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Research in the Department at a glance
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>55 academic staff and fellowship
holders

>100 research staff, including
PDRA, engineers and technicians

 Research clusters: Particle
Physics, Nuclear Physics,
Accelerator Science, Condensed
Matter.

« Physics Education overarching
(Research and Enhancement)

 Research in Al/data science,
quantum, sustainable
technologies, medical physics
underpinned by all clusters
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: Across Physics and Engineering key member of the Cockcroft Institute (Cl)
Accelerator SCIG“CQ 5 academic staff, around 20 research staff, ~ 30 PhD and EC fellows

* Frontier accelerators: HL-LHC upgrade,
exploitation of CLARA and RUEDI facilities ot
Daresbury, ERL technology e.g. for PERLE
and EIC, low energy antimatter experiments

Tackling Instabilities in a plasma
wakefield accelerator

* novel accelerating techniques: AWAKE
experiment at CERN, micro-accelerators

* training and communication: EuPRAXIA
consortium

* accelerator applications: beam and dose
monitors for ion beam cancer therapy, 3D
imaging systems, sensors for health tracking demonstrated at CLARA
and memory restoration, and quantum
technologies for accelerator applications.

Accelerator beam phase space tomography using
machine learning to account for variations in beamline
components

A. Wolski©,%<* D. Botelho,*¢ D. Dunning®* and A.E. Pollard ©/-¢


https://www.liverpool.ac.uk/quasar/news/articles/unlocking-the-mysteries-of-antimatter-positronium-laser-cooling-breakthrough
https://www.liverpool.ac.uk/quasar/news/stories/title,1451513,en.php
https://www.liverpool.ac.uk/quasar/news/stories/title,1457395,en.php
https://iopscience.iop.org/article/10.1088/1748-0221/19/07/P07013
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Nuclear Physics 10 academics, about 20 research staff, engineers, technicians and PDRAs,

and 30 PhD students, also in close collaboration with Daresbury
« study of nuclear structure: high spin
atoms with AGATA, atom shapes, proton
dripline, ground state properties,
superheavy structure and chemistry,
single particle structure and octupoles

 applied physics and instrumentation
development of gamma ray imaging
techniques, medical imaging techniques,
phantoms, medical diagnostics,
advanced detector concepts and
materials and gamma ray tracking

recent highlights include signing

- hadron physics study the quark-gluon of MoU with Sizewell C
plasma at ALICE experiment at CERN, https://www.liverpool.ac.uk/ph
future facilities such as the Electron-lon NN e YSICS/News/articles/university-
Collider (EIC) in the USA. LGNzt . e X7, partners-with-sizewell-c/

* Recent addition: nuclear
decommissioning with Engineering.

» Cross-collaborations with Particle
Physics: LEGEND, MuZ2e, EIC

ISOLDE@CERN ALICE@CERN .


https://www.liverpool.ac.uk/physics/news/articles/university-partners-with-sizewell-c/
https://www.liverpool.ac.uk/physics/news/articles/university-partners-with-sizewell-c/
https://www.liverpool.ac.uk/physics/news/articles/university-partners-with-sizewell-c/
https://www.liverpool.ac.uk/physics/news/articles/university-partners-with-sizewell-c/
https://www.liverpool.ac.uk/physics/news/articles/university-partners-with-sizewell-c/
https://www.liverpool.ac.uk/physics/news/articles/university-partners-with-sizewell-c/
https://www.liverpool.ac.uk/physics/news/articles/university-partners-with-sizewell-c/
https://www.liverpool.ac.uk/physics/news/articles/university-partners-with-sizewell-c/
https://www.liverpool.ac.uk/physics/news/articles/university-partners-with-sizewell-c/
https://www.liverpool.ac.uk/physics/news/articles/university-partners-with-sizewell-c/
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Condensed M atter PhYSI CS 12 academics, 8 research staff and 12 PhD students

Key members in Stephenson Institute For Renewable Enerqgy

Centre for Doctoral Training in New
and Sustainable Photovoltaics

* Nanoscience: surface physics, spintronics, electrochemical interfaces,
hybrid nanomaterials, functional materials

* Energy: targeting reduction of CO, emissions, includes solar fuels, solar
photovoltaic materials and devices, materials for thermoelectric and
physics of advanced sustainable materials for energy applications

2 tead Universities
of Liverpool (2014-2020),
University of Bath (2021-2024)

* Biophysics: new tools for cancer diagnostics, advanced investigations of |
tissue structure and function and image analysis for medical, biological, IR and ML studies
and other application of cancer

* Reactions at ultra-cold temperatures, i.e. new detection methods for
monitoring trapped ions, study quantum effects in reactions at low T

7 XMas$ facility
' at Grenoble
i new funding
£9M over 5
years, half to |
UoL

Photovoltaics CDT

Hexagonal
quasiperiodic
tilings



https://www.liverpool.ac.uk/renewable-energy/
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Physics Education Research and Enhancement

3 academics and 2 PhD students

« - Studies how students learn physics
« > Understand how teaching practices affect outcomes T et

alender!

Al and ML role is crucial in much of this research, as its role is
crucial in education nowadays!

« E.g. analyse socio-demographic disparities in degree outcomes

Predictors and Socio-Demographic Disparities in STEM Degree Outcomes:
A UK Longitudinal Study using Hierarchical Logistic Regr:

Outputs directly feeding into
teaching practice!
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Particle Physics

) \ ;

Research income > £8.5M/yr
>850 publications 2018-23
International leadership

USP: One stop technology
conception to new science
realization

29 academics and fellows

41 researchers

25 engineers/technicians/support
60 PGR students

Wide range of international
experiments and partners.....
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Liquid argon R&D

Silicon R&D Dark matter
Neutrinos Computing R&D Muons Neutrinos

Protons

Muons, protons
Neutrinos
Quantum interferometry

Dark matter

Dark matter



¥ UNIVERSITY OF o

%/ LIVERPOOL

The Department of Physics is in the top-25 list
of CERN key collaborators.

« Build, upgrade, maintain, operate and exploit
facilities and experiments in particle physics

_ (ATLAS, FASER, LHCb, neutrino platform

DUNE/Ariadne, MUoNE), nuclear physics
»—y (ALICE, ISOLDE) and accelerator physics

(AWAKE, AEGIS, ELENA, HL-LHC, FCC)

« ~75% of academic staff, researchers, engineers
and technicians are engaged in CERN-related
activities

We are engaged in several activities with CERN in R&D of new detectors, green technologies, large-scale data
and Al, future facilities and more - develop impact as an integral outcome of our research programme
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Beyond CERN: strategic partnerships

Liverpool, and CERN itself, is also a global partner of international and national labs

* Notable international examples are DESY and PSI in Europe, Fermilab,
Brookhaven and Argonne in US, TRIUMF in Canada, RIKEN and J-PARC in
Japan (we are also member of URA)

* National facilities include strong links and common activities with Daresbury
(silicon detectors, accelerator science) as well as Boulby, NNL, NDA and
Sellafield

* Detector Research & Development: i.e. gamma-ray and
neutron sensors -> waste storage monitoring, security,
environmental gamma-ray imaging
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Local Laboratories and facilities

Longstanding and world-leading track record for the development of detector

technologies and the construction of complex detector systems (silicon, liquid
argon and germanium detectors, quantum sensors).

Detector Development Manufacturing Nuclear Lab Detector
Facility and Advanced Material lab Characterization Centre 12

Liverpool Semiconductor Detector Centre
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Across-area activities

Four research themes of common interest:

. Quantum
« Quantum
. Data_ science _and Al et
* Medical physics science |

Sustainability

Sustainable
r technologies

Underpinning all our research — something
you could engage with too!

: : — Medical
Quantum - TEAM: Brianna Heazelwood and Gianluigi Casse physics |

Al/Data Science — TEAM: Monica D’Onofrio and Carsten Welsch
Medical Physics — TEAM: Tim Greenshaw and James Ingham
Sustainable Technologies — TEAM: Ellis Rintoul and Jon Major



https://teams.microsoft.com/l/team/19%3ANiZ-0Og7PMEHAi6Bbn8BSXQhysnwAe2BCELRwJBXRpw1%40thread.tacv2/conversations?groupId=f54a31a7-480b-48df-ac22-9bd25dd46daf&tenantId=53255131-b129-4010-86e1-474bfd7e8076
https://teams.microsoft.com/l/team/19%3AHfZAxneqwnFr0YczEqhXyCxQtiSYmvWAobXdVH7snE41%40thread.tacv2/conversations?groupId=ecad735b-087b-4575-b200-672c36ea20c8&tenantId=53255131-b129-4010-86e1-474bfd7e8076
https://teams.microsoft.com/l/team/19%3AkNcnbB9c4Xjrk8h9CViuxACSpvqg1R-8C2sXrcLI_MA1%40thread.tacv2/conversations?groupId=ecdc3f53-1415-4a64-9c5f-4adf17c0cdeb&tenantId=53255131-b129-4010-86e1-474bfd7e8076
https://teams.microsoft.com/l/team/19%3Apbpg3Y2k4GzP3QcavlbjYKTNF77DzT9WVhc_Hzg02dU1%40thread.tacv2/conversations?groupId=b9d7bf55-86cd-400a-93b4-dffaeb845dc6&tenantId=53255131-b129-4010-86e1-474bfd7e8076
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A tiviti « Quantum science is an integral part of our research
Cross-area acuvities programme since more than a decade, with a
strong focus on enabling novel fundamental physics
Four research themes of common interest: experiments
* Quantum Liverpool PP Laser laboratory,

. - one of the few existing UK lab
IE)/Iatda Scile?]ceand AI with in-house Capablllty to develop Cold chemical physics lab:
edical physics atom interferometry devices study complex ion-neutral reaction

» Sustainability . systems at low temperature
(cryogenic ion-trap)
Underpinning all our research — something "
you could engage with too!

Strong programme already in place for atom
interferometry (AION, Magis) and other QTFP
consortia

Engagement with CERN: member of DRD5 Quantum
collaboration
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Across-area activities

Four research themes of common interest:

¢ Quantum

 Data science and Al
* Medical physics

« Sustainability

Underpinning all our research — something
you could engage with too!

Accelerator Science: design, optimization and
control systems of particle accelerators

+ industry partnerships (NVIDIA, IBM), and
Al applied to medical physics

Examples in PP —

ATLAS offline data analyses: problem to be addressed >
event classification and process discrimination in large and
diverse datasets for discovery

Byihi & § F & [Alm
s
e sy g g g
[ L M R Bl B B B B |

ATLAS

EXPERIMENT

Run: 303266
Event: 1584619053
2016-07-04 04:57:58 CEST

LHCb, mu3e data reconstruction: problem to be addressed
—> fast and efficient reconstruction of tracks (e.g. in busy
environment). How-to: ML-tracking on FPGAs algorithms

15
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Across-area activities

Four research themes of common interest:

Quantum

Data science and Al
Medical physics
Sustainability

Underpinning all our research — something

you could engage with too!

PROTON THERAPY >
advanced tissue-equivalent
phantom for improved
accuracy in therapy planning

Lot of what we do can be relevant for healthcare

Cancer research: a decade of research on cancer by a
dedicated research group within our department has
resulted in the ability to predict the prognosis of oral
cancer lesions by analysing infrared spectral images using
machine learning. Patent on machine learning algorithm.

How the device works...

(b) _ (0

&
—a & p
.’2\
But also:

« Beam monitoring & diagnostic (e.g. for LhAra)
« Applications of gamma-ray imaging etc...



https://news.cancerresearchuk.org/2023/10/25/a-surgeon-a-physicist-and-a-chemist-walk-into-a-bar-how-cross-disciplinary-research-can-push-forward-early-detection/
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Across-area activities

Four research themes of common interest:

¢ Quantum

« Data science and Al
* Medical physics

« Sustainability

Underpinning all our research — something
you could engage with too!

e.g. computing: can @

Green Software Principles

you help writing
software that reduces
Carbon footprint?

Sustainable technologies are at the core of several of our
research — e.q. energy

Solar cell Devices research

Antimony selenide (Sb,Se,) .
og oL @

0. » “ Voe :

B B3 it

Characterization of
electrical behavior
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Opportunities and support

« Courses and trainings for research:

« Nature Masterclasses htips://libguides.liverpool.ac.uk/nature _masterclasses
« On demand resources for designing research, Writing and Publishing, Grant-writing, Impact and
Collaboration
« Narrative output framework: htips://staff.liverpool.ac.uk/research/research-funding-and-outputs-
hub/outputs/
« Consult events from The Academy (also for industry trainings)
« Research and impact corner in bulletin - are people reading those?
» Consult also department internal sharepoint site: Physics

- Seminars: not always aligned directly to your research, but widening horizons
* Reviving departmental seminars;
* Research clusters are encouraged to enhance their seminar programmes

* PDRA induction: Dedicated physics PDRA induction process and information for PDRAs is currently
being created

18


https://libguides.liverpool.ac.uk/nature_masterclasses
https://staff.liverpool.ac.uk/research/research-funding-and-outputs-hub/outputs/
https://staff.liverpool.ac.uk/research/research-funding-and-outputs-hub/outputs/
https://staff.liverpool.ac.uk/research/research-funding-and-outputs-hub/outputs/
https://staff.liverpool.ac.uk/research/research-funding-and-outputs-hub/outputs/
https://staff.liverpool.ac.uk/research/research-funding-and-outputs-hub/outputs/
https://staff.liverpool.ac.uk/research/research-funding-and-outputs-hub/outputs/
https://staff.liverpool.ac.uk/research/research-funding-and-outputs-hub/outputs/
https://staff.liverpool.ac.uk/research/research-funding-and-outputs-hub/outputs/
https://staff.liverpool.ac.uk/research/research-funding-and-outputs-hub/outputs/
https://www.liverpool.ac.uk/intranet/the-academy/
https://theuniversityofliverpool.sharepoint.com/sites/physics/SitePages/Home-main.aspx
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Regular celebrations of PDRA success in Physics Bulletin, Web News
and Staff Meetings

Dr John Anders appointed as the

Dr Ellen Sandford awarded the Dr Jordy Degens appointed convener convener of the ATLAS "Strong"
John G Rutherglen Memorial Prize of the 30-strong fau Reco and ID search group, the 100-person team
for outstanding work in experimental group, the team that is responsible for searching for superpartners of the
High Energy Physics the tau lepton identification in the strongly-interacting SM particles,

ATLAS experiment. gluinos and squarks

19
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Regular celebrations of PDRA success

Dr Benjamin Rienacker becomes
Physics Coordinator of the AEQIS
anti-matter experiment at CERN,
with its 50-person strong team.

Dr Saskia Charity awarded
prestigious 5-year Ernest Rutherford
fellowship for research with the g-2
and MUonE experiments about the
muon anomalous magnetic moment.

Dr Jaime Norman awarded
prestigious 5-year Ernest
Rutherford fellowship to investigate
the quark-gluon plasma at the
ALICE experiment at CERN.

20
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