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Motivation and Mission

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

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

• The MTV’s 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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Consortium Model
• The current MTV builds on the success of our previous Consortium for 

Verification Technology (2014-2020)

• Research excellence – through collaboration with other top institutions 
and national laboratories (233 journal publications)

• Increased visibility and recognition at the national and international 
level (565 presentation at conferences)

o Hosting high-level multidisciplinary meetings and technical workshops 

• Enhanced opportunities for faculty, students and staff (348 students 
engaged in CVT activities)

• Enhanced outreach opportunities (over 400 students engaged)

• Multidisciplinary education – developed understanding among the 
students and postdoctoral researchers of how their technical work 
connects to policy

• Postdoc and PhD student transitions – 58 fully trained students 
transitioned to National Laboratory, Government, Academia, and 
Industry fields
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MTV Timeline and Expected Outcomes

Phase I: Startup
MTV kickoff workshop. Recruit the best talent 
for graduate, undergraduate, and post-doctoral 
MTV fellowships. Introduce fellows and 
associates to the research activities.

Phase II: Develop
Advance the state-of-the-art in nuclear 
nonproliferation technologies in the three 
technical thrust areas. Establish cross-
pollination of the research activities. 
Implementation of MTV travel fellowships to 
national labs.

Phase III: Apply
Conduct application experiments for each of our 
projects using the newly-developed 
technologies. Research results will be 
disseminated in peer-reviewed journal 
publications.

Phase IV: Transition
Technology and MTV graduate transitions to 
national laboratories, industry, and academia.

MTV Phases
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14 Universities 13 National Labs

1. Fundamentals of 
Nuclear and Particle Physics

2. Signals and Source Terms 
for Nuclear Nonproliferation

3. Nuclear Explosion 
Monitoring

Consortium for Monitoring, Technology, and Verification

A. Modeling and Simulation

B. Nuclear Policy

C. Education and Outreach

a. Reaction Theory and 
Modeling

b. Novel Imaging Techniques
c. Antineutrino-Based 

Methods

a. Isotopic Science
b. Spatial/Temporal 

Spectroscopic Analysis
c. In Situ Natural Monitoring 

(biota)
d. Nuclear Fuel Cycle 

Process Modeling
e. Radiation Transport

a. Infrasound
b. Seismology
c. Environmental Fate and 

Transport of Radionuclides
d. Radionuclide
e. Methodologies for Wide 

Area Environmental 
Sampling

f. Radiation Background 
Monitoring
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Neutrons

Photons

Thrust Area 1: Fundamentals of Nuclear and Particle Physics
Reaction Theory and Modeling

Barna, A.M. and Dye, S.T., “Web Application for Modeling Global Antineutrinos,” (2015).

delayed muon antineutrinos !nm—each with char-
acteristic energy and time distributions (fig. S2),
and all having a similar CEnNS cross section for a
given energy. During beam operation, approx-
imately 5 × 1020 protons-on-target (POT) are
delivered per day, each proton returning ~0.08
isotropically emitted neutrinos per flavor. An
attractive feature is the pulsed nature of the
emission: 60 Hz of ~1 ms–wide POT spills. This
allows us to isolate the steady-state environmental
backgrounds affecting a CEnNS detector from
the neutrino-induced signals, which should occur
within ~10-ms windows after POT triggers. Similar
time windows preceding the triggers can be
inspected to obtain information about the nature
and rate of steady-state backgrounds, which can
then be subtracted (31, 34). A facility-wide 60-Hz
trigger signal is provided by the SNS at all times.
As large as this neutrino yield may seem,

prompt neutrons escaping the iron and steel
shielding monolith surrounding the mercury
target (Fig. 2) would swamp a CEnNS detector
sited at the SNS instrument bay. Neutron-
induced nuclear recoils would largely dominate
over neutrino-induced recoils, making experi-
mentation impossible. This led to a systematic
investigation of prompt neutron fluxes within
the SNS facility (34). A basement corridor, now
dubbed the “neutrino alley,” was found to offer
locations with more than 12 m of additional
void-free neutron-moderating materials (concrete,
gravel) in the line of sight to the SNS target
monolith. An overburden of 8 m of water equiv-
alent (m.w.e.) provides an additional reduction
in backgrounds associated with cosmic rays. The
CsI[Na] CEnNS detector and shielding described
next were installed in the corridor location nearest
to the SNS target (Fig. 2).
The advantages of sodium-doped CsI as a

CEnNS detection material, its characterization
for this application, and background studies using
a 2-kg prototype are described in (31). Heavy
cesium and iodine nuclei provide large cross sec-
tions and nearly identical response to CEnNS
(Fig. 1B) while generating sufficient scintillation
for the detection of nuclear recoil energies down
to a few keV. We performed supplementary cal-
ibrations of the final 14.6-kg CsI[Na] crystal before
its installation at the SNS, as well as studies of
the scintillation response to nuclear recoils in
the relevant energy region (34). In addition to
these, an initial dedicated experiment was per-
formedat the chosendetector location,measuring
the very small flux of prompt neutrons able to
reach this position and constraining the max-
imum contribution from the neutrino-induced
neutron (NIN) background that can originate in
lead shielding surrounding the detector (Fig. 1B)
(34). The conclusion from this measurement was
that a CEnNS signal should largely dominate over
beam-related backgrounds. The level of steady-
state environmental backgrounds achieved in the
final crystal slightly improved on expectations
based on the prototype in (31), mostly because
of refinements in data analysis and the presence
of additional shielding. Further information about
the experimental setup is provided in (34).

Akimov et al., Science 357, 1123–1126 (2017) 15 September 2017 2 of 4

Fig. 1. Neutrino interactions. (A) Coherent elastic neutrino-nucleus scattering. For a
sufficiently small momentum exchange (q) during neutral-current neutrino scattering (qR < 1,
where R is the nuclear radius in natural units), a long-wavelength Z boson can probe the
entire nucleus and interact with it as a whole. An inconspicuous low-energy nuclear recoil is
the only observable. However, the probability of neutrino interaction increases substantially
with the square of the number of neutrons in the target nucleus. In scintillating materials, the
ensuing dense cascade of secondary recoils dissipates a fraction of its energy as detectable
light. (B) Total cross sections from CEnNS and some known neutrino couplings. Included
are neutrino-electron scattering, charged-current (CC) interaction with iodine, and inverse beta
decay (IBD). Because of their similar nuclear masses, cesium and iodine respond to CEnNS
almost identically. The present CEnNS measurement involves neutrino energies in the range
~16 to 53 MeV, with the lower bound defined by the lowest nuclear recoil energy measured
(fig. S9) and the upper bound by SNS neutrino emissions (fig. S2). The cross section for
neutrino-induced neutron (NIN) generation following 208Pb(ne, e

– xn) is also shown, for single
and double neutron production. This reaction, originating in lead shielding around the detectors,
can generate a potential beam-related background affecting CEnNS searches. The cross
section for CEnNS is more than two orders of magnitude larger than for IBD, the mechanism
used for neutrino discovery (35).

Fig. 2. COHERENTdetectors populating the “neutrino alley” at the SNS. Locations in this
basement corridor profit from more than 19 m of continuous shielding against beam-related neutrons
and a modest 8 m.w.e. overburden able to reduce cosmic ray–induced backgrounds, while sustaining an
instantaneous neutrino flux as high as 1.7 × 1011 nm cm

–2 s–1.
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Figure 5.2. The G/NARRLI detector is placed on a movable cart for easy transporta-
tion to nuclear quenching measurement locations. The recirculation system is used to
purify the Ar and keep the electron collection e�ciency consistent over an extended
period of time.

5.2 Electrostatic Model

5.2.1 COMSOL Model Setup for the G/NARRLI Detector

Understanding the electric field uniformity within the G/NARRLI detector is im-

portant for estimating the reduction of electron collection e�ciency by edge e↵ects

within the active volume. An electrostatic model of the G/NARRLI detector was

created to check the electric field uniformity within the active volume. The electro-

static model was prepared using COMSOL [144], a finite element analysis software

package. The geometry was approximated as a 2-dimensional axially symmetric

detector, Figure 5.3. The outer boundary defined by the aluminum support rods

and the bottom aluminum support plate are set to ground in the simulation. The

cross sections of the field rings are assumed to be rectangular, which increases the

e↵ect of the electric field near the corners of the field rings. In the experiment, the

corners of the field rings are rounded o↵ to decrease the electric field strength near

Experimental investigation of neutron and photon correlations in 
fission

NuLAT compact 
antineutrino detector

Detecting coherent elastic neutrino-nucleus 
scattering with liquid argon

Antineutrino-based Methods
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Fuel Cycle Process Modeling / Isotopic Science In Situ Natural Monitoring (biota)

Thrust Area 2: Signals and Source Terms for Nuclear Nonproliferation

Laser-induced bio-fluorescence  of moss samples 

Classification of uranium 
and nitrate using gene 
sequence data

3
Your 
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Ongoing Work
• Current research effort has focused on the design of a mechanical 

neutron chopper system. This TOF system will be capable of 
producing a pulsed epithermal neutron beam for neutron activation 
analysis.

• High-speed slider-crank mechanism
• Pulse neutrons up to 40 eV
• Unique neutron resonances in the epithermal region
• Designated beamline at the Penn State Breazeale Reactor (PSBR)

• In parallel with the chopper design, a thorough review of the 
nuclear fuel cycle has begun. This will allow for the identification of 
unique signatures that can be leveraged.
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Ongoing Work
• Current research effort has focused on the design of a mechanical 

neutron chopper system. This TOF system will be capable of 
producing a pulsed epithermal neutron beam for neutron activation 
analysis.

• High-speed slider-crank mechanism
• Pulse neutrons up to 40 eV
• Unique neutron resonances in the epithermal region
• Designated beamline at the Penn State Breazeale Reactor (PSBR)

• In parallel with the chopper design, a thorough review of the 
nuclear fuel cycle has begun. This will allow for the identification of 
unique signatures that can be leveraged.

Mechanical neutron chopper for epithermal neutron activation analysis

Determination of 
forensics signatures and 
proliferation identifiers 
using maximum 
likelihood analysis
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Results	and	Accomplishments
Strong	sensitivity	of	explosion	elastic	source	to	depth	of	burial
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Soviet	UNEs	with	known	
depth	of	burial

Symmetric Asymmetric

overburied	UNE

(deep) (shallow)

Large	variations	in	surface-wave	amplitudes	(	>	10	)
Howe	et	al.,	2019
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Thrust Area 3: Nuclear Explosion Monitoring
Infrasound

Seismology

Environmental Fate / Radionuclide

Supersonic Propellant Blast Proxy

Emerging collection 
platforms

Organic glass casting for development of a 
radioxenon beta cell

SpaceX Falcon 9 Rapid Scheduled Disassembly
at Mach ~2 (supersonic)

Smartphone data

25 mm cylinder

Argon-41 
concentration 
measured wind 
speeds and 
directions 
measured from 
the UF reactor
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University-led Experiments at DAF
• Through the CVT, we successfully conducted university-led 

experiments with Cat-I special nuclear material at the Device 
Assembly Facility (DAF)

• 26 Fellows participated in DAF experiments

Year Student University Faculty Mentor
2019 Michael Hua Michigan Sara Pozzi
2019 Noah Kleedtke Michigan Sara Pozzi
2019 Kris Ogren Michigan Igor Jovanovic
2019 Tingshiuan Wu Michigan Igor Jovanovic
2018 Bennett Williams Michigan Zhong He
2018 Daniel Shy Michigan Zhong He
2018 Michael Bondin Michigan Sara Pozzi
2018 William Steinberger Michigan Sara Pozzi
2018 Jason Nattress Michigan Igor Jovanovic
2018 Kris Ogren Michigan Igor Jovanovic
2017 David Goodman Michigan Zhong He
2017 Marc Ruch Michigan Sara Pozzi
2017 Michael Streicher Michigan Zhong He
2017 William Steinberger Michigan Sara Pozzi
2017 Jason Nattress Michigan Igor Jovanovic
2017 Kris Ogren Michigan Igor Jovanovic
2016 Ben Reimold Princeton Alex Glaser
2016 Jason Nattress Michigan Igor Jovanovic
2016 Lazar Supic Michigan Sara Pozzi
2016 Mike Hamel Michigan Sara Pozzi
2016 Pete Chapman NCSU John Mattingly
2016 Sebastien Philippe Princeton Alex Glaser
2015 David Goodman Michigan Zhong He
2015 Kyle Polack Michigan Sara Pozzi
2015 Michael Streicher Michigan Zhong He
2015 Mike Hamel Michigan Sara Pozzi
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• The national laboratory 
complex is currently 
experiencing large hiring 
demand

• Well-trained professionals 
are needed to meet this 
demand

• Multidisciplinary 
education programs are 
required to meet this need

Training the Next Generation
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129 MTV Fellows & Associates

Fellow: Receives financial support for research efforts. All fellows must be US citizens or permanent residents. 
Associate: Contributes and benefits from activities within the MTV project. There is no nationality restriction for associates.

0 20 40 60 80

Undergraduate Students, 53

Graduate Students, 76

11

26

42

50

Fellow Associate
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University / National Laboratory Collaborations

10 National Lab Fellows, 2020
National Lab Fellow Partnering MTV University Collaboration Date

Jonathan Burnett, PNNL Steven Biegalski, Ga. Tech June 2020

Rebecca Detwiler, PNNL Andreas Enqvist, U. Florida July 2020

Sivanandan Harilal, PNNL Igor Jovanovic, U. Michigan March 2020

Jesson Hutchinson, LANL Sara Pozzi, U. Michigan January 2020

Jeffrey Katalenich, PNNL Marek Flaska, Penn State February 2020

Wendy Kuhne, SRNL Henrietta Dulai, U. Hawaii February 2020

Patrick Talou, LANL Sara Pozzi, U. Michigan March 2020

Glenn Warren, PNNL Areg Danagoulian, MIT June 2020

Jennifer Webster, PNNL Sunil Chirayath, TAMU February 2020

Cleat Zeiler, NNSS Sunil Chirayath, TAMU
Goran Ekstrom, Columbia
Milton Garces, U. Hawaii

February 2020
April 2020

March 2020

13 National Labs14 Universities 
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Faculty and Student Pairs

MTV faculty and students 
travel in pairs to national 
laboratories to participate in 
extended research 
collaborations.

13 National Labs

• Prof. Sara Pozzi, Stefano Marin and Stephan Okar, U. Michigan, ORNL, Feb 2020

• Prof. Steven Biegalski, Henry Burns, Georgia Tech, LLNL, Feb 2020

• Prof. Sunil Chirayath, Patrick O’Neal, TAMU, ANL, May 2020

• Prof. David Wehe, Jack Kuchta, U. Michigan, SNL, June 2020

• Prof. Chris Perfetti, Matthew Lazaric, U. New Mexico, ORNL, June 2020

14 Universities 
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MTV Education and Outreach
v MTV Research Fellowships

• Undergraduate, graduate, and postdoctoral research fellows
• Student and faculty national laboratory rotations
• Doctoral fellowships in applied antineutrino physics

v Academic course development and enhancement
v Workshops

• Annual MTV Workshop
• MCNP, MCNPX-PoliMi, Geant4, Field Programmable Gate Array 

Programming

v Early exposure to nuclear science and engineering 
education
• Elementary, Junior High, and High School students
• Presentations at non-MTV colleges and universities

v Public exposure
• Peer reviewed journal publications
• Radiation Weather Station
• Research presentations at scientific conferences
• MTV Website and social media presence
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2016, CVT Fellow

2018, Senior Staff at Johns 
Hopkins University Applied 
Physics Lab

2013, Master’s GEM 
Fellowship, 
Internship at PNNL

2018, PhD Defense

2013, Begin UM Graduate 
Program in Nuclear 
Engineering

Ciara Sivels

2016, CVT Internship 
at PNNL

2014 & 2015, Internships 
at PNNL

2015, U. Michigan, MSE 
Nucl. Eng. & Radiological Sciences

2018, UPR National 
Laboratory Impact 

Award

2013, MIT, B.S. 
Nuclear Science and 
Engineering 

Student 
Advancement 

Model
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NNSA Administrator Visit
Ms. Lisa E. Gordon-Hagerty
Under Secretary for Nuclear Security and NNSA Administrator

University of Michigan, January 14, 2020
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Conclusions
• To date, 129 students have been recruited into MTV research programs

• TA1: Fundamentals of Nuclear and Particle Physics 

• Measured and quantified neutron and gamma-ray correlations from the spontaneous 
fission of Cf-252

• Deployed the NuLat compact antineutrino detector at Virginia Tech University for 
demonstration

• TA2: Signals and Source Terms for Nuclear Nonproliferation

• Identified unique forensic signatures for a variety of reactor classes with unique 
burnup and predictors

• Demonstrated laser-based characterization of moss samples treated with copper 
sulfate

• TA3: Nuclear Explosion monitoring

• Detected the infrasound signature from the Falcon 9 rapid scheduled disassembly 
using smartphone sensors

• Developed an organic glass fabrication facility to cast beta cells for radioxenon 
detection
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