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1. Introduction

Development of inproved passive gamm
sensing

1y deteetion technigues tor

distion from adivactive nuclear matenals is important for maony

fickds. including homeland securmy, astrophysices, and medical imaging
Current svstems are severely limited o sensitivity Gand therefore detection
range) due to backyround confusion. and they typically cannet precisely

lovabize seurces when detecwed. At Los Adamos National  Laboratory
(LANL) we are mvestigating the use of Complon gamme-ray imagmg w
address these needs. Our goal s to fisst demonstrale a small prowtype
system using available deteeien techaelogy Complon
maging device to overcome limitations of current sensing syslems. N
we plan o develop optimuzed, scalable weehnologies thut will lead 1o I
operational svstems for wide-arca nuclear material sensing and trucking
Below s of our prototype Compton
technigues that we plan o use on resulting data

shirw the ability of

we discuss th

d
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Imager Moduje Array

Compton Imager Congept

The Compton imagmg technique 15 bused on the fact that the known
kinematics of the Complon scattenng provess can be used 1o reconstruct the
dircenon of mncident photons if all the scattermg byv-products are neasured
Figuie 1 llustrates how o senes of muluple, postionssensitive dete
absorber) could be uwsed w0 make the required
mensuraments: dircctions and energies of the scattered photon and scattercd
cleciron.  In practice. postion and energy measurément  uncortantigs,
B
brogdening™ [1]) lead to non-ideal angular blu
the scattered electron dirceton s problematw
direetion 1s only constramed 10 0 cone. In any case. sttistical superpesitio
of many photons s required to create meaningiul images from ke
Ineasurements

s L

scalieret d an

combined  with ity

¢ quantum akmic

g cffects “Doppler
Furthermore. measuning
without it the photon

Regairements lor scattering detectors:
¢ Large atvca o moximize sensitivily 1 weak signals
+ Low-2. low-density 1o mmimize Doppler broadening
eflects amd mimmuze multiple scatler
¢ Towl thickness sufficient 160 cns

i

ol seatered elechon

Ity probability of Complen

seatter somewhere i the active detector volume

+ 3D spatial resolution | mem (depending on deteetor geomairy)

+ Energy msolunon -few % such that gular resolution s

domanated by Duppler broadening

Requirements for abserbing detectors:
* Large arca commensinate with size of seattering detector
= High-Z, high-density matenial 10 ensure good photo-electric
absorption efliciency
* Tolal thickness sulficient for compleie energy absompuon over
desired energy range
= 3D spatral resolution -1 mm (depending on detecton geonietry )
* Encegy resolution - few " such thal angular recolutwon 15
dominated by Doppler broadening

Ideally. all detectors and the
reasonably low power. mechanmically robust, and regquire mpimal cooling
Note that in peinciple, full encrgy absorpuion is not a sirct requirément il
multiple (2+) Compton scatters can be uniguely ideanlicd and propetly

readout clectronies should be compact

sequenced. [n this case, the inadent photon energy can be derived thom the
scaltering kinemates [2] The design of our protsype 1= meant 1o explone

several of these options with reasonable cost

15 approach Tor detecting and ir
commercially avadable detector fechnologics.  In the LANL prototyvpe
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Compton imaging, which reconstructs the direetion of invident photons based on the Kinematics of Compion scattenng. is of mterest i the fiekls of astrophysics, medical

ing spatially extended radi

analysis. In the foware, data from this device will be used 10 explore design options for large operational Compton imaging svsiems,

3, LANL Prototype System Design

The desgn of the LANL
demonstrate the concept ef a co

protolype was doven by the desire to
act, scaluble system without sygmificant
new detector development Flexibility i also mmportant w0 study diflerent
approaches, such as single scater imaging. electron tracking. and multiple-
seatter reconstmetion

.
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The prototype system moludes a scattering detector consisting of three

ayers of planae silicon pixel detectrs. d ted andd tabncated a1
Brookhwven Natonal Laboratory. Each plane is 300 microns thick, and
consists of 3 16x20 array of 3x3 mm® readoul pads. nesult

g i an aclive
orca of 288 e’ (see Figure 7). The absorbing detector conststs of a close-
packed fx7 armay of Cslof) somuliaons bt by S0 Gobain/BICRON
Each 12x [4x 10 mm' scimtilkstor crvstal 1s coupled o a 10x 10 mm* silicon
PIN  photodicde  (Hamamatas model  S3590-150 which
sentillation hight sgnal. The towl aren of the army s - 72 eme. including
crvstal packing material.  The silicon and Csl detectors ure mounted in o
mechanical assembly that allows changing the spacing between luyvers, since
aptinum spacing depends on the question being insestigated

measures  the

e
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Remdout electronics for the systemn we ned wid built by
IDEAS. It consists of discrete preamp shaping peak-deteet components on
cach CsEPIN dwxde channel, asmd ASIC
pixel detectors based on the VA/TA preamp’trigger ASIC chip combination
The system 13 compater controlled using the IDEAS VA-DAQ snterface
Thes system wlso includes a flexible variety of coincidence options
for ingeering between the Tour detector layers

While we have evaluated the detectors individually, the Tull readout
sysiem was omly recently completed. and we have yet 1o test the integrated

pulse-processing for the silicon

sysiem

systenn,
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4. Simulation and Image Reconstruction

Helore lestmg the expennmental system we developed o compuier
smmdation using the GEANTA Monte Carlo simulation wolkn. This teolkn
1% augmanted by the GALECS [3] package, which simulates detatded atomic
bunding elfects such as Doppler hrade
was verified aganst data trom individual siicon amd Csl detectors: with
The simulation wifl eventaily he veritied ag,

ng Performance of the simulanon

from
the full prototype mmager. and osed ax a 1ool o design Targer imagers. Fust,
however, we used the simulstion o develop umage reconstruction
techmques that will be used for analyzing data from the prototype

Dealing with the complexiies of Complon nnage reconstruction, as
opposed (0 hardware technelogy, 15 now arguably the crineal problem o
addressed en rowte o achivving the full potential offered by Com
magers. Several methods have been developed, but there 15 as v
gencral waalvtic solution o the problemy.  The most commonly used
technigue s sunple buek projection of dividual photon cones onte an
nnayge plane, but this ppproach viclds e qu
vty confised by backgroumd. Recently, e
have been applied w the (o of Expectanon  Maximization
slgorithms, but thexe, tov, have proven difficull W yield quantt
miormation m o

sl 4l

poedd resulis

tve information wad is

al manner
maging, we inveshgated the Maxamum Likelibomnd Roti
that was  successfully wsed 10 amalvze  astronomi
COMPTEL space-bormne Conipton gamina-ray telescope [4]

Because of the desine for quanttalive
MLR) techmique
data from the

1 sourees ab relatively close distances. we are developing a prototype systen us
yslem the Compton scutter lakes place s one of three lavers of thin silicon pxel detectors
mwasured i an ammay of CaITH/PIN diode detectors. Construction of the prototype 18 sbout 1 be completed. In this paper we discuss the dest

imaging, and nucle

nd the secondary photon is

g ol prototvpe device along with computes simulations

The MIR tochnique i< essentially an' extensian of forward-folding
hypothesis testing. 1t ests two hypotheses simuliuncously: background ¢
and point source plus background
function (PSF) and background (1) are comp
scatler parameters in o binned muli-dimensional “data space.”
studies we voncentrated on a three-dimensi
photon scatter direeton projected onfo an mmage plane () snd the photon
4 derived from the deposits This concept 1s
schemutically illustrated in Figure 5. which also shows the cone-shaped
simulated 31 PSE for a 662 keV paint source 0.2 m from the fiest silicon
detecion o 4 part thal depends only
on geometry. and the remainder which describes the complex seatiering
physics
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In practice, we decompose the PSF
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Stanstienl comparson betwe

madel predicned response and meisured

data 18 g likelihood mtio fest statisie 4
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I P
Powsson ninse 10 cach dota spoce b wee and background model
paraniters. such as source position and miensity, are varied m a controlled
search for values that maximee A An example ML map companng

stmulated da

and background to simulated PSE and back ground nrsdels is

shown i Figure &
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The great power of the MLR technique bes in s abiliny o distinguish
weak emhedded 1 background vield  quanttative
information about model parameters.  Assuming the source and back ground
models are n ble. the behavior of the Tog kelibood ratio w governed
by the chi-square distnbution funchion.  The
of A thus vield quantitative statisticsl constr
sich s source position, source imensity, und detection significance
the validity of this theory. we evaluated the behavior of A as a funen
signal to nose rate (SNR) and obtamed a chse match w
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Mute value and deviations
on the model parameters

o lest
of
the thereticul

expectation (scv Fig 7)

5. Conclusion

We nre construct sability of

a pretotype svaten o demonstraie the
Complon imag sed nuclear material detecrion applications
The hardware system s neaning completion. and we have used Monte Carlo
simulation

s for ground

o model s performance and 1o develop prebmmnary  data
vais lechmiques. We have shown that the MLR
previously used only for astronomical imaging, can be used effecnvely 1o

¢ techmgue,
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