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• Lessons learned from Fermilab g-2

• A recipe for next-generation muon g-2 experiment (e.g. at China's HIAF)

• Physics reach at sub-0.1 ppm precision
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Many theoretical predictions, 
yet only one precision measurement

Updates since WP2025
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• The theory
(WP20/WP25) uncert is
about 5 times larger
than the exp (0.124 ppm)

• Currently, no approved 
experiment aims to 
surpass the Fermilab 
precision

• Fermilab only measured
positive muons

(𝝁! & 𝝁" )

(𝝁!)



Fermilab g-2: the magic-γ approach
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• Muon 'g-2' (𝒂𝝁) is determined from anomalous spin precession (𝝎𝒂) in a 
magnetic field, but higher-order terms in the BMT equation, due to non-ideal 
muon motion, must be accounted for:

𝝎𝒂
𝐸

à Term cancels at 3.094 GeV/c,
the “Magic g”

0 if “in plane”

𝒂𝝁 𝒂𝝁 𝒂𝝁
𝑬

𝑁(𝑡) = 𝑵𝟎𝑒(#$/𝝉) 1 + 𝑨cos(𝝎𝒂𝑡 − 𝝓)

muon anomalous
precession



Magic-γ and statistical precision
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∆𝜔#
𝜔#

∝
1

𝜸𝑩𝑷 𝑵

• Fermilab g-2 only stores 2% of incoming muons

• Due to a very tight acceptance constraint
à required by the magic-γ

• A better muon beam (e.g. lower-emittance muon beam) would be
helpful, also giving a smaller oscillations

• A better bunching structre also helps,
subject to the accelerator constraints



Magic-γ and statistical precision
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∆𝜔#
𝜔#

∝
1

𝜸𝑩𝑷 𝑵

• A higher 𝜸 factor à also require relaxing the magic-γ condition

• A higher B-field
– compact solenoid (injection would be challenging, ...)
– one constraint: bunch width < cyclotron period;

1.45 T & 14 m diameter
@ Fermilab

11/06/2026



Beyond the magic-γ Paradigm

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

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?

Beyond the magic-γ Paradigm

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

CERN/BNL/FNAL
Muon g-2

11/06/2026

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 New proposals
at HIAF/...(capable of focusing 

conventional muons)

Beyond the magic-γ Paradigm

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

CERN/BNL/FNAL
Muon g-2

11/06/2026

Reaching the precision limit
(stat ≈ syst ~100 ppb )



Concept 1) Hybrid weak focusing
• A hybrid focusing system with E-quadrupoles and B-quadrupoles, using higher-

order B fields to compensate for higher-order E-fields:
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𝒆! 

detector
Electric
Quadrupoles

Full-ring Magnet

𝝁- beam

Kicker

Inflector

Magnetic
Quadrupoles

𝝎𝒂 = −𝒂𝝁
𝑞
𝑚#

(𝑩𝟎 +⋯) +
𝑞
𝑚#

[(𝒂𝝁 −
1

𝛾% − 1
)
𝛽×𝐸
𝑐
]
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Concept 1) Hybrid weak focusing
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• In principle it's straightforward to recycle the magnet from FNAL

Now all are analytic -
will need to
demonstrate it works
with a more realistic
beam dynamics

all hybrid focusing, 5 GeV/c muons

← Ce is supressed to a few ppm wrt
100+ ppm with normal focusing

11/06/2026



Concept 2) Proton beam co-magnetometer

Magnet𝝁- bunch

Kicker

Polarized proton

HFRS (HIRIBL)

Polarimeter

Edge
focusing

𝒆- detector

• Polarized protons experience 
the same magnetic field as the 
muons for a direct calibration of 
the magnetic field.

• A segmented sector magnet 
structure with fringe fields to focus
the muons, removing the need for 
additional E field focusing.
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F.J.M. Farley, NIMA, 
523 (2004) 251

doi:10.1016/j.nima.2003.12.016
doi:10.1016/j.nima.2003.12.016
doi:10.1016/j.nima.2003.12.016
doi:10.1016/j.nima.2003.12.016


Concept 2) Proton beam comagnetometer
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• No inflector needed à only need to design kicker(s) 
• Momentum acceptance is expected to be larger than the magic-γ paradigm
• One big challenge is the edge field calibration

• Polarized proton beam: essentially a 'denser form' of the NMR probe. 
• Fringe fields with large gradients confined to limited regions where NMR fails

We have started detailed magnet 
design (Liverpool, IMP), and 
software development for muon 
tracking simulation (SJTU, PKU)

← Ideal model constructed with
muon tracking simulation



Proposal at China's HIAF
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HIAF
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High Intensity heavy-ion Accelerator Facility

Two modes：
• Fast operation: 400 ns bunch length with a repetition rate of 3 Hz
• Slow extraction: 3 sec extraction time with a repetition period of 13 s

iLINAC (180 m)

B-Ring (569 m)

S-RingHFRS

11/06/2026



Muon beam at HIAF
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Very high intensity muon beams for both charges

Proton/ions target，generating 𝝅/𝝁 and
other secondary particles

w/ purification: 𝟑. 𝟕×𝟏𝟎𝟓/s

positve muon negative muon

w/ purification: 𝟐. 𝟒×𝟏𝟎𝟓/s

11/06/2026 ↑ comparable to Fermilab g-2 muon intensity



HIAF-U
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• An upgrade planned for the second phase of HIAF, aims to increase the proton 
energy from 9 to 25 GeV, with a dedicated muon beamline in the design.

Dedicated Muon Terminals

High Energy 
Density Terminal

• with a higher proton power, the proton &
muon intensities are expected to go an order
higher than HIAF

11/06/2026



Precisions comparison ∆𝜔#
𝜔#

∝
1

𝜸𝑩𝑷 𝑁

FNAL HIAF HIAF-U

𝛾 30 20 – 40 (2-4 GeV) 150 (15 GeV)

𝐵 1.5 T 3 T (planned) 6 – 15 T?

𝑃 ~100% ~100% ~100%

N required to achieve the same 
precision in ∆𝜔"/𝜔"

𝑵 𝑵/𝟒 𝑵/𝟒𝟎𝟎

Precision 𝜇!: 0.13 ppm (FNAL)
𝜇": 0.7 ppm (BNL) 𝜇"/𝜇!: 0.1 ppm 𝜇"/𝜇!: 0.05 ppm

↑
The statistical sensitivity won't be a 
problem at all. Purely systematics-limited
à opens a lot of interesting possibilities11/06/2026 18



Next-generation muon g-2 ideas
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• The ideas in this talk are also adaptable to other high-intensity GeV muon 
facilities – CERN, BNL, FNAL...
• g-2 proposal at PSI: https://indico.ph.liv.ac.uk/event/2133/
• g-2 possibility at BNL with novel polarimetry paradigm (aiming at 1 ppb!): arxiv 2605.23013

11/06/2026

https://indico.ph.liv.ac.uk/event/2133/
https://arxiv.org/pdf/2605.23013


What can we probe given a 0.05 ppm?
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1) New-Physics energy scale

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

11/06/2026

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



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

11/06/2026

Slides courtesy: Breese Quinn, On Kim



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

11/06/2026



Final remarks

11/06/2026

• Generations of muon g−2 experiments over the past 50 years have been at
center stage in SM evolution.

• The 'magic-γ' approach through CERN/BNL/Fermilab has reached the endgame.
New approach is needed to take over. 

• In the coming decades, the theory puzzles likely to be resolved, with the
precision matching the Fermilab level - calling for new experimental input.

• New experiments will take decades - the time to start is now.

• Grazie!



backup

2411/06/2026



What can we probe given a 0.05 ppm?
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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

11/06/2026



What can we probe given a 0.05 ppm?
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

11/06/2026 26



Physics and technical synergies
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• Polarized protons: synergy with the Electron-ion collider project (EIC or EicC)
• Neutrino factory (NvStorm)
• Muon collider?

courtesy: Xianguo LU



Lessons learned 2) 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
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https://arxiv.org/abs/2512.16980
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𝜔8
𝜔9

×
(1 + 𝐶: + 𝐶9 + 𝐶98 + 𝐶;; + 𝐶<=)

(1 + 𝐵> + 𝐵?)
×𝑎" =

Corrections from Beam Dynamics

Corrections from Magnetic 
Field Transient 

30

The Full Recipe - a real-world equation



Statistics: After 6 years of running
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2021
2023 2025

𝝈𝝎𝒂
𝝎𝒂

∝
𝟏
𝑵



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* + 𝐶, + 𝐶)% + 𝐶,( + 𝐶--
𝑓$(%./ 𝑥⃗ 𝑥, 𝑦, 𝜙 ×𝜔, 𝑥, 𝑦, 𝜙 (1 + 𝐵' + 𝐵0)

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

• No dominant source
• Further improving would require to 

reduce in many categories togerther!
• How?


