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Overview - System
PP ystem -

“+  Scattering Detectors
— Active Coded Aperture Mask
— 35-5x5x2inch Nal Tiles (random)
— 4inch PMT
— 6.75% FWHM @ 662 keV (average)
— Reconfigurable

* Absorbing Detectors
— 30-3x24 x 2.5inch Nal Bars
— 6.75% FWHM @ 662 keV (average)
— 1.5” position resolution (collimated)

*  Custom Electronics
— Lightweight custom designed PMT
— FGPA readout 2
— Integrated GPS -
— Integrated camera dl
— Real-time processing s/

L1 50 X 1 ; 12":0 lel) 250 ﬂll) 350
o Los Alamos Calculated channel: PMT1, < PMT2,

NATIONAL LABORATORY
EST.1943

Operated by Los Alamos National Security, LLC for NNSA UNCLASSIFIED ' ¥ AVDQé‘vi




Co-located
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: Camera GPS/INS Detector Hardware i

Raw Data

> PPP
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Singles/Coincidence
Data (~1MB/s)
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Why Imaging?
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*Background rates fluctuate over time and i
position making thresholds difficult
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*Imaging provides localization
*Imaging can improve identification
*Imaging can improve detection
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Co Apertu

Incoming light

& Coded aperture mask

_- Detector plane

Shadow pattern —
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Hybrid Imaging

*Combining Compton and coded aperture
imaging provides an increase in the SNR,
improving sensitivity and reducing false
alarms.

*Data are independent (singles,
coincidence) but parallel.

*Algorithms manifest background very
differently while producing similar source
images.
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*Algorithms are complementary in
different energy ranges with large 50
overlap.
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Hybrid Imaging™ .
Performance Assessment

90+ e
» \
g 80+ " ~_\-\
g 70
Q.
False Positive Fraction o 60
(Area) Example ROC Curves 2
£ 50t
Z 1.0 5 A
H o 401
z AR
3 ©
300 5
é g 087 8 ; i
a Q o 20%»
s L m—C|-AUC=0515 |
10k CA-AUC=0696 ||
0.61 1 RPN X :
Decision Variable % Possible operating potat X e ‘ : CA/CI - AUC = 0.843|
of ROC curve 0 20 40 60 80 100 1} : Y YD Zrpe
True Positive Fraction 0.41 Probability of false positive el
-4
s ~ O 09r
3 D
£ [Critical criterion 02 — Lower Performance L0.8
‘.;’ 7 T == Medium Performance 2 o8
& === Higher performance (§ 075k
0.0 F—— T T : B 07
0.0 02 04 0.8 08 1.0 2 065!
Decision Variable o
False Positive Fraction < 06
0.55- @ CA
05 = @ = Hybrid CA/CI
0.5 1 25

15
Energy, MeV

* ROC analysis of simulated data sets show an improvement over Compton
or coded aperture modalities alone.
* Improvement over the energy range of interest.
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Non-Imaging
sotope ldentification)

SORDS uses BTI spectroscopic isotope Raw spectra provided to algorithm
identification algorithms developed for weak (50 uCi I-131 at 25m stand-off, at 15mph)
source detection/ID from mobile platforms:

- Dynamic Background Compensation
algorithm

o
o

[as}
o

channel group

- Optimized time and position integration of
spectral data

[N
s}
o

- Peak finding/fitting, shape fitting, and
template fitting

- Isotope library with 40 isotopes of interest

Dynamic Background Compensation
and shape fitting detects and identifies the
source, with low false alarm rate

channel group
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Simulation & elin
Simulat Modeling

*An extensive simulation framework was used
to simulate performance before the PTU was
built.

*This allowed for algorithm development
parallel to hardware development
*Simulations used GRESS an extension to
GEANT4 which now includes many facilities
for simulating moving sources/detectors 10°

*Built a custom background model and many P gy tkew P
sources models that can now be used as
injection sources.

*Simulations allowed for extensive ROC
studies to guide algorithmic decisions.

]“LII
. Il

T TTTTTTT T TTTT LI

L LI IIllllJ,lj L LI L1l L1l

Emitted Intensity [y/m?%/s]

II] 11 IIIIII|

array mounting structure

Simulations allowed for parallel
algorithm development and
detector optimization

borosilicate  porosilicate glass Al detector can
optical interface
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Simulation Validation

*Simulations were based on validated physics packages used on many other
programs (ACT, GLAST, etc.)

Simulations were also validated against measured data and showed very good
agreement.
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» Los Alamos Simulations show very good agreement with measurements
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Example

The TMI system has been
demonstrated and tested in many
scenarios.

Multiple Sources

50 m 25 m

©2009 Google
Image MassGIS, GCommonwealth of
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Perform

Imaging Resolution:

« Compton Imaging: 13.5 degree FHWM

* Coded Aperture: 11.8 degree FWHM

Field of View:

* +/-1.01radians (static)

Sensitivity:

« Example: able to detect imCi Cs-137 at up
to 100 meters, driving 20 mph.

Characterization and algorithm
development is ongoing

On-going spiral development effort to
improve system performance
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Localization provides enhanced isotope
identification ability by reducing
background in the spectrum.
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Thank You! — Questions?

» Thanks to our collaborators at BTI, Raytheon,
MIT, UofM and RMD.

* Thanks to the Department of Homeland
Security’s (DHS) Domestic Nuclear Detection
Office (DNDO) for funding this work.

/>

- Los Alamos BTIEET X N

NATIONAL LABORATORY Technology Industries

.Google

kowipy L
- LosAlamos

Integrated Defense Systems

Operated by Los Alamos National Security, LLC for NNSA UNCLASSIFIED ' ¥ A'D%ﬁ
NI A'AR=4




