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Nuclear Physics in the UK

« 12 Universities
« 1 national laboratory

« 1 accelerator facility (MC40)

University of York ; 10

University of Birmingham; 11
University of Brighton; 1
Brunel University ; 1
University of Derby ; 1
/‘ STFC Daresbury Laboratory ; 3

University of Surrey ; 9 '

Sheffield Hallam University ; 1

University of the West of
Scotland ;6

University of Edinburgh ; 7

University of Glasgow ; 6

The University of Manchester;
7

University of Liverpool ; 12

Number of NP academics per institute
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Scotland

UWS (NS/NA)
Glasgow (HP)
Edinburgh (NS/NA)

North of England

Liverpool (NS/NA /HP)
Manchester(NS/NA /HT)
Sheffield (HP)

York (NS/NA /HP/NT)

Midlands

Birmingham (NS/NA /HP)
Derby (HP)

Southern England

Surrey (NS/NA/NT)
Brighton (NS/NA)
Brunel (HP)

Daresbury lab (NS/NA /HP)

MC40 proton/neutron bea

facility (NS/NA)




Context within Europe

Nuclear Physicists in
European NuPECC Member States

Total European Members: 5346
Perm. Staff: 2562

v

« UK NP community is smaller than comparable
economies in mainland Europe

» Relative contribution of nuclear theory (~5% of
academics) is smaller than in Europe, US and Asia
— current priority to increase theory support

Nuclear physicists in the European NuPECC Member countries and the Associated
Member CERN(source: NuPECC survey 2021 and 2023).



Fundamental science questions

* Where are the limits of nuclear existence?

 How does nuclear structure evolve in exotic nuclear systems, what
mechanisms drive new structural phenomena?

« How well are nuclei described in terms of the underlying fundamental
interactions based on QCD?

 What are the nuclear processes responsible for the synthesis of the
elements in various astrophysical sites/conditions?

« Can the dynamics of QCD fully explain hadron (and exotic hadron)
properties e.g. structure, confinement, mass, excitation, spin,..?

* Is there evidence of gluon saturation in high-energy nuclear collisions?

« What is the nature of the quark-gluon plasma, and how does it emerge
from fundamental interactions?

« How do hadron and nuclear properties relate to neutron stars, black s =
hole formation or matter during the early evolution of the Universe? & U *z“ & 5 §




Facility map and recent UK leadership roles

Argggngqu &2 TRIUMF @

Chair NP Expt. Eval. Committee
User exec committee

ALICE, ISOLDE, nTOF, CRIS, IDS, ISS
ALICE Collaboration Board (Chair)

ISOLDE Spokesperson and Collab chair

CRIS, IDS, ISS Spokespersons

JYVASKYLAN YLIOPISTO
UNIVERSITY OF JYVASKYLA

a JYFL
&

FRIB
Univ of Michigan
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GANIL — O
RIKEN
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nuclear physics

Halls A, B, Cand D iThemba

Hall B Chair of CLAS12 collaboration LABS /)

Hall B Chair of CLAS12 speakers committee INFN

Hall-C Collaboration user board == I F-\lR L/ fsiuto Nazionale

Hall A SBS coord committee NUSTAR. R3B

: A2 ILL, LUNA, LNL

NUSTAR spokesperson (+LS, SHE) m V= LUNA Collab Board
AGATA steering committee/management board A2 Collab Board

FAIR/GSI scientific council



Recent infrastructure leadership
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FRIB

Univ of Michigsn

Jefferson
Lab

Forward tagger (Hall B)

SBB spectrometer
(Hall A)
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Neutral Kaon beam
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(Indicative) Facility use

TRIUMF ANL  CERN (LHC) _
11% 3% 29 CAVEATS:
CERN (ISOLDE)
T A&M
exazs% 13% Only shows the breadth of
engagement of UK community
RIKEN

CERN (n_TOF)

9% 2% Shows facilities mentioned in
ELI-NP STFC Consolidated Grant (CG)
2% .
Orsay / research themes in 2023
3% .
MC40 (Birmingham) _— =/ |\ Gg;‘éﬂ Nuclear structure/astro —
4% | programmes typically based on a

number of facilities

GSI/FAIR Hadron programmes typically
7% focus on a single facility

HIGS (Duke)

2%
iThemba

1% - 2%

ILL



STFC Consolidated grant funding for UK nuclear community

Total funding for NP (£M) from recent STFC Total number of PDRA

Consolidated grants rounds |

2014 2017 2020 2023

25
20
1
5
0
2014 2017 2020 2023
Average %FTE funded per academic
6
d '
0

2014 2017 2020 2023

A rough estimate of the funding supporting CERN research in 2023 CG round is ~£6-7M



Recent (indicative) funding for UK NP outside of main grants panel

British Council, 0.01 o
Direct company sponsorship, 0.055 KRI/STFC Commercialisation

U
Leverhulme trust, 0.2
CRUK, 0.8 \q‘\\ schemes, 1.07
EuroLabs, 0._
Dept for Security, Energy, Net Zero, 0.26

AWE, 0.919

NPL metrology, 0.12
ERC, 9.31

InnovateUK, 1.031 Numbers show funding

awarded in EM
QTFP, 0.843

GCRF, 0.52 CAVEATS:

Responses from 9 of 12 groups
(ERF numbers from NPAP24)

Nuclear Decommisionsing
Authority/UKAEA, 0.86

UKRI FLF, 3.154

ERF, 4.811
Royal Society, 1.827 EPSRC, 0.85



Projects funded in most recent STFC Projects (PPRP) round in 2023

Outer2

Outerl

" R3B-TRT; 2.9M
FAUST, 3.4M

FAR I == 1L

FRIB

Univ of Michigan

gRIBF, 2.84M

RIKZN
Previous rounds saw significant investment
in ALICE@LHC, SRS@ISOLDE 10



UKRI infrastructures project — Electron ion collider (Brookhaven)

Hadron Calorimeter Endcap
Electromagnetic Calorimeter

Cherenkov Counter

Barrel EM Calorimeter
DIRC
Solenoidal Magnet

RICH Detector
Barrel Hadron Calorimeter

Transition Radiation Detector
Preshower Calorimeter
Electromagnetic Calorimeter
Hadron Calorimeter Endcap

Image the gluonic contribution of matter, nature of strong
force, mass generation, hadron spectroscopy, ...

UK contribution recently funded by UKRI infrastructure fund
Seven universities and two national laboratories (E58M)

Contributions to ePIC detector :
« SVT (MAPS)
» Electron tagger (TIMEPIX)
* Al-guided Calorimetry

Also — collaboration in delivery of EIC accelerator
infrastructure

Expected to be online in 2032

11



Nuclear PDRA in the UK by institute (source NPAP24)

University of Birmingham; 6

Brunel University ; 0

STFC Daresbury Laboratory; 0
University of Brighton; 0
University of Derby; 0

University of York ; 12

University of Edinburgh ; 3

University of Glasgow ; 9
CAVEATS:
These show PDRA supported
for both pure science (STFC)
and industry projects
University of Liverpool ; 7 (Total STFC CG PDRA 27 in

The University of Manchester ; 6 2023)

University of the West of _
Scotland ;1

University of Surrey ; 7

Sheffield Hallam University ; 0

12



Nuclear PhD students in the UK by institute (source NPAP24)

University of Birmingham; 16 University of Brighton; 1

University of York ; 25
: University of Derby ; 1

Brunel University ; 0
STFC Daresbury Laboratory; 0
University of Edinburgh ; 8

University of the West of
Scotland ; 6

University of Glasgow ; 10

University of Surrey ; 23

University of Liverpool ; 19

CAVEATS:

Sheffield Hallam University ; 4 These show PhD supported by

projects, self-funding students
13



Nuclear technicians/engineers in the UK by institute (source NPAP24)

University of York ; 2 University of Birmingham; 2

University of the West of
Scotland ;1
Sheffield Hallam University ; 0
University of Surrey; 0 __—4

University of Brighton; 0
University of Derby; 0
Brunel University ; 0

The University of Manchester ; 3

STFC Daresbury Laboratory ; 7

Many of technicians at
STFC Daresbury part of
cross-community effort

University of Liverpool ; 6
University of Edinburgh ; 1

University of Glasgow ; 2

14
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(Some of the) Future projects in the UK roadmap ;’00

AGATA upgrade — Progress from 3n to 4t spectrometer

ALICE upgrade - Collaboration proposes a novel detector - ALICE3 - with
high readout rate, superb pointing resolution and excellent tracking and
particle ID using advanced silicon (MAPS) detectors. LHC Runs 5,6 (2035).

Legend 1000 — Neutrinoless double 3 decay; isotopically enriched "Ge

E1-M2 Mossbauer — Nuclear CP violating moment in odd mass pear shaped
nucleus.

GSI/FAIR upgrade - New storage ring taking beams directly from the new
SIS100 - SuperFRS accelerator/fragment separator. Increased beam
intensities, transmission — new detector infrastructure

JLAB upgrade — Upgrade from 12 GeV to 22 GeV proposed. Enhanced
capabilities for 3D imaging of nucleon; exceed J/psi threshold, new meson
structure programmes, new possibilities for neutral Kaon beam



UK NP publications in refereed journals
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Quarters
2020-2024: Nature Journals (17),

Phys. Rev. Lett.(105)
Phys. Lett. B (64)

OPEN
Charge radii of exotic potassium isotopes

challenge nuclear theory and the magic
character of N=32

For a list of recent research highlights from UK NP - see backup slides

LETTERS

Article

Thebaryon density of the Universefroman
improved rate of deuterium burning

hitps://dol.org/10.1038/541586-020-2678-4 V. Mossa’, K. Stéckel™
s A

Best™®, A. Boeltzig™
Received: 7 May 2020
eceive ay P.Co
Accepted: 16 September 2020 EM.
T ——— X VR N
o .
ublished online: 11 November 2020 . iyl T E Mazha™ R M.
] Check for updates F.R. Pantalec'™, V. Paticchio’, R. Perrina'~, D. Piatt", O. Pisant™, P. Prati**, L. Schiavulli™,

©.Straniero™=, T. Sziles’, M. P Takdcs™, D. Trezzi™™, M. Viviani** & S. Zavatareli*™*

nature physics

Article hitps://dei.org/10.1038/s41567-023-02296-w
Precisionspectroscopy andlaser-cooling
scheme of aradium-containing molecule

Received: 2 March 2023

S.M.Udrescu®’ -, S.G. Wilkins @', A. A. Breer @7,
M. \RF. M. Au®®, |. Belodevic’,
Brinson’, K. Chrysalidis ®°,
Flanagan®", S. Franchoo",
ianstorp ®*, R. Heinke ®°,

', G.Neyens @*, M. Nichols™,

R.Berger®°, M. L. Bissell’, C. L.
T.E. Cocolios®*, R. P. de Groote'

———————————————————— K.Gaul’,5.Geldhof®", T.F. Giesen®”,

[ ®Checkfor updates A.Koszoriis”, 8. Kujanpas ® °, L. Lalani
H.A.Perrett®®, ). R. Reilly®, S. Rothe ®®, B.van den Borne ®*, A. R. Vernon®,
Q.Wang®*, J. Wessolek?, X. F. Yang @ &C. Ziilch®

Article

Direct observation of the dead-cone effectin
quantum chromodynamics

Received: 29 June 2021

Accepted: 21 February 2022 Inparticle collider i y par ionswith large
Published online: 18 May 2022 produ pal

‘Open access i mecs) i -

= ics (QCD)LTI It further partonsina

PHYSICAL REVIEW LETTERS 130, 211902 (2023)

First CLAS12 Measurement of Deeply Virtual Compton Scattering Beam-Spin
Asymmetries in the Extended Valence Region

G. Christigens,'* M. Defurne®,"” D. Sokhan,' P. Achenbach,’ Z. Akbar,' M.J. Amaryan,” H. Ate,® H. Avakian,’
3

C. Ayerbe Gayosc ashen. ell,’ L. Barion,” M. Bashkanov,"” M. B: Bedl
B. Benkel," F. Benr ‘A L1 A8, Biselli,'” M. Bondi," W. A. Booth,

— IO
nature -
COMMUNICATIONS

ARTICLE
hitpsy//doi.org/10:1038/s4de7-021.220075[NeLIY]

Photon quantum entanglement in the MeV regime
and its application in PET imaging

D.P. Watts® '™ J. Bordes® ", J. R. Brown® |, A. Cherlin® 2 R. Newton® ', J. Allison® 34, M. Bashkanov® ",
N. Efthimiou 15 & N. A. Zachariou® '
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(Some) recent examples of
societal impact from NP

-
Il LYNKEO!

Quantum information in PET imaging — dose reduction (QTFP)

Nuclear waste management/security: LINKEOS
Oil industry, industrial imaging: AevaSpec

Radiation monitors for personnel e.g. D3S developed for Kromek
(recent $6M purchase by US authorities)

Medical isotope production using y-beams at intensity frontier

guantum optics

[
(. D_; AevaSpec

Ultra-fast rf photon detect ith ti iX) f dical i ' d O QUO“'I'UI’“ i
ra-fast rf photon detectors (with timepix) for medical imaging an i OPTIma
-

MAPS technologies in medical physics : OPTima

AWE collaborations e.g. VENOM, a new neutron facility for nuclear
research and isotopic assay

w
[ 1 1]
TN

BEE

ENNEENEE EEECEEE
_HENNENNNENNERNNE

Binding blocks - One of UK’s largest outreach activities reaching
1000’s of school students (in-person) + online materials for educators

Optimising Proton Therapy through Imaging

+ high-level training in nuclear
physics, cutting-edge detector
technologies, advanced simulation —
skills sought for medical/industrial
imaging, medical physics, nuclear
industry, finance, .. 17/



Difficulties expressed by the community

Difficult for NP projects to reach the scale
where infrastructure funding is feasible
10%

Insufficient funding for
PhD students
30%

fEC model causes issues
with university finances,
workload models
20%

Challenges in consortia
funding (Critical mass
smaller groups)
10%

Need more funding for
small Pl led projects
10%

Lack of UK facilities affects ability to train UK
students/staff
20%

CAVEATS:
Responses from 9 (of 12) groups

18



Thanks for listening



Some recent research highlights from UK NP

A

Improved cross-sections of the deuterium burning D(p,y)*He reaction led to BBN estimates of
the baryon density at the 1.6 percent level, in excellent agreement with a recent analysis of
the cosmic microwave background Nature 587, 210 (2020).

Measuring correlations in the momentum space between hadron pairs, produced in
ultrarelativistic proton—proton collisions at the CERN Large Hadron Collider (LHC), provided a
precise method with which to obtain the missing information on the interaction dynamics
between any pair of unstable hadrons Nature 588, 232 (2020],

The spin polarization of the recoiling neutron in deuterium photodisintegration was
measured. The results could be related to the excitation of the d*{2380) hexaquark Phys. Rev.
Lett. 124, 132001 (2020).

High-precision measurements of states above threshold in **Ar have constrained the
astrophysically important 33Cl{p,gamma)34Ar reaction, decisive in identifying the origins of
pre-solar grains Phys. Rev. Lett. 124, 252702 (2020).

The first ab initio calculations of radii and charge densities for open-shell nuclei beyond 5n
have been made, comparing well to experiment and paving the way for ab initio studies of
exotic charge density distributions at the limit of the present ab initio mass domain Phys. Rev.
Lett. 125, 182501 (2020).

The first a-priori lattice QCD calculation showing the presence of a hadron resonance with an
exotic combination of spin, parity and charge conjugation quantum numbers Phys. Rev. D 103
054502 (2021).

The first mass measurements of neutron-deficient Yb isotopes at TITAN, TRIUMF, established
the existence of the N=82 neutron shell up to the proton drip line. Further, the detection and
mass measurement of **¥b marked the first ever discovery of an isotope at TRIUMF Phys. Rev.
Lett. 127, 112501 (2021)

The predicted guantum entanglement in linear polarisation for annihilation gamma photons
was proposed as a method to quantify and remove the unwanted backgrounds in Positron
Emission Tomography (PET) Nature Communications 12, 2646 (2021).

loint mass measurements at TRIUMF and NSCL/FRIB investigate the evolution of the exotic
N=32 and 34 neutron shell closures in combination with state of the ab-initio calculations
Phys. Rev. Lett. 126, 042501 (2021).

The experiment performed at CEBAF utilized the Large Acceptance Spectrometer (CLAS)
detector to study the Ap—Ap elastic scattering cross section in the incident A momentum
range 0.9-2.0 GeV/c Phys. Rev. Lett. 127, 272302 (2021).

A first ever measurement of timelike Compton scattering which provides a way to test the
universality of the generalized parton distributions has been made with the CLAS12 detector
at JLab Phys. Rev. Lett. 127, 262501 (2021).

ALICE confirmed the dead-cone effect and important prediction from perturbative QCD.
Careful measurements using charmed quarks as partons show that small angle radiative
splittings in jet evolution are suppressed for larger parton masses Nature 605, 440 (2022).

A recent highlight from the nucleon tomography program at JLab includes a first experimental
extraction of all four helicity-conserving Compton form factors (CFFs) of the nucleon as a
function of Bjorken x, while systematically including helicity flip amplitudes with extremely
high precision. Phys. Rev. Lett.128, 252002 (2022).

From the nucleon tomography program at JLab, a first experimental extraction of all four
helicity-conserving Compton form factors (CFFs) of the nucleon as a function of Bjorken x with
extremely high precision has been performed_Phys Rev. Lett. 128, 252002 (2022), and a first
CLAS12 measurement of deeply virtual Compton scattering beam-spin asymmetries in the
extended valence region Phys. Rev. Lett. 130, 211902 (2023),

Measurements performed at the Triangle Universities Nuclear Laboratory were interpreted in
the chiral effective field theory framework to extract the electromagnetic dipole
polarizabilities of the proton Phys. Rev. Lett. 128, 132502 (2022).

A resonance-like structure near threshold in the four-neutron system that is consistent with a
quasi-bound tetraneutron state existing for a very short time was observed Nature 606, 678
2022).

First mass measurements of neutron-rich Cr isotopes established the summit of the N=40
island of inversion Phys. Lett. B 833, 137288 (2022)

An abrupt change in the nuclear dipole moment at N = 82 was observed. Together with the
accompanying theoretical findings, it led to an understanding of how seemingly simple single-
particle phenomena naturally emerge from complex interactions among protons and
neutrons Nature 607, 260 (2022).

Recent results from two-nucleon knockout reactions in inclusive elastic electron scattering
from hydrogen-3 and helium-3 mirror nuclei have yielded new insights on the pairing up of
nucleons inside the nucleus Nature 609, 41 (2022).

Simultaneous y-ray and electron spectroscopy demonstrated a step-up in experimental
sensitivity and paves the way for systematic studies of electric monopole transitions in this
region Communications Physics 5, 213 (2022).

Nucleon drip lines were determined using several relativistic energy density functionals with
different underlying interactions, demonstrating considerable alterations of the neutron drip
line with temperature increase, especially near the magic numbers Nature Comm. 14 4834
2023)

A new technique for determining fission barriers was demonstrated which will open the way
for the study of fission properties with short-lived nuclear species Phys. Rev. Lett. 130, 202501
2023).

Direct mass measurements of neutron-deficient nuclides at GSI closing on **Sn Phys. Lett. B
839, 137833 (2023

ALICE measured the hypertriton +*H lifetime and A separation energy solving a puzzle as their
values previously seemed inconsistent with models of the particle Phys. Rev. Lett. 131, 102302
(2023).

Measurements of the vibronic structure of radium monoflueride molecules were reported,
which demonstrated an improvement in resolution of more than two orders of magnitude
compared to the state of the art Nature Physics 20, 202 (2024).

The calculations using the %0 + **Zr collision showed that the inclusion of nuclear friction
effects increased the fusion probability significantly, improving the agreement between the
theoretical and experimental fusion barrier distributions Phys. Lett. B 854, 138755 (2024).
First measurement of neutron capture on radioactive *™Tl leads to reduced uncertainty in
predicted *™Pb abundance, which is in agreement with solar system observations Phys. Rev.
Lett. 133, 052702 (2024)

The role of the underlying single-particle structure for the Pygmy Dipole Resonance was
established Phys. Rev. Lett. 125, 102503 (2020)

20
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