
1

Nuclear Data - Need, Capabilities, 
Opportunities

Nuclear Physics Forum, Manchester, July 2025 
Bjoern Seitz, University of Glasgow



2

Applied 𝝼 Physics
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In collaboration with Dr. Rachel Carr (MIT) and Dr. Adam Bernstein (LLNL)

Slides adapted from PRA publication and WATCHMAN presentations

Much more catchy title
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Demonstrations of Power Monitoring

Verification of the power 
of the reactor

Bowden, N. S., Bernstein, A., Dazeley, et. Al. (2009 Journal of Applied Physics, 105(6), 064902.
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21O. A. Akindele – Antineutrino Monitoring of Reactors for Nonproliferation

In the context of a cooperative verification regime, one can…

Exclude the existence of research reactors 

Exclude the existence of Pu production facilities

Satellite image of the heavy 
water reactor at Arak, Iran, 
May 2012. Image credit Digital 
Globe and Google Earth

Krasnoyarsk plutonium 
production reactors. 

WATCHMAN Exclusion Contour: 
One-Year Dwell Time, Gd-Doped Water

90% C.L. 

Science & Global Security, 19:28–45, 2011
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A case study
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Quick Introduc-on to Neutrino Detectors 
In a nuclear reactor, fission emits large numbers of subatomic 
par5cles called neutrinos. These par5cles leave the reactor building 
in all direc5ons and cannot be shielded. Detec5on technology now 
exists to measure these emissions and poten5ally use them to 
monitor reactors and associated facili5es. Reactor neutrino 
detec5on has been demonstrated at distances of 10 m to 100 km, 
aboveground and belowground, and with corresponding detector 
sizes of 1–1,000 metric tons. 

Currently, neutrino detectors can provide three important pieces 
of informa6on about reactors: 

1. Reactor state (on/off): Neutrino emissions are much higher 
when a reactor is opera5ng. A neutrino detector can detect a 
reactor turning on or off from a distance. 

2. Reactor power: Measuring the rate of neutrino emissions from 
a reactor reveals the reactor’s power level in real 5me. 

3. Fissile content of core: Observing the rate and energy spectrum 
of neutrino emissions from a reactor over 5me can provide 
informa5on about the core contents, such as removal of 
plutonium from the core. 

With further research and development, neutrino detectors 
could provide the following informa6on: 

• Isotope produc6on in reactors: Neutrino detectors could look for 
the dis5nc5ve signals of isotope produc5on technology, including 
plutonium breeding blankets and tri5um produc5on via lithium 
bars. 

• Irradiated fuel: AMer removal from a reactor, fuel con5nues to 
produce low-level neutrino emissions, which could be monitored in 
fuel storage facili5es. 

• Post incident state of a reactor facility: AMer an accident, a 
neutrino detector could provide informa5on about the state of the 
reactor core and facility. 
 
 

Demonstrated neutrino detec/on systems 

	
 

 PROSPECT  SONGS 
 Size: 4 tons Size: 0.7 tons  
 Location: Above ground Location: Below ground 
 Distance: ~8 m Distance: ~25 m 
 Reactor: Research reactor Reactor: Single power reactor 
(Credit PROSPECT collaboration) (Credit SONGS Collaboration) 
	

 

 Daya Bay KamLAND 
 Size: 20 tons Size: 1,000 tons 
 Location: Below ground Location: Below ground 
 Distance: ~1.7 km Distance: ~175 km 
 Reactor: Multiple power reactors Reactor: Multiple power reactors 
      (Credit Daya Bay Collaboration) (Credit KamLAND Collaboration) 
 
Note: The PROSPECT system works on the earth’s surface, and similar 
systems could be deployed on a mobile platform. The other three 
detector technologies require an underground site. 
 
Compared to other reactor monitoring tools, neutrino detectors 
have these advantages: 
• Reactor power and fissile content can be monitored without 

operator declarations of reactor power, operating history, or 
refueling schedule. 

• Detectors are always located outside of the reactor building, so no 
connection to plant facilities is required. Consequently, they are 
minimally invasive. 

• There are no known ways to shield, suppress, or fake a neutrino 
signal. 

• Unattended and remote operation is normal for this technology.   
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4 Production and Detection of Antineutrinos From Nuclear Reactors and Nuclear Explosions  
 

4.1 Brief Description of Reactor Monitoring with Antineutrinos 
 
In this section we provide a summary description of the behavior of the antineutrino signal emitted by the most 
common type of nuclear reactor, a Light Water Reactor (LWR) fueled with Low Enriched Uranium (LEU). This 
signal is modified significantly for different reactor types, such as fast fission reactors, and these modifications 
are considered in sections 4.1.5 and 5.4.  
As an LWR proceeds through its irradiation cycle, the inventory of each fissioning isotope varies in time. 
Neutrons cause fission of uranium and plutonium, while the competing process of neutron capture on 238U 
produces plutonium. As a consequence, the relative fission rates of the isotopes vary significantly throughout 
the reactor cycle, even when constant power is maintained. This phenomenon is shown in Figure 3, a plot of 
fractional fission rates for a typical cycle of a Light Water Reactor (LWR), operating at constant power over 
600 days. 235U and 239Pu contribute the most fissions: although it accounts for most of the mass of the reactor 
core, 238U can be fissioned only with MeV-VFDOH�RU�³IDVW´�neutrons and contributes only about 10% of the total 
fissions in these reactors, in which the neutron population is mostly sub-H9�VFDOH�RU�³WKHUPDO´.  

 
 

Figure 3: The fractional fission rates of the main fissile isotopes in a Light Water Reactor plotted versus cycle day.   

This ongoing change in fissile content induces a systematic shift in the detected antineutrino flux and energy 
VSHFWUXP�RYHU�WKH�FRXUVH�RI�WKH�F\FOH��NQRZQ�DV�WKH�³EXUQXS�HIIHFW´��%XUQXS��LQ�XQLWV�RI�*LJDZDWW-days per ton 
of heavy metal (GWd/THM), measures the integrated thermal power output of the fuel per unit of fuel mass. It 
effectively tracks total neutron exposure of the fuel, and therefore uranium consumption and plutonium 
production in the core.  

The burnup effect has been measured in past reactor antineutrino experiments1, and is an important 
consideration for near-field reactor monitoring applications. While the total antineutrino emission rate per 
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FIG. 5 Shown is the 1� accuracy for the determination of the
plutonium content of the reactor as a function of time in the
reactor cycle. The data taking period is 90 days each. Dashed
error bars indicate the accuracy from a fit to the plutonium
fission rate fPu, whereas the solid error bars show the result
of a fit constrained by a burn-up model. The blue (dark) line
indicates operation without refueling and the orange (light)
line indicates operation with a refueling after 270 days. Figure
and caption from (Christensen et al., 2014).

at nominal power and that there is full safeguards access
for N-1 months. In the Nth month, there is a reactor shut-
down followed by a lapse in safeguards access. In month
N+1 reactor operation and safeguards access resume, i.e.
the inspectors are confronted with a closed reactor core
and a running reactor. Furthermore, if we take N = 10,
then the core just prior to shutdown would contain 8 kg
weapons-grade plutonium. This is a specific example for
a loss of continuity of knowledge (CoK) incident. Loss of
CoK incidents have been reported and in particular seem
to occur in states which are new to or reentering into the
safeguards regime. Conventional means of safeguards are
largely based on item accountancy and very few actual
measurements are ever performed, so CoK is one of the
central pillars. Experience shows that recovery of CoK
in a reactor setting is very di�cult, and would be ex-
pensive and highly intrusive, see e.g. (Christensen et al.,
2015). In Fig. 5 the plutonium mass sensitivity obtained
by a neutrino measurement for the Nth-month scenario
is shown.

A 90-day post-shutdown measurement provides a plu-
tonium inventory with an accuracy of 1.2 kg or the ques-
tion of whether the core has been swapped can be an-
swered with 90% confidence within 7 days. This example
is based on a 5 ton detector at 20m stando↵. It is impor-
tant to note, that despite Fig. 5 showing data for all 4
measurement periods, the conclusion about the core state
really is obtained in each 90 day period independently of
any other 90 day period. In this scenario, neutrino mea-
surements allow restoration of the CoK in a short period
of time and in an entirely non-intrusive manner.

In the above example the assumption was that the re-
actor would be running at nominal power, but also in
the case of the reactor remaining shut down, there are
usable neutrino signatures. These residual signatures
arise from 4 fission fragment nuclides which have half-
lives between 100 days to 28 years. As a result, a reactor
core emits neutrinos even after shutdown. For a time
after shutdown between 30 and 90 days, there are 1-2
events per day stemming from the afterglow. Detection
of such a low event rate requires a detector with excep-
tional background suppression, but given such a detector
these events could be used to infer the presence of an
irradiated core with a certain minimum burnup.
For the same reactor and detector combinations, a dif-

ferent fueling scheme was examined. Assume this reactor,
at the same power, was converted to run on 3.5% enriched
uranium fuel using a light water moderator (Willig et al.,
2012). Such a scheme would greatly reduce plutonium
production and extend the fuel cycle. The key to the neu-
trino measurement in this case is that the fission rates fI
change significantly faster in a natural uranium fueled re-
actor than they do in an enriched core. A measurement
of those fission rate changes, called di↵erential burnup
analysis, allows to distinguish the two fueling schemes
within about 180 days (Christensen et al., 2014).
Burnup also can be determined through a continuous

neutrino measurement of reactor power. The evolution
of the total count rate distinguishes di↵erent fuel load-
ings in a light water reactor: in a LEU core the rate is
expected to decline with time, whereas in a mixed oxide
(MOX) core the rate increase or stays nearly constant.
The rate-based approach has been studied in (Bernstein
et al., 2018) based on highly detailed reactor physics sim-
ulations for various MOX fueling schemes. A spectral
neutrino measurement allows determination of the fission
rates fI and thus direct confirmation of the isotopic com-
position and changes thereof which are expected for a cer-
tain burnup (Ja↵ke and Huber, 2017). The corollary to
those studies is, that neutrino monitoring can distinguish
MOX from LEU and mixed cores and provide an indica-
tion whether reactor-grade or weapons-grade plutonium
is put into the reactor. Neutrino measurements also can
provide assurance that disposition goals in terms of total
burnup and isotopic degradation of weapons-grade plu-
tonium have been met.
Disposition of plutonium in fast breeder reactors has

been proposed and in a broader context, there are fuel cy-
cles, like a thorium-based one, where fast breeders are an
integral part. A breeder reactor is a type of reactor which
produces more fissile material than it consumes and typ-
ically is based on the use of fast neutrons. Breeder re-
actors use driver fuel to generate neutrons and breeding
blankets made of fertile material, e.g. natural uranium or
thorium. Due to their use of fast neutrons they can use
pure or nearly pure plutonium as driver fuel, whereas
in a thermal reactor only relatively limited amounts of



4

The need for nuclear data

3131

q Both the normalization and 
the shape do not agree 
with the model prediction 
for either isotope

q The “bump” structure is 
visible in both the 
extracted 235U and 239Pu 
spectra
§ Hinted at similar origins, such 

as inaccurate shape factors 
from forbidden decays

Combined measurement of 
235U and 239Pu spectra from 
Daya Bay and PROSPECT

Phys. Rev. Lett. 128, 081801 (2022)

2828

Reactor !"! Energy Spectrum @Daya Bay

Phys. Rev. Lett. 123, 111801 (2019)

q High precision reactor antineutrino 
energy spectrum measured with 4 
million events

q Expect no shape distortion if RAA is 
caused by “eV-scale” sterile 
neutrinos (Daya Bay is too far and 
can only see overall rate deficit)

q However, saw a significant 
disagreement in the “shape” of the 
spectrum compared with reactor 
neutrino model prediction
q often referred to as the “5-MeV” 

bump in prompt energy after the 
re-normalization to remove the 
overall flux deficit

Data
Model x 0.953

Daya Bay
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Impact on Reactor Decay Heat and Anti-neutrino Spectra 

21 

Electromagnetic component of 239Pu 
decay heat 

Summation method calculations of the 
decay heat (~850 nuclei !!!!) 

Integral measurement of reference 
IFIC of Valencia (J.L. Tain et A. Algora et al.): 
Algora et al., Phys. Rev. Lett. 105, 202501 (2010),  
D. Jordan, PhD thesis, Univ. Of  Valencia 2010 
D. Jordan, A. Algora et al. Phys. Rev. C 87, 
044318 (2013) 

TAS measurements: 102;104–107Tc, 105Mo, and 101Nb:  
Nuclei from Nuclear Science NEA/WPEC-25 (2007), Vol. 25 

TAS Technique 

20 

Pandemonium effect**: 

TAGS developed by the Valencia team (Spain, B. Rubio, J.L. Tain,  A. Algora et al.) : Proceedings 
of the Int. Conf. For nuclear Data for Science and technology (ND2013) 

Due to the use of Ge detectors to measure the decay schemes: lower efficiency at higher 
energy  

� underestimate of β branches towards high energy excited states: overestimate of the high 
energy part of the FP β spectra 

  12 BaF2 covering ~4π 
  Detection efficiency of γ ray 
cascade ~ 100% 
  Si detector for β 

Solution: Total Absorption Spectroscopy (TAS) 
Big cristal, 4π => A TAS is a calorimeter ! 

Picture from A. Algora  

** J.C.Hardy et al., Phys. Lett. B, 71, 307 (1977) 
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UK nuclear science forum

From UKNSF.org.uk

http://UKNSF.org.uk
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UK nuclear science forum

From UKNSF.org.uk

http://UKNSF.org.uk
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The virtuous circle

Figure from Luigi Capponi
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JEFF -  Joint Evaluated Fission and 
Fusion File
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JEFF -  Joint Evaluated Fission and 
Fusion File

U-238 (n, total)

EXFOR

ENDF



Nuclear stakeholders

Figure from Luigi Capponi
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Fundamental Science AND applications

Slides from Toby Wright
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Fundamental Science AND applications

Slides from Toby Wright
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n_TOF facility

Slides from Toby Wright
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You name it, they measure it...

Slides from Toby Wright
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You name it, they measure it...

Slides from Toby Wright
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Neutrons are needed (and provided)

2025/07/15 UK Nuclear Data Workshop 10/19

Source Produc%on method Details Intensity

Na=onal Physical 
Laboratory (NPL)

3.5 MV Van de GraaV p, d, <80 µA.
Targets Sc, LiF, D, T... (air cooled)

E.g. 13-19 MeV (T)
0.05-0.63 MeV (Li)

2x107 /s/cm2

Mono energe=c

AWE, Aldermaston Electrosta=c 350 kV d ions, <15 mA.
Target tri=um (TBq) (water cooled)

14 MeV
<2.5x1011 /s

Rutherford Appleton 
Laboratory

ISIS – Spalla=on
(RFQ+Linac+Synchrotron)

800 MeV protons at <200 µA 50 
Hz.

160 kW, W target+Ta clad
30 beam lines. Two examples 

given used for irradia=on.

E.g. ChipIR: White neutron source with 
neutron energies up to 800 MeV

1x107 /s/cm2

[10-800 MeV, 
5.8x106 /s/cm2]

E.g. EMMA: Thermal neutrons – water 
moderated. 25 meV Maxwell-
Boltzmann + epithermal tail

<2x106 /s/cm2 
pulsed at 40 Hz

NILE
(DC beams

but pulsing available)

DT source 14 MeV <1x108 
/s/cm2

DD source 2.5 MeV <1x105 
/s/cm2

High 5ux Accelerator-
Driven Neutron 

Facility, Birmingham
2.6 MV electrosta=c

p, d, 50 mA.
Target Li (water cooled)

0.1-1 MeV
<1x1012 /s/cm2 (p)

UK neutron sources – accelerator based

Slides from Carl Wheldon and Dawid Hampel
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Neutrons are needed (and provided)

Slides from Carl Wheldon and Dawid Hampel
2025/07/15 UK Nuclear Data Workshop 6/19

High Flux Accelerator-Driven Neutron Facility

The electrosta=c accelerator is designed for beams of protons and deuterons and 
currents of <50 mA, nominally at up to 2.6 MeV, but 2.8 MeV is the maximum.

Neutron yield Kgure adapted from Kgure 2 of J.C. Yanch et al., Medical Physics 19 709 (1992). 
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Neutrons are needed (and provided)

Slides from Carl Wheldon and Dawid Hampel
2025/07/15 UK Nuclear Data Workshop 9/19

d
N

/d
Ω

Beam energy is below threshold for reac=ons 
on most materials other than lithium.

Figure from Jack Bishop
using BrumLit (GEANT4)

Neutron produc=on
Proton & deuteron beams accelerated

to 2.6 MeV

protons (p) deuterons (d)

Reac=on 7Li(p,n)7Be 7Li(d,n)8Be

Q-value –1.64 MeV +15.03 MeV

Max. n energy 0.9 MeV 17.2 MeV

Forward 
angles

0-55°
Provisional

Angle integrated 
yield

Neutron energy (MeV)
N

e
u
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t 
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Figure by Ben Phoenix with input from Daniel 
Minsky (CNEA, Argen=na), MCNP.



2025/07/15 UK Nuclear Data Workshop 11/19

HF-ADNeF — research/impact opportuni=es

Nuclear materials research under neutron irradia=on [Kssion/fusion communi=es including 
associated industries, e.g. CCFE, First-light fusion, NNL etc.].

Nuclear 6ssion and fusion data, e.g. neutron capture cross sec=on data [Kssion/fusion and 
nuclear physics communi=es].

Nuclear waste management — understanding the long term eVects of radia=on on material 
characteris=cs [nuclear industry/NDA/NNL, nucl. eng. academics].

High power target development [other facili=es inc. medical and fusion devices, ourselves 
(future liquid lithium target) and the fusion community (fuel breeding)].

Medical physics — from radiobiology to boron neutron capture therapy developments, e.g.  
for BNCT. Medical isotope cross sec=ons measurements and produc=on.

Industrial and space research on the eVect of radia=on [detectors and space research 
communi=es — extension of cyclotron work in these areas].

Nuclear Metrology — calibrated and controllable neutron source availability and tes=ng 
new radia=on monitoring systems [neutron source standards and characterisa=on, e.g. the 
Na=onal Physical Laboratory].

Nuclear (astro)physics — the neutron spectrum is close to that in stellar environments 
[nuclear physics/nuclear astrophysics communi=es — feasibility grant (STFC)].
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Neutrons are needed (and provided)

Slides from Carl Wheldon and Dawid Hampel
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AMS laboratory (current)

PhD work: Victoria Johnson, Glasgow
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Initial Lanthanide Oxide Scans

• Minimal amounts of pure lanthanides 

• All stable isotopes are visible 

• Peaks match relative abundance

PhD work: Victoria Johnson, Glasgow
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AMS laboratory (future)

NeuAMS

• Next-gen fusion neutronics & full range AMS 
• p-Pu ultrasensitive AMS over full mass range 
• National security, physical, material & life sciences 
• Exceptional 8 MV modern accelerator 
• Unique accelerator-driven gas-target neutrons 
• ~108/sec/sr 0->20 MeV anisotropic fast neutrons via inverse kinematics
Concept by Stewart Freeman, SUERC and UofG
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AMS laboratory (even better future)

Concept by Stewart Freeman, SUERC and UofG
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Computer Marvels - ML and Quantum 
Computing

Pu-239 (n, total)
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Computer Marvels - ML and Quantum 
Computing

Plus fantastic work at Surrey using Quantum Computing
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Summary

• Nuclear Data are vital for fission, 
fusion, fundamental research, 
decommissioning, healthcare… 

• Cross council research area 
• Bringing together industry, 

government agencies, academia 
• Fundamental and applied 

science 
• UK has capabilities, expertise 

and opportunity to make global 
impact 

• Need to bring the communities 
together  
➜ planned IOP conference
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Why did he not talk  about …

… Nuclear Theory? 

… the needs and plans for AWE? 

➜ talk by Paul Stevenson

➜ talk by James Benstead



#UofGWorldChangers
@UofGlasgow

Thank you very much 
for your attention

Dr Bjoern Seitz 
School of Physics and Astronmy 
email: bjoern.seitz@glasgow.ac.uk


