2. Such a di-
mension is sufficient to effective recording
EY = 1275 keV events. The initial length of
the scintillator was 400 mm. Lateral sur-
face of the crystals and the end opposite to
PMT were enveloped in a layer of Tyvek
reflector. The scintillator was sequentially
shortened with a step of 20 mm, the light
yield distribution was measured at each
length correspondingly. Parameters of pulse
amplification and state of the remaining
surface of the sample were preserved the
same to perform comparison of average
light yield. The one of obtained light yield-
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Fig. 5. Position resolution of detectors of dif-
ferent lengths obtained in accordance with (1).

vs-scintillator length curves sets is shown
in Fig. 4.

The drop in the light yield when colli-
mated source moved away from PMT is ex-
plained by line geometry of the detector
which causes exponential attenuation of the
scintillation light along the length [8]. As
scintillator length [ shortens and its shape
becomes cubic, the distribution ¢(z) becomes
leveled, the average value of the light yield
increases. The light reflected by the far end
of parallelepiped gets mostly lost if latter is
long. While far end becomes nearer to read-
out end total light increases. A shorter de-
tector has a lower slope of the function c¢(2)
but a better pulse height resolution. Since
these two factors have an effect on position
resolution in an opposite way (1), the func-
tion of two variables 0z(z,I) may have a
local minimum. The position resolution
value for detectors of different length has
been calculated according to (1). The ob-
tained behavior of the position resolution
0z(z,I) dependence on the detector length
and position of the collimated source are
given in Fig. 5.

It is seen that position resolution re-
mains more or less constant over the whole
volume of the detector when its length var-
ies in the range of 200 to 380 mm.

Consequently, the factors of the light
yield increase and leveling over the detector
length are changed synchronously as the
latter becomes no shorter than 200 mm.
Equation (1) should be rewritten in such a
form to elucidate physical sense of this phe-
nomenon:

__R (2)
#= (Inc),”
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Since pulse height resolution (the nu-
merator in (2)) varies insignificantly in the
mentioned length range, the derivative of
the light yield logarithm remains constant.
It means that the light attenuates exponen-
tially as its source is moved away from
readout end. Worsening of the position
resolution for the detectors shorter than
200 mm points to the deviation of distribu-
tion ¢(z) from the exponential nature. The
main reason of such deviation is the close-
ness of the opposite end of the scintillator.
The far end reflects light which is summed
up with a direct light onto PMT and dis-
torts the distribution. This distortion leads
to a more flat light yield distribution. Im-
proving PHR does not recompense it.

The contribution of experimental errors
was estimated primarily by comparison val-
ues of PHR and light yield from the two
energy lines. Furthermore, light yield was
measured repeatedly after re-enveloping
scintillators. Up to 8—5 repetitions were
performed, reliability of light yield values
is proven to be in a range 1 %. Since in (1)
utilized is the tilt averaged over adjacent
points, such deviations do not lead to sig-
nificant error.

The spatial resolution function was ob-
tained using a collimated y-quanta source.
However its shape can change a little when
registering single quanta, not collimated
flow from radiation source. Let us consider
the cause and effect of such a change.

Total pulse height resolution of a detec-
tor is formed as a result of the action of
some processes having statistical nature.
Each of these processes can be characterized
by corresponding contribution into total
PHR: R;,; — the intrinsic resolution of the
detector, remains constant for all the detec-
tors utilized in the experiment. R, —
measure of the full absorption peak lgroad-
ening due to the statistical variations of the
number of photoelectrons knocked out of
the photocathode, depends on the quality of
photomultiplier and light yield value; the
absolute value of the latter was sufficient
enough for the condition Rph < R;,; to be
fulfilled in the experiment. At the same
time one can use photodiodes for signal reg-
istration, so R,, will be even lower. This
leaves the last cause which bound to light
efficiency nonuniformity: R; is the spread
in the pulse related to the fact that the
scintillation flashes emerge in final volume
over which the light collection efficiency
may vary essentially. Total pulse height
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resolution of the detector can be written as
follows:
R2 = R2

int

+ RZ, + B2, (3)

The value of the last term depends on
the type of registered particles. Since the
gradient c(z) was high in the detectors util-
ized in the experiment it should be expected
that R_ in the performed experiment was set
too high as compared to the case when reg-
istered would be particles which interact in
a small volume of scintillator. It is obvious
that PHR of the detector would deteriorate
to dozens percents when registering iso-
tropic radiation originating from 4m solid
angle.

One can expect the position resolution to
improve at registering single quanta.
Amount of the improvement is dependent
on the size of volume luminous under
quanta impact.

The defined optimal range of cross sec-
tion/length ratio was found to be 1:10 and
lesser. But total size of a detector is re-
stricted to utilize it in position measure-
ment. The light propagating from far end
attenuates in exp(—I-K) = 0.82 times for
scintillators used to obtain the data. As a
scintillator becomes bigger, contribution of
non-transparency grows and mnature of
82(z,1) dependency alters. So, large scintilla-
tor must possess high transparency to vali-
date the ratio defined.

It must be noted also that position reso-
lution can be improved and useful length
extended by combining signals from two
photoreceivers applied to opposite ends of
the detector (see Fig. 6 for the correspond-
ing light yield dependencies).

It has been shown that scintillators based
on highly transparent CsI(TI) scintillation
crystals can be used for position sensitive
measurements. Manufacturing position sen-
sitive detector requires special treatment of
the scintillator surface. It is important to
obtain considerable slope of light response
while keeping pulse height resolution as
minimal as possible (4 to 6 %).

An unidimensional position sensitive de-
tector was produced by special surface
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Fig. 6. Improvement of position sensitivity
by combining signals from two photodiodes
applied to opposite ends of the scintillator.

treatment of 20x30x400 mm3 Csl(Tl) scintil-
lator. Position resolution about 15 mm was
obtained when detecting y-quanta from 22Na
(E, = 1275 keV, R=4 to 8 %). The value
does not worsen while the bar is chopped
down to 200 mm length.

The authors are grateful to US Civilian
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(Award #UP2-523) supported in part this
work.

References

1. M.E.Globus, Functional Materials, 4, 230
(1997).

2. M.E.Globus, B.V.Grinyov, IEEE Trans. Nucl.
Sci., 42, 357 (1995).

3. M.E.Globus, B.V.Grinyov, in: Proc. of the Int.
Conf. on Inorganic Scintillators and Their Ap-
plication SCINT95, Delft, Netherlands, 587
(1995).

4. USA Patent 5,861,628 (1999).

5. V.P.Gavrylyuk, E.L.Vinograd, B.V.Grinyov,
V.1.Goriletsky, Functional Materials, 4, 572
(1997).

6. B.Shwarz, in: Proc. of the Int. Conf. on Inor-

ganic Scintillators and Their Application
(SCINT99), Moscow, Russia, 186 (1999).

7. BaBar Collaboration, BaBar Technical Design
Report, SLAC-R-95-457.

8. C.Carrier, Nucl. Instr.and Meth., 292, 685
(1990).

9. C.Carrier, R.Lecomte, Nucl.Instr.and Meth.
A., 294, 355 (1990).

Functional materials, 12, 1, 2005



News of Technology

JLOBroMipHUM NO3ULIiNHO YYTIUBUUA TETEKTOP

O.B.'ekmin, B.Il.I'aépunwk, J.I.3ocum, B.JI.Ankenesun

IToxkazano, 110 Hamepes BM3HAYEHUN POSIIOLiJ CBiTIOBOrO BHXOIY B3HOBMK CIIMHTHUIATOPA
Moxe OyTu HocArHyTuil o6pobror Giunmx mosepxoHb kpucrtaia Csl(Tl). Hasexeni nmpunnumn
T4 METOX OTPUMAHHS [MO3UIINHO-UyTJIMBOrO IeTeKTopa. BHUBUEHO OTPHUMAHY 3aJ€KHICTH IO-
SUIIIITHOT'O PO3LiJIEeHHsS IeTeKTopa TAKUX PO3MipiB.
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