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OUR DEPARTMENT

• UK Top 10 for research quality & 

environment (Research Excellence 

Framework 2021); key partner of CERN

• Academic Ranking of World Universities:    

Top 100 Globally, UK Top 10

• 50 academic staff

• >100 research staff

• 120 Postgraduate Research PhD students

• 120 Postgraduate Taught MSc students

• 360 Undergraduate students

• Physics research areas:

Biophysics
Accelerators

NuclearMedical

Particle

Astrophysics
Renewable Energy

Materials



EQUITY, DIVERSITY AND INCLUSIVITY

• We hold a Juno Practitioner award in the Institute of Physics’ flagship gender equality scheme

• We are working towards a Physics Inclusion Award, the IoP’s new broader EDI scheme 

• We recently hosted the Conference for Undergraduate Women and Non-binary Physicists (CUWiP+) 

• Our PhD students and staff established the Women and 

 Non-binary Doctoral Researchers in STEM
liverpool.ac.uk/physics

Department of 
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POSTGRADUATE RESEARCH

TEACHING ASSISTANTS

For our BSc and MPhys undergraduate degree 

programmes in Physics, Physics with Nuclear Science, 

Physics with Medical Applications and Astrophysics, 

PhD students have the opportunity to teach in 

undergraduate laboratories and problem classes

PhD student teaching assistants are paid for teaching 

at ~£18/hour (option typically to do between 3 and 6 

hours per week for 24 weeks per year)

Opportunity to obtain Associate Fellowship of the 

Higher Education Academy

liverpool.ac.uk/physics
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• Research clusters: Particle 

Physics, Nuclear Physics, 

Accelerator Science, Condensed 

Matter. 

• Physics Education overarching 

(research and enhancement)

• Research in AI/data science, 
quantum, sustainable 

technologies, medical physics 

underpinned by all clusters

• PhD students (~120) enrolled in our programmes (in addition to STFC and EPSRC quota studentships: STFC CDT Innovation in Data Intensive 

Science (LIV.INNO), EPSRC CDT's on New and Sustainable Photovoltaics and Risk & Uncertainty, EU ITN Medical Accelerators and Antimatter Physics).

  

Research in the Department at a glance

https://www.liverpool.ac.uk/centre-for-doctoral-training-for-innovation-in-data-intensive-science/
https://www.liverpool.ac.uk/centre-for-doctoral-training-for-innovation-in-data-intensive-science/
https://www.liverpool.ac.uk/new-and-sustainable-photovoltaics/
https://www.liverpool.ac.uk/risk-and-uncertainty-cdt/
https://www.liverpool.ac.uk/oma-project/
https://www.liverpool.ac.uk/ava/
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Liverpool @ CERN

FASER

CERN and the UK

• The UK was one of twelve founding members of CERN in 1954. CERN is celebrating its 
70th anniversary this year (2024) and now counts 23 member states and 10 associate member states.

• CERN has over 2,600 staff (~7% UK nationals) and a user community exceeding 12,000 researchers 
(~8% UK-based) representing over 110 nationalities.

• The UK pays an annual subscription of ~£160m to be a member of CERN. This fixed fee supports the 

construction and operation of the facilities at CERN. The UK is currently the second largest contributor 
(15% of member state contributions) behind Germany (22%).

• In addition, STFC’s core particle physics research programme spends ~£25m/year to fund UK-based 
researchers (academics, fellows, PhDs, postdoctoral researchers and engineers) working on CERN’s 

experiments. This investment is key to leveraging value from the CERN subscription.

• There have been two British Directors General of CERN (Sir Chris Llewellyn Smith 1994-98 and Sir 
John Adams 1960-61 and 1971-1980)

Liverpool @ CERN

• The Department of Physics is in the top-25 list of CERN key collaborators. We have built, build,
upgrade, maintain, operate and exploit facilities and experiments in particle physics (ATLAS, FASER,

LHCb, neutrino platform DUNE/Ariadne, MUoNE), nuclear physics (ALICE, ISOLDE) and
accelerator physics (AWAKE, AEGiS, ELENA, HL-LHC, FCC)
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CASE STUDY: University of Liverpool contributions to LHC experiments  

The University of Liverpool is one of many UK institutions that collaborate in the LHC 

experiments. Scientists at Liverpool form a crucial part of the international effort to build and 

upgrade three of the LHC’s four main experiments - LHCb, ATLAS and ALICE. Liverpool 

specialises in developing the technology for and constructing silicon particle detectors. 

Their scientists made major contributions to building the first silicon detectors for LHCb and 

ATLAS, and the recently installed, upgraded detectors for ALICE and LHCb. Besides 

exploiting the data from all three experiments, scientists are now constructing new 

detectors for ATLAS and prototype future detectors for LHCb for the high luminosity phase 

of LHC (luminosity measures how many collisions are happening in the accelerator).  

The LHC upgrades allow the experiments to collect significantly larger data sets with data 

of higher quality than in previous runs. The ATLAS detector is expected to record more 

collisions during ‘Run 3’ than runs one and two combined, LHCb is expected to increase its 

data-taking rate by a factor of ten and ALICE is aiming to increase the number of recorded 

collisions by a factor of 50.  

Professor Monica D’Onofrio, team leader for the ATLAS experiment group at the University 

of Liverpool said: “We will be able to probe the nature of the Higgs boson with 

unprecedented precision, test whether it decays to new particles, for example those that 

could make up dark matter, and search for new physics at the highest energy ever reached 

by an accelerator.” 

 

The LHC ALICE detector 

• Currently, about 75% of Liverpool

academic staff, researchers, engineers
and technicians are engaged in CERN-

related activities, along with more than 60

PhD students

• In the recent policy paper on the UK
Strategy for engagement with CERN,

prepared by the DSIT (department for

Science, Innovation and Technology) and
STFC, Liverpool highlighted as example of

excellent contributions (right)

 

October 2023 

UK Strategy for 
Engagement with CERN 
Unlocking the full potential of UK 
membership of CERN 

 
 

Department of Physics, February 2024

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 

(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 (and more than 60 PhD students)

We are engaged in several activities with CERN in R&D of new detectors, green technologies, large-scale data 

and AI, future facilities and more → develop impact as an integral outcome of our research programme



ATLAS and ATLAS upgrade: Strongly involved from early

conception, the Liverpool team built the semiconductor tracker
(SCT) and contributed to the Nobel-prize winner discovery of the

Higgs boson in 2012. The group leads key areas of the physics

programme (precision measurements, new physics searches),
contributes to the operation of the experiment and is critical to

the development and construction of the Inner Tracking
detector (ITk) for the High Luminosity LHC phase (2029-2040).

Liverpool is the second-largest ATLAS UK institute (UK

community: 15-strong institutes, ~400 members). D’Onofrio is
ATLAS UK (deputy) PI (PI from 2026) and leads the Liverpool

team of 7 academics, 2 RAs, and 9 PhD students. Hayward
coordinates the effort of the Liverpool upgrade project team

counting 10 core research staff. Liverpool ATLAS UK is funded

mostly by STFC for about £2-3M/year.

LHCb and upgrades: Liverpool developed and built the silicon sensor

modules of the original Vertex Locator (VELO) particle detector (for which
Bowcock was awarded the 2023 Chadwick medal) and recently assembled

and installed the pixel VELO upgrade. Built in the Liverpool Semiconductor

Laboratory in Oliver Lodge (where ATLAS ITK is also being built), these
detectors have enabled the entire LHCb physics programme. The group,

led by Shears and counting 5 academics, 2 RAs, contributions by 11 core
researchers and 5 PhD students, focuses on study of heavy flavour

physics, charge-parity violation, SM physics and searches for new particles.

Group members lead key areas of the LHCb physics programme, lead and
devise novel computing methodologies and steer future upgrades of the

tracking detector (supported by UKRI Infrastructure funding).

FASER: The Liverpool group joined FASER (Forward Search

Experiment, approved by CERN in 2019, 93 members and 26
institutes worldwide) in 2020. It counts 2 academics (Liverpool

and UK PI D'Onofrio) and 2 PhD students. The detector is built

out of SCT spares from ATLAS and calorimeter modules from
LHCb. Liverpool published the first ever FASER results in

2023, setting unprecedented constraints on light, very weakly-
interacting new particles and measuring high-energy neutrinos

from colliders for the first time, under the leadership of

academic Gwilliam as FASER Physics Coordinator.

ALICE: Liverpool joined ALICE 10 years ago to study the

interactions of heavy ions at the highest energies possible. The
group, led by Chartier, developed and built, in the Liverpool

Semiconductor Detector Centre and in collaboration with STFC

Daresbury Laboratory, a significant part of the Outer Layers of the
silicon Inner Tracking System upgrade for the ALICE experiment.

The Liverpool group, with 2 PDRAs and currently 2 PhD students,
focuses on measurements of heavy flavour hadron production

and jet physics. Group members hold lead roles in the ALICE

collaboration, including as Chair of the Collaboration Board, in
operation and maintenance of the detector.

First Results of the 2021 FASER Calorimeter Test Beam 
Charlotte Cavanagh, University of  Liverpool 

FASER, is a new experiment at CERN de-

signed to complement the LHC's ongoing 

physics programme, extending its discovery 

potential to light and weakly-interacting parti-

cles such as long-lived dark photons (A’) are 

characterised by a signature with two oppo-

sitely-charged tracks or two photons with very 

high energy (∼ TeV) that emanate from a 

common ver-

tex inside the 

detector.  

Tracker studies to potentially be mentioned: 

Tracker efficiency 

Backsplash from calorimeter 

Tracker alignment  

Tracker clustering  

To summarise, data taking was efficient and there 

was good overall beam quality and purity. The rela-

tive calorimeter response to different electron ener-

gies and MIPs (high energy muons) were measured. 

HV dependence of  the signal response was meas-

ured and compared to that of  the LED calibration 

system. The impact point was measured event-by-

event using the IFT tracker station, for which preci-

sion efficiency measurements were taken. Prelimi-

nary results have been compared to simulation. 

Analysis is an ongoing process. More than 150 mil-

lion events were recorded during the week of  test 

beam.  

The detector is now once again situated in the TI12 

tunnel, ready for data acquisition during Run 3 in 

March 2022. FASER recently published first results 

of  the FASERν detector.  

Experiment 

The main aims of  the July 2021 test beam 

were calibration of  the 8 calorimeter using 

electron (5-300 GeV) and muon (150 GeV 

beams, scanning through 24 points across 6 

modules. Also serves to gain operational ex-

perience and serve as telescope for beam. 

The test beam setup 

consists primarily of  

the tracker, the pre-

shower and the calo-

rimeter (ECAL). 

Test Beam 

Tracking 

Preshower response  

Scintillator efficiencies  

Timing resolution  

Preshower/Scintillator 

 

Outlook 

A full simulation of  the calorimeter system, including the pre-

shower, has been implemented in FASER’s Calypso framework 

and migrated to a test beam geometry. Millions of  electron, mu-

on and pion events have been simulated in numerous configura-

tions. In order to understand the energy  response, energy depos-

ited by a particle in the calorimeter was studied, and distributions 

fitted to extract μ and σ. This showed an energy deposition of  

around 16% in the ECAL. Simulations agree with parameterisa-

tion of  previous LHCb results. High energy synchrotron radia-

tion causes energy losses which were also taken into account in 

the simulations. Point 8 is the primary scan point.  

The response for different calorimeter modules and impact 

points was measured. Data collected during the test beam in-

cludes an electron energy scan, muon scan (to measure uniformi-

ty of  the MIP response across the calorimeter) and pion scan. 

Focussing on the energy scan, reconstructed data was directly 

compared with simulation. There are a number of  corrections to 

be made to data in the reconstruction process, in addition to ap-

plying event selections. Given the range of  energies and positions 

investigated, energy resolution was calculated and position de-

pendence allowed investigation into energy sharing/leakage in 

ECAL modules. Maybe make this pad bigger/add plots once position plots are made etc... 

Test Beam Results: Calorimeter Performance 

Calorimeter Simulation 

Department of Physics, February 2024
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ATLAS and ATLAS upgrade: Strongly involved from early

conception, the Liverpool team built the semiconductor tracker
(SCT) and contributed to the Nobel-prize winner discovery of the

Higgs boson in 2012. The group leads key areas of the physics

programme (precision measurements, new physics searches),
contributes to the operation of the experiment and is critical to

the development and construction of the Inner Tracking
detector (ITk) for the High Luminosity LHC phase (2029-2040).

Liverpool is the second-largest ATLAS UK institute (UK

community: 15-strong institutes, ~400 members). D’Onofrio is
ATLAS UK (deputy) PI (PI from 2026) and leads the Liverpool

team of 7 academics, 2 RAs, and 9 PhD students. Hayward
coordinates the effort of the Liverpool upgrade project team

counting 10 core research staff. Liverpool ATLAS UK is funded

mostly by STFC for about £2-3M/year.

LHCb and upgrades: Liverpool developed and built the silicon sensor

modules of the original Vertex Locator (VELO) particle detector (for which
Bowcock was awarded the 2023 Chadwick medal) and recently assembled

and installed the pixel VELO upgrade. Built in the Liverpool Semiconductor

Laboratory in Oliver Lodge (where ATLAS ITK is also being built), these
detectors have enabled the entire LHCb physics programme. The group,

led by Shears and counting 5 academics, 2 RAs, contributions by 11 core
researchers and 5 PhD students, focuses on study of heavy flavour

physics, charge-parity violation, SM physics and searches for new particles.

Group members lead key areas of the LHCb physics programme, lead and
devise novel computing methodologies and steer future upgrades of the

tracking detector (supported by UKRI Infrastructure funding).

FASER: The Liverpool group joined FASER (Forward Search

Experiment, approved by CERN in 2019, 93 members and 26
institutes worldwide) in 2020. It counts 2 academics (Liverpool

and UK PI D'Onofrio) and 2 PhD students. The detector is built

out of SCT spares from ATLAS and calorimeter modules from
LHCb. Liverpool published the first ever FASER results in

2023, setting unprecedented constraints on light, very weakly-
interacting new particles and measuring high-energy neutrinos

from colliders for the first time, under the leadership of

academic Gwilliam as FASER Physics Coordinator.

ALICE: Liverpool joined ALICE 10 years ago to study the

interactions of heavy ions at the highest energies possible. The
group, led by Chartier, developed and built, in the Liverpool

Semiconductor Detector Centre and in collaboration with STFC

Daresbury Laboratory, a significant part of the Outer Layers of the
silicon Inner Tracking System upgrade for the ALICE experiment.

The Liverpool group, with 2 PDRAs and currently 2 PhD students,
focuses on measurements of heavy flavour hadron production

and jet physics. Group members hold lead roles in the ALICE

collaboration, including as Chair of the Collaboration Board, in
operation and maintenance of the detector.

First Results of the 2021 FASER Calorimeter Test Beam 
Charlotte Cavanagh, University of  Liverpool 

FASER, is a new experiment at CERN de-

signed to complement the LHC's ongoing 

physics programme, extending its discovery 

potential to light and weakly-interacting parti-

cles such as long-lived dark photons (A’) are 

characterised by a signature with two oppo-

sitely-charged tracks or two photons with very 

high energy (∼ TeV) that emanate from a 

common ver-

tex inside the 

detector.  

Tracker studies to potentially be mentioned: 

Tracker efficiency 

Backsplash from calorimeter 

Tracker alignment  

Tracker clustering  

To summarise, data taking was efficient and there 

was good overall beam quality and purity. The rela-

tive calorimeter response to different electron ener-

gies and MIPs (high energy muons) were measured. 

HV dependence of  the signal response was meas-

ured and compared to that of  the LED calibration 

system. The impact point was measured event-by-

event using the IFT tracker station, for which preci-

sion efficiency measurements were taken. Prelimi-

nary results have been compared to simulation. 

Analysis is an ongoing process. More than 150 mil-

lion events were recorded during the week of  test 

beam.  

The detector is now once again situated in the TI12 

tunnel, ready for data acquisition during Run 3 in 

March 2022. FASER recently published first results 

of  the FASERν detector.  

Experiment 

The main aims of  the July 2021 test beam 

were calibration of  the 8 calorimeter using 

electron (5-300 GeV) and muon (150 GeV 

beams, scanning through 24 points across 6 

modules. Also serves to gain operational ex-

perience and serve as telescope for beam. 

The test beam setup 

consists primarily of  

the tracker, the pre-

shower and the calo-

rimeter (ECAL). 

Test Beam 

Tracking 

Preshower response  

Scintillator efficiencies  

Timing resolution  

Preshower/Scintillator 

 

Outlook 

A full simulation of  the calorimeter system, including the pre-

shower, has been implemented in FASER’s Calypso framework 

and migrated to a test beam geometry. Millions of  electron, mu-

on and pion events have been simulated in numerous configura-

tions. In order to understand the energy  response, energy depos-

ited by a particle in the calorimeter was studied, and distributions 

fitted to extract μ and σ. This showed an energy deposition of  

around 16% in the ECAL. Simulations agree with parameterisa-

tion of  previous LHCb results. High energy synchrotron radia-

tion causes energy losses which were also taken into account in 

the simulations. Point 8 is the primary scan point.  

The response for different calorimeter modules and impact 

points was measured. Data collected during the test beam in-

cludes an electron energy scan, muon scan (to measure uniformi-

ty of  the MIP response across the calorimeter) and pion scan. 

Focussing on the energy scan, reconstructed data was directly 

compared with simulation. There are a number of  corrections to 

be made to data in the reconstruction process, in addition to ap-

plying event selections. Given the range of  energies and positions 

investigated, energy resolution was calculated and position de-

pendence allowed investigation into energy sharing/leakage in 

ECAL modules. Maybe make this pad bigger/add plots once position plots are made etc... 

Test Beam Results: Calorimeter Performance 

Calorimeter Simulation 

Department of Physics, February 2024

ATLAS and ATLAS upgrade: Strongly involved from early

conception, the Liverpool team built the semiconductor tracker
(SCT) and contributed to the Nobel-prize winner discovery of the

Higgs boson in 2012. The group leads key areas of the physics

programme (precision measurements, new physics searches),
contributes to the operation of the experiment and is critical to

the development and construction of the Inner Tracking
detector (ITk) for the High Luminosity LHC phase (2029-2040).

Liverpool is the second-largest ATLAS UK institute (UK

community: 15-strong institutes, ~400 members). D’Onofrio is
ATLAS UK (deputy) PI (PI from 2026) and leads the Liverpool

team of 7 academics, 2 RAs, and 9 PhD students. Hayward
coordinates the effort of the Liverpool upgrade project team

counting 10 core research staff. Liverpool ATLAS UK is funded

mostly by STFC for about £2-3M/year.

LHCb and upgrades: Liverpool developed and built the silicon sensor

modules of the original Vertex Locator (VELO) particle detector (for which
Bowcock was awarded the 2023 Chadwick medal) and recently assembled

and installed the pixel VELO upgrade. Built in the Liverpool Semiconductor

Laboratory in Oliver Lodge (where ATLAS ITK is also being built), these
detectors have enabled the entire LHCb physics programme. The group,

led by Shears and counting 5 academics, 2 RAs, contributions by 11 core
researchers and 5 PhD students, focuses on study of heavy flavour

physics, charge-parity violation, SM physics and searches for new particles.

Group members lead key areas of the LHCb physics programme, lead and
devise novel computing methodologies and steer future upgrades of the

tracking detector (supported by UKRI Infrastructure funding).

FASER: The Liverpool group joined FASER (Forward Search

Experiment, approved by CERN in 2019, 93 members and 26
institutes worldwide) in 2020. It counts 2 academics (Liverpool

and UK PI D'Onofrio) and 2 PhD students. The detector is built

out of SCT spares from ATLAS and calorimeter modules from
LHCb. Liverpool published the first ever FASER results in

2023, setting unprecedented constraints on light, very weakly-
interacting new particles and measuring high-energy neutrinos

from colliders for the first time, under the leadership of

academic Gwilliam as FASER Physics Coordinator.

ALICE: Liverpool joined ALICE 10 years ago to study the

interactions of heavy ions at the highest energies possible. The
group, led by Chartier, developed and built, in the Liverpool

Semiconductor Detector Centre and in collaboration with STFC

Daresbury Laboratory, a significant part of the Outer Layers of the
silicon Inner Tracking System upgrade for the ALICE experiment.

The Liverpool group, with 2 PDRAs and currently 2 PhD students,
focuses on measurements of heavy flavour hadron production

and jet physics. Group members hold lead roles in the ALICE

collaboration, including as Chair of the Collaboration Board, in
operation and maintenance of the detector.
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high energy (∼ TeV) that emanate from a 

common ver-

tex inside the 
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To summarise, data taking was efficient and there 

was good overall beam quality and purity. The rela-

tive calorimeter response to different electron ener-

gies and MIPs (high energy muons) were measured. 

HV dependence of  the signal response was meas-

ured and compared to that of  the LED calibration 

system. The impact point was measured event-by-

event using the IFT tracker station, for which preci-

sion efficiency measurements were taken. Prelimi-

nary results have been compared to simulation. 

Analysis is an ongoing process. More than 150 mil-

lion events were recorded during the week of  test 

beam.  

The detector is now once again situated in the TI12 

tunnel, ready for data acquisition during Run 3 in 

March 2022. FASER recently published first results 

of  the FASERν detector.  
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beams, scanning through 24 points across 6 

modules. Also serves to gain operational ex-

perience and serve as telescope for beam. 
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the tracker, the pre-

shower and the calo-

rimeter (ECAL). 

Test Beam 

Tracking 

Preshower response  

Scintillator efficiencies  

Timing resolution  

Preshower/Scintillator 

 

Outlook 

A full simulation of  the calorimeter system, including the pre-

shower, has been implemented in FASER’s Calypso framework 

and migrated to a test beam geometry. Millions of  electron, mu-

on and pion events have been simulated in numerous configura-

tions. In order to understand the energy  response, energy depos-

ited by a particle in the calorimeter was studied, and distributions 

fitted to extract μ and σ. This showed an energy deposition of  

around 16% in the ECAL. Simulations agree with parameterisa-

tion of  previous LHCb results. High energy synchrotron radia-

tion causes energy losses which were also taken into account in 

the simulations. Point 8 is the primary scan point.  

The response for different calorimeter modules and impact 

points was measured. Data collected during the test beam in-

cludes an electron energy scan, muon scan (to measure uniformi-

ty of  the MIP response across the calorimeter) and pion scan. 

Focussing on the energy scan, reconstructed data was directly 

compared with simulation. There are a number of  corrections to 

be made to data in the reconstruction process, in addition to ap-

plying event selections. Given the range of  energies and positions 

investigated, energy resolution was calculated and position de-

pendence allowed investigation into energy sharing/leakage in 

ECAL modules. Maybe make this pad bigger/add plots once position plots are made etc... 

Test Beam Results: Calorimeter Performance 

Calorimeter Simulation 

Department of Physics, February 2024

ISOLDE: A radioactive ion-beam facility, ISOLDE is the longest-running facility

still in operation at CERN; exploited by users for nuclear, medical, solid-state
and fundamental physics. Liverpool recently led the construction of the

ISOLDE Solenoidal Spectrometer, built in the Liverpool Semiconductor

Detector Centre; a £4.2m project funded by STFC. Liverpool has major
involvement in 4 out of the 11 permanent experiments at the facility (5

academics). There are currently 2 RAs and 6 PhD students working across the
different nuclear physics themes at ISOLDE. Exploitation of the

physics opportunities at ISOLDE was recently supported as a top-ranked

theme in the STFC nuclear physics grants round.
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speed of light before they are made to collide together. 

About one billion particle collisions occur per second at 

the LHC. This recreates the conditions of the early 

universe and provides insights into the fundamental laws 

of nature. CERN’s accelerator complex serves not only 

the LHC, but also a diverse programme of almost 30 

experiments spread across multiple underground and 

surface experiment halls and facilities.  

In 2012, experiments at CERN’s LHC announced the 

discovery of the Higgs boson almost five decades after it 

was theorised by British scientist Peter Higgs and 

separately by François Englert and Robert Brout. The 

Higgs boson explains how fundamental particles get their 

mass and was the last missing particle predicted by the 

Standard Model. However, the discovery does not mean 

our understanding of particle physics is complete; for 

example, we have no explanation for observations of ‘dark 

matter’ and why there is more matter than antimatter, and no understanding of how gravity 

(which is currently missing from the Standard Model) fits in. Now scientists pursue even more 

forensic investigations of the Higgs boson and other fundamental particles to find flaws in the 

Standard Model, and to develop a deeper understanding of nature to be able to explain these 

observations. These are questions that current and future generations of CERN experiments 

will seek to answer.   

 

 

 

 

 

 

 

 

  

The LHC tunnel 

Aerial view of a schematic of the LHC looking south towards Lake Geneva 

and the Alps 

(High Luminosity) Large Hadron Collider (LHC): The Accelerator Liverpool

group, under leadership of Welsch, has developed key instruments for the LHC,
including the Longitudinal Density Monitor, various forms of beam loss

monitors, and most recently led the development of the beam gas curtain

monitor - an HL-LHC 2023 highlight and identified by the Cockcroft Institute’s
Scientific Advisory Board as a world-leading activity. The developed technology

is being considered also for medical applications, microscopy, all the way to
space applications. Research has been funded for +10 years by STFC, CERN

and EU Programs with £Ms. Several CERN-Liverpool joint PhDs have been

completed over last decade.

AEGIS: One of the low energy antimatter experiments at CERN,

AEGIS probes fundamental symmetries and interactions. Liverpool
project (SNAP) aims at developing slow beams of neutral antimatter

atoms for cutting-edge physics research. Making use of AEgIS' two

laser systems for Positronium excitation, the team (led by Welsch) has
just demonstrated Positronium laser cooling for the first time (!) – a

goal for more than 35 years. It is planning systematic studies into
Positronium, alongside a wider Antihydrogen R&D program. Research

is funded since 2023 with £1M by EPSRC. Rienaecker, Liverpool

researcher based at CERN, is now AEgIS Physics Coordinator.

AWAKE: The Advanced Proton Driven Plasma Wakefield

Acceleration Experiment (AWAKE) is an accelerator R&D project
studying the use of plasma wakefields driven by a proton bunch to

accelerate charged particles with very high fields – this might be a

path to future more compact accelerators. Research has been funded
with £Ms over the last decade by STFC and CERN. Welsch is

Liverpool PI and AWAKE-UK Scientific Project Manager. Liverpool
research focuses on the detailed characterization of the electron,

proton and laser beams, and their modelling. Several joint PhD

students are enrolled in the programme.

ELENA: A low energy decelerator cooler storage ring, ELENA

reduces the energy of antiprotons for direct injection into trap
experiments at the Antiproton Decelerator (AD) facility. Liverpool (PI:

Welsch) has been a key contributor for many years, since the

Technical Design Report. Contributions include: Carbon Nanotube-
based electron source, electron cooler design and optimization,

emittance measurements using mechanical scrapers, and R&D into a
cryogenic current comparator for online measurement of nanoAmpere

beams. Research funded with £Ms from STFC and CERN, a number

of joint PhDs completed over last decade.

Department of Physics, February 2024
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still in operation at CERN; exploited by users for nuclear, medical, solid-state
and fundamental physics. Liverpool recently led the construction of the

ISOLDE Solenoidal Spectrometer, built in the Liverpool Semiconductor

Detector Centre; a £4.2m project funded by STFC. Liverpool has major
involvement in 4 out of the 11 permanent experiments at the facility (5

academics). There are currently 2 RAs and 6 PhD students working across the
different nuclear physics themes at ISOLDE. Exploitation of the

physics opportunities at ISOLDE was recently supported as a top-ranked

theme in the STFC nuclear physics grants round.
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speed of light before they are made to collide together. 

About one billion particle collisions occur per second at 

the LHC. This recreates the conditions of the early 

universe and provides insights into the fundamental laws 

of nature. CERN’s accelerator complex serves not only 

the LHC, but also a diverse programme of almost 30 

experiments spread across multiple underground and 

surface experiment halls and facilities.  

In 2012, experiments at CERN’s LHC announced the 

discovery of the Higgs boson almost five decades after it 

was theorised by British scientist Peter Higgs and 

separately by François Englert and Robert Brout. The 

Higgs boson explains how fundamental particles get their 

mass and was the last missing particle predicted by the 

Standard Model. However, the discovery does not mean 

our understanding of particle physics is complete; for 

example, we have no explanation for observations of ‘dark 

matter’ and why there is more matter than antimatter, and no understanding of how gravity 

(which is currently missing from the Standard Model) fits in. Now scientists pursue even more 

forensic investigations of the Higgs boson and other fundamental particles to find flaws in the 

Standard Model, and to develop a deeper understanding of nature to be able to explain these 

observations. These are questions that current and future generations of CERN experiments 

will seek to answer.   

 

 

 

 

 

 

 

 

  

The LHC tunnel 
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and the Alps 

(High Luminosity) Large Hadron Collider (LHC): The Accelerator Liverpool

group, under leadership of Welsch, has developed key instruments for the LHC,
including the Longitudinal Density Monitor, various forms of beam loss

monitors, and most recently led the development of the beam gas curtain
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AEGIS probes fundamental symmetries and interactions. Liverpool
project (SNAP) aims at developing slow beams of neutral antimatter
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just demonstrated Positronium laser cooling for the first time (!) – a
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Department of Physics, February 2024

Highly-complex experiments, with large international collaborations → Liverpool 

scientists holding many leadership roles across PP, NP and AS areas



Beyond CERN: strategic partnerships 

Liverpool, and CERN itself, is also a global partner of international and national labs
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• Detector Research & Development: i.e. gamma-ray and 
neutron sensors  → waste storage monitoring, security, 
environmental gamma-ray imaging

Accelerator Science

Core activities include substantial work and investment on  

• High Luminosity LHC upgrade at CERN: lead the development of gas jet monitors

• STFC-funded Gas jet monitor already integrated in LHC well ahead of schedule

• Next-generation FEL technologies exploiting the CLARA facility at Daresbury

• Development and exploitation of the new facilities PERLE and RUEDI; 

• Optimization of low energy beam transport (AEgIS)

• AWAKE - benefit other large scale plasma accelerator projects such as EuPRAXIA

Frontier 
Accelerators

Novel 
Accelerators

Accelerator
Applications

A backbone of all three areas above will be our continued leadership in Data 

Intensive Science through LIV.DAT and LIV.INNO CDT.

Carsten P Welsch

Beam Gas Curtain (BGC) Monitor

• STFC-funded Gas jet monitor already integrated in LHC – 1.5 years ahead of schedule (!) 

• Developed and commissioned at the Cockcroft Institute’s DITAlab, delivered to CERN in March 2022

• CERN and HLLHC highlight March 2023, CERN produced video about functioning principle

Carsten P Welsch

Beam Gas Curtain (BGC) Monitor

• STFC-funded Gas jet monitor already integrated in LHC – 1.5 years ahead of schedule (!) 

• Developed and commissioned at the Cockcroft Institute’s DITAlab, delivered to CERN in March 2022

• CERN and HLLHC highlight March 2023, CERN produced video about functioning principle

• 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



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). 

 

→ excellent local facilities
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Across-area activities

Four research themes of common interest: 

• Quantum

• Data science and AI

• Medical physics

• Sustainability 

Underpinning all our research – something 

you could engage with too!

Themes mapped within "research cluster" you will 

see later on. Some examples:

• Quantum --> Particle, Condensed Matter

• Data science and AI -> Particle, Accelerator 

• Medical physics --> Nuclear, Condensed Matter, 

Accelerator Science

• Sustainability --> Condensed Matter, Nuclear, 

Particle



Across-area activities

Four research themes of common interest: 

• Quantum

• Data science and AI

• Medical physics

• Sustainability 

Underpinning all our research – something 

you could engage with too! 
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• Quantum science is an integral part of our 

research programme since more than a decade, 

with a strong focus on enabling novel fundamental 

physics experiments 

Liverpool PP Laser laboratory, 

one of the few existing UK lab 

with in-house capability to develop 

atom interferometry devices
Cold chemical physics lab: 

study complex ion-neutral reaction 

systems at low temperature 

(cryogenic ion-trap)



Across-area activities

Four research themes of common interest: 

• Quantum

• Data science and AI

• Medical physics

• Sustainability 

Underpinning all our research – something 

you could engage with too! 
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Example in PP - ATLAS offline data analyses: → event 

classification and process discrimination in large and 

diverse datasets  for discovery

Large-scale data and AI underpins a lot of our research!

5

https://atlas.web.cern.c

h/Atlas/GROUPS/PHY

SICS/PAPERS/EXOT-

2019-05/

Event display for 
a data event in 

the ATLAS 

detector at 

CERN. A dark-

photon candidate 
is shown here 

with this red 

cone: a highly 

energetic shower 

of particles 
originated far 

from the 

interaction point 

of the collisions.

8

15

or

LHCb data reconstruction: problem to be addressed → fast and efficient reconstruction of 

tracks in busy environment. How-to: ML-tracking on FPGAs algorithms, performing all the 

data organisation steps prior to a track fit being performed.



Across-area activities

Four research themes of common interest: 

• Quantum

• Data science and AI

• Medical physics

• Sustainability 

Underpinning all our research – something 

you could engage with too! 

Lot of what we do can be relevant for healthcare 

E.g. 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. 

A collaboration between the Head and Neck Centre and the department. 

  

Figure 4: in situ

References 

PLOS ONE 17

IOP SciNotes 3

(a) (c)(b)

How the device works…

Also: exploring AI/ML applied to healthcare problems (offering of a PhD position will depend on further funding)



Across-area activities

Four research themes of common interest: 

• Quantum

• Data science and AI

• Medical physics

• Sustainability 

Underpinning all our research – something 

you could engage with too! 

Sustainable technologies are at the core of several of 

our research – e.g. energy  

e.g. computing:



PhD programmes 

18

• Several other activities in close collaboration with STFC/Daresbury/Liverpool and with engagement of 

local industries in development 

• Overarching importance of training skilled personnel for development of cutting-edge technologies

• Excellent programme in place for UG and PhD, underpinning all our research / impact activities 

Medical Physics and Clinical Scientific Computing MSc 

programmes where NHS staff are trained as clinical scientists. 

Collaboration Clatterbridge Cancer Centre, funded from the PGT 

programmes.

Major centre for doctoral training (up to 80 PhD 

students) in data intensive science, encompassing 

accelerator, particle and nuclear physics 



Funded PhD Opportunities in the 

Physics Department at Liverpool

Dr Nikolaos Rompotis (Director of Postgraduate studies)

Dr Hao Zhang (Accelerator Physics) 

Dr Frank Jaeckel (Condensed Matter) 

Prof Robert Page (Nuclear Physics) 

Prof Neil McCauley (Particle Physics)



2026 PhD studentship positions

• When they start: 1st October 2026

• Topics cover 4 basic areas: Accelerator Science (AS), Condensed Matter Physics (CM), Nuclear 

Physics (NP) and Particle Physics (PP)

• Funding information:

• Research Council Scholarships: 

o EPSRC (CM)

o STFC (AP, NP, PP)

• Project-specific funding or other sources

• Eligibility: any student, but  scholarships usually cover UK fees + quota for international students

• Duration: usually fees + stipend for 3.5 years



Scholarship information

• Research Council Studentships usually cover:
• UK tuition fees
• Stipend of ~£20k pa (tax free)
• Research support £3.5k over the PhD (but more can be awarded) 

• Depending on the project possibility for a long-term attachment funding to 
work at experiments abroad may be available

• They are the same across the UK

• Other scholarships or bursaries are available, see link:

https://www.liverpool.ac.uk/study/postgraduate-research/fees-and-funding/scholarships-and-awards/



What the University offers to PhD students

• Office/lab space

• Computing access
• Laptop loan & access to research group computing facilities

• Access to expertise: supervisory team of at least 2 staff members

• Skills training
• Subject specific and general training; chance to demonstrate (paid) and earn 

teaching qualification



Structure of the PhD

• Year 1
• PhD specific training (usually up to Christmas, but depends on the project/research group)
• Start of the project; First-year report, including presentation and viva

• Year 2
• Research; general skills training; thesis plan; long term attachment to experiments (where 

appropriate)

• Years 3+4
• Main thesis work, publication(s), thesis writing; viva and graduation

According to the university regulations you need to submit your thesis within 4 years 
from your initial registration



• Currently we have in Physics about 120 PhD students

• Most accelerator science students are based at the Cockcroft institute 

• Condensed matter students are based on SIRE, Surface Science or 

in Oliver Lodge Laboratory (depending on project and team)

• Nuclear and Particle physics students are in Oliver Lodge Laboratory

o Depending on project/experiments, they might be based at 

international labs for some time

• We have together with us a few PhD students in this event, feel free to 

ask them questions

PhD students at Liverpool now



How to apply for a funded PhD

https://www.liverpool.ac.uk/study/postgraduate-research/how-to-apply/ 

• Apply following the instructions appearing here:

• In the application there is an entry to write the project/field you are 
interested in:  you don't need to write a research proposal

• As supervisor include the contact for the particular research cluster the 
PhD is in

• Accelerator Science: Dr Hao Zhang, Hao.Zhang3@liverpool.ac.uk 

• Condensed Matter: Dr Frank Jaeckel, Frank.Jaeckel@liverpool.ac.uk 

• Nuclear Physics: Prof Robert Page, R.D.Page@liverpool.ac.uk 

• Particle Physics: Prof Neil McCauley,  N.McCauley@liverpool.ac.uk 

https://www.liverpool.ac.uk/study/postgraduate-research/how-to-apply/
https://www.liverpool.ac.uk/study/postgraduate-research/how-to-apply/
https://www.liverpool.ac.uk/study/postgraduate-research/how-to-apply/
https://www.liverpool.ac.uk/study/postgraduate-research/how-to-apply/
https://www.liverpool.ac.uk/study/postgraduate-research/how-to-apply/
https://www.liverpool.ac.uk/study/postgraduate-research/how-to-apply/
https://www.liverpool.ac.uk/study/postgraduate-research/how-to-apply/
mailto:Hao.Zhang3@liverpool.ac.uk
mailto:Frank.Jaeckel@liverpool.ac.uk
mailto:hboston@liverpool.ac.uk
mailto:N.McCauley@liverpool.ac.uk


What funded PhDs I can apply for?

Nuclear Physics Particle Physics

Condensed MatterAccelerator Physics



Bell Burnell Graduate Scholarship Fund

https://www.iop.org/about/support-grants/bell-burnell-fund

"An innovative fund instigated by leading physicist Professor Dame Jocelyn Bell Burnell and the Institute of Physics 
to encourage greater diversity in physics by assisting PhD physics students from underrepresented groups."

We have been very successful  in the past with students who applied and got funding from 
this scheme.  Recent recipients from our department:
Conor McPartland (final year Particle Physics):
https://www.iop.org/about/support-grants/bell-burnell-fund/2024-awardees/conor-mcpartland

Ellen Oldershaw (second year Education):

https://www.iop.org/about/support-grants/bell-burnell-fund/2024-awardees/ellen-oldershaw

Robyn Maxwell (first year Education):
https://www.iop.org/about/support-grants/bell-burnell-fund/2025-awardees/lewis-maxwell

https://www.iop.org/about/support-grants/bell-burnell-fund/2024-awardees/conor-mcpartland
https://www.iop.org/about/support-grants/bell-burnell-fund/2024-awardees/conor-mcpartland
https://www.iop.org/about/support-grants/bell-burnell-fund/2024-awardees/conor-mcpartland
https://www.iop.org/about/support-grants/bell-burnell-fund/2024-awardees/conor-mcpartland
https://www.iop.org/about/support-grants/bell-burnell-fund/2024-awardees/conor-mcpartland
https://www.iop.org/about/support-grants/bell-burnell-fund/2024-awardees/conor-mcpartland
https://www.iop.org/about/support-grants/bell-burnell-fund/2024-awardees/conor-mcpartland
https://www.iop.org/about/support-grants/bell-burnell-fund/2024-awardees/conor-mcpartland
https://www.iop.org/about/support-grants/bell-burnell-fund/2024-awardees/conor-mcpartland
https://www.iop.org/about/support-grants/bell-burnell-fund/2024-awardees/conor-mcpartland
https://www.iop.org/about/support-grants/bell-burnell-fund/2024-awardees/conor-mcpartland
https://www.iop.org/about/support-grants/bell-burnell-fund/2024-awardees/ellen-oldershaw
https://www.iop.org/about/support-grants/bell-burnell-fund/2024-awardees/ellen-oldershaw
https://www.iop.org/about/support-grants/bell-burnell-fund/2024-awardees/ellen-oldershaw
https://www.iop.org/about/support-grants/bell-burnell-fund/2024-awardees/ellen-oldershaw
https://www.iop.org/about/support-grants/bell-burnell-fund/2024-awardees/ellen-oldershaw
https://www.iop.org/about/support-grants/bell-burnell-fund/2024-awardees/ellen-oldershaw
https://www.iop.org/about/support-grants/bell-burnell-fund/2024-awardees/ellen-oldershaw
https://www.iop.org/about/support-grants/bell-burnell-fund/2024-awardees/ellen-oldershaw
https://www.iop.org/about/support-grants/bell-burnell-fund/2024-awardees/ellen-oldershaw
https://www.iop.org/about/support-grants/bell-burnell-fund/2024-awardees/ellen-oldershaw
https://www.iop.org/about/support-grants/bell-burnell-fund/2024-awardees/ellen-oldershaw
https://www.iop.org/about/support-grants/bell-burnell-fund/2025-awardees/lewis-maxwell
https://www.iop.org/about/support-grants/bell-burnell-fund/2025-awardees/lewis-maxwell
https://www.iop.org/about/support-grants/bell-burnell-fund/2025-awardees/lewis-maxwell
https://www.iop.org/about/support-grants/bell-burnell-fund/2025-awardees/lewis-maxwell
https://www.iop.org/about/support-grants/bell-burnell-fund/2025-awardees/lewis-maxwell
https://www.iop.org/about/support-grants/bell-burnell-fund/2025-awardees/lewis-maxwell
https://www.iop.org/about/support-grants/bell-burnell-fund/2025-awardees/lewis-maxwell
https://www.iop.org/about/support-grants/bell-burnell-fund/2025-awardees/lewis-maxwell
https://www.iop.org/about/support-grants/bell-burnell-fund/2025-awardees/lewis-maxwell
https://www.iop.org/about/support-grants/bell-burnell-fund/2025-awardees/lewis-maxwell
https://www.iop.org/about/support-grants/bell-burnell-fund/2025-awardees/lewis-maxwell


Bell Burnell Graduate Scholarship Fund
https://www.iop.org/about/support-grants/bell-burnell-fund

Bell Burnell scheme does not restrict you what you study. If you are from an underepresented 
group or study something related to the scope of scholarship let us know.

There are institute quota: only up to 2 students per institute from which one must be external. 
It covers less than 50% of the cost of the scholarship and we do not have any more a 
standard mechanism to fund the rest. Before you formally express interest talk to your 
potential supervisor to ensure they can provide funding from other sources.

Send me (rompotis@liverpool.ac.uk) a proposal by December 12th and we will get back to you 
as soon as possible with enough time to prepare the application that has deadline January 19

mailto:rompotis@liverpool.ac.uk


Visit our webpage for more information

Including our Postgraduate Research Flier with more information about our research and our PhD students



Naomi Foster 

• 2nd year PhD student – Particle Physics Group

• MPhys University of Liverpool 2020-2024

• Supervised by Prof. Neil McCauley and Dr. Sam 
Jenkins

• I work on the neutrino experiment Hyper-Kamiokande, 
which is the successor to Super-Kamiokande and T2K 
located in Japan



My Work

What it will look like when built - 2028

What it looks like now - July 2025 (I am in this picture!)

UK Light Injection System

I’m working on a PMT calibration with 
our test lights sources.

GNN Event Reconstruction

I’m also improving particle reconstruction, 
particle type and kinematics, using 
machine learning tools.



New 
Experiences
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Nuclear Physics

Contact: Prof Robert Page
R.D.Page@liverpool.ac.uk

mailto:H.C.Boston@liverpool.ac.uk


Nuclear physics group
http://www.liv.ac.uk/physics/research/nuclear-physics/

• ~30 PhD students, ~10 PhD supervisors

• Projects ranging from study of exotic nuclei to applied nuclear physics

• Research usually in collaboration with other Universities from the UK & overseas

• Sometimes with industry too.

• Many experiments at the University of Jyvaskyla (Finland), GSI (Germany), CERN (Switzerland), 

RIKEN (Japan), INFN (Italy), Argonne (USA) and TRIUMF (Canada)

• Admissions contact: Prof. Robert Page, R.D.Page@liverpool.ac.uk



Our Research 
(nuclei under extreme conditions)
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• Exploring the limits of nuclear existence for heavy proton-rich nuclei

• Ground and isomeric properties by laser spectroscopy

• Structure of superheavy nuclei

• Collective behaviour of exotic nuclei 

• Gamma-ray spectroscopy at ultra-high spin

• Heavy ion collisions (ALICE)

• Applied nuclear physics



University of Jyvaskyla, Finland

GSI, Germany

LNL, Italy RIKEN, Japan Argonne, USA

TRIUMF, 

Canada

CERN, Switzerland

GANIL, France

Experiments at 
international facilities



MARA, Jyväskylä

Prof Robert Page, Prof Dave Joss

Fine structure

New isotope

Proton emission = limits of existence



Applied Nuclear Physics

Prof Andy Boston

SATURN CDT studentships

RAPTOR studentships?

To be confirmed!

Radiation Detection & Measurement for Nuclear 
Applications (Radiometrics) M.Sc. also an option



Nuclear physics Ph.D. 
opportunities

If you think you might be interested, discuss the research directly with potential supervisors

Also talk to current Ph.D. students to find out what it’s really like

Long Term Attachments at international laboratories available

Most Nuclear Physics Ph.D. students go to more than 1 laboratory

• Robert Page   (R.D.Page@liverpool.ac.uk) 

• Dave Joss   (David.Joss@liverpool.ac.uk)

• Andy Boston   (Andrew.Boston@liverpool.ac.uk)

• Admissions contact: Prof. Robert Page,  R.D.Page@liverpool.ac.uk

• Cluster leader:  Prof. Dave Joss,  David.Joss@liverpool.ac.uk

M.Sc. possibilities include Radiometrics – contact Prof. Robert Page
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Accelerator Physics

Contact: Dr Hao Zhang
haozhang@liverpool.ac.uk

mailto:C.Edmonds@liverpool.ac.uk
mailto:C.Edmonds@liverpool.ac.uk


Accelerator Science at Liverpool

Visit our websites for more information

http://www.liverpool.ac.uk/physics/research/accelerator-physics

http://www.quasar-group.org

• Cluster leader: Prof Carsten P Welsch 

• Academics: Prof Andy Wolski, Dr Andrea Santamaria Garcia (Physics) 

and Dr Laura Corner (Engineering)

• Deputy PGR Director: Dr Hao Zhang



Join A Diverse Community of Scientists

The Cockcroft Institute – home to University of 

Liverpool’s Accelerator Science cluster.  

The Cockcroft Institute is:

• a partnership between 4 universities + a national lab;

• world leading in accelerator research, education and 
training;

• the largest UK provider of accelerator science training.

Learn more: https://youtu.be/e6COn4bp-AQ

QUASAR Group: https://youtu.be/ezp9lAFdRdU

https://youtu.be/ezp9lAFdRdU


Where is the Cockcroft Institute?

The Cockcroft Institute is based at 
Sci-Tech Daresbury
• One of STFC’s two national labs that research 

accelerator science;

• Wide range of research groups and SMEs

• Just outside of Warrington, many students 
choose to live in Runcorn, Warrington, 
Liverpool or Manchester.



What does the CI 
research?

• Frontier accelerators 

– e.g. LHC upgrades and FCC, antimatter R&D

• Applications of accelerators

– e.g. medical and imaging technologies, security and 
sustainability applications

• Novel accelerator techniques

– e.g. AWAKE, EuPRAXIA, ultra-compact micro 
accelerators-on-a-chip



• Access to large scale accelerator facilities

• Work alongside leading researchers from academia, 
national labs and industry

• Education programme delivered by all Cockcroft partners

• Annual PGR conference

• Options for long-term attachment to world-class labs 
such as CERN

Learn more about the PhD life at the CI:  
https://youtu.be/6tPYg1fTny0

Study with University of 
Liverpool at The CI

https://youtu.be/6tPYg1fTny0


Lasers for Accelerators

Contact: Dr Laura Corner (laura.corner@liverpool.ac.uk)

• University of Liverpool Research Group

• We work on:

• Laser-driven plasma acceleration

• Development of high power fibre lasers

• New gas targets for plasma accelerators

• Strong field QED effects in electron/laser interactions

• PhD projects available in all research areas



Instrumentation development for AWAKE

• AWAKE is the world’s first proton-driven plasma wakefield 
acceleration experiment. 

• You will develop novel instrumentation to measure and 
monitor three beams:  protons, electrons and lasers (!) 
Longitudinal pulse profile with fs resolution is one of many 
challenges.

• Collaboration with U Manchester and CERN, with 
opportunity to visit and be based at CERN for up to one 
year. Credit: Nature

Contact: Dr Joe Wolfenden and Prof Carsten P Welsch



Goal of the Thesis
Combining advances in machine learning based phase 
space tomography and laser pulse shaping, develop a 

method to target longitudinal bunch profiles at the interaction 
point of CLARA for use in user experiments.

Contact
Prof. Andrzej Wolski (awolski@liverpool.ac.uk)
Dr. Andrea Santamaria Garcia (ansantam@liverpool.ac.uk)

Dr. Amelia Pollard (amelia.pollard@stfc.ac.uk)

Exploiting Laser Pulse Shaping and Phase Space 
Tomography to Optimise Longitudinal Beam 
Dynamics at the Interaction Point of CLARA

Motivation
At the CLARA facility we aim to use machine learning to 
deliver an efficient, automated accelerator with rapidly 

customisable beam properties for a wide range of user 
experiments

mailto:awolski@liverpool.ac.uk
mailto:amelia.pollard@stfc.ac.uk


What you will build
Why this is exciting

Who should apply

Curious interdisciplinary scientists with a strong coding 

background and a passion for machine learning 

(Physicists/Computer Scientists).

A goal-conditioned RL controller: you will need to define the 

problem in RL terms.

Model-based planning: you’ll use Cheetah, a fast, 

tensorised, differentiable start-to-end model of CLARA, to plan 

short, data-efficient adjustment sequences. Part of the thesis 

will be to compare the usefulness of different RL methods for 

this problem and propose improvements.

Virtual diagnostics: surrogate model for beam parameter 

prediction with uncertainty quantification.

Real impact: your controller helps users switch 

experiment modes faster and more reliably.

Cutting-edge methods: goal-conditioned policies, 

differentiable simulators, uncertainty-aware ML applied to 

a national facility.

Goal-Conditioned Reinforcement 
Learning for Bunch-Shape Control 
in Linear Accelerators

CLARA is a linear accelerator in the Daresbury Laboratory, and its 

full energy beam exploitation (FEBE) hutch is being prepared to 
support diverse user programmes that require different electron-
bunch characteristics at the experimental chamber.

Application deadline: 31st Jan 2026

Confirmation: ~Spring 2026

Start: ~Oct 2026

Contact: ansantam@liverpool.ac.uk
Dr. Andrea Santamaria Garcia

mailto:ansantam@liverpool.ac.uk
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Condensed Matter

Contact: Dr Frank Jaeckel
fjaeckel@liverpool.ac.uk

mailto:fjaeckel@liverpool.ac.uk




Laser wakefield acceleration has demonstrated high rates of 
acceleration but shot-to-shot stability is poor. One reason for 
this is the poor quality of particle bunches that are injected 
into these accelerators. One possible solution is to inject very 
high-quality bunches from a conventional accelerator.

This project is experimental and numerical in nature, involving 
work with high power lasers and particle accelerators 
(specifically: CLARA at Daresbury). 

You will be based primarily at the Cockcroft Institute, with 
some work in the laser lab at the University of Liverpool. 
Options for international work are available.

Novel laser plasma acceleration: 
making accelerators smaller, 
cheaper, better

Contact: Dr Laura Corner (laura.corner@liverpool.ac.uk)





People
Dr Elisabetta Arca, Dr Jonathan Alaria, Prof Ken Durose, Dr Yvonne Grunder, Dr Frank 
Jaeckel, Dr Chris Lucas, Dr Jon Major, Prof Tim Veal



People
Dr Sam Coates, Dr Yvonne Grunder, Dr Frank Jaeckel, Prof Chris Lucas, Dr Hem Raj Sharma



People
Dr Yvonne Grunder, Prof Chris Lucas, Prof Tim Veal



People
Dr Joe Forth, Dr David Martin, Prof Peter Weightman
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Particle Physics

Contact: Prof Neil McCauley
n.mccauley@liverpool.ac.uk 

mailto:n.mccauley@liverpool.ac.uk


Particle Physics at Liverpool

One of the strongest Particle Physics 
Groups in the UK

~60 PhD students, 
~65 staff members

Strong track record on the 
development of future experiments 
and on the physics exploitation of 
current ones.



A worldwide 
programme: 

Working on all frontiers of 
fundamental physics:

• Energy frontier collider physics

• Precision quark and lepton flavour 
physics 

• Neutrino physics 

• Dark matter searches

• Heavy ion physics (in NP cluster)
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One of the best places in the world to 
build detectors:
Liverpool devices operate at CERN, Fermilab, 
JPARC, and instrument medical physics equipment.

Liverpool

Semiconductor

Detector

Centre

Advanced Materials Laboratory

Detector Manufacturing

Facility



Particle Physics Projects at Liverpool

• We expect to award several PhD positions across our programme 

• Visit our website for more information on how to apply

• Head of the PP Group: Prof Joost Vossebeld

• Post-graduate coordinator for the PP group: Prof Neil McCauley

https://www.liverpool.ac.uk/particle-physics/experiments/ 

https://www.liverpool.ac.uk/particle-physics/experiments/
https://www.liverpool.ac.uk/particle-physics/experiments/
https://www.liverpool.ac.uk/particle-physics/experiments/


Energy Frontier

• ATLAS Experiments at CERN
• Higgs properties, precision 

measurements, exotic particle 
searches, supersymmetry, dark 
matter

• Silicon trackers for ATLAS 
upgrades



Neutrinos & 
the Dark Matter

• Neutrino physics group: 

• Neutrino oscillations, CP violation, neutrino properties

• T2K, Hyper-Kamiokande, DUNE, SBND, JUNO

• Dark Matter 

• LZ experiment & XLZD

• Darkside

• Atom interferometry, MAGIS100/AION 

• FASER experiment at CERN 



Flavour physics and R&D

• Quark Physics: LHCb Experiment at CERN
• Precision SM, Rare Decays

• Detector R&D
• Silicon detector development

• Liquid Argon TPC readout technology



Muon Precision 
Frontier

• Ultra-precise measurements of well 
predicted variables sensitive to New 
Physics in the muon sector

• Electric and Magnetic Dipole Moment, rare 
conversion rates (μ→e, μ→eee)

• Experiments: g-2 (FNAL), Mu2e (FNAL), Mu3e 
(PSI), MuonE (CERN), MuEDM (PSI), g-
2@JPARC

• Low mass precision tracking detectors built at 
Liverpool 



What a Particle Physics PhD student does for 
research?

• The main tools of experimental particle physics research are:
• Software: data analysis, machine learning, high-performance computing
• Electronics: design and commissioning
• Detector building: using our lab facilities

• We offer for the first half-year of the PhD dedicated Particle Physics courses 
and courses to prepare students with these tools

• PhD studentships may use on one of these tools or a combination, depending 
on the project

• Every year we have several projects that cover all these areas and 
combinations – scope for project personalization also exist



Particle Physics Studentships

• We expect several fully funded positions

• (Self-funded positions are also available)

• Some positions offer year at CERN/DESY/FNAL/RAL/Kamioka or elsewhere; 
others are Liverpool based

• In your application mention the experiment(s) you are interested in and put 
as the suggested supervisor Prof Neil McCauley: all particle physics  
applications are handled collectively

• Deadline: January 30th (for funded PhDs); interviews in February

More information about the deadlines will appear under:
https://www.liverpool.ac.uk/particle-physics/postgrad_places/ 

https://www.liverpool.ac.uk/particle-physics/postgrad_places/
https://www.liverpool.ac.uk/particle-physics/postgrad_places/
https://www.liverpool.ac.uk/particle-physics/postgrad_places/
https://www.liverpool.ac.uk/particle-physics/postgrad_places/
https://www.liverpool.ac.uk/particle-physics/postgrad_places/
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Physics Education

Contact: Dr Chris Edmonds

cse@liverpool.ac.uk 

mailto:n.mccauley@liverpool.ac.uk


Physics Education Research

- Currently 2 PhD students (both awarded the Jocelyn-Bell Burnell Scholarship)

- Limited funding opportunities but if you wish to discuss further, please contact Chris 
Edmonds

- Current research focuses on:

- Use of machine learning to quantify and track physics degree awarding gaps

- Use of Artificial Intelligence in physics education 

- Advanced physics transposition – novel approaches to teaching advanced 
physics topics to undergraduates 

- The experiences and barriers faced by minority groups in physics 

- Recently formed research cluster 



Who to contact

• General Inquiries

Dr Nikolaos Rompotis, Director of Postgraduate studies

nikolaos.rompotis@liverpool.ac.uk 

• Accelerator Physics:    Dr Hao Zhang, Hao.Zhang3@liverpool.ac.uk 

• Condensed Matter:  Dr Frank Jaeckel, Frank.Jaeckel@liverpool.ac.uk 

• Nuclear Physics: Prof Robert Page, R.D.Page@liverpool.ac.uk  

• Particle Physics: Prof Neil McCauley,  N.McCauley@liverpool.ac.uk  
• Education: Dr Chris Edmonds, cse@liverpool.ac.uk 

mailto:nikolaos.rompotis@Liverpool.ac.uk
mailto:Hao.Zhang3@liverpool.ac.uk
mailto:Hao.Zhang3@liverpool.ac.uk
mailto:Frank.Jaeckel@liverpool.ac.uk
mailto:hboston@liverpool.ac.uk
mailto:N.McCauley@liverpool.ac.uk
mailto:cse@liverpool.ac.uk


Visit our webpage for more information

Including our Postgraduate Research Flier with more information about our research and our PhD students
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