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Gamma-gamma coincidence techniques are known to improve the

detection of particulate radionuclides relevant for Treaty monitoring O
purposes. To that end, Pacific Northwest National Laboratory (PNNL, USA) N
has developed a novel y-y coincidence analysis and radionuclide INTRODUCTION
quantification software package. The software’s execution has been tested il
for radionuclides relevant to Comprehensive Nuclear-Test-Ban Treaty el
(CTBT) and other radionuclides with complex decay schemes. This Sl
presentation discusses software’s details, challenges encountered in its CONCLUSIONS
development, and its experimental validation. The validation was performed

by experimentally measuring 15 radionuclides (including 14°Ba, 14%La, and
88Y) using the Advanced Radionuclide Gamma-spectrOmeter (ARGO)
located in the Shallow Underground Laboratory (SUL) at PNNL.
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= Radionuclide (RN) monitoring: one of four verification g
technologies of the IMS e
l.‘I Detector spacing

= |[MS: RN stations utilize high-resolution gamma
spectrometry for particulate radionuclides

o Such as: %013, 140Bg, 134Cs, 137Cs, etc.
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looking detector)
——Dual detector vs. Singles (up-looking
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= Multidetector systems promising for IMS: i s Ak 1
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o Superior detection efficiency 5 : " i
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o y-y Coincidence signatures £ *VW/W/\JV\/\JWV\MW - s !

o Operationally resilient Aol 1/ panel ,j

L. . . — Radionuclide No. R, . 4
= Additional detectors bring complexity .. g L .

. . . . L M. Sharma et al., SnT-2021
o Data processing, analysis, and quantification = sophisticated software

o Mathematical operations, Nuclear Structure, Characterized source-detector geometry
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= TALASH development constraints:
o Implementation: Windows, Python, TLIST (Canberra)
o Output: Genie-2000 e

TLIST data
(ASCII)

Calibration
coefficients
(*xt)

Request input
1 from user

O

= Large data problem (high count rate/time) ABSTRACT

INTRODUCTION
SOFTWARE (1)

SOFTWARE (I1)

VALIDATION
RESULTS

Mode
selection

mode = time segmentation

l Gating cable
mode = full

and Performance Evaluation of a CONCLUSIONS

Down-dooking — } }D—_ Requestsp Stari — BOF Request Novel y-y Coincidence Analysis
: ¢ i il tart/stop ti .
detector j BOF srartsiop g Software,” NIM-A (2023, in press).
Sample = Syne cablc—bg
Up-looking y partialfull data |}
detector in chunks
PHA/Sum/Anticoincidence

histograms (.txt)
Generate/save
COI pairs

i

Lead shield (lined with Computer

tin and copper)

]
1
1
]
1
1
1
1
]
1
]
1
1
]
1
1
]
1
1
]
1
1
1
1
]
1
1 “«
i M. Sharma, J. Burnett, “Development
]
1
1
]
1
1
]
1
1
1
1
]
1
]
1
1
]
1
1
]
Pre-amplifier !
]
1
1

1
1
i
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
i
1
1
1
1
1
1
1
Lynx MCA !
1
1
1
1
1
1
i
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
i
1
1

I

Text to CAM conversion and CAM summing P3.2-360

4 3 Output file (HDF5 format) Place your

From cusmic%’l]; """ - QR Code
scintillation plate i —— 1 here after

I " que Energy gating HSOJNEImEM| CAM creation PHA/COI removing

[y £ating cnergy on COI pairs ] (txt) (.cnf) CAM Summing this text box!

: and tolerance :

i i

1 ] ~ -

i i

[ i



SnT 2023

CTBT: SCIENCE AND TECHNOLOGY CONFERENCE

HOFBURG PALACE - Uienna and Online
19 70 23 JUNE

Software-I: Coincidence Analysis

Performance Optimization

|

Pacific
Northwest

NATIONAL LABORATORY

Performance Optimization with Synthetic Data

L . .
—8&— Conventional approach
107 |®-First approach

----- Second approach

==& Final implementation

0 50
l T T

100
T

150
T

200
T

250

A

- AR

<M

A

ylables NZNumPy pances ¥

0 500 1000 1500 2000 2500 3000 3500
Total input file size [MB]

Tteration-1 <

Tteration-2 <

Sophisticated Strategies

Large Data Chunking - optimization

TLIST TLIST.
il = 50000
Chunk,, T ] Chunk,,
Chunk,, \\: Chunk,, 5000 1
[m]
—_ o
= e
[=*] Ei e
E 500 .
- Tg
Chunk;, T Chunk,, 50 ] ‘o,
"o
Chunk;, < Chunk,, == o
. o- o
unk; UNKspy 3
1 2 10° 10* 10° 10° 107

Coincidence pairs appende
and saved to HDF5 file

Memory Utilization
during Coincidence
Search

Memory utilization (%)

Input read/sort + Coincidence analysis

2000

4000

M. Sharma, J. Burnett, “Development and Performance Evaluation of a Novel y-y Coincidence Analysis Software,” NIM-A (2023, in press).

Input chunk size [events read/chunk]

H
Analysis complete w

6000 8000

Time (s)

10000 12000

O

ABSTRACT
INTRODUCTION
SOFTWARE ()
SOFTWARE (I)

VALIDATION
RESULTS

CONCLUSIONS

Place your
QR Code
here after
removing
this text box!

P3.2-360



SnT 2023

Software-I: Coincidence Analysis \37/

HOFBLRG PALACE - Uienna and Online TALASH: Output (GUI) Pacific
19 10 23 JUNE Northwest

# TALASH 1.7 (2023) - O X
i dataser 1 at / [DutputhS.. — O X
Table Import/Export Data O
« - ) 4001 ABSTRACT
Time delay Analysis using binAry SearcH 0-based
M. Sharma and J. Bumett, NIM-A (2023} Registered channels and INTRODUCTION
Pacific Northwest National Laboratory, USA time difference " 300 - SOFTWARE (l)
AEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENGD w
i [1] TLIST Path [Browse] = Howdy, Manish! Here are TALASH's Messages: =
: : [1] Accepted TLIST path: C:\Users\shar958\OneDrive - | E SOFTWARE (")
n = | PNNL\O-PNNL\O-Introductory-Material\1-Mirion-Project\Python_Practice 4
" [2]Sample ID [Accept] SMPL_ID_1234 = 990 763 0.0 200 VALIDATION
: . 1 824 227 -200.0 RESULTS
E [3] Start Date/Time [Accept] 04/28/2023 08:00:04 = | 131 Accepted Start Date (Time): 04/28/2023 (08:00:00) 2 712 4313 300.0
. mm/ddr J— ® | [4) Accepted End Date (Time): 04/28/2023 (09:00:00) 100 4
: /dd/yyyy  hh:mmiss . ES}A(CEE:Ed Quanﬂ; } ) 3 344 492 -200.0 CONCLUSIONS
= [4] End Date (Time) [Accept] 04/28/2023 |09:00:00 2| 161 Accepted Unit: 1 4 2818 947 100.0
st : ] & O
: [5] Quantity (flow) [Accept] 1 n 0- .
= C 6 62 252 0.0 —4000 —3000 —2000 —1000 0 1000 2000 3000 4000
. . Time difference [ns]
- [6] Uniits [Accept] 1 . 7 46 139 0.0
g 8 2449 1712 -300.0
9 575 300 -100.0
10 563 85 0.0
[7] Done!
_ oo ] In Progress! 11214 2740 100.0 v TA SH O S
H H H Place your
|
Coincidence pairs ot
o here after
= Singles/Summed spectra removing
this text box!
|

Coincidence spectra

P3.2-360

M. Sharma, J. Burnett, “Development and Performance Evaluation of a Novel y-y Coincidence Analysis Software,” NIM-A (2023, in press).



SnT 2023

CTBT: SCIENCE AND TECHNOLOGY CONFERENCE

HOFBURG PALACE - Uienna and Online

19 70 23 JUNE

Module-1:
Parsing ENSDF Data
* Decay branches
* Energy levels
* Gamma transitions

Co-60 La-140 Y-88

= Strategies:

Software-2: Radionuclide Quantification using y-y Signatures

Module-2:
Monte Carlo Simulation

Overview and Modules

Module-3:
Coin. Prob. Calculation

* Random sampling
using Monte Carlo
method

* Process repeated
iteratively

* Gamma/electron

cascades & coincidence
probability calculation

o Python, multiprocessing implementation

o Modular structure to reduce computational burden

= Archived y-e™ cascades for CTBT-relevant
radionuclides - PNNL's Deception Supercomputer
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= Development of sophisticated coincidence analysis/quantification software at PNNL

= Performance evaluation and optimization O
ABSTRACT
= Software’s execution tested for CTBT relevant radionuclides (and complex decay INTRODUCTIEE
radionuclides, 233U) gadbiin
= Validated with experimental measurement of 15 radionuclides (using calibration standards and s:::r;::;::)
irradiated samples) RESULTS
CONCLUSIONS
= \What’s not discussed, but has been done:
o Comparison with existing software (AWE’s RIMMER)
o Impact of interferences (own/other emissions)
o Convergence behavior for 15 radionuclides
o Further details on experimental probability calculation and comparison ??:Fff:agf%:e:
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