
• ATLAS 

• LHCb 

• Neutrino Physics 

• Dark Matter 

• Medical Physics



People
•17 academics 

- (9 men; 8 women) 

•~30 PDRAs 

- (10 women, 20 men) 

•30 PhD students 

- (16 men; 14 women) 

•5 engineering/tech/
computing (all men)
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8 new people in the last 5 years!



Neutrino Experiments 

DUNE will operate in 2030s

Lots of smaller-scale experiments in 

the meantime

LHC Experiments 

LHC Run3 started Summer 2022 


LHC Run4 continues into 2030s

Dark Matter 
Searches & low 

background science

Future Collider Studies 

The future starts in the 2040s or beyond
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BUTTON-30 flexible design
BUTTON low-background testbed for neutrino detector hardware and fill media.

● Modular support structure 
to facilitate swapping out 
advanced photosensor 
technology.

3.65 m

2.
9 

m

● ~30 tonnes
● ~100 Hamamatsu R7081 10” PMTs

● Compatible with novel 
fill materials.

BUTTON



@ LHC

• Higgs boson precision measurements with H→𝛾𝛾 

• BSM searches - dark photons, WR±, long-lived particles: X→τ+τ− , anomaly detection 

• Simulation & computing ; trigger & reconstruction  

• ML: tracking reconstruction signal/background separation; anomaly detection; 
generative simulation  

• Silicon pixel detector development & tracker                                                               
construction for HL-LHC



@ LHC

• CP violation in B-mesons and Charm mesons 

• Spectroscopy of new hadronic states 

• Charmless and rare B-hadrons & lifetimes 

• Electroweak physics (W-mass & Z production) 

• RICH - ring-imaging Cherenkov detector - operations and upgrade 

• Mighty tracker development for high-luminosity running



• Science runs 2024-2026. 

• Looking for 0𝜈ββ + studying 2𝜈ββ 

• Unique design to track both ββ 

• Baseline sample: Selenium-82  

• Current Edinburgh work on commissioning, helium 
management, background determination

Cheryl Patrick SuperNEMO 14

Protecting against backgrounds

Gamma shielding

Anti-radon tent

Tracker at over-pressure

Neutron shielding

• 243 50cm-thick water-filled 
polyethylene tanks 

• 20cm PE plates (top, 
bottom and end) 

• All now at LSM

Iron shielding support structure installation
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• 18cm-thick iron plates currently being machined 
• Support structure being installed now

3.0 (no shield) → 0.016 (Fe 
shield) γ events/yr in  0νββ ROI

Cheryl Patrick SuperNEMO 2
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…study the total 
decay energy

• Under commissioning in the Fréjus tunnel near Modane, France. 



@ Fermilab

Short-baseline neutrino experiments: 𝜈µ, (�̅�µ) beam created at target 

➡Liquid Argon (LAr) detectors at 110m and 470m 

➡Look for 𝜈e (�̅�e) appearance, 𝜈µ (�̅�µ) disappearance for new, sterile, neutrino(s).


Edinburgh contributions: measuring 𝜈e / �̅�e cross sections from accelerators & astrophysical, 
measuring & modelling LAr scintillation light; searches for heavy neutral leptons & axions 

SBND cathode  
(behind black covers: wavelength-

shifter coated foils built by Andrzej)MicroBooNE cryostat 



Long-baseline (1300 km) neutrino experiment: 𝜈µ, (�̅�µ) produced at target 

➡ Looking for 𝜈e (�̅�e) appearance for neutrino mass ordering & CP 
violation  

➡ Liquid Argon Time Projection Chamber detectors 

Under construction - commissioning in 2030? 

Edinburgh working on computing, data management, data acquisition 
construction and R&D for final far-detector module.

Proto DUNE @CERN



@ Dark Matter Experiment @ Sanford Lab
7 tonne tank of Liquid Xenon

Figure 11: A selection of LZ’s recent world-leading results. Left: the LZ 90% confidence limit (black
line) for the spin-independent WIMP cross section vs. WIMP mass [3]. Middle: the constraint on the
neutrino e�ective millicharge [1], an analysis led by Edinburgh. Right: The constraint on the isoscalar
O6 operator from an E�ective Field Theory analysis [4].

that it holds the potential for groundbreaking discoveries. Therefore, it is highly likely LZ will run until
2028 to achieve its goal of 1000 livedays and a WIMP sensitivity of 1.4 ⇥ 10�48 cm2. The group at
Edinburgh must continue to support this e�ort through their expertise in analysis and leadership.
LZ is currently in the middle of its second major science run, with the goal of taking approximately
1 live-year of data. With new results set to be released in summer 2024, LZ will ideally see the first hint
of a WIMP signal, or in the worst case, continue to set set world-leading limits. Both ED_LZ_RA_NR
and ED_LZ_RA_ER are essential to this e�ort; ED_LZ_RA_NR is working in several areas related
to neutron backgrounds: characterising the internal and external backgrounds, neutron response and
tagging e�ciency of the OD, improving neutron simulations to better match data through changes to
geometry, neutron energy spectra and Geant4 physics lists, and providing constraints on the neutron
background. This constraint is necessary regardless, but especially crucial in the case of a dark
matter nuclear recoil signal, where the international community will require strong evidence that LZ
fully understands its neutron backgrounds. ED_LZ_RA_ER is a member of a task force working on
validating the data selection cuts for this WIMP search analysis and will provide independent evaluation
and verification of the cuts, and additionally will perform the statistical analysis of the final dataset using
LZ’s new software FlameNEST, the ultimate step of the analysis that provides either a signal significance
or the next world-leading limit. Both RAs will perform other essential work to a WIMP Search analysis,
including developing data selection cuts and evaluating their e�ciencies and acceptances, analysing
calibration data and developing reconstruction algorithms. In 2025, LZ will measure the Boron-8
solar neutrino signal through coherent elastic neutrino-nucleus scattering (CE⌫NS) when enough data
have been acquired. The measurement is di�cult due to the low energy nature of the signal and
has never been done before for solar neutrinos. ED_LZ_RA_NR will use neutron calibration data to
extend LZ’s e�ciency to low energy signals and apply this to this critical neutrino measurement, and
ED_LZ_RA_ER, who has valuable experience in statistical analysis of low energy signals, will again
provide the statistical significance of the measurement. LZ also plans to utilise its low background
environment to search for ER signals such as 0⌫�� of Xe-134 and Xe-136, double electron capture
(DEC) decays of Xe-124 and supernova neutrino bursts. The Edinburgh group will contribute to all of
these analyses over the next few years through their expertise in electron recoil backgrounds and the
statistical framework used within LZ.

2.7.4 XLZD

Murphy and Shaw are also members of the XLZD consortium, formed in 2021 through the collaboration
of the LZ, XENON and DARWIN collaborations, with a goal to building a third-generation, tens-of-tonnes
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World-leading direct DM detection, new results coming this year 

Currently operational: will take 1000 days of data by 2028 

Edinburgh focus:  

• leads in neutron backgrounds and veto detectors  

• low energy electron recoils: axions, ALPs, hidden photons, 
exotic neutrino properties



@ GranSasso
20 tonne tank of Liquid Argon under construction 

Future Dark Matter

XLZD Proposal for next gen detector: 40-100 tonnes of Liquid Xenon

Potentially sited at STFC Boulby lab in Yorkshire

Edinburgh working with Boulby on understanding the background environment  

Edinburgh constructing cryogenic test stands to qualify silicon 
photon detector veto.  
Plus supernova neutrino searches in the veto. 



Button @ Boulby
• Prototype detection of anti-neutrino flux from 

reactors using Gadolinium-doped water-based 
liquid scintillator (Gd-WbLS).  

• Testbed for water-based liquid scintillator 
technology - suitable anti-proliferation detection. 

• Largest detector to-date at Boulby lab. Potential 
neutron-veto for proposed dark matter DarkSphere 
experiment. 

• Edinburgh working on PMT testing and     
encapsulation of the PMTs into housing 
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Future Colliders

Working on physics studies; tracking detectors and data acquisition 
students for next generation colliders



Medical Physics

piping system to provide dry air, N2, He, Ar, and Xe as needed, as well as an O2-deficiency monitoring
system. With additional UoE funding (£75k) we are currently equipping a neighbouring lab with a gas
supply facility, featuring auto-changers and manifolds supporting continuous supply for these gases.
With funding from CG 2022 (£80k) the cryo-infrastructure of the new LAr lab was set up to develop
photon sensor arrays for cryo-applications using N2, Ar, and Xe. Its low-temperature evaporator is
used for coating large-area surfaces with wavelength-shifting compounds, e.g. to produce coated
surfaces for SBND, CCM and NEXT experiments. Using further UoE funding (£15k) the lab is now
also equipped with a crane to lift the lids of the large dewars. With funding from CG 2019 (£108k),
topped up with funds from UoE (£29k) and unrestricted group funding (£17k) we invested into a 20 GHz
128 GS/s oscilloscope in 2022, to enable development of single photon detectors with picosecond time
resolution and facilitate analysis of high-speed digital data transfer for novel front-end readouts.

2.10 Medical Physics - report and plans for 2025–29

Over the last 3 years, the Edinburgh PPE group, led by Muheim and Needham has further developed
their collaborations with the Edinburgh Imaging (EI), part of the College of Medicine & Vet. Medicine
within the University of Edinburgh. To strengthen this interdisciplinary activity, the University recently
created of a new academic position in medical physics and Wimberley joined the PPE group as
a University Chancellor’s Fellow. The University has also funded a dedicated PDRA in this area
(Borecka-Bielsa). The group’s focus is from PET detectors through to image analysis methods
development, exploiting the synergy with the world-class program of PET research at EI.
The suite of human and small animal PET scanners at EI are undergoing a substantial upgrade. By
early 2025 it is expected that the University will house a PET-MRI and Siemens Total Body PET scanner
for humans, one of two being installed in the UK. As a result, Edinburgh will strengthen its status as
one of the leading PET centres in the UK. This brings a great opportunity to develop PET physics and
quantification methods which are essential to exploit the full potential of these scanners.
The first outcome of the collaboration between EI and PPE was the development of a Geant4 simulation
(Fig. 12) for total body PET scanners [1]. This work was enabled by the award of a small grant from the
STFC Cancer Network to Wynne. The group intends to develop the simulation further over the next
years adding functionality and benchmarking against the Siemens Total Body PET scanner that will be
installed in EI.

Figure 12: Event in the Geant4 simulation of Total-Body PET.

The group has started to develop a laboratory PET test-stand, exploiting our in-house capabilities in
photon detection, in particular MaPMTs and SiPMs from LHCb. Borecka-Bielsa recently obtained
an equipment grant from the Moray Endowment fund to help support this work. Over the next grant
period, with support from Masic, Gheewalla, and Webster, this test-stand will be developed and used

53

Working with Edinburgh Imaging (EI) (part of UoE Medical School) 

EI will probably host: a PET-MRI scanner and 
Siemens Total-Body PET scanner for humans (1 of 2 in UK) 

PPE working on: Geant-4 simulation, PET test-stand with photon detection 
technologies from LHCb



Detector Development
Labs on JCMB 5th floor

• 55 m2 ISO-7 Clean Room,                          
with 10 m2 ISO-6 Clean Room enclosure  

• small-pitch Low Gain Avalanche Detectors 
(LGAD) 

• Operational cryogenic test stand for photon 
detectors at LN2 temperatures.  

• Low-temperature evaporator able to coat 
large areas with organic wavelength-shifting 
compounds (e.g. TPB(Tetra-Phenyl-Butadiene)). 

- Already used for SBND, NEXT (@CANFRANC) & CCM (@LANL). 

LHCb RICH detector plane with MaPMTs

 LAPPD photon detector development

low temperature evaporator  

MightyPix CMOS 
sensor testing(a) (b)

Figure 7: (a) Setup for the flex PCB electrical measurements, designed and produced by Edinburgh.
(b) Subset of Pixel Endcap Type-I data links in the ITk detector and on the Services Integration Trolley,
designed by Edinburgh.

specifications between the cables and interfaces (Masic), to meet the stringent space constraints in
common service areas with the Outer Barrel subsystem expected during subsystem integration and
insertion into ITk (Shea). These findings were presented at the Services FDR. Additionally Eisenhardt
coordinates among the three pixel subsystems, developing common technical solutions for the Type-I
services, mapping of services (data, control and power) to the front-end opto-readout systems and
o�-detector controls, as well as for the routing of the services in the common Patch Panel 1 area.
Pixel Endcap system assembly, integration (WP20), and installation (WP21): Edinburgh group,
led by Eisenhardt, leads the production and assembly of electrical Type-I services for the UK Endcap,
and has international responsibility in the procurement, manufacture, and qualification of these services
for both the Pixel Endcap detectors in the UK and in Italy.
Technician Moraga, supported by Masic, developed the QC testbed for the power and slow control links,
which is adopted by Pixel Outer Barrel and Inner Pixel Systems. Ustuner set up the local customised
DAQ system for QC testing the high-speed data links, and is commissioning the test protocol together
with the developers at SLAC. Shea, with Moraga and Webster, is finalising the design of the jigging
for dressing the Type-I services and facilitating their integration into the Endcap support half-shells, as
well as the Services Trolley (including support frames and transport boxes) for the integration of the
Endcaps into ITk (Fig. 7b). These development e�orts transition into full QC and assembly of the Type-I
services throughout the Pixel Endcap production, integration and installation (2025–2028). Eisenhardt
is in charge of the activities in Edinburgh, the QC of the services for both UK and Italian Endcaps, and
the assembly of them for the UK Endcap (2024–25). Using the assembly jigs developed by Edinburgh,
these service bundles will transferred to Liverpool to be integrated into supporting shells. Eisenhardt,
supported by technical sta� (Gheewalla, Moraga, Webster), will contribute to the QC testings at
Liverpool (2027–28), and oversee the Endcap installation and integration at CERN (2028–29).
Supported by Farrington, Ed_ATL_RA_ITK will work on software development for the ITk upgrade
(WP21), from reception tests at CERN to the overall strip and pixel detector performance monitoring
during integration, commissioning and then operation.
ITk commissioning (M&O): the last six months of this CG period will be dedicated to initial commis-
sioning of the ITk detector, where technical expertise in the construction and installation will be instru-
mental. Eisenhardt and Gao will lead our technical team (Shea, Webster, Gheewalla) to monitor the
performance of Pixel Endcap services (ITK-MO-6), and to troubleshoot and solve potential technical
problems which are commonly encountered during the initial years of operation. Ed_ATL_RA_ITK and
Farrington will continue the monitoring and analysis of ITk detector performance (ITK-MO-1), providing
essential support on database development and prompt feedback to simulation.
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PCB electrical measurements 
for ATLAS ITK



Areas for Collaboration?
• Electron-Ion Collider at Brookhaven 

• Physics: 

➡ LHC (& Higgs factory) phenomenology: HEJ … 

➡Using proton pdfs 

➡ Lattice calculations of hadron masses and form factors 

➡QCD predictions and QED corrections in weak decays (already collaboration with Roman) 

➡Neutrino phenomenology including interaction models-nuclear effects 

➡dark sector models for neutrino/DM detectors & LHC 

• Tools: 

➡Machine Learning 

➡Development of fast simulation models  

• Detectors technology: 

➡ Low energy electron / photon detection 

➡ Silicon detectors 

➡Noble liquid R&D



Backup




