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Introduction
• Welcome to Imperial’s Particles Community! 
• This presentation is to:
– Introduce you to the Group and postgraduate study with us

• After the talk there will be a: 
– Tour of some of our research activities

• We’ll then reassemble here in 539 at 14:45:
– For informal discussion with staff and students:

• Opportunity to get answers to your questions
– For online participants, this ZOOM channel will stay live throughout the afternoon

– And, importantly:
• Opportunity to talk “off the record” to current graduate students
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Particle Physics at Imperial
• One of the largest particle physics groups in the UK
– 145 members at the moment 

• Involved in the full spectrum of activities across the field
• Among the largest postgraduate cohorts in UK
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Roughly: 25 academics, 40 research staff, 
50 PG students

15 support staff and 10 visitors



Some more statistics
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Our mission
Is to:
• Search for new fundamental particles, forces and phenomena

• Exploit this knowledge to understand the Universe

• Develop new technologies/techniques to drive our field forward

• Exploit technologies/techniques to benefit of science and society
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Understanding Nature’s building blocks
Search for new fundamental particles, forces and phenomena

• At the highest possible energies:
CMS at the LHC in Switzerland studies the Higgs Boson, 
searches for new particles, seeks to understand the nature 
of dark matter

• Through precise measurement of decays at the highest 
possible rate:
LHCb at the LHC studies rare B-meson decays to see whether 
particles and anti-particles behave the same way and to 
seek evidence for new particles and forces



Understanding Nature’s building blocks
Search for new fundamental particles, forces and phenomena

• By measuring particles evolution as they travel through space and time:
T2K in Japan measures how muon neutrinos change into other types of 
neutrino to understand why the Universe contains matter, not antimatter

• Using particles provided by Nature:
LZ in the US searches for dark matter particles in a liquid xenon detector 
operating deep underground

• By probing rare decays that “should not happen at all”:
COMET in Japan is looking for muons turning into electrons without 
neutrinos being produced, a process extremely sensitive to new 
phenomena



Understanding Nature’s building blocks
Search for new fundamental particles, forces and phenomena

• Developing revolutionary new detector facilities:
DUNE in the US and Hyper-K in Japan are next-generation neutrino experiments 
with exquisite sensitivity which will allow the neutrino mass hierarchy to be 
determined, the study of supernovae neutrinos, and much more

Other detector-development activities too, e.g. CMS & LHCb updrades …

• Studying gravity using atom interferometry:
AION harnesses new quantum sensors to search for dark matter and new sources 
of gravitational waves

• Creating accelerator technologies to drive the field forward:
as part of the John Adam’s Institute the group is developing the techniques for 
tomorrow’s neutrino beams and energy frontier (muon) collider



Fundamental technologies for fundamental physics
Ambitious R&D that underpins the discovery programme

• Enormous computing power:
The volume of data from our experiments demands a step change in computing: 
we are leaders in the development of GridPP, a paradigm shift in the way we 
analyse our data with the potential for wide application

• Creating impact; applying our technologies to the problems of today:
LhARA and the CCAP seek to harness laser acceleration using novel accelerator techniques to 
transform cancer treatment using much improved particle beam therapy

nFACET 3D is a new multi-mode imager for rapid and robust survey of radiation areas and online 
dosimetry in radiation facilities

deltaDOT Ltd has the world’s best diagnostic and prognostic tools for renal failure and many other 
biomedical applications - all based on particle physics 



Our laboratories
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CERN, Geneva: CMS, LHCb
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CERN, Geneva (CMS, LHCb, SHiP)



J-PARC, Japan (T2K, Hyper-K, COMET)J-PARC, Japan (T2K, Hyper-K, COMET)
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Kamioka, Japan (T2K, Hyper-K, Super-K) 
Kamioka, Japan 

(T2K, Hyper-K, 

Super-K)
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Super‐Kamiokande J‐PARCNear Detectors

Neutrino Beam

295 km

Mt. Noguchi‐Goro
2,924 m

Mt. Ikeno‐Yama
1,360 m

1,700 m below sea level



Sanford Lab, South Dakota (LZ, DUNE)
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Fermilab/Sanford (DUNE)
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CERN, MedAustron, DL, (GSI), RAL (CCAP)
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South Kensington
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CMS: Higgs

Now we:
Study Higgs decays searching for new particles and 
phenomena
Measure Higgs boson properties precisely seeking evidence 
for the breakdown of the Standard Model 18

Imperial played central role in 
Higgs discovery in 2012



CMS: search for new particles and forces
• We search the data for:
– Dark matter particles:
• DM known to exist but 

no DM particle yet
• We seek evidence for DM:

– Directly produced in pp collision
– Produced in Higgs decay

– Exotic long-lived particles with 
spectacular signatures
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CMS: upgrade
R&D for significant improvements to CMS detector 
– Readout chip designed at Imperial
• Gives momentum selection 

critical to reduce rates from 
backgrounds

Serenity board designed at Imperial
– Handle huge data volumes 

from upgrades detector 
– Host sophisticated 

data-processing algorithms
20• We have leading roles across CMS upgrade programme



LHCb
We have made several 
measurements that show 
evidence for new physics which 
have been widely reported
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Continuing to explore these 
effects with new decays and 

much more data



LHCb upgrade
• LHCb has undergone a major upgrade:
– Much higher data rates to

accumulate large samples 
more quickly

• We led design of key parts of the
Ring Imaging Cherenkov (RICH) 
detectors:
– Essential for many of the most 

exciting final states
• Further upgrades to LHCb

now being planned:
– Excellent opportunity to get

involved!
22



LUX-Zeplin (LZ)
• Gravitational effects imply:
– 85% of matter in Universe is

dark but no candidate dark-matter
particle in Standard Model

• LZ collaboration aims to:
– Directly detect scattering 

of dark matter off zenon
nucleus

• World’s most sensitive searches for
Weakly Interacting Massive Particles:
– Taking data, already the most 

sensitive search in the world!
We are leading LZ in the UK
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Long baseline neutrinos
• Strong contribution to T2K experiment:

– Studies of neutrino oscillations 
using J-PARC neutrino beam

– Far detector is Super-K
– We have leading role measuring

unoscillated neutrino beam in near 
detector, ND280

• Main objective now:
– Determine whether neutrinos 

violate matter/antimatter (CP) 
symmetry

Starting to exclude regions of CP parameter space!
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Super-K 
• Astrophysical neutrinos with Super-K expt

• Gadolinium added to pure water:
– adds sensitivity to low-E neutrons 

• Developing novel calibration 
methods that can also be 
applied to Hyper-K expt
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Future long-baseline neutrinos
• Strong contributions to both DUNE and HK 

– Future experiments will measure 
CP violation precisely

– We have leading roles in oscillation physics 
in both DUNE and Hyper-K

• DUNE:
– Very high power neutrino beam 

and high resolution argon detectors
– We are building data acquisition 

system and high-pressure argon gas
near detector

• Hyper-K:
– Will have the largest far detector 

and upgrade of T2K beam for high power
– We are building novel PRISM-technique 

near detector



COMET: Muon-to-Electron Conversion Search at J-PARC
• Broad search for new phenomena in:
– The spontaneous conversion of a muon 

into an electron inside a nucleus
Physics beyond the Standard Model 
smoking gun!
• Multi-year programme:
– Preliminary data (Phase-α) from 2023
– Phase-I data-taking starts in 2026
– Phase-II to follow
– PRISM experiment in the long term
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The COMET
Muon-Transport

Solenoid



LhARA: the Laser-hybrid accelerator for Radiobiological Applications
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Front. Phys., 29 September 2020; 
DOI: 10.3389/fphy.2020.567738Overview, see: “The LhARA initiative”
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Novel accelerator techniques

System: image processing
fast feedback, control

Fundamental
Biology & biochemistry

J. Pasternak, IC London

LhARA Ring Parameters

• N                                  10
• k                                  5.19
• Spiral angle                47.64°
• Rmax 3.49 m
• Rmin 2.92 m
• (Qx, Qy)                   (2.82, 1.23)
• Bmax 1.4 T
• pf 0.34
• Max Proton injection energy 15  MeV
• Max Proton extraction energy    127.4 MeV
• h                                   1
• RF frequency
for acceleration (15-127.4MeV) 2.89 – 6.48 MHz

• Bunch intensity       fewl108 protons
• Range of other extraction energies possible
• Other ions also possible

Part of our drive to develop the 
technologies to drive field forward …

Ambitious programme: create 
transformative capability!

Opportunities from development of 
novel techniques, to biomedical 
research and PP spin-in

https://ccap.hep.ph.ic.ac.uk/trac/raw-attachment/wiki/Research/DesignStudy/2021-10-02-LhARA-Brief-Final.pdf


nuSTORM
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Neutral
Current

discovery
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Horn #2 & Gargamelle
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Gargamelle, Aachen/Padova, CDHS, 

CHARM, BEBC, CCFR, NOMAD, CHORUS

BNL/FNAL
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Hyper-K
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Discovery of
CP-invariance violation?

Simon&van&der&Meer&
CERN,&1961&

Innovation in detectors to provide:
— High-precision

— Large data sets
— Control of systematics

Innovation in accelerators to go beyond
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Fig. 1: Left panel: the energy at which the proton collider cross-section equals that of a muon collider. The dashed
line assumes comparable Feynman amplitudes for the muon and the proton production processes. A factor of ten
enhancement of the proton production amplitude squared, possibly due to QCD production, is considered in the
continuous line. Right panel: Higgs and top-quark production cross-sections at high energy lepton colliders.

the steeply-falling parton luminosities. Equal muon and proton collider cross-sections are thus obtained73

for
p
sµ ⌧

p
sp, as shown on the left panel of Figure 1.74

Naively, one would expect the lower background level could be another advantage of the muon75

collider relative to hadronic machines. However it is unclear to what extent this is the case because of76

the large beam background from the decay of the muons, discussed in section 4.77

Figure 1 suggests that a 14 TeV muon collider with sufficient luminosity might be very effective78

as a direct exploration machine, with a physics motivation and potential similar to that of a 100 TeV79

proton-proton collider [4]. Although detailed analyses are not yet available, it is expected that a future80

energy frontier muon collider could make decisive progress on several beyond-the-SM questions, and81

to be conclusive on some of these questions. By exploiting the very large vector-boson fusion (VBF)82

cross-section, a muon collider could search extensively for new particles coupled with the Higgs boson,83

possibly related to electroweak baryogenesis [5]. It might also discover Higgsinos or other heavy WIMP84

dark matter scenarios [6]. In this context, it is important to remark that motivated “minimal” WIMP dark85

matter candidates might have a mass of up to 16 TeV. Generic electroweak-charged particle with easily86

identifiable decay products up to a mass of several TeV can be searched for. Relevant benchmarks are87

the (coloured) top partners related with naturalness, which should be present at this high mass even in88

elusive “neutral naturalness” scenarios.89

The ability to perform measurements, which probe New Physics indirectly
2, is another important90

goal of future collider projects. The high energy of a muon collider could also be beneficial from this91

viewpoint, in two ways. First, indirect New Physics effects are enhanced at high energy, so that they92

can show up even in relatively inaccurate measurements. This is the mechanism by which the 3 TeV93

CLIC might be able to probe the Higgs compositeness scale above 10 TeV (or a weakly-coupled Z
0 up94

to 30 TeV) with di-fermion and di-boson measurements at the 1% level [7], while an exquisite precision95

of 10�4
/10

�5 would be needed to achieve the same goal with low-energy (e.g., Z-pole) observables. At96

a 30 TeV muon collider, with suitably scaled luminosity, the reach would increase by a factor of 10. The97

second important aspect is that some of the key processes for Higgs physics, namely those initiated by98

the vector boson fusion (see the right panel of Figure 1), have very large cross-sections. For instance with99

an integrated luminosity of 10 ab
�1, a 10 TeV muon collider would produce 8 million Higgs bosons,100

with 30’000 of them by the pair production mechanism that is sensitive to the trilinear Higgs coupling.101

While further study is required, especially in view of the significant level of machine background that102

is expected at a muon collider, these numbers might allow a satisfactory program of Higgs couplings103

determination.104

A detailed assessment of the muon collider luminosity requirements will result from a compre-105

2Precision would also allow the characterization of newly discovered particles.
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Advanced Diagnostic Tools, Sensor Arrays
• Label Free Intrinsic Imaging:

Over 30 biomedical, and environmental
sensing applications
– Commercialised by Imperial spinout
– Used in many biotech and biomedical areas
– Used by NHS in antibody QC/QA
– Being used in sustainable metals analysis

• Applications in Renewable energy
– Water and electricity production using 

– Vast HEP-style sensor arrays, montecarlos etc
30

200 m m3 

water per 
year spun 
out of 
cyclone

Fresh 
water 
collected 
at base



Development of new analysis techniques
• Extensive big data, machine 

learning and quantum 
computing opportunities 
including:
– Opportunity to attend

graduate school ML course
– Involvement with industry via 

CDT in data science
– Centre of excellence in 

High-throughput Digital 
Electronics and Embedded 
Machine Learning
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The Imperial Particles Community
• One of the largest cohorts of any UK particle physics group
– Impacts on scale and breadth of graduate education we can offer 
– Most of our students decide on their project in December:

• Once you have been with us for a term 
– Students form a cohort and work and learn from each other 

• One of the broadest range of projects in the country 
– Different physics, labs/countries, detector technologies, 

phase of experiment
– Leadership in many experiments: academics, RAs and students
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London!

33

"Why, Sir, you find no man, at all intellectual, who is willing to leave London. No, Sir, 
when a man is tired of London, he is tired of life; for there is in London all 
that life can afford.”

— Samuel Johnson

https://www.topuniversities.com/best-student-cities 

https://www.topuniversities.com/best-student-cities


South Kensington
A beautiful part of London dedicated to the Arts and Sciences as a 

legacy of 1851 Great Exhibition
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South Kensington
A beautiful part of London dedicated to the Arts and Sciences as a 

legacy of 1851 Great Exhibition
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PhD studentships
• We have STFC “quota” studentships for UK nationals
– Search for “STFC student eligibility requirements” 

• Good stipend, excellent travel support (Covid permitting) –
London weighting in addition to UK-wide STFC stipend

• Can work on any experiment 
– No need to select specific experiment/supervisor in application
– Instead, choose project at end of first term, after (extensive) 

graduate courses and opportunity to discuss with our research 
groups – will allow you to make an informed choice
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PhD studentships
• Project-specific studentships are also available:

– STFC:
• Project studentships often secured during recruitment process – will let you know before interview

– John Adams’ Insitute:
• Studentship to work on our accelerator science programme (LhARA, nuSTORM, ISIS-II, …)

• Non-STFC scholarships
– By nation of origin, particular groupings etc. – search for “Imperial fees and funding” –

most require you to specify a potential project and  supervisor in the application
– Imperial College President’s Scholarships

• Hyper-competitive: need to be a top student from a top university, research experience required
• Particles Community can only support one application per round 
• Very broad eligibility (especially nationality)
• Get in touch if you you’d like to apply

– Also, graduate programmes at our partner Laboratories, e.g.:
• CERN Graduate Programme
• STFC RAL: PPD &/or ISIS Departments
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Application and selection process
• See http://www.imperial.ac.uk/high-energy-

physics/opportunities/postgraduate-opportunities/

• Fill the Central College application form!

• Initial application deadline 19th January 2024

• Will hold interviews from end January/start February
39



Interviews
• Two interviewers; about 30 minutes long
– Be ready to discuss your undergraduate or summer projects … 
– And physics in general

• Generally at 10am, 11am, 1pm or 2pm

• There is a lot of competition for places 
– We are interested in how you think (and respond) more than 

what you already know
– Our discussion is likely to “stretch” you to see how far you can go
– We are looking for the top students to be our future colleagues!
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Remainder of the afternoon
• A tour of the activities in the group:

– We’ll split you into groups
– Each group will be led by a guide to each stop on the tour

• Please ask anyone anything about how your time with the group 
might go

• After the tour you will have a chance to meet more group 
members informally in the lobby area Level 2
– For online participants this ZOOM link will stay live throughout the 

afternoon

• Online Q&A sessions: 10Jan24: 10:00—11:00 and 16:00—17:00
41
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