
UK Nuclear Physics Update (2023)
• UK Nuclear Physics Science includes research into:

– Nuclear Structure, Nuclear Reactions & Nuclear Astrophysics
– Hadronic Physics 
– Nuclear Theory
– Applications and Societal Benefits through instrument 

development and nuclear data application.
– Also Involvement in some Network grants (UKNDN ; Early 

Diagnosis Network ; NuSEC Network)

‘Core’ UKRI funding comes via STFC (tensioned  vs Particle 
Physics and Astronomy.
Paddy Regan: p.regan@surrey.ac.uk Paddy.regan@npl.co.uk
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UK Nuclear Physics Update (2023)
• UK Nuclear Physics Science include experimental input 

investment, instrumentation and manpower for:

– Nuclear Structure, Nuclear Reactions & Nuclear Astrophysics
• Radioactive Ion Beam Facilities: FAIR (Germany) ; CERN-ISOLDE 

(Switzerland); RIBF-RIKEN (Japan) ; TRIUMF (Vancouver, Canada); 
GANIL (France).

• Stable beam facilities inc. Argonne National Lab (USA); Jyvaskyla 
(Finland) ; Legnaro (Italy); Gran Sasso (Italy), others…

– Hadronic Physics 
• (nucleon / parton distributions – including J-LAB (Virginia, USA) 
• Hot, dense nuclear matter)  - including ALICE (CERN)

‘
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Some ‘Big’ Physics Questions?
1) What are the fundamental building block of matter ?
2) How can you see ‘inside’ an atomic nucleus / nucleons?
3) Where & when were the stable elements formed?
4) How do we measure very long / short radioactive decays?
5) What are some of the applications of nuclear science?



Size of the UK community
• There are ~70 academics / faculty staff @ 12 institutions 

carrying out nuclear physics research
– Includes appointments via STFC ERF, UKRI-FLF, Roy. Soc Fel. 
– Almost all are University-based researchers

• ~90 PhD Research students across the community
– ~40 - 50 funded by STFC quota plus a few iCASE etc.

• Nucl. Phys. Advisory Panel - Chair J. Dobczewski (York)
• Nucl. Phys. Grant Panel - Chair K. Flanagan (Manchester).
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* UK Nucl. Phys. Community annually (10-11 Jan 2023 in IoP London)

* IoP Nucl. Phy. Conf. held each April (U. York, April 2023)

Andy Boston
ajboston@liverpool.ac.uk

Nuclear Physics Community Meeting  Jan 2022



Members of STFC - Nuclear Physics 
Avisory Panel (NPAP)

Jacek Dobaczewski (chair) University of York
Rachel Montgomery  University of Glasgow
Philippos Papadakis  STFC
Pascal Reiter   University of Edinburgh
David Sharp   University of Manchester
Paul Stevenson  University of Surrey

Engaging with:
Science Board Liaison: David Ireland, University of Glasgow
PPAP Chair: Matthew Needham, University of Edinburgh
PAAP Chair: Sergey Burdin, University of Liverpool

6



The Nuclear Physics Strategy document

• Scope and range of Physics
• Current projects 
• Future projects 
• Other issues 
• 10 year horizon

• Last one published 2019
• Update one due out later this year (2023).

https://stfc.ukri.org/about-us/how-we-are-governed/advisory-boards-panels-
committees/nuclear-physics-advisory-panel/ 7

https://stfc.ukri.org/about-us/how-we-are-governed/advisory-boards-panels-committees/nuclear-physics-advisory-panel/
https://stfc.ukri.org/about-us/how-we-are-governed/advisory-boards-panels-committees/nuclear-physics-advisory-panel/


2017 NuPECC Long Range plan. Chapter 6. 
APPLICATIONS AND SOCIETAL BENEFITS 
(renewal due out 2024 with lots of UK input)

• Energy production: fission, fission.
• Health applications

• therapy; imaging; radioisotope 
production; theranostics, etc.

• Radioprotection / health physics.
• Environmental radioactivity, space 

applications, climate science.
• Cultural Heritage science.
• Nuclear security; counter terrorism; 

Nuclear forensics.
• Materials science, nanotechnology.

http://www.esf.org/fileadmin/user_upload/esf/Nupecc-LRP2017.pdf

http://www.esf.org/fileadmin/user_upload/esf/Nupecc-LRP2017.pdf


STFC Nuclear Physics Grants Panel (NPGP)

Nuclear Physics Grants Panel Membership 2023
Name Institute Expertise

Professor Kieran Flanagan (Chair) Manchester Nuclear Structure   
Dr Nara Singh Bondili UWS Nuclear Structure   
Prof. Jens Jorgen Gaardhoje Copenhagen Hadronic Physics
Dr Liam Gaffney – Liverpool Liverpool Nuclear Structure   
Dr David Hamilton Glasgow Hadronic Physics
Professor Morten Hjorth-Jenson MSU/Oslo Nuclear Theory
Dr Marc Labiche Daresbury Lab Nuclear Structure
Professor Alison Laird York Nuclear Astrophysics
Dr Judith McGovern Manchester Nuclear Theory
Professor Zsolt Podolyak Surrey Nuclear Structure
Prof. Dan Watts York Hadronic Physics
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Outcome (STFC) Statistics from previous rounds
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Measure 2011 2014 2017 2020 
Number of proposals 8 8 8 8
Number of institutes 10 10 11 12
Number of scientific themes 34 35 35 33
Academics – Number (Requested) 46 52 (58) 53 (65) 45 (66)

Academics - Average FTE 14.5% 11% 9% 6%
Academics – Total FTE per year 6.3 5.6 4.5 2.8

PDRA – Number 29 21 27 23
PDRA - Total FTE per year 18.3 16.1 18.2 19.0
Core Posts – Number 11 12 9 9
Core Posts - Total FTE per year 8.3 7.9 6.8 6.5
Cross Community - Number 13 14 16 12
Cross Community - Total FTE  per year 12.1 10.3 11.3 10.3

Number of Studentships 2 1 3 3
Technician - Total FTE per year - 2.1 2.9 3.9
Total Number of FTE per year 47.0 43.0 46.7 45.6

TOTAL PDRAs including  CORE RAs:
2017: 21.78 FTE / year
2020: 21.4 FTE / year



Impact from UK nuclear physics
    
 

Nuclear Energy & 
Decommissioning 

Health;
Nuclear 
Medicine

Security 
& Environmental 
Monitoring

Nuclear Physics Research



Roadmap for existing projects and future 
opportunities
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2021/22 2022/23 2023/24 2024/25 2025/26 2026/27 2027/28 2028/29
ALICE exploitation
Jlab exploitation

Jlab 2 Jlab2 exploitation
EIC R&D EIC

NG ALICE
2021/22 2022/23 2023/24 2024/25 2025/26 2026/27 2027/28 2028/29
ISOL-SRS exploitation
NuSTAR at FAIR FAIR SFRS
AGATA AGATA exploitation AGATA 4π

FAUST @ FRIB Exploitation at FRIB
STAR R & D STAR @ RIKEN Exploitation at RIKEN
JYFL MARA LEB + Array Exploitation at JYFL
ISOL-2 R & D ISOL-2 @ ISOLDE

EPIC/EURISOL
NuSTAR Upgrade

2021/22 2022/23 2023/24 2024/25 2025/26 2026/27 2027/28 2028/29
Neutrino-nucleus
Fission
ongoing future exploitation horizon

R & D exploitation at other facilities inc. GSI

Nuclear Theory

Nuclear Structure & 
Astrophysics

Hadronic Physics



Examples of 2 STFC / UKRI funded nuclear 
phsyics detector projects:

1) Current: FATIMA
 
2) Future: FAUST



Argonne

GANIL

STELLA@Orsa
y

Surrey

NuBALL@Orsay

EURICA@RIBF

DESPEC@FAIR-0

Design build & commission precision instrumentation  (e.g. AGATA; J-LAB; 
ALICE@CERN; NuSTAR@FAIR; ISS@CERN-ISOLDE) and use them for UK ‘buy in’ at 
labs around the world… e.g The UK  Fast TIMing Array (FATIMA) – 36 LaBr3(Ce) 
gamma-ray spectrometers.



FATIMA contributes to answering some very ‘big nuclear physics’ question





A.K.Mistry, H Albers et al. NIM A1033 (2022) 166662



GEANT4 simulations for FATIMA (Chishti, Jazrawi et al., 
Nuclear Instruments and Methods, A  in press (Aug 2023) 



γ−γ−∆T for transitions across individual states 96Pd50

96Pd50 Iπ=8+ isomer, 
H. Mach et al., PRC95, 
014313 (2017), 
T1/2 (6+) = 6.3(6) ns
T1/2 (4+) = 1.0(1) ns
T1/2(2+) < 17 ps



The Future of FATIMA – IDATEN@ RIBF
> 84 LaBr3 detector gamma-ray array

made up of
IDATEN (UK) + KHALA (S. Korea) + RIKEN



NANA for spent nuclear fuel assay: 134,7Cs reactor products.
134Cs → γ-ray coincidences; 137Cs → single  transition (662 keV).



FRIB 
Accelerated-beams for 
Understanding 
Science and 
Technology

FAUST



FAUST – Si backed with CsI provides stopping 
required for high-energy charged particles

FAUST constitutes a major UK 
contribution to the US DoE FRIB 
facility (Michigan State, USA) . 
Highly-pixelated, game 
changing Si-detectors-based 
instrumentation for precision 
nuclear reaction measurement 
of the most important nuclear  
astrophysics reactions using 
radioactive beams

G.Lotay, D.T.Doherty et al., 



The STFC Nuclear Security Science Network (NuSec)

• Novel imaging techniques, including compact gamma & neutron 
imaging systems;  cosmic ray muon imaging of large objects. 

• Radiation detection, detector development, digital pulse 
processing; new materials for radiation detectors. 

• Advanced detection methods for nuclear fuel cycle monitoring.
• Robotics and remote inspection technologies.
• Non-proliferation technologies.

For further information, see: www.nusec.uk/ and
p.sellin@surrey.ac.uk  

http://www.nusec.uk/


University of Manchester: STEFF @ n_TOF 
Spectrometer for Exotic Fission Fragments: 

A.G. Smith, T. Wright, N. Sosnin, et al.

N. Colonna et al., “The fission experimental programme at the CERN n TOF facility: status and 
perspectives”, Eur. Phys. J. A (2020) 56: 48. DOI: http://dx.doi.org/10.1140/epja/s10050-020-
00037-8

Goal:
• Provide data for NEA HPRL entry on 

235U and 239Pu Prompt Fission γ-Rays 

Realisation:
• Measure fission with STEFF and 

corresponding γs with NaI and LaBr3 
detectors

235U target 239Pu target Geant4 
Simulation

Fission neutron removal

γ-rays
neutrons



Toward 237Np(n,f) and 238U(n,f) reference cross sections 

• NPL Low scattering area 18m x 18m x 26m
• Well known neutron fluence (within 2%) 

3He Slab detectorLong Counter

• 2/3 of the GEN-IV reactors are fast reactors
• Fast 237Np(n,f) 238U(n,f) are better reference 

cross section than 235U(n,f)
• NPL absolute cross section will contribute 

the evaluation effort toward making 237Np 
and 238U standards

α pileup under control  

Fission events 
identification

Results are promising, agree with current libraries, more work 
needed to:
• Improve reproducibility of the fission target position
• reduce error bars and more energies for 238U  more neutrons 

needed (working on this with AFCP)     

TFGIC and targets from JRC (Geel)

BF3 
counter

Neutron Flux measurement

237Np(n,f) 238U(n,f) JEFF3.3

JEFF3.3

MeV MeV

7Li(p,n)

3H(p,n) 3H(p,n)



UK NP Radioactive Gas Metrology

UK Nuclear expertise in
A) Neutron activation facility & source prep;
B) Gas metrology, transport and engineering;
C) Gamma-ray and electron spectrometry;
D) Nuclear data analysis and interpretation.

Clear, direct impact in:
1) Energy & Environment: standardisations                

of radioactive Krypton. Real time                 
signatures for reactor criticality .

2) Security & Resilience: New methodologies 
developed in collaboration with AWE & CTBTO  
for radioactive Xenon  weapon signatures.



PRoduction of high purity Isotopes by 
mass Separation for Medical 
Applications

https://www.prismap.eu/



Molecular radiotherapy and theranostics

 Recent successes for 223Ra and 
177Lu has renewed interest for 
molecular radiotherapy.

 Search for new suitable       
radioisotopes continues…

 Over 3000 radioisotopes                 
synthesised in the lab -                                  
only a fraction currently                                
used for medical                           
procedures.
 Limited by:

Physical characteristics e.g. T1/2,

Production purity
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