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Nuclear explosion monitoring
utilizes a mix of monitoring
phenomenologies to detect
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Antineutrino Production and Detection

e Antineutrinos are produced as a result of the fission of
uranium and plutonium. After a fission occurs, the
subsequent beta decays result in the emission of 5-6
antineutrinos.
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explosions and verify if they

are nuclear in nature
e Seismic sensors (land)
« Hydroacoustic (water)
e Infrasound (air)
 Radionuclide
« Particulate
 Noble Gas

Google Earth

The error ellipse (red) has shrunken to
+/- 6.7 km or 109 km? [2]

Radionuclide detectors continuously monitor
for radioactive byproducts of a nuclear
explosion. In combination with atmospheric
transport modeling, the source location and
activity release can be estimated [1]

90% confidence level
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Seismic sensors provide
the ability to determine the
location and yield of an
explosion (or earthquake).
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GDAS METEOROLOGICAL DATA

As no technology is a single silver bullet, a proposed monitoring criteria for evaluating new technologies
within this context is given as:

e Detection threshold of order 0.5 kT is required (Seismic thresholds of 0.09 to 0.56 kT from Table 2-2 in [3])
e Potential stand-off of ~1000 km is required (see RN spacing)

Use Case: International Monitoring

Explosion Yield = O 0.5 kT =~ 1 kT
Monitoring Distance = 1000 km

* In a1l kT nuclear explosion, there are approximately 8.7x1023 antineutrinos produced.
o Of those antineutrinos, approximately 10% are above the 1.802 MeV threshold for inverse beta
decay in the first 10 second [9] following the fission (required to correlate the antineutrino

events)
Anti tri
Available Antineutrinos = Yield - — 1r11e111Tr1nos - Fraction emitted in 10 seconds - Fraction Above 1.802 MeV
Antineutrino F1 7.252102%? Antineutrinos %
Antineutrino Flux at Detector = — ey u>? 5 = ‘ s ;1 = 7250000L2
Distance from explosion (1000 km) cm

For inverse beta decay, the average cross section of interaction is
1044 cm? (compared to a neutron fission cross section of ~102* cm?)
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Based on the background rates, a burst of 5 events is required to
correlate the antineutrinos to the same source.

H events

S At an average cost of $100M for a 50 kTonne
240101222 detector (Super-K), the calculated antineutrino
detector would cost ~$400B.

, Burst size
Detector size = - - - : =
Antineutrino interaction rate

Detector size = 2.06210*g = 200 MTonnes = 200, 000, 000 m?
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 Antineutrinos are emitted in large quantities from nuclear :
reactors, allowing the capability for antineutrino detectors |
to see the change in antineutrino emission rates as the i~ .
fuels changes from uranium to plutonium [4]. o s e
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* Inverse beta decay (IBD) is used in the detection of
antineutrinos, but the cross section is extremely low.

Ve +p—+1.802 MeV — e +n

e Coherent Neutrino-Nuclear Scattering (CNNS) was recently
discovered and could allow for a reduction in the size of
detectors of approximately 100x, but the threshold needed
for fission antineutrinos has yet to be demonstrated [5].

Detection methods under consideration:
« |IBD: Scintillator 10
* Pro: Good detection efficiency
« Con: Expensive at large scale
e |IBD: Gd-H,O
 Pro: Great for large volumes
 Con: Generally lower detection efficiency  **
e Coherent scattering
* Pro: Potential for smaller detectors
« Con: Not yet a proven detection technology
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Use Case: Test Site Transparency

An alternative use case for antineutrino detectors is the co-operative scenario where an
antineutrino detector is deployed as part of a Test Site Transparency agreement.

e 1 KT nuclear explosion threshold

50 km stand-off (based on Nevada Test Site dimensions)

1 7 t
Antineutrino interaction rate = 2.9210° V2 1074 em? - 3.3210%32 = 9.79610—12@
C1n g g
: b events
Detector size = 5 ovents — 500 kTonnes ‘
— 1%
9.7210 o 200x "ﬁ;\

Detector size = 500 kTonnes = 500,000 m®

Detector cost = $1 billion

It should be noted that in this instance, there would need to be an agreement with the
country to be monitored. It would be possible to move a test-site in the amount of time it
takes to build and deploy an antineutrino detector of this magnitude.

Alternatively, if we assume that 0.1% of all of the radioxenon produced from a 1 kT
explosion was released [10], we can calculate the level above the detection threshold of
0.15 mBg/m3 (Xenon International threshold requirement [11-13]).

1 kT ~ 10'° Bq of 133Xe - 10~ 2assumed release fraction
1 B
102 Bq of 33Xe - dilution of 101 — = 102—q

. m3

Thus, in the assumed test-site transparency scenario, a radioxenon detector could expect
to see a ~1.5x10° KT explosion.

One antineutrino detector for the global nuclear explosion monitoring network would be ~200x the size of the
Empire State building and cost ~400 billion dollars. Compared to a total network cost of 1 billion dollars.

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO

An antineutrino detector for test site transparency would need to be 500 kTonnes and cost
approximately 1 billion dollars. It is expected that a 1 million dollar radioxenon detector would
have a detection threshold approximately 1 million times better than the antineutrino
detector.

PUTTING AN END TO'NUCLEAR EXPLOSIONS

Antineutrino detectors: an evaluation of théir use for monitoring of nuclear explosions

Antineutrino Backgrounds

Anticipated backgrounds for all detector types include:

False antineutrino events (i.e. fast neutrons)

Terrestrial antineutrinos (i.e. geo-neutrinos from Uranium fission in the earth)
Anthropogenic antineutrinos (i.e. nuclear reactor antineutrinos)

Solar neutrinos (when not performing IBD)

False antineutrino events can be minimized with detector shielding and overburden. Antineutrino
backgrounds cannot be shielded and are a location-dependence, irreducible background.
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« Alarge overburden of either land or water Is
generally required to sufficiently reduce the
neutron and muon flux. The overburden
requirement further limits the available locations
that can be used for the detector [6].

Neutron Flux
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Depth (km.w.e.)

The antineutrino survey suggests that a detector in the water would have the most desirable
background levels [7].

* Antineutrino hotspots can be seen at the locations of nuclear
reactors with general elevation due to uranium/thorium content in
the crust and mantle.

 There Is a need to validate global antineutrino flux models to
support this measurement methodology.

2015 survey of antineutrinos T,

around the world [8] Global antineutrino background ~ 106 with E > 1.802 MeV

cm? - s

Conclusions

* Very large detectors with limited deployment options would have costs greater than the entire
existing monitoring network.

* The size can be reduced for test-site transparency, but in this instance the detection threshold would
need to be reduced, a requirement that could be met with current radioxenon detection systems.

« Although not described, if CNNS could be utilized for the detection of fission antineutrinos, it may
reduce the size of the detector to the 10 MTonne range. However, CNNS detectors only exist in the
kg range at the current time.

e The geo-neutrino flux of ~10°ZZ/cm?/s will serve as a signal-to-noise limitation as the distance from a
nuclear explosion increases (observed in the international monitoring scenario). Solar neutrinos
provide an additional background for CNNS detectors.
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