UK Nuclear Physics Update (2023)

e 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)

e UK Nuclear Physics Science include experimental input
investment, instrumentation and manpower for:

— Nuclear Structure, Nuclear Reactions & Nuclear Astrophysics

e Radioactive lon Beam Facilities: FAIR (Germany) ; CERN-ISOLDE
(Switzerland); RIBF-RIKEN (Japan) ; TRIUMF (Vancouver, Canada);
GANIL (France).

e Stable beam facilities inc. Argonne National Lab (USA); Jyvaskyla
(Finland) ; Legnaro (ltaly); Gran Sasso (ltaly), others...

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



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?
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Size of the UK community

e 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

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

e Nucl. Phys. Advisory Panel - Chair J. Dobczewski (York)
e Nucl. Phys. Grant Panel - Chair K. Flanagan (Manchester).



* UK Nucl. Phys. Community annually (10-11 Jan 2023 in loP London)

* 1oP Nucl. Phy. Conf. held each April (U. York, April 2023)

Nuclear Phvsics Communitv Meetineg lan 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



The Nuclear Physics Strategy document

Scope and range of Physics
e Current projects

e Future projects

e Otherissues

e 10 year horizon

e Last one published 2019
e 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
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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.

NuPECC . TR, R
WlPBCC | Range Plan 2017 Nuclear securlt_y, counter terrorism;
Perspectives Nuclear forensics.
—— in Nuclear Physics

» 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




Outcome (STFC) Statistics from previous rounds

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% 1% 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 121 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
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Roadmap for existing projects and future

opportunities

2021/22 2022/23 2023/24 2024/25 2025/26 2026/27 2027/28 2028/29
ALICE exploitation
Jlab exploitation

Hadronic Physics JIab2 exploitation

EIC R&D

2021/22 2022/23 2023/24
ISOL-SRS exploitation

2024/25 2025/26 2026/27 2027/28 2028/29

AGATA exploitation
Exploitation at FRIB

Exploitation at RIKEN
Exploitation at JYFL

Nuclear Structure &

Astrophysics DI RN

ISOL-2 R & D

2021/22 2022/23 2023/24 2024/25 2025/26 2026/27 2027/28 2028/29

Nuclear Theory

exploitation horizon
exploitation at other facilities inc. GSI

ongoing

R&D

12



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

1) Current: FATIMA

2) Future: FAUST



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 LaBr;(Ce)
gamma-ray spectrometers.
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M. Rudigier, Zs. Podolydk, P.H. Regan et al




PHYSICAL REVIEW LETTERS 124, 192701

(2020)

Advances in the Direct Study of Carbon Burning in Massive Stars
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FATIMA contributes to answering some very ‘big nuclear physics’ question



‘ setup - FATIMA

« FAst TIMing Array of 36 LaBr_(Ce) crystals

* Brighton, Surrey, IFIN-HH, Cologne, Daresbury, Madrid, Manchester...
* 6 IFIN-HH modules at GSI

+ Extremely stable VME electronics > lyr

M.Rudigier et al., NIM A 969, 163967 (2020)




A.K.Mistry, H Albers et al. NIM

A1033 (2022) 166662
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GEANT4 simulations for FATIMA (Chishti, Jazrawi et al.,

Nuclear Instruments and Methods, A in press (Aug 2023)
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The Future of FATIMA — IDATEN@ RIBF
> 84 LaBr, detector gamma-ray array

made up of
IDATEN (UK) + KHALA (S. Korea) + RIKEN
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NANA for spent nuclear fuel assay: '347Cs reactor products.
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FAUST — Si backed with Csl provides stopping
required for high-energy charged particles
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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
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The STFC Nuclear Security Science Network (NuSec)

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

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

e 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

Science and ) ('];‘(-O UNIVERSITY OF
Consartium for
;ec!;_r;plo%y i ENABLING TECHNOLOGIES &leNOVA'no.\a SURREY
acllities Counci 1 F


http://www.nusec.uk/

University of Manchester: STEFF @ n_ TOF
Spectrometer for Exotic Fission Fragments:

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

Goal:

* Provide data for NEA HPRL entry on
233U and 23°Pu Prompt Fission y-Rays

Realisation:
* Measure fission with STEFF and
corresponding ys with Nal and LaBr,

detectors

255U target

o e S Sihin 8
ReRiatt s, S

239py target _

Fission neutron removal

y-rays
neutrons

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



NP

National Physical Laboratory

Toward 23’Np(n,f) and 238U(n,f) reference cross sections

* NPLLow scattering area 18m x 18m x 26m

Neutron Flux measurement
BF,

Fission events
identification

o, pileup under control
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needed to:
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U K N P R a d io a ctive G as IVI et ro I (o) gv : ‘. Journal of Environmental Radioactivity 238-239 (2021) 106733 —

Journal of Environmental Radioactivity

Journal homepage: ww olscvier cate 5

U K N uc | ear ex p ert | se | N Producuon and measurement of fission product noble gases

Matthew A. Goodwin ™" , Steven J. Bell *, Richard Britton *, Ashley V. Davies”, Marc Abilama ",

A) N e ut ron a Ctivati on fa Ci | ity & source p re p" Sean M. Collins ", Robert Shearman", Patrick H. Regan

FANT Aldrmaiton, Readng, Roriabers, RG7 4PR, UK

B) Gas metrology, transport and engineering; et
C) Gamma-ray and electron spectrometry;

D) Nuclear data analysis and interpretation. :ES ST —-

Clear, direct impact in: waf B
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of radioactive Krypton. Real time el ||
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NPL

National Physical Laboratory

PRoduction of high purity Isotopes by
mass Separation for Medical
Applications

GSI Helmholtzzentrum fiir
Schwerionenforschung GmbH

CHUV Centre hospitalier >

Universitetet i Oslo
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NPL National Physical Laboratory

GANIL Grand Accélérateur

Narodowe Centrum
National d'lons Lourds NCBJ

Badarn Jadrowych

MARIA [ POLATOM %

\ Entwicklungs- und Betriebs-

ARRONAX Groupement interet

public ARRONAX MedAustron

gesellschaft MedAustron GmbH

Istituto Nazionale
di Fisica Nucleare

European organization

INFN
for nuclear research

Institut Max von Laue -

Joint Research Centre -
Paul Langevin dlit

European Commission

1ST-ID Associagao do Instituto Superior
Técnico para a Investigagdo
e Desenvolvimento

Paul Scherrer Institut PSI

-
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Commissariat a I'energie atomique

et aux énergies alternatives CEA

. Production facility . Translation facility Future facility
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606000600



Molecular radiotherapy and theranostics NPLE

Recent Successes for 223Ra and National Physical Laboratory
77 u has renewed interest for
molecular radiotherapy.

67(; BZFQ
a 64C b

7=82

18F _.I.:
Search for new suitable ‘ )/ o
radioisotopes continues.. :

N=126

Over 3000 radioisotopes

synthesised in the lab -

only a fraction currently
used for medical il @

N, number of neutrons
—_—

procedures.

Limited by:
Physical characteristics e.g. T,
Production purity &

h=5
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