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Abstract—To improve spatial resolution, positron emission to- the primary cause of event mispositioning in high-resolution
mography (PET) systems are being developed with finer detector pjock detectors used in commercial PET systems [1]. Simi-

elements. Unfortunately, using a smaller crystal size increases 5¢ crosstalk effects occur in high-resolution discrete-crystal
intercrystal Compton scatter and X-ray escape crosstalk, causing designs [2]-[4]

positioning errors that can lead to degradation of image con- .
trast. We investigated the use of extremely thin £300 xm) lead For <3-mm-wide crystals, we also have observed that
strips for passive shielding of this intercrystal crosstalk. Using bismuthK-shell X-ray and, to a lesser degree, electron escape
annihilation gamma rays and small (2- and 3-mm wide) Bismuth crosstalk, also play a role. These low-energy effects result from
Germanate (BGO) crystal detectors in coincidence, crosstalk the incomplete energy deposition of a gamma ray interaction

studies were performed with either two small adjacent crystals . . .
[(one-dimensional) (1-D)] or one crystal inside a volume of BGO in a crystal. Thel/c length of an 80-keV bismuth X-ray in

[(two-dimensional) (2-D)]. The fraction of Compton scattered BGO is approximately 0.2 mm. From UCLA Monte Carlo
events from one crystal into an adjacent one was reduced, on studies, the average range of a 511-keV photoelectron in BGO

average, by a factor of 3.2 (2.2) in the 1-D experiment and js roughly 0.1 mm. Because 511-keV gamma ray interactions
by a factor of 3.0 (2.1) in 2-D one, with a 300 (150m-thick yagit in hoth Compton and photo-electron production, most

lead strip in between the crystals and a 300-700-keV energy - .
window in both crystals. We could not measure a reduction in electrons created will have energies much less than 511 keV. In

bismuth X-ray crosstalk with the use of lead septa due to the addition, because an electron deposits its energy continuously
production of lead X-rays of similar energy. The full-width at in the crystal, the remaining escape energy will be low, on

half-maximum (FWHM) of the coincident point-spread function  gverage. Thus, the electron escape contribution of the low

(CPSF) was not significantly different for the 1- and 2-D studies, ; ; ;
with or without the different septa in place. However, the FWTM energy CrOSSFalk will be small in comparison to that due to
the 80-keV bismuth escape X-ray.

was roughly 20% smaller with the 300xm lead shielding in .
place. These results indicate that intercrystal crosstalk does not ~The conventional method used to reduce the effect of

affect the positioning resolution at FWHM, but does affect the Compton scattering is energy thresholding on the photopeak.
tails of the CPSF. Thus, without introducing any additional However, this method is somewhat limited when the energy
dead area, an insertion of very thin lead strips can reduce the resolution is poor, as is the case for systems using BGO

extent of positioning errors. Reducing the intercrystal crosstalk . e . .
in a high-resolution PET detector array could potentially im- and ultimately reduces the system sensitivity. We investigated

prove tomographic image contrast in situations where intercrystal the use of extremely thin lead stripsi@.3 mm) for passive
crosstalk plays a significant role in event mispositioning. shielding of intercrystal crosstalk using measurements with a

Index Terms—Compton scatter, detector crosstalk, intercrystal #?Na source of 511-keV annihilation ph_oton; a_nd small, 2-
septa, PET detectors, scintillation crystals, X-ray escape. and 3-mm width, BGO crystal detectors in coincidence. Such
fine septa can be inserted in between crystals in PET detector
designs without reducing the packing fraction or introducing
a dead area. These designs typically already have 250-400-

URRENT advances in positron emission tomographym intercrystal spaces for the reflector, and the amount of
(PET) detector technology have resulted in and athe reflector can be reduced with little loss in light output.
moving toward the development of systems with smallénsertion of lead shielding is much simpler in discrete-crystal
detector elements designed to further improve spatial res2ET detector designs.
lution. Unfortunately, utilizing smaller crystal sizes leads to In previous work [5]-[11], intercrystal septa were, for the
a higher fraction of intercrystal crosstalk due to Comptomost part, introduced in the context of improving the spatial
scattering. It has been suggested that intercrystal scatteringeisolution uniformity across the imaging area (camera field of

_ _ _ _view) in conjunction with wedge-shaped or tapered crystals.
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two crystals are hit can be vetoed (with a large reduction in

22
soﬁ?ce oMT sensitivity, however). The extent of the mispositioning here
2 depends mostly on the probability of 511-keV gamma ray
‘l’ with or Compton scatter into another crystal with energy deposition
PMT 3 ——m— —%— — — — = <€— without above a certain energy threshold (300 keV, for example).
septa We will use different energy thresholds to study the con-
PMT tribution of intercrystal crosstalk of different energies and see
1 how thin lead shielding affects these measurements.
Fig. 1. Schematic of top view of setup for the 1-D experiment. PMT 1 and Il. MATERIALS AND METHODS
3 coupled to small crystals (referred to as D1 and D3, respectively) are in

coincidence.

A. 1-D Experiment

resolution uniformity did not outweigh the disadvantages of Experiments were performed using two different thicknesses
large sensitivity loss. of lead intercrystal septa, 0.15 and 0.30 mm, placed in between

The extent of mispositioning errors due to Compton scattewvo crystals, for both 2« 2 x 10 and 3x 3 x 30 mn? crystal
and X-ray crosstalk depends somewhat on the readout tesizes. Fig. 1 shows a top-down schematic drawing of the 1-
nique used for positioning. In a multiplexed design wher® experimental setup. Two crystals of the same size were
the light from many crystals is read by a few channels, sucloupled sideways, for better light collection efficiency, with
as the SIEMENS EXACT HR PLUS block detector [1], theoptical grease to two separate 1.5-in diameter RCA PMT’s.
positioning is obtained by light sharing and a suitable weightéthree layers of fine teflon tape covered the nondetecting faces
mean of four photomultiplier tube (PMT) signals. In thiof each crystal, and the unused PMT area was covered with
design, light sharing is an additional source of crosstalk didack tape. These two PMT’s with the crystals, designated D1
to the limited number of photons available for positioningnd D2, were then pressed together, face on, so that the side
each event [12]. Other designs [3] use resistive charge divisitates of the crystals were in line with each other, with or
instead of light sharing for the multiplexing of many discretayithout the thin lead septa in place. There was no measurable
optically isolated crystal-PMT channels and obtain positionirigyht leak between crystals. A third BGO crystal 2 2 x
in an analogous manner. In these multiplexed designs, @ mn?) was coupled to another PMT end on and covered
deposition of energy in more than one crystal per event causéth teflon and black tape (D3). This third crystal was used
mispositioning of that event since all energy deposited in tlzes the electronic back-collimating detector and was placed
array is used for the crystal position identification. The maj@pproximately 20 cm away from the other two detectors so
energy threshold discrimination is performed on the sum of aliat the axis of the third crystal was in line with the axis of
the energy deposited. If this total energy is within a predefin€&ll. There was approximately 0.3 mm of spacing maintained
window about the photopeak, that event is accepted. between crystals D1 and D2.

The mispositioning error of an event due to X-ray or The data acquisition scheme was as follows: the outputs
Compton scatter crosstalk in multiplexed systems deperfdsm all three detectors were first amplified. Signals from
on the ratio between the light signal produced in the correbtl and D2 were split into two parts: the first set went into
crystal to that in the other crystals in the array. For examplepnstant fraction discriminators (TENNELEC TC45410 ns
consider an array consisting of two adjacent crystals: if 43fate for both channels) with a low threshold just above the
keV is deposited in the correct detector, and 80 keV fromrise, then into a coincidence unit (EG&G C315) followed
bismuth escape X-ray in the adjacent one, the center of méagsa gate and delay generator (EG&G 416A); the second set
of the signal (relative to the midpoint) will be approximatehof signals were amplified and shaped (ORTEC 855, ;&5-
at 0.69 x w/2, wherew is the crystal width. For this eventshaping time) and digitized (BiRa 907). The digitizers were
in the one-dimensional (1-D) array, this would translate totdggered on a coincidence between D3 and D1 (see Fig. 1).
0.31 x w/2 mispositioning of that event from X-ray crosstalk Digitized detector values of D1 and D2 were collected in list
There will also be inherent positioning errors due to lighthode on a Macintosh IIfx computer through a GPIB interface
sharing or charge division. Higher energy Compton scatter CAMAC via LabView (National Instruments).
crosstalk events will produce larger positioning errors (larger A 22Na source 4£20.Ci), positioned approximately 8 cm
shift in signal centroid). With multicrystal arrays, Comptorirom D3, was moved perpendicular to the line between D3
crosstalk can occur further away from the correct crystahd D1 in 0.5-mm steps, and the coincident point-spread
producing larger positioning errors. function (CPSF) was measured with or without the thin lead

In nonmultiplexed, single crystal-single photodetector de&trips in place. Source size and positron range in the plastic
signs the readout of each crystal is independent of the ofiwurce holder are roughly 1 and 0.6 mm, respectively. Events
ers. One may then put a given hardware energy thresheldserved in D2 when D1 and D3 are set in coincidence are
separately on each channel in the array. In that case, loonsidered to be a result of intercrystal crosstalk (Compton
energy crosstalk, such as, from bismuth X-ray escape betweeatter, bismuth X-ray, or electron escape). In list mode, all
crystals, is not as important, and better intercrystal crosstakergy depositions in D1 and D2 were accepted, and various
rejection is possible. If desired, events in which more thapper and lower energy thresholds were applied in post-
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processing. Data at various source positions were collected
for the same time duration. | |

We definescatter fractionas the ratio of the number of SIDE VIEW PMT-D2 gﬂyrf;ﬁlﬁ ing Dlare
events recorded in D2 to those in D1 for a given common Readout at Top
energy threshold in both detectors and source position. We note <1 Holder for
that this definition of scatter fraction might be most appropriate 28 mm < _small_crystal

when the electronically collimated source is directly positioned 2x2x30 mm3 BGO
crystal of interest

over D1, the crystal of interest. Because we are interested in ~l
the CPSF, we have loosely extended this definition of scatter —

fraction to include those source positions where it is more o mm ,
likely that the gamma ray is interacting in D2 first before | >
scattering into D1. Remember, D1 must be hit for a trigger. 30 mm->| <
The scatter fraction reduction factors defined as the ratio BGO pieces

) . o . ~2.5 mm thick
of scatter fraction without to that with intercrystal septa in 30 mm mm T

place between the two crystals. These definitions represent

an average using the total number of counts in the measured BGO BGO | [18G

energy spectrum of D1 and D2 above a given threshold. For END-ON cerZ)t(le Tma BGO
example, if a 300-keV threshold is chosen in both detectors, VIEW ml <S8 0 hterest
then for a given event at most one detector per event can have - ” septa

> 300 keV deposited within (511-keV maximum) and count in A 117 mml 119

our definition of scatter fraction. For lower energy thresholds,
such as 150 keV, both detectors can contribute to the meastlfe
of scatter fraction.

For source positions collimated direcﬂy over Dl, we a|SWindOWS were measured for five collimated source pOSitiOI’]S
calculated the ratid? = (d1 — d2)/(d1 + d2) for each event, over D1. The electron escape events deposit a continuum of
wheredl andd2 represent the pulse heights measured from t§8ergies weighted toward lower energies. The second energy
respective detectors. This rati®, is analogous to that usedwindow will thus encompass a larger proportion of electron
for positioning in multiplexed crystal array designs. WithougScape events. We will use the crosstalk fraction measured with

scatter or X-ray crosstalk, this rati would always be one. this latter window to roughly assess the combined contribution
of escaped X-rays and electrons. For the smaller (57-97 keV)

energy window, we will assume the counts are due mainly to
B. Two-Dimensional Experiment bismuth X-ray crosstalk. The ratio of the number of events

Fig. 2 shows a schematic of the experimental setup useqogservec_i in D2 within these energy vyindowg to that in D1 is
measure the effects of completely surrounding & 2 x 30 the fraction of events that may be mispositioned due to low
mm? crystal with lead septa and a volume of BGO. Only DENErgy sources of cross talk.
and D2 are shown in Fig. 2. The general concept is the same
as in the 1-D experiment except D1 now has a volume of
BGO scatter media surrounding it, in an attempt to simulate ) . )
a full detector array. The back-collimating detector, D3, 1§+ 1-D Experiment: Point-Spread Function
approximately 13 cm away from D1, and tRéNa source  Fig. 3 shows the CPSF measured in D1 and crosstalk into
half-way between the two. As seen in Fig. 2, the scintillatioB2 for a 300-keV lower and 700-keV upper energy threshold
light from the two large BGO crystals that comprise D2, anith each of D1 and D2 (X 2 x 10 mn¥) with and without a
which surround D1, is read from the top with a PMT. Agai®.3-mm lead strip in place for the 1-D experiment. The full-
the source was moved perpendicular to the D1-D3 line in 0.dth at half-maximum (FWHM) of the CPSF of D1 (1.54
mm steps, and the CPSF and scatter fraction were measured) was measured to be only 3% narrower (only one side
with and without lead septa surrounding D1. has the adjacent crystal) with the 0.3-mm septa in place. Note

Two additional effects were studied with the 2-D experithe different peak positions of the CPSF of D1 and D2. The
ment: the contribution to the intercrystal crosstalk due to thraximum of the CPSF of D1 occurs where the source position
80-keV bismuthK -shell X-ray, and, possibly, electron escapes in line with the center of the crystal. D1 is located between
We note that electron escape will effect crosstalk, at best, opdgsitions 0.5 and 2.5 mm. Because D1 must be hit for the
for interactions within a 0.1-mm perimeter of a crystal (19% dfigger, the maximum response of D2 is shifted to the left
the cross-sectional area of a 2-mm-wide crystal). On averaffem its crystal center. Fig. 4 shows the corresponding full
an 80-keV bismuth X-ray will play a role within the outerenergy spectra (no threshold) measured in the crystals with
0.2 mm of the same crystal (36% of the cross-sectional araad without the 0.3-mm septa with D1 and D3 in coincidence.
of a 2-mm-wide BGO crystal). Thus, the 80-keV bismuth XNote the effect of the 80-keV bismuth X-ray in Fig. 4. Note
ray escape will play a dominant role in low energy crosstaldso there is no 511-keV peak in the D2 spectrum because D1
(see Section I). With a 150-keV threshold set on D1 the totadust be hit for a trigger. The reduction of crosstalk into D2
number of counts in D2 for 57-97- and 30-125-keV energyith the use of septa is seen at all energies.

2. D1/D2 portion of the 2-D experiment.

I1l. RESULTS
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Fig. 3. Measured CPSF of D1 for a 1-mm-diamet&Na point source with Fig. 5. Scatter fraction versus source position with and without the 0.3-mm
and without a 0.3-mm-thick lead strip in place between D1 and D2 (see Fig.!¢fd septa (300-keV threshold in D1 and D2).

for a 300-keV energy threshold. D1 must be hit to trigger the digitizers. The

center of D1 is at the 1.5-mm position. D2 resides to the right of D1.

6
] Eneray THRESHOLO
|iiTR ey
NO SEPTA WITH SEPTA 54| I71150key
— -300 keV | y

J[==350kev,

SCATTER REDUCTION FACTOR

1 D
1% EXPERIMENT
1+———T 7 L LA AL B

. ———rr
Bi x-ray 1 0 0.5 1 1.5 2 2.5 3
D2 | ‘/ Bi x-ray SOURCE POSITION (mm)

escape peak Fig. 6. Scatter fraction reduction factor measured using the 0.3-mm-thick

% intercrystal lead septa as a function of source position for various energy
thresholds. The dip seen is approximately at the position of the septa.

| | Fig. 6 shows the scatter fraction reduction factor achieved
511 keV 511 keV . L. . .
with the 0.3-mm lead strip in place as a function of various
Fig. 4. Unthresholded energy spectra in both detectors when the source wagirce positions and energy thresholds. Results for the 0.15-
electronically collimated on the center of D1 with and without the 0.3-m - .
lead intercrystal septa. The vertical scale of the D2 spectra shown has b W septa are not shown here, for simplicity. For a 300-keV
enlarged by a factor of two relative to that of D1. D1 must be hit for trigge€nergy threshold, and source positions over D1, we found that
the fraction of scattered events into an adjacent crystal was
reduced, on average, by a factor of 3.2 (2.1) when there was
B. 1-D Experiment; Scatter Fraction a 0.30 (0.15)-mm thick lead strip in place. In general, this

Fig. 5 shows the scatter fraction measured in D2 for a SOBE—dUCt'On faptor depended on energy threshold (see energy
spectra in Fig. 4) and source position. With the lead strips in

keV lower and 700-keV upper energy threshold in each of th
2 x 2 x 10 mn?¥ crystals, with and without the 0.3-mm-thickp ace between larger & 3 x 30 mnt crystals, we found

tain ol funci f ition. With this hi imilar results for the scatter fraction reduction factor: the
sépta In place as a function of source position. Wi IS g rger crystals had, within 10%, approximately the same scatter

300-keV threshold on each detector, for a given trigger in Dg vvion above a 300-keV energy threshold for points directly
pulses from either D1 or D2, but not both, will contribute to thgyer the D1 crystal as for the 2 2 x 10 mn?® crystals.

scatter fraction definition. We note that the definition of scatter |, Fig. 7 we show a different way of representing the

fraction given in Section Il might be most appropriate whegcatter data. Let/l and d2 be the digitized pulse heights
the source pOSition is collimated over D1, but this quantitﬂom D1 and D2, respective|y, for a given event. F|g 7
is also shown for positions outside of D1. Position 1.5 is thgéhows a histogram of the ratioll — d2)/(d1 + d2) with
center of D1. For source positions directly over D1, with a 30@nd without the 0.3-mm septa present for a source position
keV energy threshold in each crystal, 80-keV X-ray crosstalentered on D1. This ratio is a two-crystal analogy of the
does not have an effect on these results. positioning algorithm used in multiplexed (light or charge
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1) - Fig. 8. CPSF measured for D1 and crosstalk measured in D2 as a function of
1.5 =1 0.5 o 4.5 1 .5 source position without and with 0.15- and 0.3-mm-thick lead septa completely
(a) surrounding D1 (300-keV lower and 700-keV upper energy thresholds in
D1 and D2). Upper three curves: response of D1; lower three curves:
1.3 10 ) = corresponding response of D2. D1 must be hit for trigger. D1 is centered
! } HESTOSEAM OF on the 13-mm source position. D2 is a BGO volume surrounding D1 (see
Fig. 2).
LT O 0= 2 it 1 02
110 -

WITH 0.3 b SEFTA L . .
significant difference in the CPSF FWHM between the 1- and
HO THRESHOLD

000 2-D configurations without septa, even though there is a much
greater BGO scatter volume present and nearly four times the
scatter fraction. Furthermore, there is no significant change
in the CPSF at FWHM with the introduction of septa. There
was, however, a roughly 20% improvement in the full-width at
a000 tenth-maximum (FWTM) seen with the 0.3-mm lead present
in the 2-D experiment. There is, also, a 6—8% difference in the
FWHM for the profile of counts measured in D2, the “wrong”

COUNTS
2
2

i crystal. These results will be discussed in Section V. Note that
1B the D1 crystal is centered on the 13-mm source position. The
u'-1_.nl 1 o8 a a8 » yg L7-mm BGO volume (see Fig. 2) roughly begins just above
RATIO the 14-mm source position in Fig. 8. The 10-mm BGO volume

®) begins just below the 12-mm source position.

Fig. 7. Plot of the difference between the signals measured in D1 and D2 . . .
normalized by the total signal for (a) no septa and (b) with 0.3-mm septa fet- 2-D EXperiment: Scatter Fraction

e 15 rrmet (i 1. Th preserce o be e e e 5 . ilaye the ractonal crosstalk (2) and crosstalk
reduction (b) with no septa and with 0.15- and 0.3-mm septa
in place for the 2-D experiment. For source positions directly

sharing) PET detector array designs [1], [3], where all &ver D1 (12-14 mm), since the energy thresholds are high

the light created from all the crystals in the array is used f@4 this figure, the X-ray escape peak of bismuth does not
crystal identification/positioning and energy thresholding of agbntribute to this scatter fraction calculation. Remember, D1
event. We see the deviation from the correct position, a ratigust be hit to trigger the digitizers. The scatter fraction is

of one, lessens with the septa in place, including at those ra@@proved, on average, by a factor of 3.0 (2.1) with the 0.3

positions near-1, where, without septa, most of the energy igl.5)-mm septa in place. These values correspond well with

deposited in the wrong crystal. From this figure one can betigibse measured in the 1-D experiment. For a 300-keV energy
assess the contribution of Compton scatter and X-ray crosstgkeshold, without septa, scatter crosstalk into D2 from D1
to mispositioning errors in an array, without the presence g#ries from 35-47%, which agrees with results in [1] for larger,
light sharing effects. The Compton scatter crosstalk produggseudo-discrete BGO crystals. The measured scatter fraction
larger positioning errors than do escape X-rays. is roughly twice as large for a 150-keV threshold.

C. 2-D Experiment: Point-Spread Function E. Crosstalk Due to X-ray and Electron Escape

Fig. 8 shows the CPSF measured in D1 and crosstalkFig. 10 displays the crosstalk fraction (ratio of counts in D2
component seen in D2 for a 300-keV lower and 700-keV upptr those in D1) for a lower-energy window in D2 centered
energy threshold in both detectors with and without the twabout the 77-keV bismuth X-ray with and without septa in
sizes of lead septa (0.15 and 0.30 mm) in place. There is place. Bismuth X-ray crosstalk into D2 with no septa accounts

Authorized licensed use limited to: Stanford University. Downloaded on May 28,2010 at 18:26:59 UTC from IEEE Xplore. Restrictions apply.



LEVIN et al. COMPTON SCATTER AND X-RAY CROSSTALK 223

1 0.640——
- —*—NO SEPTA Z { —e—NO SEPTA (30-125 keV) -

] EXPERIMENT — & -0.3 mm SEPTA g 0 5: — & -.3 mm SEPTA (30-125 keV) EXPERIMENT
= 0.8 ~--&---0.15 mm SEPTA O VY] --m--.15 mm SEPTA (30-125 keV)
o E < 1, —~ -NO SEPTA (57-97 keV)
= & 0.4]| 2773 mm SEPTA (57-97 keV)
(8] E **| 4= .15 mm SEPTA (57-97 keV)
é 0.6+ x 1 _
w 1 P ]
o ] B 0.3 PRl Y SRRRREELET Col gl
W 0.4+ 8 ] '/°__—"_'_°\o

: A T 0.2
3, ] \ 50

7 R A
n 0.2 . .'-A-.-‘A : 0 1_‘ rf--—--—-n_—,r\,-_:-.-:.-u.u-u-jn--—-—--—C\'—-':-:-L

] p T R“..'-.*'\.“H E . o = — =D — T — = <

0-""l'ﬁ7'*'7]""*‘l"" 0""‘_'_"l""l""l""l"_r
5 10 15 20 25 11.5 12 12.5 13 13.5 14
SOURCE POSITION (mm) SOURCE POSITION (mm)
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for the 2-D experiment for 57-97-keV (lower curves) and 30—-125-keV (upper

x ] curves) energy windows centered on 77 keV. In both cases a lower energy
0 4] —*—03mm (300 keV) 2-D EXPERIMENT threshold of 150 keV was set in D1. The presence of lead septa slightly
5 ] D7 015mm (300 kev) increases crosstalk at low energies due to 80-keV lead X-rays produced.
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3 37 of 77-keV X-ray absorption is higher in BGO than for lead.
5 @__.—-"@ Detector crosstalk sources do cause positioning errors which
2 2] - 7e<':""°_'—' P can contribute to a reduction in tomographic image contrast.
g 1 O L S - In this experiment neither crosstalk sources nor intercrystal
e, T L S . . . .
] o © septa appeared to affect the intrinsic resolution as measured
E 1‘1 by the FWHM of the CPSF (see Figs. 3 and 8). The FWTM,
S 1 however, improved by 20% with 0.3 mm of lead shielding
2 6] surrounding one crystal of interest within a 2-D array of BGO.
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1.5 12 12.5 13 13.5 14 14.5 In this experiment, the CPSF FWHM is determined by the
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22 i i - -
Fig. 9. (a) Scatter fraction versus source position for no septa, 0.15- an a average positron range fluctuation, and 1-mm half CryStal

0.3-mm lead septa (only 300-keV threshold data shown). (b) Correspondi@dth in quadrature, we arrive at an intrinsic value of 1.54-
scatter reduction factor for 150- and 300-keV thresholds. The 13-mm sourggn FWHM, which compares well with the values obtained in
position is centered on D1. Sections IlI-A (1.54 (0.05) mm) and 1lI-C (1.56 (0.05) mm).

Our results also indicate that with the simple insertion
for roughly 10% of the events registered in D1 for a 50%f very thin lead strips betweer3-mm-wide crystals, the
energy window centered about 77 keV (57-97 keV) and ciosstalk, and, therefore, the positioning errors due to Compton
lower energy threshold of 150 keV set in D1. For a 95-kegcatter, can be reduced significantly. This reduction in scatter
window about 77 keV the estimation of the combined X-ragrosstalk is partially manifested by a reduction in the FWTM
and electron escape crosstalk is 20%. We note that this lafgte “tails” of the CPSF). The CPSF FWTM is a measure of the
window includes some low energy Compton scatter events $gatter background and affects the ability to separate individual
well so this estimation is only approximate. We observed a@fiystals in a detector array. A tomograph ring consisting
increase in X-ray crosstalk when 0.15- and 0.30-mm segf detector arrays that measure poor individual crystal peak
is used. This is due to the fact that gamma rays interactit@ valley ratios will inevitably worsen tomographic image
with lead also produce 80-keV lead X-rays. Thus there will bgontrast, although, perhaps not as much as from scatter within
competing effects of gamma and bismuth X-ray and electrdme body of the subject. This is especially true for small animal
attenuation in the lead (crosstalk reduction) and lead X-réiyiaging, where intercrystal scatter is the dominant source of
production. The dominant role of the lead X-ray productiopositioning errors [13]. The thin septa can be implemented
may explain why the X-ray crosstalk fraction does not seeif existing designs that already have gaps present [1] without
to vary with source position. reducing the crystal packing fraction. Whether a reduction in
positioning errors and potential improvement in tomographic
image contrast would be worth the cost increase of introducing
shielding between crystals is open for debate.

We have discussed Compton scatter and X-ray and electroifhere are two components of gamma “attenuation” by the
escape intercrystal crosstalk relevant to high resolution PHercrystal septa in our experiment: 1) energy loss in the
detector arrays. The latter two crosstalk sources become w#pta and 2) energy discrimination: counts are rejected if the
evant only for<3-mm crystal widths. In fact, the probability resulting energy is below threshold. The goal of this approach

IV. DiscussiON
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was not to stop or attenuate 511-keV photons. The ideaascompanied by a reduction in sensitivity for the outer part of

that some scattered gamma rays (enetgyll keV) will lose the field of view (FOV).

enough energy after traversing the lead septa, especially athere may be an additional benefit of using intercrystal

small angles with respect to the crystal axis, so that the eneggpta in situations where intercrystal detector scatter effects are

deposited in the secondary detector was less than a chosigmificant compared to those due to scatter within the body

energy threshold. We saw in Fig. 6 that even for low energf the subject to be imaged (as is the case for small animals).

thresholds, the scatter crosstalk reduction factor with 0.3-nféince part of the scatter/crosstalk is passively rejected, the

septa is roughly 2.5 for collimated source positions over D&epta effectively reduces the need for active energy thresh-

We believe the effect of the thin lead here on gamma raysakling used for scatter rejection, thereby possibly increasing

somewhat analogous to that seen in the collimator of a gammerall PET scanner efficiency.

camera. For small scatter angles of entrance into the secondaryhe scatter crosstalk reduction results should improve with

crystal, the amount of lead actually traversed is greater thére use of tungsten as the septa material since it has a much

the actual thickness, resulting in a higher probability of gamnidgher gamma ray stopping power (highgr and density,

ray interaction within the septa. The septa will also completeit a higher cost, however). For systems composed of lower

absorb very low energy scattered gamma-rays and escafpping power crystals, such as Lutetium Oxyorthosilicate

X-rays and electrons. (LSO), the intercrystal crosstalk fraction will most likely
What is the relation between the scatter fraction and tlgcrease. In this case, intercrystal septa may be even more

FWTM of the CPSF? The CPSF FWTM measured in this exseful.

periment extends beyond the physical width of the D1 crystal
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