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Muon 𝒈 − 𝟐: status and limitations
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• The theory remains unsettled — different approaches give inconsistent results 
that still need to be understood.

BNL negative muon

BNL positive muon

BNL average (neg. + pos.)
FNAL 2025 (positive muon)

Experimental average

SM 2020
(data-driven)

SM 2025 (LQCD)

CMD3
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FNAL Results

• The Fermilab results agree well;
• The current exp world average is 

dominantly driven by this single 
experiment.



Experimental limitations
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1) Single experimental method
• The method has remained unchanged since CERN-III (1979).
• Muons at magic momentum (3.1 GeV/c) are injected into a uniform B-field, with 

(a) calorimeters detecting positrons and (b) NMR probes calibrating the field.
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• The method has remained unchanged since CERN-III (1979).
• Muons at magic momentum (3.1 GeV/c) are injected into a uniform B-field, with 

(a) calorimeters detecting positrons and (b) NMR probes calibrating the field.

• Could the Fermilab results be affected by any intrinsic, yet insufficiently 
considered limitations, potentially introducing systematical bias?

• Another high-precision measurement using a new approach would be critical 
to double-check the BNL-FNAL results, similar to practices at the LHC.

5



Experimental limitations
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1) Single experimental method
• Also, this approach had essentially hit the limit — the systematic and statistical 

uncertainties are roughly comparable. The systematics errors are distributed 
almost uniformly.

127



Experimental limitations
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2) No precise result for negative muons

11/14/25

• The Fermilab experiment measured the positive muon (𝜇+) with a precision of 
0.14 ppm (2025);
• The most recent measurement of the negative muon (𝜇−) still dates back to the 

BNL result (2004), with a precision of 0.7 ppm — about five times worse.

• Notably, theoretical differences are being investigated
and potentially converging. Theory is expected to 
reach a higher precision in the next few years

• 𝝁( 𝑔 − 2 will be the least precise and most outdated 
results by then.



New Physics with 𝒈 − 𝟐 𝝁!

8

1) CPT and Lorentz-violation test
• In the Standard Model, 𝜇+ and 𝜇− g−2 should be the same. A difference would 

be direct evidence of CPT violation. 
• A precise 𝜇− g−2 alongside 𝜇+ would greatly improves sensitivity to new physics 

and tightens constraints on many models.

In 2008, BNL set stringent limits on the parameters 
of CPT-violating Standard-Model Extension (SME):

bz is a parameter characterizing the potential for 
CPT-odd (CPT-violating) effects.



New Physics with 𝒈 − 𝟐 𝝁!
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1) CPT and Lorentz-violation test
• In the Standard Model, 𝜇+ and 𝜇− g−2 should be the same. A difference would 

be direct evidence of CPT violation. 
• A precise 𝜇− g−2 alongside 𝜇+ would greatly improves sensitivity to new physics 

and tightens constraints on many models.

11/14/25



New Physics with 𝒈 − 𝟐 𝝁!
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2) Connection to atomic physics

• Negative muons can form muonic atoms (e.g., muonic hydrogen & helium).

• The negative muon g-2 can be connected with muon spectroscopy exps, 
providing insights into higher-order QED and nuclear structure effects.

11/14/25
Phys. Rev. A 71, 032508:
HVP could be updated with negative muon g-2



The g-2 experiment at J-PARC

11

Featuring positive muon cooling

11/14/25

Surface 
muon 
beam

Muonium
(𝜇+e-)

𝜇+

Negative muons cannot be cooled 
using this technique.



Other possibilities
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1) An independent new method;
2) Priotizing g-2 of negative 𝜇, if feasible;
3) High-precision, matching or surpassing FNAL (0.1 ppm).

à Prerequisite: a high-intensity muon source

for Next-Generation Muon 𝑔−2 measurements



A glimpse of muon sources in China

① Shanghai source

Guangdong ('Canton') area

③ HIAF & CiADS
② CSNS

13
Check out my backup slides for source① and②



Muon sources in China
③ HIAF and CiADS
• Two neibourhood facilities managed by Institute of Modern Physics (IMP)

of the Chinese Academy of Sciences

https://english.imp.cas.cn/

• Mainly focused on heavy-ion science and technology, 
based on the Heavy Ion Research Facility in Lanzhou 
(HIRFL);

• Also covers nuclear physics, atomic and molecular 
physics, material radiation effects, radiation biology, 
particle accelerator technology...

14

https://english.imp.cas.cn/


Muon sources in China
③ HIAF and CiADS
• Two neibourhood facilities managed by Institute of Modern Physics (IMP)

of the Chinese Academy of Sciences

https://english.imp.cas.cn/

• The institute was founded by a physicist Young, Chen-
Tsoong who carried out PhD research in Liverpool
(1947-49) in the George Holt Physics Laboratories and 
worked with J. Chadwick, J. Rotblat and J. R. Holt.

1912.4 – 1987.12

15

https://english.imp.cas.cn/


Muon sources in China
③ HIAF and CiADS
• Two neibourhood facilities managed by Institute of Modern Physics (IMP)

China-initiative Accelerator-Driven Subcritical 
system (CiADS)

https://english.imp.cas.cn/research/facilities/CIADS/https://english.imp.cas.cn/research/facilities/HIAF/

High-Intensity heavy-ion Accelerator Facility
(HIAF)
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https://english.imp.cas.cn/research/facilities/CIADS/
https://english.imp.cas.cn/research/facilities/HIAF/


Muon sources in China
③ HIAF and CiADS
• Two neibourhood facilities managed by Institute of Modern Physics (IMP)
High-Intensity heavy-ion Accelerator Facility
(HIAF)

• Heavy-ion acceleration and nuclear physics:
nuclear structure, nuclear astrophysics, and 
high-energy-density matter;

• High-current ion sources, superconducting 
linacs, and large storage rings;

• Comparable to GSI/FAIR in capability;

• Planning a high-energy muon (1-20 GeV).

China-initiative Accelerator-Driven Subcritical 
system (CiADS)

• Nuclear energy and waste transmutation;

• To demonstrate the Accelerator-Driven 
System (ADS) concept for sustainable nuclear 
energy and minimal radioactive waste;

• High-power proton linear accelerator coupled 
to a subcritical lead-bismuth reactor;

• Planning a low-energy muon (e.g. surface
muon beam).

17



Muon sources in China
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③ HIAF and CiADS
• Two neibourhood facilities managed by Institute of Modern Physics (IMP)

HIAF

2024-5-14

HIAF CiADS



CiADS



Experimental hall
(including muon beam line), expected ~2028

Subcritical reactor

LINAC

CiADS



2111/14/25

Han-Jie Cai, NuFact2025 @ Liverpool



HIAF
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High Intensity heavy-ion Accelerator Facility

11/14/25

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

B-Ring

S-RingHFRS
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HIAF



HIAF

24

First beam commissioning achieved on 28th October

https://english.imp.cas.cn/news/highlights/202510/t20251031_1095238.html

the first signal 18O at B-ring

the first signal 18O at S-ring

https://english.imp.cas.cn/news/highlights/202510/t20251031_1095238.html


HIAF

25

Discussions on the first beam commissioning result



HFRS (HIRIBL)
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The world’s longest and highest magnetic rigidity radioactive beam-line

11/14/25

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

次级粒子的强度在不同磁刚度下的变化

Yu Xu @ MIP2025

https://indico.ihep.ac.cn/event/24109/timetable/?view=standard


HFRS (HIRIBL)
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The world’s longest and highest magnetic rigidity radioactive beam-line

11/14/25

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

proton



HFRS (HIRIBL)
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The world’s longest and highest magnetic rigidity radioactive beam-line

11/14/25

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



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.

High Energy 
Density Terminal

dual-ring configuration



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 now



Muon beams comparison
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The only (?) facility worldwide planning a GeV-scale high-intensity pulsed 𝝁9

11/14/25

→ Currently intensity at HIAF is
comparable to FNAL, while
HIAF-U would very likely
surpass it.

100-400 (TBD)

10 - 20 GeV/c



Muon beam for 𝒈 − 𝟐
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① Higher energy (higher 𝛾)
• The statistical precision of 𝜔::

∆𝜔:
𝜔:

∝
1

𝜸𝑩𝑷 𝑁

FNAL J-PARC HIAF HIAF-U
𝛾 30 3 20 – 40 (2-4 GeV) 150 (15 GeV)

𝐵 1.5 T 3 T 3 T or higher 6 – 15 T?

𝑃 100% 50% 100% 100%

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

𝑵 100 𝑵 𝑵/𝟒 𝑵/𝟓𝟎𝟎



Muon beam for 𝒈 − 𝟐
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② Time structure

• High-intensity pulsed muons evenly spaced in time, maximize the number of 
bunches (high-repetition rate; 3Hz is not very good)

• Each bunch should be as short in duration width as possible
• The injection must be completed before the bunch finishes one full turn in the ring;
• bunch time < cyclotron period à at Fermilab this condition is 100 ns < 149 ns.

100 ns

149 ns

FNAL: duty cycle is ~1%, bunch width 100 ns



Muon beam for 𝒈 − 𝟐
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② Time structure

• High-intensity pulsed muons evenly spaced in time, maximize the number of 
bunches (high-repetition rate; 3Hz is not very good)

• Each bunch should be as short in duration width as possible
• The injection must be completed before the bunch finishes one full turn in the ring;
• bunch time < cyclotron period à at Fermilab this condition is 100 ns < 149 ns.
• This subsequently determines the acceptable B field:

𝛾~30 (3GeV) and B~3T à T = 70 ns
a very challenging condition



Muon beam for 𝒈 − 𝟐
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③ Momentum spread
• For FNAL g-2, The momentum acceptance is narrow ('magic momentum'),

making the injection efficiency is roughly 2-3%.

FNAL

Currently, simulation at HIAF shows a similar momentum
spread à We'd expect a simialr injeciton efficiency but there's
room for improvement (next slides).



CANTON-𝝁 Proposal
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Creative Anomalous magNetic momenT Observation with Negative-muon

• We propose using HIAF's muon beam for muon g-2 measurement, featuring an
independent approach that prioritizes negative muons and targets a final 
precision surpassing FNAL's 0.13 ppm.

Concept B

Weak hybrid focusing
• Combining electric and magnetic quadrupole focusing provides a more flexible 

longitudinal focusing scheme
• Also suppresses E-field corrections and CBO etc, while allowing a flexible momentum

Concept A

Co-magnetometer
• a sector magnet design, eliminating E-field and a flexible muon momentum
• a polarized proton to directly calibrate the B field, a muon-proton “co-magnetometer”



Concept A – Comagnetometer

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.

37courtesy: Chris Rogers



Concept A – Comagnetometer
Details

11/14/25

Magnet𝝁- bunch

Kicker

Polarized proton

HFRS (HIRIBL)

Polarimeter

Edge
focusing

𝒆- detector

• A 3 - 6 T B-field à radii of about 7 m - 3 m
• Small volume easier for field uniformity à a reduced systematics;
• Challenging due to the limit of upstream bunch width;

• A strict momentum acceptance is relaxed
• Muons of different momenta experience exactly the same spin evolution after one full turn 

in the magnetic field;
• The injection efficiency could be greatly improved from FNAL's 2-3%

• No inflector needed à only need to design kicker(s)

38

𝑝+

𝑝,…



Concept A – Comagnetometer
B-field calibration sytematics

Magnet𝝁- bunch

Kicker

Polarized proton

HFRS (HIRIBL)

Polarimeter

Edge
focusing

𝒆- detector

• Forseenably, one big challenge is the segment magnets – its fabrication and
the related field calibration (with polarized protons)
• First thing – demonstrate it really works!

39
Courtesy Bingzhi Li

• Polarized protons: essentially a denser 
form of the NMR probe. 
• Fringe fields with large gradients confined to 

limited regions where NMR fails;
• The proton approach could be combined with 

conventional methods — EPR probes or 
machine-learning-based fitting — to further 
improve the precision.



Concept A – Comagnetometer
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Other sytematics

• Removing the E-field would improve the 
systematics for both 𝜔𝑎 and 𝜔𝑝

• For both it stands as one of the largest
uncertainty sources

• New systematics at B-field (protons,
calibration etc)
• Remove the dominant part currently and

distribute the new systematic effects to the 
magnetic field part, which has more 'buffer' 
in the systematics chart 



Concept A – Comagnetometer
Phase-II: upgrade with 10-20 GeV muon
• With a higher muon energy (and subsequently a higher B-field), the

statistical sensitivity won't be a problem at all:
• A 15 GeV muon with 15 T B-field à N/500;
• A systematics-limited, and truely next generation g-2 experiment: driving 

advances in theory and techs.

• Being free from statistical limits opens a new window:
• Pencil beam with a direct collimator: a better systematics related to beam

dynamics – CBO, field mapping etc.
• clock/counter-clock wise measurements

• Others: a dedicated muon beam-line with a delivery ring? 41



Comparisons
Facilities CERN/BNL/FNAL J-PARC HIAF (HIAF-U)

Muon
momentum 3.1 GeV/c 300 MeV/c Flexible 2-4 GeV (HIAF)

10-20 GeV (HIAF-U)

Magnet Full-ring magnet Full-ring magnet Sector magnet

Storage B-field & E-field B-field Edge B-field focusing w/o E-field

Field
calibration NMR calibration NMR calibration Calibration via polarized proton and

other methods

Data taking 650 days (FNAL) > 300 days (expected) 100-200 days

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



Concept B – Hybrid weak focusing

11/14/25

• A hybrid focusing system with E-quadrupoles and B-quadrupoles, 
using higher-order B fields to compensate for higher-order E-fields:

43

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
]



Concept B – Hybrid weak focusing
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Details

• In principle it's straightforward to recycle the magnet from FNAL

• If Concept A turns to be too challenging, one could start with a more traditional version here.

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



Comments and feedbacks
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• The biggest 'showstopper' I’ve received so far is still the question about the 
physics motivation. Case closed - this is the external perception of g-2.

• Some physics & techinical connections
• Polarized protons: synergy with the Electron-ion collider in China (EicC)
• Proton EDM?
• Neutrino factory?
• ...

𝝁( → 𝒆( + 𝝂𝒆 + 𝝊𝝁



Outlook
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• Draft proposal to arXiv soon;
• More detailed feasibility studies: the storage ring design, beam dynamics

simulaiton, new systematics estimation, ...
• More possibilities on physcis & technical connections;

• Long-term vision (still a bit of a dream at this stage!): CDR, TDR, ...
• The decision would also depend on the progress from the theory side 

11/14/25



Summary

47

• We propose a new muon g-2 experiment, CANTON-𝜇, at China‘s HIAF, whose
muon beams perfectly meet the needs for g-2 — a GeV-scale, high-intensity 
pulsed muons.

• The new experimental concept goes beyond the magic momentum constraint, 
enabling higher statistical precision and largely removing E-field systematics:

• Phase I: 2–4 GeV muons — aiming at 0.1 ppm precision (comparable to FNAL);

• Phase II: 10–20 GeV muons — aiming at 0.05 ppm precision, 3x better than FNAL.

— making it truly a next-generation muon g-2 experiment.



Summary
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• The whole thing still at a very early stage - many feasibility studies to be done.
• The facility is under commissioning - muons are expected within 2–3 years.

• We hope to make muon g-2 the flagship experiment at HIAF — it’s a long-term 
journey, any support and ideas along the way would be greatly appreciated.
• Good synergies with new initiatives at PSI/BNL/... as seen in this workshop!

• Thanks!



Backup

4911/14/25



Muon sources in China
① Shanghai source
• Electron as a potential driver for muon sources
• Feature: high-repetition rate pulsed beam

Yusuke Takeuchi, Kim Siang Khaw @ MIP2025 50

https://indico.ihep.ac.cn/event/24109/contributions/189072/attachments/90860/118218/MIP2025_SMS_v2.pdf


Muon sources in China
① Shanghai source
• Electron as a potential driver for muon sources – more efforts:

Zhang, F., Deng, L., Ge, Y. et al. Proof-of-principle demonstration of muon production with 
an ultrashort high-intensity laser. Nat. Phys. 21, 1050–1056 (2025). 
https://doi.org/10.1038/s41567-025-02872-2 51



Muon sources in China
② CSNS (The China Spallation Neutron Source)

LINAC

RCS

Neutron
target

Muon source
('MELODY')

Yu Bao, ECJ workshop @ Shanghai
52

A facility managed by iHEP

https://indico-tdli.sjtu.edu.cn/event/3895/timetable/
https://indico-tdli.sjtu.edu.cn/event/3895/timetable/
https://indico-tdli.sjtu.edu.cn/event/3895/timetable/


Muon sources in China
② CSNS (The China Spallation Neutron Source)

Neutron target

Yu Bao, ECJ workshop @ Shanghai

11/14/25 53

https://indico-tdli.sjtu.edu.cn/event/3895/timetable/
https://indico-tdli.sjtu.edu.cn/event/3895/timetable/
https://indico-tdli.sjtu.edu.cn/event/3895/timetable/


HIAF and CiADS

HIAF

CiADS

11/14/25 54



HIAF and CiADS

CIADS

HIAF

11/14/25 55
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CiADS
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Muon beam comparison
Facility Status

BNL No muon beam available post BNL g-2

FNAL No muon beam post g-2, now focusing on mu2e and neutrino

CERN Muon beams at 150+GeV，focusing on target experiments (NA64, MUonE)

J-PARC Low-energy muon beam; no plan for muon beam at main ring

PSI Low-energy muon beam;

ISIS Low-energy muon beam;

HIAF's GeV-scale, high-intensity pulsed μ⁻ beam — perhaps the only one in the next 20 years (?)

11/14/25 59



Proton accelerator based muon source

60

FNAL、BNL ISIS CERN & PSI

J-PARC

CSNS HIAF/CiADS

Low energy O(MeV)

ISIS

PSI

J-PARC

CSNS

CiADS

High energy O(GeV+)

FNAL

BNL

CERN

HIAF

11/14/25
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