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Muon 𝑔−2: 
One of the Key Topics in Muon Physics

Theory (SM) predictions (next talk by Fedor)

Experiments (this talk)

Fermilab (completed) J-PARC (ongoing) R&D for Future Exp.

Data-driven approach
• Dispersive evaluation: KNTW, ...
• Inputs from e+e- data: KLOE, ...

Lattice QCD approach
• UKQCD,
• ...

Novel approach: MUonE (for LO-HVP)

Liverpool contributions span all aspects for muon g-2



Current Status: Experiment vs Theory

Updates since WP2025



Fermilab g-2: a Breakthrough
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• Simon slides of history
End of data taking
and second result



Fermilab g-2: a Breakthrough
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• Final value unblinded on 20th May 2025, a result that will stand for many years.

Phys. Rev. Lett. 135, 101802



Fermilab g-2: a Breakthrough
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• Liverpool contributions to the final result analysis by early-career members:

• Liverpool is also leading the EDM analysis (Joe Price, Dominika Vasilkova,
Katie Ferraby) and involved in other New Physics (DM & CPT) activities.

Muon ‘g-2’

Precession analysis:
Lorenzo Cotrozzi, Estifa'a Zaid, Ce Zhang (slow-term task force leader)

Beam Dynamics corrections:
Elia Bottaloco (BD coordinator)

Field measurement: Saskia Charity (Field coordinator)

𝒂𝝁
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Panel Discussion at the British Science Festival
Universal secrets: Unpacking particle physics
Graziano Venanzoni (University of Liverpool), Saskia Charity 
(University of Liverpool), Mark Thomson (CERN) and Jocelyn Monroe 
(University of Oxford).

A g-2 exhibition at The Yoko Ono Lennon Centre for BSF

Pub(lic) talk at Pint of Science this week by Elia Bottalico

Education & Outreach



Fermilab g-2: a Breakthrough

22/05/2026 8

• Breakthrough Prize in Fundamental Physics
18th April 2026

• Liverpool members are:
Talal Albahri, Elia Bottalico, Themis Bowcock, John 
Carroll, Saskia Charity, Lorenzo Cotrozzi, Katie Ferraby, 
Tabitha Halewood-Leagas, Alex Herrod, Anthony Hibbert, 
Barry King, Stephen Maxfield, David Newton, Riccardo 
Pilato, Joe Price, David Sim, Tony Smith, David 
Tarazona, Thomas Teubner, Kayleigh Thomson, William 
Turner, Dominika Vasilikova, Graziano Venanzoni, Mark 
Whitley, Andy Wolski, Mike Wormald, Estifa’a Zaid, 
Cedric Zhang. 
We dedicate the award to the memory of the Barry King, 
Stephen Maxfield and David Newton.



Fermilab g-2: the magic-γ approach
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• Muon's motion is very nearly planar and the momentum is very nearly the ideal 
one, but both effects are not perfect and require corrections: 

𝝎𝒂
𝐸

We need electric quadrupoles

𝒂𝝁 𝒂𝝁 𝒂𝝁
𝑬



Fermilab g-2: the magic-γ approach
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• Muon's motion is very nearly planar and the momentum is very nearly the ideal 
one, but both effects are not perfect and require corrections: 

𝝎𝒂
𝐸

à Term cancels at 3.094 GeV/c, the “Magic g”0 if “in plane”

𝒂𝝁 𝒂𝝁 𝒂𝝁
𝑬

FNAL precision

Achievable Precision vs Muon P



E field 'issue' ‘Magic 𝜸’ muon at 3.1 GeV/c
B = 1.45 T

∆𝜔!
𝜔!

∝
1

𝜸𝑩𝑷 𝑵

Beyond the Fermilab Muon g−2

CERN/BNL/FNAL
Muon g-2

Reaching the precision limit
(stat ≈ syst ~100 ppb )
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remove E-field? How to focus
(store) muons?

novel muons J-PARC g-2
(even storable w/o an E field)

novel focusing fields Propasals at
HIAF, PSI, ...(capable of focusing 

conventional muons)

Beyond the Fermilab Muon g−2
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J-PARC g-2: Current Status
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Aiming at 2030+, but may be subject to a step-by-step 
implementation scenario (funding issue):
- 1st step(2027-2031?)
- 2nd step (203X) for a full realization



J-PARC g-2: Current Status
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• Liverpool has officialy joined J-PARC Muon g-2/EDM collaboration in 2025

Liverpool collaborators: Elia Bottalico, Lorenzo Cotrozzi, Fedor Ignatov, Riccardo Nunzio Pilato, Thomas 
Teubner, Jonathan Tinsley, Graziano Venanzoni, Estifa'a Zaid, Ce Zhang

https://g-2.kek.jp/collaboration/researchers.html


J-PARC g-2: Current Status

22/05/2026 16

Support letter to KEK DG

230 signers from the international community



J-PARC g-2: Liverpool Contributions
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• The precision for J-PARC g-2 (phase-I) only matches BNL level (~0.4 ppm) due
to the lack of statistics:



J-PARC g-2: Liverpool Contributions
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• The precision for J-PARC g-2 (phase-I) only matches BNL level (~0.4 ppm) due
to the lack of statistics:



J-PARC g-2: Liverpool Contributions
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Saara Chikh



Concept 1) Hybrid weak focusing
higher-order B field cancels higher-order E-fields

Future g-2: proposals
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𝝎𝒂 = −𝒂𝝁
𝑞
𝑚#

(𝑩𝟎 +⋯) +
𝑞
𝑚#

[(𝒂𝝁 −
1

𝛾% − 1)
𝛽×𝐸
𝑐 ]

Concept 2) Proton beam co-magnetometer
Edge-focusing from segmented B-field

Currently under development 
by me and colleagues in 
Liverpool, IMP and beyond

F.J.M. Farley, NIMA, 523 (2004) 251
arXiv:2512.11486

CST model with tracking

On Kim and Yannis K. Semertzidis, Phys. Rev. Accel. Beams 25, 024001

doi:10.1016/j.nima.2003.12.016
doi:10.1016/j.nima.2003.12.016
doi:10.1016/j.nima.2003.12.016
https://arxiv.org/abs/2512.11486
https://doi.org/10.1103/PhysRevAccelBeams.25.024001


High-intensity muon source at China's HIAF

Guangdong ('Canton') area

CSNS

21

JUNO

Heavy ion acceleration
facility (HIAF)



High-intensity muon source at China's HIAF
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Currently under commissioning, providing competitive muon of both charges

Muon generation target

w/ purification: 𝟑. 𝟕×𝟏𝟎𝟓/s

positve muon negative muon

w/ purification: 𝟐. 𝟒×𝟏𝟎𝟓/s

~200 m



High-intensity muon source at China's HIAF
Facilities CERN/BNL/FNAL J-PARC HIAF (HIAF-U)

Muons 3.1 GeV/c
105 /s

300 MeV/c
106 /s

2-4 GeV; 105 /s (HIAF)
10-20 GeV (upgrade, 2030+); 107 /s

Magnet Full-ring magnet Full-ring magnet Sector magnet

Focusing B-field & E-field B-field Edge B-field

Field
calibration NMR calibration NMR calibration Polarized proton & others

Precision 𝜇&: 0.14 ppm (FNAL)
𝜇': 0.7 ppm (BNL) 𝜇&: 0.46 ppm à 0.1ppm (?) 𝜇'/𝜇&: 0.1 ppm à 0.05 ppm
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• The ideas for HIAF is also adaptable to other
high intensity GeV muon facilities – BNL,
FNAL, CERN, ...



Ideas for future g-2 experiments
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• PSI

For more details see slides by Philipp Schmidt-Wellenburg
https://indico.ph.liv.ac.uk/event/2133/

https://indico.ph.liv.ac.uk/event/2133/


Summary
• Muon g−2: a precision frontier probing NP through successive 

generations of experiments over the past 60 years:

Fermilab g : (Fermilab: ~2008 - 2025) - Liverpool played a key role.

J-PARC : Liverpool leading the higher precision effort (~2013 - 2030+).

HIAF / PSI / .. : next-generation proposals beyond Fermilab's 0.1 ppm.

Thank you

J-PARC g-2

Ideas at HIAF, PSI, ...

CERN/BNL/Fermilab



Backup
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LO-HVP from Lattice QCD approach - Theory Initiative White Paper 2025

Physics Reports 1143 (2025) 1-158

https://muon-gm2-theory.illinois.edu/white-paper-25/
https://doi.org/10.1016/j.physrep.2025.08.002
https://doi.org/10.1016/j.physrep.2025.08.002
https://doi.org/10.1016/j.physrep.2025.08.002


What can we probe given a 0.05 ppm?

28

1) significance

New physics significance depends on the
central values from both theory and experiment

• Phase-1 can reach 5𝜎 for the exp central 
value centered on BNL (𝜇!) vs. SM2025 

• Phase-2 can reach ∼3𝜎 for FNAL vs. 
SM2025 (assuming 0.1 ppm for theory)

Unique enhancements only
by CANTON-mu



What can we probe given a 0.05 ppm?

29

2) New-Physics energy scale

• In the chiral enhancements,
scaling behaviour for NP is
parameteried as



What can we probe given a 0.05 ppm?
2) New-Physics energy scale
• An independent precise experimental result would decisively clarify the current

WP20 vs WP25 puzzles over many NP models

SMEFT Wilson coefficients Z prime constraint SUSY MSSM contribution

P. Athron et al., Prog.Part.Nucl.Phys. 148 (2026) 104225



What can we probe given a 0.05 ppm?
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3) Unique CPT sensitivity



Statistics: After 6 years of running
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2021
2023 2025

𝝈𝝎𝒂
𝝎𝒂

∝
𝟏
𝑵



𝝎𝑺 𝝎𝒄 𝝎𝒂 

The Basic Principle is Simple
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Determine difference between 
• spin precession frequency 𝝎𝑺 and 
• cyclotron frequency𝝎𝒄 
for a (polarized) muon moving in a B field

Momentum
Spin

e

Measure these

Extract

1.Measure 𝝎𝒂: modulation of 
decay positron time spectrum

2. Measure 𝑩: proton nuclear 
magnetic resonance (NMR) 

3. Extract 𝑎"
→ 2𝜇#$ H%O, 𝑇& 𝐵 = ℏ𝜔#$(H%O, T&)

𝑁(𝑡) = 𝑵𝟎𝑒(#$/𝝉) 1 + 𝑨cos(𝝎𝒂𝑡 − 𝝓)

𝒂𝝁



Run-4/5/6

Electric Field
Pitch
Phase Acceptance
Differential Decay
Muon Loss

Transient Kicker
Transient ESQ

Final uncertainty budget
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𝑓()*(+𝜔,-.,/ 1 + 𝐶. + 𝐶0 + 𝐶-) + 𝐶0, + 𝐶11
𝑓(,)23 𝑥⃗ 𝑥, 𝑦, 𝜙 ×𝜔0 𝑥, 𝑦, 𝜙 (1 + 𝐵+ + 𝐵4)

• TDR goal: 100 ppb ✓
• Systematics are “evenly” distributed:

• No dominant source
• Further improving would require to 

reduce in many categories togerther!
• How?



How might we do better: more muons
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∆𝜔2
𝜔2

∝
1

𝜸𝑩𝑷 𝑵

• Fermilab g-2 only stores 2% of incoming muons
• A very tight momentum acceptance and time spread à 

required by the magic momentum condition.
• A better muon beam (e.g. lower emittance muon beam)

would release the current acceptance requirement and also
give smaller beam oscillations (smaller Ce & Cp)

• Curent bunch structure:
11 Hz operation with 1 ms data-taking
• Limited room for further improvement, 

given the accelerator constraints



Systematics improvement
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Replace calos with in-vacuo silicon trackers
• Removes/reduces gain & pile-up issues
• Azimuthal coverage reduces beam systematics

Improve field extraction
• Better calibration chain, mapping & use of 3He
• δ(mμ/me) of 22 ppb will decrease with MuSEUM 

experiment

slides courtesy: James Mott

Design out transient fields
• Remove pulsed electrostatic quadrupoles
• Redesign vacuum chambers to control kicker 

eddy currents


