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Position Uncertainty due to Multi—scattering
in the Scintillator Array of Dual Collimation Camera
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+ Abstract

Position information of radiation interactions in detection material is essential to reconstruct a radiation
source image. With most position sensing techniques, the position information of a single interaction
inside the detectors can be precisely obtained. Each interaction position of multi—scattering inside
scintillators, however, can not be individually measured and only the average of the scattering positions
can be obtained, which causes the uncertainty in the measured interaction position. In this paper, the
position uncertainties due to the multi—scattering were calculated by Monte Carlo simulation. The
simulation model was a 50 by 50 by 5 mm LaCls(Ce) scintillator(pixel size is 2 by 2 by 5 mm) which
was utilized for the dual collimation camera. The dual collimation camera uses the information from both
photoelectric effect and Compton scattering, and therefore, position uncertainties for both partial and full
energy deposition of radiation interactions are calculated. In the case of partial energy deposition(PED),
the standard deviations of positions are less than 1~2 mm, which means the uncertainty caused by
multi—scattering is not significant. Because the effect of the multi—scattering with PED is insignificant, the
multi—scattering has little effect on the performance of Compton imaging of dual collimation camera. In
the case of full energy deposition(FED), however, the standard deviation of the positions is about twice
that of the pixel size of the 1%detector, except for 122 keV incident radiations. Therefore, the standard
deviations caused by multi—scatterings should be considered in the design of the coded mask of the dual
collimation camera to avoid artifact on the reconstructed image. The position uncertainties of the FEDs
are much larger than those of the PEDs for all radiation energies and the ratio of PEDs to FEDs
increases when the incident radiation energy increases. The position uncertainties of both PEDs and FEDs
are dependent on the incident radiation energy.
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I . Introduction deposits energy at each position of interaction. In

the case of the semiconductor, each position and

When radiation undergoes multi—scattering, its deposited energy of the multi—scattering can be
directly obtained by measuring induced charges with

#8222)(20084 6% 291), AAJRI(20081 8 28%)), AEIA(2008 9% 12) pixelized or strip electrodes' . In the case of the
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scintillator coupled PSPMTE’*‘%), however, the depo-

sited energy converts to light, which spreads inside



38

ok

P

i
o
_[oh

Vol.

31, No. 3, 2008

cathode of a PSPMT. On the backside of the pho-
the
drifting to the dynode stages in which the electrons

tocathode, light again converts to electrons
are multiplied and driven toward the anode of the
PSPMT. During the multiplication process, the cloud
of electrons stretches parallel to each dynode and
each dynode is oriented perpendicular to the elec
tron drift direction to the anode. The manufacturer
designed the PSPMT to create this parallel stretch
of the electron cloud because spreading actually
yields finer position information in the final image.
While this the

stretching process clouds,

information 1s beneficial,

all
even those caused by multi—scattering, into a sunr

improved
combines electron
med cloud which then causes the loss of the posi-
tion information for each interaction. As a result,
in the case of multi—scattering, the measured posi-
tion differs from the exact position information.
This deviation of the measured data from the exact
information is comparable with other uncertainties,
such as geometrical and energy uncertainties, and
therefore the deviation needs to be quantified for
the optimization of the gamma ray imaging system
using scintillators. To quantify the deviation, radia-
tion interactions inside a scintillator were simulated
using the Monte Carlo method(MCNP5). The electron
combination due to the spreading inside the PSPMT
was calculated on the basis of the energy weighting

on each interaction position.

II. Material and Methods

As shown in Fig. 1, the dual collimation camera
1s consisted of a coded aperture, the first detector
and the second detectors. The low energy radiations
are assumed to be collimated and deposit all energy
in the first detector. With the position and energy
information of the radiation interacted in the first

detector, a coded aperture image can be recon-
structed. The high energy radiations are assumed to
in the

first detector, and therefore, the energy is partially

penetrate the collimator and be scattered

deposited in the first detector(Compton scattering).
If the scattered radiation is detected in the second
image can be reconstructed

detector, a Compton

with the position and energy information of the

radiation interacted in the first and the second
detector. As illustrated in Fig. 2, the radiation in-
teractions were categorized according to the amount
of the deposited energy. Radiation that led to mul-
tiple interactions and escaped from the scintillator
was considered a partial energy deposition(PED), an

event that 1s a prerequisite to reconstruct a Comr

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

- Fig.-2.-Hlustration of position-uncertainties-caused by
multi—scatterings.
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pton image. If the radiation deposited all of its
energy and stopped inside the scintillator, it was
considered a full energy deposition (FED) which is
the desired case for a coded aperture image.

A LaCl3(Ce) scintillator is chosen for our app-
lication since its energy resolution and timing reso-
lution, on which the performance of coded aperture
and Compton imaging is highly dependent, are ex
cellent among scintillators. The area of the LaCls(Ce)
scintillator is 50X50 mm which is wide enough to
cover the scattering range of photons. The thick-
ness of the scintillator in our simulation was 5 mm,
which was the ideal size to maximize the difference
between the amount of single and that of multiple
interaction for dual collimation camera®. The ener-
gies of the incident radiation were 122keV, 364
keV, 662keV and 1275keV which are encountered
in medical and environmental applications. The di-
rection of the incident radiation is perpendicular to
the front side of the scintillator. For each multi—
scattering in the simulation, the distance between
the first interaction position and the summed posi-
tion was calculated by energy weighting of each
interaction position(cf. eqn (1)) and recorded in a
histogram matrix. The distance was considered only
on the xy-—plane because the z—direction, which is
the depth information of the interaction, cannot be
measured for the scintillator array of the dual colli-
mation camera. The number of incident radiations

for the simulation is set to 5x10°.

_Zeixi _zeiyi
D YRS (1)

e 1s the deposited energy at interaction s

x; and y; are the position information at
interaction 7

X and Y are the summed position

III. Results

Fig. 3 shows the distributions of the distances
for the PED and the FED cases. The distributions

of the FEDs are much broader than those of the
PEDs for all radiation energies. The reason for this
is that the FEDs, in which a quantum of radiation
deposits all energy and then disappears, normally
have more collisions than PEDs, in which radiation
escapes from the scintillator. Another reason 1is
that the final radiation scattering of the FED is a
photoelectric absorption, in which the radiation de-
posits essentially all remaining energy, while that
of PED is a Compton scattering, in which the radi-
ation deposits only part of its remaining energy.
Because the position estimation is weighted by the
deposited energies at each interaction position, the
final estimated positions of the FEDs are longer
than those of the PEDs.

When the incident radiation energy increases, the
ratio of PEDs to FEDs(the distance of PEDs / the
distance of FEDs) increases(Fig. 3 (a), (b)). The ener-
gy dependency of the ratio is related to the pro-
bability of the photoelectric absorption and that of
the Compton scattering. With an increase in the
incident radiation energy, the probability of the
photoelectric absorption declines more than that of
Compton scattering, and therefore the relative ratio
of Compton scattering to photoelectric absorption
increases.

Another important factor to be addressed is the
change of distribution width in relation to the
incident radiation energy. As shown in Fig.3 (c¢) (d)
and Table 1, the distributions broaden when the ra-
diation energy increases from 122keV to 364 keV,
but narrow at energies higher than 364keV. This
change in distribution can be explained by two fac
tors —penetration and scattering direction —. The
penetration of radiation increases with the radr-
ation energy, which increases the distance between
interactions. However, for high radiation energy,
the scattered radiation direction of Compton scat-
tering is biased towards the initial direction of the
incident radiation. Because the initial direction is
perpendicular to the xy plane of the detector, the
distance between the radiation scattering on the xy

plane decreases.
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(¢) PED in normalized scale (d) FED in normalized scale

Fig. 3. The distribution of the distances between the 1% and summed interaction positions.

. . . . As demonstrated in Fig. 3, the distributions of
Table 1. Distribution width due to multi—scattering &

multi—scatterings are not Gaussian. The FWHMs

122 keV 364 keV 662keV 1275keV
FWHM[mm] PED_0.086  0.118  0.122  0.076 point and the half count point in Fig. 3) of Table 1
FED 0.300 0.864 0.916 0.756

PED 0.816 1.604 1.534 1.342 . . .
FWTM[mm] scattering distributions are not matched with the

FED 2131  6.093 5527  4.465 R ,
distribution lengths that contain 76% of all data
76% of datalmm] PED  1.380 2.400 2.520 2.020

(Gaussian FWHM) FED  2.080  6.560  7.060  5.660

PED 0.863 1.571 1.652 1.308
o[mm] FED 1.183 3793 1018 3140 multi—scattering, therefore, the standard deviations

(Twice the distance between the maximum count

confirm the discrepancy —the FWHMs of the multi—

points.

To evaluate the position uncertainty caused by

of the distributions were chosen instead of the FW
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HMs of the Gaussian model. In the case of PEDs,
the standard deviations are about half of the mini-
mum pixel size of the 1% detector, which means the
uncertainty caused by PED multi—scattering is not
PED multi

multi—scattering

significant. Because the effect of the

—scattering 1s Insignificant, the
has little effect on the Compton imaging of dual
collimation camera. In the case of FEDs, however,
the standard deviation is about twice that of the
minimum pixel size of the 1st detector, except at
122keV. If the standard deviation is larger than the
unit element of a shadowgram cast on the 1%
detector, the shadowgram will be blurred and the
blur will create artifact in the reconstructed image.
To avoid blurring in the shadowgram, the size of
the shadowgram element should be larger than the
standard deviations of the multi—scattering. The
size of shadowgram element is almost equal to that
itself in the dual

collimation system when the mask is very close to

of the coded mask element
the detector and relatively far from the source
plane. As a result, the size of mask element should
be larger than the standard deviations of the multi
—scattering to avoid artifact on the reconstructed

image.

IV. Conclusion

The distributions of the FEDs are much broader
than those of the PEDs for all radiation energies.
When the
ratio of PEDs to FEDs increases because the Comp-

incident radiation energy increases, the

ton scattering to photoelectric effect ratio increa
ses. The broadening widths of both PEDs and FEDs
are also dependent on the incident radiation en-
ergy. The standard deviations of PEDs are less than
1~2mm, but those of FED is about 4 mm except for
122keV incident radiations. in the de

sign of gamma ray imaging device such as a dual

Therefore,
modality gamma camera, the standard deviations
caused by multi—scatterings should be considered to

avoid artifact on the reconstructed image.

—

- 291 —

Reference

GJ. Schmid, DA. Beckedahl, JE. Kammeraad,
JJ. Blair, K. Vetter and A. Kuhn:Gamma—ray
conr pton imaging with a segmented
HPGe, Nuclear Instruments and Methods, A459,

565— 576, 2001

camera

. EA. Wulf, J. Ampe, WN. Johnson, RA. Kroeger,

JD. Kurfess and BF. Phlips:
ments In a germanium strip detector, IEEE Tran-
1876—1880,

Depth measure-

sactions on Nuclear Science, 49,
2002

. Y. Du, Z. He, GF. Knoll, DK. Wehe and W. Li:

Evaluation of a Compton scattering camera using
3—D position sensitive CdZnTe detectors, Nucl-
ear Instruments and Methods, A457, 203—211,
2001

CE. Lehner: 4( Compton imaging using a single
3—D position sensitive CdZnTe detector, Ph. D.
dissertation, Department of Nuclear Engineering
and Radiological Sciences,
chigan, Ann Arbor, MI, 2004
JE. Gormley, WL. Rogers, NH. Clinthorne, DK.
Wehe and GF. Knoll:

of mechanical and electronic gamma—ray colli-

University of Mi-

Experimental comparison
mation, Nuclear Instruments and Methods, A397,
440—447, 1997

A. Uritani, NH. Clinthorne, JE. Gormley and JW.
LeBlanc: An electronically—collimated gamma ca-
mera with a parallel plate Collimator for Tc—
99m Imaging, IEEE Transactions
Science, 44 (3), 894 —898, 1997

on Nuclear

. LE. Smith, C. Chen, DK. Wehe and Z. He: Hy-

brid collimation for industrial gamma—ray ima
coded
aperture data, Nuclear Instruments and Methods,
A462, 576—587, 2001

W. Lee: Dual modality gamma camera using lan-
Ph.D. dissertation, Depart-
ment of Nuclear Engineering and Radiological Sci-
University of Michigan, Ann Arbor, MI,

ging : combining  spatially and Compton

thanide scintillators,

ences,
2007



uhALA 7)1 9k8k Vol. 31, No. 3, 2008

+ Abstract

5% A5 7hete] AR Aol tsatetel] o3k A &g

o]

i

<

aH e

AREE]

=

AR BRG] QAR WA 9] /g AlPdehatl] QoA vl 583k 717 H o], o]

o] 1] HE Vs o]83le] ETIckAM ] Lot vl wkge] JIAARE dodl 4= Qi) 12t
1A QoA o] tarleke] 75- Z12te] ARIIAIE A o= SAE = glal ofe] Alekeix|e] sEtvto]
T3 4= Qo SAH WAFsS] AR o] EAISHA ok o] w=zollx= ol gt tatlete]
2 2% EEAS EEPIER AlEdlol o= ARISISIHE AlEdlod Bk 3} K& ol ARS
50505 mm LaCls(Ce) A133A|(pixel 175 2x2<5 mm)o |t} et 1< Fhlel= Feaael 728 Al
RFA GHE doma AP ] ghgoflx] FateuR|ut (FE710l) HEv)e 759t BE oA v HE

= A vre] IR EEdS ARRsISIt) FatellvA|eE &= 735 (PED) fIx]e] il 1~2
mm VRO Tlgitetol] ofgk Esado] 4] Qrh= A8 & 5 Q) PEDS] 79- tisitete] o] =
2| gqom g oldt tgileke HxH Fhlete] Aol & Jeks nXA] ethes As & 4= qlu) e
RE WAL AES= 79 (FED), 122 keVAAPFEARAS] 795 Alefeld, 1 91X]e] a4z} 14+ &
719] pixel=7]el| 2ujel] @b} a2 B3} & Fhjeke] ZuskE viaaE s Qo] AlTHAdE
& s AP f1al skl olgt FmaAxb | aefEofof st s QAF EARde R tisted
FEDel| 9§t $14] E2k:/d2 PEDel| 2]t 31 B} =7 PED tf] FED2] H|= APEARAS] A7} 5715l
upeA] AXITh PEDS}F FEDO| 74~ B 91x]9] Eshado] rpgabadel o= e} debxick

T4 ol Ok, A =8, SRR AlEEelA, B9 S At

- 292 —



