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Background and Overview

<

DRIFT, a Detector Response Function
Toolkit, post-processes MCNP output to
model detector response [1]

Capability to model scintillator detectors
has previously been demonstrated
[2,3,4]

Ability to model realistic nuclear
instrumentation response for He-3 and
other gas-filled neutron detectors has
been developed and benchmarked

Gas-filled neutron detectors are heavily
used in nuclear safeguards, and a focus
of this release has been to expand
software usability by practitioner end-
users
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The MCNP Code

World-class radiation
transport

|
Outputs PTRAC files
\

DRIFT
High-fidelity detector

responses

l
Generates outputs in the same
format as measurements




He-3 Tube (Pictorial Representation)

Gas-Filled Detectors

* Widely used in neutron detection due to
their high reliability, high sensitivity to
thermal neutrons, and relative
Insensitivity to gamma rays

» Converts thermal neutrons into charged ;‘1 fg{fzfclzcé
particles via capture on He-3 (or B-10
for BF; detectors)

 Electrons generated by the charged
particles are multiplied in the gas and
collected to give an electronic signal

» Potential Effects:
— Inactive end-tube effects
— Wall effects
— Downstream electronic effects
— Spurious afterpulsing
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Motivation for DRIFT Gas-Filled Detector Modeling

MCNP

-

Excellent radiation transport
capabilities

Simulates neutron transport to, and
interaction in, a gas-filled detector

Can model some detector effects,
such as the effects of pressure on
detection efficiency and wall effects

but

Has limited capability to model
other, more nuanced effects on gas-
tube response

Los Alamos
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DRIFT

» Models the effects of detector
geometry, pressure, and
temperature on electron generation
in the gas and collection at the
anode

» Models charge collection in inactive
end-tube regions

« Can model afterpulsing on request

» Converts collected charge into a
pulse via a simulated charge-
integrating preamp

* Models electronic effects like dead
time and pileup



DRIFTv2 Release Summary

Gas-Filled Software
Detector Physics Improvements

DRiIFTv2 Release

Support for
Windows and
macOS

Experimental
Validation
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DRIFTv2 Release Summary

Gas-Filled Software
Detector Physics Improvements

DRIFT New |
Capabilities and DRiFTv2 Release

Detector Physics

A

Support for

Experimental Windows and

Validation MacOS

—
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DRIFTv2 Release Summary

Gas-Filled Software

Detector Physics Improvements

DRIFT New Improvement to

Capabilities and DRiFTv2 Release Existing DRIFT
Detector Physics

Features

A

Support for

Experimental Windows and

macOS

Validation

—
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Gas-Filled Detector Physics

Average Positional Distribution of Events in the Detector:

Gas-filled detector responses and the
response of a charge-integrating
preamplifier are now modeled in DRIFT

Uses data generated by SRIM and Jreeeeess
Garfield++ to calculate electric fields and T
jonization [5,6] -

Run-time graphic

Two detector fill gases and two quench showing distribution
gases are available to mix and match at any of events in detector
concentration from 95% to 100% fill gas

_ Energy spectrum of
Continuous voltage support between 1000 a He-3 tube,

I howi Il effect
and 1900 V, continuous temperature showing was efects

support between 253 and 293 K, and
continuous pressure support between 1 and
10 atm

Both cylindrical and spherical detector
geometries are supported at any arbitrary I
Size | '
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Gas-Filled Detector Physics

-

Ability to perform automatic Rossi-
Alpha calculation is included

Individual simulated signal pulses
from detector events are generated
and can be output by DRIFT

Pulse pileup, dead time, inactive end-
tube regions, and spurious after-
pulsing are all modeled

50000 1 —— MNonparalyzable
—— Paralyzable

40000 A
g 30000 -
8
8

20000 A

Effects of dead time
10000 model on detection
efficiency
16-3 10'-? 10'-6 10'-5
Dead Time (s)
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event
mcnp
omcnp_p.hS
hdf5
4 7 10 ... <Omitted for brevity>

Usage

[SourceInformation]
SourceInformation
no
1

« Three new modules added [
to support gas detector o
functionality Gas

12.382 ... <Omitted for brevity>
0 ... <Omitted for brevity>
-38.82 ... <Omitted for brevity>
293
1@
79.85
1.190@
yes
2.46
6.27
[Gas_Preamp]
Gas_Preamp
yes
le-7
no
le-8
no
pC
e.es

[SafeguardsCalculator]
SafeguardsCalculator
yes
le-4
le-6

[WriteOutput]
WriteOutput
output_3@.txt
count source_e det_e det_c det_cell corr_count reals accidentals time pileup cells_history
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Usage

Three new modules added
to support gas detector
functionality

The Gas module simulates
detector physics, include
charge generation and
collection in the tube

%@ Los Alamos
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[global]
=gvent
=mcnp
=omcnp_p.h5
=hdf5
=4 7 18 ... <Omitted for brevity>
[SourceInformation]
=SourceInformation
=no
=1

[TimeDistribution]
=TimeDistribution
=1e3

[Gas]

= 12.382 ... <Omitted for brewvity:>
= @ ... <Omitted for brevity:
=-38.82 . <Omitted for brewvity:
=293
=18

=79.85
=1.198

-yes

=2.46

=6.27

[Gas_Preamp]
=Gas_Preamp
=yes
= le-7
=no
= le-8
= no
pC

= @.85

[SafeguardsCalculator]
=SafeguardsCalculator
=yes
= le-4
= le-6

[WriteQutput]
=WriteQutput
=output_38.txt

=count source_e det_e det_c det_cell corr_count reals accidentals time pileup cells_history




[global]
=gvent
=mcnp
=omcnp_p.h5
=hdf5
=4 7 18 ... <Omitted for brevity>

Usage

[SourceInformation]
=SourceInformation
=no
=1

Three new modules added EEE S

to support gas detector . e
functionality “gas
. =002
The Gas module simulates £e-1900
deteCtor phyS|C81 InC|Ude : = 12.382 ... <Omitted for brewvity:
. = 8 ... <Omitted for brevity:
charge generation and 3002 | COmittes for brevity>
collection in the tube 0
=1.198
The Gas_Preamp module ves
models electronic effects, oY
like pileup, deadtime, and a [Eyp”p
lower-level discriminator e
= le-8
;cno
@8.a5

[SafeguardsCalculator]
=SafeguardsCalculator
=yes
= le-4
= le-6

[WriteQutput]
=WriteQutput
=output_38.txt
=count source_e det_e det_c det_cell corr_count reals accidentals time pileup cells_history
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[global]
=gvent
=mcnp
=omcnp_p.h5
=hdf5
=4 7 18 ... <Omitted for brevity>

Usage

[SourceInformation]
=SourceInformation
=no
=1

Three new modules added EEE S

to support gas detector I
functionality “cas
. =C02
The Gas module simulates £e-1908
deteCtor phySICS, InC|Ude : = 12.382 ... <Omitted for brewvity:
. = 8 ... <Omitted for brevity:
charge generation and 3002 | COmittes for brevity>
collection in the tube e
=1.19@
The Gas_Preamp module ves
models electronic effects, o
like pileup, deadtime, and [
a lower-level discriminator e
= le-8
The SafeguardsCalculator e

module performs Rossi-
Alpha and coincidence
calculations

[SafeguardsCalculator]
=SafeguardsCalculator
=yes
= le-4
= le-6

[WriteQutput]
=WriteQutput
=output_38.txt
=count source_e det_e det_c det_cell corr_count reals accidentals time pileup cells_history
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Documentation Updated with New Features

» Users are referred to the new section of the manual (released alongside the
DRIFT executable) for a more complete description of the new modules, along
with a list of all parameters [7]

IIT Detector Physics - Gas Detectors 28
7 The Gas Module 29
I O e 29

T.2 MCHP Sinmlations . . . . . . . . . L o L L e e e e e e e e e e e e e e e e e 29
7.3 DRiFT kheywords, Options, and Deseriptions . . . . . . 0 . o0 0 00 00000 o0 oo o v . 30
Tl Gas Speciicg & . . . L L L L L e e e e e e e e e e e e e e e e e e e e 30

T.2.2  Advanced Vaviables . . . . . . L L. L a2

& The Gas Preamplifier Module 33
T S 8 T T 33

E.2 DRiFT kheywords, Options, and Descriptions . . . . . . 0 . 00 0 00 0000000000 h L 33
521 Gas Preamp Specifics o 0 L L 0L L L L L L L L i e i e e e e e e e e e e e e 33

9 The Safeguards Caleculator Module 35
L O T T 35

0.2 DRiFT Keywords, Options, and Descriptions . . . . . . . . .. . 0. .. oo .. 35

921 FRossi-Alpha Cacluations © . . . . . . . .. .. . . . . . ... .. ... ... 30

922 realsaccidentals . . . C L L L L L L L L L e e e e e e e e e e 36

923 eoincidence_time_ window . . C L L L L L L L L L L L e e e e e 36
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Experimental Validation

* DRIFT results validated against
experimental measurements using the
Epithermal Neutron Multiplicity Counter
(ENMC) [8]

Side View Top View

Sample Cavity 121 He-3 Tubes

Graphite Plugs  Cf-252 Source
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Deviation from Experimental Data (%)
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0.6
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—— MCNP (End-Tubes as Inactive Region)
60 4 —4— MCNP (End-Tubes as Active Region)

50 1

40

30 1
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Experimental Validation

<

DRIFT results validated against
experimental measurements using the
Epithermal Neutron Multiplicity Counter
(ENMC) [8]

DRIFT outputs compare favorably to
experimental results when compared to
outputs generated using the MCNP
code alone

DRIFT better matches with experimental
data at the extremes of the detector,
where end-tube effects have the
greatest importance

Los Alamos
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Normalized Count

)
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Y Experiment
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-+- MCNP + DRIFT
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Source Distance from Top of Well Counter (cm)




Experimental Validation

« Capability of DRIFT to model pileup was demonstrated using two Cf-252
sources on a detector system with two He-3 tubes

* One of DRIFT’s diagnostic capabilities was also demonstrated by flagging
room return events on the same detector system, by moving a polyethylene
scattering block closer to and further away from the Cf-252 source

3He detectors

\
Room Return
Cf-252
source
~ N&

X /

Polyethylene /
Polyethylene Stand scattering block
moderation blocks

AAAAAAAAAAAAAAAAAA



Experimental Validation

<

DRIFT outputs are consistent with
experimental results for the pileup
experiment, accurately modelling the
reduction in count rate

The room-return experiment
demonstrates the power of DRIFT'’s
diagnostic capabilities; it can be seen
from the plot that the increase in count
rate as the scattering block is moved
closer to the source is entirely due to
room return events from that scattering
block
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—
wm
o

Counts/s

Normalized Singles Rate

B measured counts

mmm expected counts (without pileup)
DRIFT counts

Emm MCNP counts

Individual source activities
normalized to match
experimental measurements.

R2-465 Combined
Source

e average (experiment)
average (DRiFT)
average (MCNP)
room return flagged (right)

10 15 20 25
Scattering Block Distance from Source (cm)

Counts Flagged as Room Return in DRIFT (%)




Additional Software Improvements

source_e (MeV) det_pulse (MeVee) det_ce corr_count

- Improved DRIFT execution 23006 oot 11
speed significantly in many 171909 110,1,¢ dousle

cases Y2 10410 double
g 39 . 1 8,8 double
* Now ha_mdles HDF5 OUtPUt to DRIFT now distinguishes between events in different lattice
work with MCNP6.3 OutputS elements and calculates coincidences appropriately

* Added Compatlblllty Wlth nps det_cell corr_count reals accidentals time (s)
MCNP universes and lattices . ; oo 0 o o.conemre
9 3 no ] %] 0.0007748805
.. . . 11 4 no ] 2 0.000914986
« Additional diagnostic 3 : ::; : 2 e
15 2 no 2] 1 ©.80107837
N - il 16 2 n 2] 1 0.00109314
capabilities, like the ability to 2 i - : 2 oot
26 2 no 2] 2] 0.80212082
2 2 no ] ‘] 0.0023364
flag room return and 2 ‘ e ‘ o olonseisss
39 1 no 2] ] 0.80311304
. 43 2 double 1 4 0.8@327029
reals/accidentals added 3 3 o . i olaeszen
45 3 double 1 4 0.080330403
45 4 double 1 4 0.00330403
46 3 double 1 4 0.803308657
46 4 double 1 4 0.00330657
54 3 no ] ] 0.00450981
56 1 no 2] ] 0.80468424
61 4 no 2] ] 0.08051045
70 2 double 1 Q 0.080608656
78 1 double 1 2] 0.080608657
71 4 no ] ‘] 0.00631641
73 4 no 2] -] 0.80659137
Reals and accidentals are calculated according to a user
specified time window
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Support for Windows and macOS

» |nstallers for Windows, macOS, and Linux
are available

* Installers require no prerequisites and only
require two steps to install, meaning that
the software can be installed and run with
practically no system requirements in a
short amount of time

AAAAAAAAAAAAAAAAAA
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Conclusions

DRIFTVv2 release available now!

« Contact austin_mullen@lanl.gov or madison@|anl.gov if you are interested in
receiving a copy

» Future work: Continued refinement of gas-filled detector capabilities,
introduction of semiconductor detector capabilities [9]
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