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Particle Physics Liverpool

”.. globally-significant and innovative research fields that take 
a holistic approach to modern day challenges, in order to help 
us understand the world we live in, and enhance it for the 
benefit of future generations.”

2

https://www.youtube.com/watch?v=rAWbi5YU9rI

• ~90 staff: academics, fellows, staff physicists, postdocs, engineers, 

cleanroom technicians, workshop machinists, computing staff, finance 

support staff

• ~45 PhD students

One of five University Research Frontiers

https://www.youtube.com/watch?v=rAWbi5YU9rI


Understanding the smallest particles and

their interactions. 

• What is the nature of dark matter?

• What cause matter anti-matter asymmetry in the universe?

• What lies beyond the standard model?

Main research areas

• High energy collider experiments (Large Hadron Collider) 

• Extreme precision experiments (muons/protons) 

• Neutrino experiments

• Dark Matter searches

What sets Liverpool apart? 

• Involvement in all aspects of experiment development from conception     

to exploitation 

• Strong track record and infrastructure for detector development and 

extensive technology R&D. 

Research Areas
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LSDC (Semiconductor Centre)
• Silicon sensor technology R&D

• Silicon detector design, production and integration 

Liverpool DFF (workshop) & AML (carbon-fibre lab) 
• Precision detector components and assembly tooling 

• Low-mass detector support structures 

The Large Hadron 
Collider at CERN

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 

ATLAS  

http://cds.cern.ch/record/842697/files/lhc-pho-1997-206.jpg

We study: Higgs Boson, Quarks and Leptons, 

.. and look for evidence of CP Violation, Dark Matter or any other new 

physics

Liverpool-built silicon detector systems operate in ATLAS, LHCb and 

ALICE.

We are now building improved detectors for High Luminosity LHC 

Upgrade

LHCb FASER ALICE 
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LSDC (Semiconductor Centre):

• Mu3ePixel detector

• g-2 straw tracker

Collab. with Nuclear Physics:

• HPGe detectors for Mu2e

DFF (workshop)

• g-2 tracking stations

• Mu3e tmechanics and tooling

• MUonE tracking supports

• Proton EDM electro-static deflectors

Extreme Precision Physics
Muons and protons

Ultra precise measurements and searches for extremely rare 

processes to uncover evidence of new physics

The muon magnetic moment puzzle g-2 Puzzle:

g-2 (US), KLOE (Italy), MUonE (CERN), future g-2 (Japan)

 

Electric Dipole Moments: Muon EDM (Switzerland), 

Proton EDM (US)

Charged Lepton Flavour Violation:

Mu2e (US), Mu3e & MEG-II (Switzerland)
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Studying neutrinos requires enormous 

Detector, mostly located deep underground 

DUNE (US) and Super-K/Hyper-K (Japan): 

• Neutrino Oscillations, CP Violation

SBN/SBND(US): 

• TPC operation

• Sterile neutrinos 

JUNO(CHINA): 

• Neutrino Oscillations, Mass hierarchy

SNO+ (Canada)  & LEGEND (Italy):

• Neutrinoless double beta decay

LSDC: T2K ECAL assembly & SBND CPAs

Workshop: DUNE  APA wire-winding heads & BUTTON PMT frame

Liquid Argon Lab: ARIADNE  Argon TPC Readout 

Optics Lab: Hyper-K Optical Calibration System

Collab. with Nuclear Physics: LEGEND HPGe detectors

Neutrino Experiments 
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LSDC

• DarkSide-20kSiPM VETO tile assembly

Liquid Argon Lab

• SiPM cryo test facility DarkSide20k

Optics lab:  LZ OD Optical calibration

DFF (workshop)

• MAGIS/AION: Camera Optics MAGIS experiment

• LZ low background PTFE mechanics

• CTA small camera protective doors

The Search for Dark Matter

A wide range of experiments to try to

establish the nature of Dark Matter

Large underground detectors:

LZ (US) XLZD(UK?..) & DarkSide20k (Italy)

Quantum Technologies: MAGIS100 (US), QuestDMC (UK) 

Telescope experiments: CTA

Othere Approaches: DarkSphere, future axion experiments, ..
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Neutrino Detector R&D

• BUTTON-30: 30-tonne WBLS detector 

• UK/US collaboration

• Water shield for DARKSphere experiment if approved

• development platform for kiloton WBLS detector

• ARIADNE: Optical readout Argon TPCs  (ICFA EC instrumentation prize)

• Liverpool developed low cost high performance TPC readout

• Development/Manufacture of Thick Glass GEMs  

• Next deployment in ProtoDUNE III (technology qualification DUNE FD)

Silicon R&D

• HV-MAPS: fast and radiation hard monolithic pixel sensors 

• Integrated in CERN DRD 3 programme 

• RADPIX chip development LHCb Mighty Tracker 

• Particam: sub-micron digital pixel sensors (with FBK, Trento)

• develop sensor for surface neutron emission (with PSI)

• Hadron therapy instrumentation: 

• beam characterisation and dose delivery monitoring

• Low mass detector integration: for precision experiments

• SiPM sensor integration: for low background cryogenic experiment 

Quantum technology for DM, GW and precision physics

• Liverpool Atom Interferometer lab

• R&D platform for MAGIS / AION  

• R&D lab for SQUID and quantum amplifiers: (in development)

Detector Technology R&D
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450 m2 ISO certified cleanroom facility, initially built for the assembly of the large silicon 
detectors for the LHC. In operation since 2002. Unique and state-of-the-art equipment, 
infrastructure and expertise on Silicon detector development and construction.

Liverpool Semiconductor 
Detector Centre
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Several major construction project were (are) hosted in the LSDC: 

Silicon tracking detectors and upgrades for three LHC experiments, T2K ECAL assembly, g-2 

tracker, SBND cathode planes, Mu3e pixel tracker, Darkside-20k SiPM arrays, g-2 trackers, .. 

Nuclear Physics projects: Alpha, R3B, ISOL, ALICE, ..



Silicon detector projects LSDC
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ATLAS SCT Endcap

ATLAS Upgrade 

Strip Barrel

ATLAS Upgrade 

Pixel endcap

LHC-b Vertex 

Locator (+ spare)

ALICE ITS upgrade

LHC-b Pixel VeLo

http://www.bristol.ac.uk/physics/research/particle/images/velo-sub-detector.jpg

Mu3e@PSI: 

MuPix tracker

LHC-b Mighty 

Tracker Upgrade 

MuEDM-II 

positron 

tracker

Darkside-20k 

Veto Tiles

EIC CMOS 

tracker

Mu3e-II 

upgrade

Future 

Circular 

Collider

LHC-b VeLo4

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=lbpmGIW8kxbkCM&tbnid=uNNW9cecMqIaGM:&ved=0CAUQjRw&url=http://www.bristol.ac.uk/physics/research/particle/&ei=WhdVUvnHNae_0QWKjoFQ&bvm=bv.53760139,d.d2k&psig=AFQjCNFLH7KG4JlJYjZ2PNvVplux8OJjGQ&ust=1381394515946009
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Detector Fabrication Facility 
(Workshop) and Advanced 
Materials Lab

Equipment and skills build through a long stream of projects and sustained investment 

by STFC. Advanced equipment and high level of expertise provide a facility for 

precision manufacture that is unique in the field.

Major recent investment in refurbishment and upgrade investment by University and 

research funding 

Manufacture of components for many experiments: ATLAS, LHCb, ARIADNE, DEAI, T2K ECAL, 

LZ, g-2, Mu3e, NA62, MAGIS100, DUNE, pEDM,..

Also several Nuclear Physics projects: ALICE, R3B, ALPHA, AGATA, ISOL, … 


	Slide 1: Joost Vossebeld
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11

