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Motivation and Mission

• Preventing the further spread of nuclear weapons and related 
technology is paramount to our national security 

• Recent world events have significant impact on the 
nonproliferation landscape

• North Korea nuclear weapons program and recent rocket tests

• Possible revival of the Joint Comprehensive Plan of Action with 
Iran

• Russia/Ukraine war putting nuclear facilities and nonproliferation 
at risk

• Timely detection of nuclear proliferation requires a deep 
understanding of the associated signatures and technology

• The NNSA Consortium mission is to develop new technologies 
that detect and deter nuclear proliferation activities and to 
train the next generation of nuclear professionals
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MTV Timeline and Outcomes

Phase I: Startup

• Refined research 
directions

• Recruited talent for MTV 
fellowships

• Introduced fellows and 
associates to research 
activities 

• Created collaborations 
with national laboratories

Phase II: 
Develop

• Advanced nuclear 
nonproliferation 
technologies in 3 thrust 
areas

• Implemented student and 
faculty participating in 
research onsite at national 
laboratories

Phase III: Apply

• Conducting experiments 
and simulations for each 
thrust area

• Implementing and 
awarding new fellowships

• Developing new and 
improving existing courses

• Hosting outreach and 
recruiting events

Phase IV: 
Transition

• MTV graduates are 
transitioned into career 
positions

• Technology is transitioned 
to national labs, industry, 
and academia

• Results are published in 
peer-reviewed journal 
publications and at 
conferences

Year 5 and onYear 4Year 3Year 1 Year 2
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Research Highlight: Neutrino and Fission Physics
• We are measuring the dependance of the 

fragments’ angular momenta on the excitation 
energy of the fissioning system

• Collaboration with Argonne National 
Laboratory

• The results of these experiments will be used 
to improve models of fission

Stefano Marin, Nathan Giha, Sara Pozzi

University of Michigan

• We are analyzing antineutrino data from 
the PROSPECT detector at the High Flux 
Isotope Reactor 

• Precise measurement of reactor flux will 
demonstrate this technology towards 
commercial reactor monitoring

4
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Technical Approach

1515
Physics Division

Summaryand future work

• First exploration using PG4 
simulations appears to be effective 
when locating the reactor core 
position. 

• Investigate effect of finite size 
source in PG4 on the results.

• Include z-information coming from 
cell-offset

• Conduct sensitivity study for test 
points against real data.

̅" !̅" !
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̅" !
̅" !

Segmented liquid scintillator target 
• Inverse beta decay (IBD) interactions
• Double PMT readout

• Layered shielding 

• Precision Reactor Oscillation and Spectrum Experiment 

HFIR Core

PROSPECT Detector

High Flux Isotope Reactor (HFIR)
• 93% 235U fuel
• 85 MW thermal power

• Compact core
• High flux in the few MeV range 
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prompt cluster. If Srec areidentical, theprompt-delayed Zrec

difference is required to be less than 140 mm; if Srec are
adjacent, Zrec spacing must be less than 100 mm.

To remove activity associated with cosmogenic muons
and other high-energy eventscapableof creating significant
numbers of delayed secondaries, IBD candidates are
rejected if their delayed capture times are within 200 s
of a preceding cluster with Erec > 15 MeV; this cut is
referred to as a “muon veto.” To similarly reject cosmo-
genic neutron-related activity, IBD candidates are rejected
if their delayed capture occurs within 400 s of another

n-6Li candidate, or within 250 s of a preceding cluster
with Erec > 0.25 MeV and at least one pulse with a PSD
value larger than 2σ above peak of the electronlike PSD
band. These cuts are referred to as the “neutron veto” and
“recoil veto,” respectively. Thesethreecutsarealso referred
to collectively as a “cosmic veto.” IBD candidates are also
rejected if either cluster occurs within 0.8 s of a previous
cluster; this cut, referred to as the “pile-up veto” reduces
ambiguities in thecalculation of trigger-related dead times.

PG4 MC simulations of cosmogenic processes also
indicate that neutron-related backgrounds are concentrated
on the edges of the active region [72]; for this reason, IBD
candidates are rejected if their prompt or delayed Srec is
within the outermost layer of segments on the detector top
and sides. Signals in two segments in the bottom back
corner of the detector are similarly rejected due to high
reactor-on trigger rates in thesesegmentsfrom reactor γ-ray
backgrounds. IBD candidates are rejected if prompt or
delayed Zrec valuesarewithin 140 mm of thesegment ends.
These segment and z-end exclusion cuts are referred to as
“ fiducialization” in following sections.

Figure 19 illustrates the reduction in IBD candidates
upon sequential application of the IBD selection cuts
described above during reactor-on data-taking; distribu-
tions include subtraction of accidentally time-coincident
backgrounds, which is described in Sec. VI. A 2 to 3 order
of magnitude reduction in IBD candidates isobserved after
all cutsareapplied. Thereactor-on prompt Erec distribution
in Fig. 19 exhibits a smooth event distribution peaking
between 2–3 MeV and falling at higher energies, consistent
with the expected energy distribution of reactor ν̄e IBD
interactions; however, peaklike features also appear in this
distribution, indicating theresidual presenceof background
IBD candidates. The PSD value distribution in Fig. 19
exhibitsadouble-humped structurematching that expected
from prompt IBD positrons (low-PSD value) and prompt
nuclear recoils (high-PSD value), gamma interactions from
inelastic scatters (low-PSD value), and captures (high- or

low-PSD values for captures on 6Li and hydrogen, respec-
tively) produced by cosmogenic neutrons. Wenotethat due
to integration over abroad energy and timerange, thehigh-
and low-PSD value distributions observed in Fig. 19 are
smeared out and provide an incomplete representation of
the detector’s true PSD separation capability.

IBD candidates are also investigated in Fig. 20 by
simultaneously plotting energy and PSD value for the most
restrictiveselection given in Fig. 19 for onereactor-on cycle
and a following reactor-off period. Pictured are the total
summedprompt Erec,aswell asthePSD valuefor thepulseof
highest reconstructed energy within theprompt cluster. The
elongated band at low-PSD value represents the area con-
tainingall selectedIBD candidates,aswell asasubsetof non-
IBD events containing subdominant prompt cluster pulses
with high-PSD values. Apart from differences in absolute
ratesduetodiffering timeperiod lengths, theprimary visible
difference in Fig. 20 between reactor-on and reactor-off
periods isa relative reduction in content in theband at low-
PSD value in reactor-off data.

Two other regionsof potential IBD-likebackgroundsare
also highlighted in Fig. 20. One isolated region at low
energy and high-PSD value is produced by the time-
coincident captures of two neutrons on 6Li, which are a
signature of multineutron cosmogenic showers. Another
region inhabiting abroad energy rangeat high-PSD valueis

produced by the scattering and subsequent 6Li capture of a
single energetic cosmogenic neutron. These event classes,
designated (n-Li, n-Li) and (n-p, n-Li), will be used to
further investigate the impact of multineutron showers
and high-energy cosmogenic neutrons on PROSPECT
signals. In these investigations, the latter (n-p, n-Li) class
will also include rejected events in the IBD-like band of
Fig. 20 that contain a subdominant high-PSD prompt
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FIG. 19. Distributions of prompt Erec and reconstructed PSD
value of the highest-Esmear prompt pulse (bottom) as IBD
selection cuts are sequentially added to the PROSPECT reac-
tor-on dataset. Applied cuts are described in the text. Distribu-
tions include subtraction of accidentally time-coincident
backgrounds, which is described in Sec. VI.

IMPROVED SHORT-BASELINE NEUTRINO OSCILLATION … PHYS. REV. D 103, 032001 (2021)

032001-19

Signal detection efficiency: <2% uncertainty

• PROSPECT detects neutrinos via inverse beta decay (IBD)
• Prompt signal (( , ) provides good energy estimate of incident neutrino

• Delayed localized neutron capture signal (n – 6Li)

• Event selection achieved using selection cuts 
• Event timing, energy, distance, fiducial volume, pulse shape discrimination (PSD)

• Compare data to simulation to calculate efficiency of each cut
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• Optimize the cuts in order to: 
• Maximize effective statistics 

• Minimize associated uncertainty 
in the efficiency 
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Application of IBD Selection Cuts

Paige Kunkle, David Campbell

Boston University
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Research Highlight: Reactor Experiments
• Conducted new experiments for nuclear reactor 

monitoring and forensics signature discovery 
• beam characterization at the OSU Reactor Measurements 

• UM neutron noise measurements at the CROCUS Reactor at EPFL, 

Switzerland

• Sample irradiation at Missouri University Research Reactor for 

MCNP6.2 model validation

• Epithermal neutron chopper designed for the Breazeale Reactor at 
PSU to perform neutron activation analysis

• We are developing better ways to monitor the power 
levels of a nuclear reactor, analyze materials in the fuel 
cycle, and detect radioactive emissions
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Research Highlight: Microbial biosensors for detection of nuclear 
proliferation

• Environmental sampling is important for 
monitoring and detecting proliferation-
sensitive nuclear activities

• This work explores microbial community 
dynamics in environments exposed to 
proliferation-sensitive fuel cycle activities to 
inform remote detection and monitoring 
technologies

Isis Fukai Kurt Ash

University of Tennessee, Knoxville

Sample locationHFIR Facility

Emission StackHistorical Waste 

Ponds



8

Research Highlight: Background Seismicity near the DPRK Test Site

• Use of historic Dongbei sensor network data to 
better understand background seismicity around 
the North Korea test site

• Background characterization improves our 
capability to monitor, understand, detect, locate, 
and characterize an explosion

Initial work by Los Alamos National Laboratory has 

detected and located events (white circles) with phase 

picks close to North Korea test site (NKTS star) using 

the Dongbei network (black triangles) 

Collaboration with Los Alamos National Laboratory

16 events with 95% confidence error ellipses are within 70 km of 

North Korea test site.  Four of the error ellipses overlap the North 

Korea test site (star). These 16 events were used as master templates 

for correlation detection and location of 72 events that have been 

visually inspected for quality control and verified at 2 or more 

stations.  These results give an idea of background seismicity 

observed within 70 km of the nuclear test site in North Korea which 

is especially important to monitor, understand, detect, locate, and 

characterize.  

Initial work by Los Alamos National Laboratory has 

detected and located events (white circles) with phase 

picks close to North Korea test site (NKTS star) using 

the Dongbei network (black triangles) 

Collaboration with Los Alamos National Laboratory

16 events with 95% confidence error ellipses are within 70 km of 

North Korea test site.  Four of the error ellipses overlap the North 

Korea test site (star). These 16 events were used as master templates 

for correlation detection and location of 72 events that have been 

visually inspected for quality control and verified at 2 or more 

stations.  These results give an idea of background seismicity 

observed within 70 km of the nuclear test site in North Korea which 

is especially important to monitor, understand, detect, locate, and 

characterize.  

Won-Young Kim, Paul Richards
Columbia University
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University of Michigan Consortia Student Advancement Models
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MTV Students: 133 Degrees Earned as of December 2022

Ph. D. and Postdoc

Masters Degrees

Undergraduate Degrees

28

35

71
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Consortium for Monitoring, Technology, and Verification (MTV)
Launching Careers: 28 Ph. D.s and Postdocs Graduated and Transitioned

GOVERNMENT

ACADEMIA

Felicia Sutanto

U. Michigan

Noah McFerran

U. Florida

Michael Hua

U. Michigan

Kristopher Ogren

U. Michigan

Patrick Skrodzki

U. Michigan

Valerie Nwadeyi

U. Michigan

Connor Awe

Duke U.

William Steinberger

U. Michigan

Patrick O’Rourke

U. New Mexico

Lauren Finney

U. Michigan

Tamara Patton

Princeton U.

Taylor Harvey

U. Florida

Noora Ba Sunbul

U. Michigan

Jayson Vavrek

MIT

Ezra Cockram

U. Florida

Sean Martinson

TAMU

Nicholas Grenci

PSU

Stefano Marin

U. Michigan

Niral Shah

U. Michigan

Oskari Pakari

U. Michigan

David Bernstein

UC, Berkeley

Evan Gonzalez

U. Michigan

Emily Vu

U. Michigan

William Koch

MIT

Daniel Timmons

U. New Mexico

Pengyang Xiu

U. Michigan

Arielle Opotowsky

U. Wisconsin

Tingshiuan Wu

U. Michigan
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35 MTV Masters Students: Graduated and Transitioned

7
• Positions with 

National 
Labs/Government

11 • Positions in 
Industry

17 • Pursuing Ph. D.s
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MTV-Developed Courses

• Penn State University, Prof. Flaska, NucE450: Radiation 

Detection and Measurement. Students: 45

• Princeton University, Prof. Glaser, MAE 518: Virtual and 

Augmented Reality (VR/AR) for Scientists, Engineers, and 

Architects. Students: 36 

• Texas A&M University, Prof. Chirayath, NUEN-651: Nuclear 

Fuel Cycles and Nuclear Material Safeguards. Students: 22 

• University of Michigan, Prof. Pozzi, NERS 532: Nuclear 

Safeguards (collaboration with Oak Ridge National 

Laboratory). Students: 13

• University of Michigan, Prof. Pozzi, NERS 590-3: New 

Scintillators (collaboration with Oak Ridge 

National Laboratory). Students: 9
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Education and Workshops

• MTV Annual Workshops:  525+ attendees since 
2020

• MCNP / MCNPX-PoliMi Workshop: 63 participants 
since 2020

• UK-US Academic Network in Nuclear Security and 
Nonproliferation Skills Workshop 2021 (virtual): 27 
lectures from 3 Consortia

• Nuclear Engineering Summer School (NESS): 700+ 
Attendees in 3 Years and lecturers from MTV 
students, faculty, and national lab affiliates
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Early Engagement and Outreach

• Lab tours for elementary, junior high, and high school students

• Undergraduate research fellowships

• Do-it-yourself Geiger counter for radiation detection with high-school 
students

• UM-UNM Summer Research Experience
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MTV Diversity and Excellence Fellows

The Consortium for Monitoring, Technology, and Verification (MTV) and Michigan Engineering (ME) recently 

created the MTV-ME Fellowship for Excellence and Diversity for undergraduate and graduate students. 

MTV Diversity and Excellence Fellows awarded in Fall 2022

Current call for MTV Diversity and Excellence Fellows: 

Ricardo Lopez Tessa MaurerPrabhjot Kaur
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Graduated Fellows Current Fellows

Connor Awe
Duke University
2019 Fellow
Experimental Physicist,
SRI International

Kristofer Ogren
University of Michigan
2019 Fellow
Postdoc,
Los Alamos National Lab

Edward Callaghan
UC, Berkeley
2019 Fellow

Matthew Lee
Texas A&M University
2021 Fellow

Paige Kunkle
Boston University
2022 Fellow

Garrett Wendel
Penn State 
University
2021 Fellow

Tyler Johnson
Duke University
2019 Fellow

MTV Doctoral Fellows in Applied Antineutrino Physics

Ryan Bouabid
Duke University
2022 Fellow

Current MTV Doctoral 
Fellow in Applied 
Antineutrino Physics Call: 
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Publications: September 2019 - December 2022

121 

Peer-reviewed Journals

TA1 TA2 TA3

44

39

22

38

57

38

207

Conference Papers

TA1 TA2 TA3

61 76

70

NuclearNews Article, ANS, July 2022: 
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Website, Social Media, and Engagement with Public

MTV Website: 
www.mtv.engin@umich.edu

a. Website Traffic: over 34,000 sessions by 19,500 
users since 2019

Thousands of views generated by social 
media:

• LinkedIn: https://www.linkedin.com/in/sara-pozzi-
a98ab813/

• Twitter: @NNSA_MTV
• Facebook: @NNSA.MTV
• YouTube: MTV Consortium, 133 videos available

Invited talks: 129

Interactions with press: 28

Interactions with public: 118

http://www.mtv.engin@umich.edu
https://www.linkedin.com/in/sara-pozzi-a98ab813/
https://www.linkedin.com/in/sara-pozzi-a98ab813/
https://www.youtube.com/channel/UCFqYGB82XrXIWoat_jk4cDw
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Experiments with 
SNM samples at 
SRNL, November 
2020 

Device Assembly Facility, 
Feb 16 – 25, 2021

MTV Hosted University Program Review (UPR) in June 2022

• UPR hosted in-person meeting June 7-9, 2022, in Ann 
Arbor, MI

• Three DNN R&D-funded consortia welcomed

• 273 participants

• 54 oral research presentations

• 70 posters

• Three MTV students awarded best presentation awards:
• Best National Lab Collaboration: Stefano Marin, University of Michigan

• Best Oral Talk: Kelly Truax, University of Hawai'i at Manoa

• Best Poster Presentation: Eric Lepowsky, Princeton University
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Experiments with 
SNM samples at 
SRNL, November 
2020 

Device Assembly Facility, 
Feb 16 – 25, 2021

MTV Welcomed Administrator Hruby

• Under Secretary for Nuclear 
Security and NNSA Administrator 
Jill Hruby visited the University of 
Michigan (UM) September 2022

• Presented “U.S. Nuclear Security: 
The Need to be Responsive and 
Responsible”

• Awarded the Nuclear Science 
Week 2022 Nuclear Lifetime 
Achievement Award

• Visited UM Nuclear Engineering 
and Radiological Sciences Labs
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MTV Impact

• Trained next-generation workforce

• Extended the understanding of 252Cf spontaneous 
fission to improve fission codes

• Improved reliability of nuclear reactor monitoring for 
existing and proposed reactors through reactor 
experiments at several sites

• Refined our ability to detect fuel cycles via analysis of 
biological samples

• Improved our capability to detect, locate, and 
characterize nuclear explosions through analysis of 
seismic data from the Dongbei sensor network

6

60

C. Real-Time Gamma-Emitting Isotope Imaging
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The Consortium for Monitoring, Technology, and 
Verification would like to thank the DOE-NNSA for the 
continued support of these research activities. 

This work was funded by the Consortium for Monitoring, Technology, and 
Verification under Department of Energy National Nuclear Security Administration 
award number DE-NA0003920.
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