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Recent progress in  
muon electric and magnetic dipole moments

Kim Siang Khaw（许⾦祥） 

中国物理学会⾼能物理分会学术年会

11 Aug 2022

http://web.tdli.sjtu.edu.cn/kimsiang84/

A recent review on muon g-2: Nucl. Phys. B 975 (2022) 115675
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• Muon is a very sensitive probe for BSM physics 
• The Muon Trio in Precision and Intensity Frontiers 

• g-2, EDM, charged lepton flavor violation (cLFV)

Probing BSM with muons
Apr 7, 2021

Unveil new physics
Probe energy scale 

otherwise unreachable 
E > 1000 TeV

Courtesy Yoshitaka Kuno
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Very active research area!

Fermilab

Paul Scherrer Institut (PSI) 中国散裂中⼦源

中国强流重离⼦加速器装置 

Muon g-2 (SJTU) 
Mu2e (SYSU)

muEDM (SJTU) 
MEG II, Mu3e, 

MUSE, CREMA, etc

Muon g-2/EDM (PKU) 
COMET (IHEP), DeeMe,  

Mu HFS/1S-2S, etc

MACE (IHEP, SYSU)

J-PARC

Next generation muon g-2/EDM

> 20 muon physics experiments!
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The Muon Moments: g-2 and EDM

• A search for new physics which is 
essentially “background-free”

• The contribution from SM’s CKM matrix is 

too small (d ~ 10-42 e cm)

• Current limit d ~ 10-19 e cm


• Many BSM models predict large EDMs

• Complementary to LHC searches


• Baryon asymmetry in the universe (BAU) 
requires more CPV

• EDMs are good probes of BSM CPV

• g-2 can be calculated and measured to 
very high precision

• SM Theory: 370 ppb

• Fermilab experiment: 460 ppb


• Precision test of SM calculations

• Sensitive to 4-loop QED, QCD, and EW


• The difference between theoretical and 
experimental values probes BSM physics

• Complementary to LHC searches

⃗μ = g
e

2m
⃗s ⃗d = η

e
2m

⃗s

百万分之⼀ 
以上的精度!
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Standard Model Prediction of aμ

QED EW HVP HLbL

Theory Initiative White Paper: T. Aoyama et al. Phys. Rept. 887 (2020)

(370 ppb)

强⼦真空极化
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More on HVP contributions

2) Lattice QCD + 
supercomputers

Very important cross check! 
First run: 2022-2024

1) Dispersion relation + 
low energy e+e- -> hadrons

New results from 
CMD-3, BaBar, 

BES-III and Belle-II 
expected!

3) Dispersion relation + 
    muon scattering on electrons

Phys. Lett. B 746 (2015), 325

Theory initiative: estimate of ~2025 to sort all this out
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Four generations of storage rings

CERN 
1960-1970s 

7.3 ppm 
(completed)

BNL 
1990-2000s 
0.54 ppm 

(completed)

Fermilab 
2009-2023 
0.14 ppm 

(in progress)

J-PARC 
2009-2030s 
0.45 ppm 

(under 
construction)
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Muon g-2 Collaboration
(>200 collaborators, 35 institutes, 7 countries)

Muon g-2 collaboration meeting at Elba, Summer 2019

• USA
– Boston
– Cornell
– Illinois 
– James Madison
– Kentucky 
– Massachusetts
– Michigan
– Michigan State
– Mississippi
– North Central
– Northern Illinois 
– Regis
– Virginia
– Washington

• USA National Labs
– Argonne
– Brookhaven
– Fermilab

• China
– Shanghai Jiao Tong

• Germany
– Dresden
– Mainz

• Italy
– Frascati 
– Molise
– Naples
– Pisa
– Roma Tor Vergata
– Trieste
– Udine

• Korea
– CAPP/IBS
– KAIST

Russia
Budker/Novosibirsk
JINR Dubna

United Kingdom
Lancaster/Cockcroft
Liverpool
Manchester
University College London
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We include: Particle-, Nuclear-, Atomic-, Optical-, Accelerator-, and Theoretical Physicists 
And we combine our effort to measure a single value, g-2, to 140 ppb (BNL - 540 ppb)!

Kim Siang Khaw

SJTU/TDLI

Liang Li

SJTU/INPAC
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Principle of g-2 measurement
CyclotronLarmor Thomas

measure 
difference in 

frequency 
precisely

homogenous 
field and 

precise field 
measurement

Anomalous precession frequency
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A grand view of the g-2 ring

 µ+ 

 µ+ 
 e+ 

 24 calorimeters + 2 trackers 

1. Inject muon beam 
into the storage ring 
and store them


2. Monitor the magnetic 
field with fixed and 
trolley probes


3. Detect positrons with 
calorimeters and 
trackers
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Visualizing the measurements

!!"
!# ", $, % ×'(", $, %) Muon Lifetime Measurement with 

Muon g-2 Experiment at Fermilab
Zejia Lu, Shanghai Jiao Tong University

• Both muons’ momentum and spin rotate in storage 
ring.

𝜔𝑐 = −
𝑞𝐵
𝑚𝛾

𝜔𝑠 = −𝑔
𝑞𝐵
2𝑚

− (1 − 𝛾)
𝑞𝐵
𝑚𝛾

𝜔𝑎 = 𝜔𝑠 − 𝜔𝑐 = −(
𝑔 − 2
2

)
𝑞𝐵
𝑚

• Because 𝑔 > 2, the polarization of muons will 
rotate too, which is called anomaly precession.

Muon g-2 Experiment
• Use calorimeters to 

detect decay 
positrons. the 
modulation in 
anomaly precession 
will be seen. 

Muon Lifetime Measurement

• The hit time distribution of 
electrons with energy over a 
threshold has a module as 
wiggle + exponential decay.
𝑁𝑒−

𝑡
𝜏𝑏𝑜𝑜𝑠𝑡𝑒𝑑 1 + 𝐴 cos 𝜔𝑡 + 𝜙

• However, muons rotates in 
storage ring with energy about 
3.1 GeV, the lifetime here is 
Lorentz boosted.

• With smaller time bin, a wiggle 
with higher frequency will be seen. 
This is the rotational frequency of 
muons. 

𝜔𝑟𝑜𝑡𝑎𝑡𝑒 = 2𝜋𝑅/𝛽𝑐
𝑅 = 𝑝/𝑞𝐵

𝜏𝑟𝑒𝑠𝑡 = 𝜏𝑏𝑜𝑜𝑠𝑡𝑒𝑑/𝛾

Experiment Result Comparison

• The result of measured muon lifetime of Run-1 dataset is
𝜏𝜇+ = 2.19755 ± 0.00018 𝜇𝑠

• An independent measurement of muon lifetime other than 
fix target experiments. A test on general relativity.

• > 3𝜎 deviation between storage ring and fix target 
experiment results. Further study is needed.

• Potential precision improvement with 𝜇− lifetime 
measurement compared to fix target result. 

• CPT violation test.

Systematics Uncertainties

FNAL 𝜇+

BNL 𝜇+
BNL 𝜇−

MuLan 𝜇+

MuLan 𝜇+
FAST 𝜇+

Bardin 𝜇−
Bardin 𝜇+

this result!

• The energy distribution of decay positrons 
depends on polarization of muons.

sub dataset Run-1a Run-1b Run-1c Run-1d

fast rotation analysis uncertainty 
on 𝛾 (Fourier Method)[1] 150 150 150 150

statistics from 𝜏 46 37 30 29

systematics

time randomization 2 1 1 1
gain 69 66 73 17

pileup 6 9 8 3
loss muon 3 2 1 1

beam oscillation 2 1 3 3
total 173 168 168 155

pileup

lost muon

gain

Pileup happens when two or more 
positrons are reconstructed as one.

Muons lost during period of 
measurement biases lifetime.

* Uncertainties in ppm.

Gain recovery from injection flash 
affects energy reconstruction. 

[1] Physical Review Accelerators and Beams 24.4 
(2021): 044002.
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A search for the muon electric dipole moment in 
the Fermilab Muon g-2 experiment

In QFT, the electric dipole moment
(EDM), an analogy with the magnetic
dipole moment µ = g !

"#$ s⃗, is given by:

d = η !
"#$ s⃗

(%~10&'" e cm (SM Prediction) [1]
(%~10&"( − 10&")e cm (BSM Prediction) 

Contributing processes to a lepton EDM
are at the 3-loop level in the Standard
Model and in Beyond Standard Model
Physics (e.g. Higgs Doublet, SUSY) [2]

1. Muon Electric Dipole Moment

SM BSM

2. Current Research Status

There are direct and indirect limits on the 
muon EDM:

Direct limits:
(% ≤ 1.8×10&(* e cm

Based on the BNL Muon g-2 experiment[3]
Indirect limit: 

(% ≤ 1.9×10&"+ e cm
Based on the (,-, (./0 EDM[4]

(% = 1!
1"

(2 ≤ 2.3×10&") e cm

Minimal flavor violation
Any detected signal is a strong hint of new 
physics.

3. EDM Measurement in The Fermilab Muon g-2 Experiment

The precession plane tilted 
when EDM existed

Magnetic field

Spin

Tilted angle ! ∝ EDM 

induced by EDM

For EDM = 0, the phase 
vs vertical hit position is 
symmetric

For EDM ≠ 0, the phase 
vs vertical hit position is 
asymmetric as the 
precession plane is tilted. 

The phase asymmetry 
will be evidence of 
EDM’s existence

Reconstruct the vertical 
hit versus time

Time spectrum for 10 
vertical bins

Fit phase vs vertical 
hit with #!

4. Calorimeter Phase Method Analysis 5. Run2 Preliminary Analysis

1. Muon EDM is a sensitive probe to BSM 
physics;

2. A more sensitive search for muon EDM is 
currently underway at Fermilab Muon g-2

Reference:
1. Phys. Rev. D 89 (2014) 056006
2. HEP - Ph (1997) 9707544
3. Phys. Rev. D 80 (2009) 052008
4. Phys. Rev. Lett 128 (2022) 131803

Cross Terms in the Fit Function for the Precession 
Frequency Analysis in the Fermilab Muon g-2 Experiment

Yonghao Zeng 
zyh1678783412@sjtu.edu.cn

Ⅰ. Muon g-2 experiment and  fit functionωa

1. Anomalous spin precession

2. Beam dynamics[1] and detector acceptance[2]

24 Parameters[1]

3. 1.9 MHz Puzzle

• Cyclotron frequency                                            ~ 6.70 MHz

• Horizontal betatron frequency                            ~ 6.33 MHz

• Vertical betatron frequency                                 ~ 2.20 MHz

• Coherent Betatron Oscillation frequency (CBO) ~ 0.37 MHz

• Vertical Waist frequency (WV)                             ~ 2.30 MHz

Ⅱ. ToyMC studies to understand the origin of 1.9 MHz
1. Beam dynamics

Muon beam harmonically 
oscillates in both x and y 
directions.

2. Acceptance map

Fit acceptance map with 
polynominal function.

Ⅲ. Conclusion and discussion

3. Three modes

Only consider detector’s acceptance 
effeciency to generate muons.

Study three oscillation modes separately.

4. Fitting and FFT analysis

Expand the original function and 
float the cross terms’ amplitude !!!

• The cross terms come from the correlation 
between x and y in position acceptance.


• The amplitudes of cross terms depend on 
the strength of the correlation.


• The puzzle can be resolved by floating 
cross terms’ amplitude in  fitting.ωa

28 Parameters

1.9 MHz 1.9 MHz

No significant peak at 1.9 MHz in Run-1, but not the case 
in Run-2 [3,4].

Fit with traditional form.

Cross terms remain !!!

Reference:
[1] Muon g-2 collaboration, PHYSICAL REVIEW D 103, 072002 (2021)

[2] K.S. Khaw, Phase-acceptance update: final maps, Muon g-2 docdb 23766 (2020)

[3] H. Binney, UW  update: t' clustering pileup, 2C+2D fitting, Muon g-2 docdb 25545 (2021)

[4] J. Stapleton, Run 2 Lessons from IRMA, Muon g-2 docdb 25688 (2021)

ωa

II. Calorimeter reconstruction and  
the pulse fitting procedure[3] 

I.The Muon g-2 experiment and the Kloss puzzle[1][2]

IV.Performance of the new fitter

III.Improvements of the pulse fitting

Old fitter New fitter

An improved pulse-fitting procedure for calorimeter event 
reconstruction in the Muon g-2 experiment at Fermilab 

                                   Cheng CHEN
chencheng92@sjtu.edu.cn

References
[1] Muon g-2 collaboration, PHYSICAL REVIEW D 103, 072002 (2021)  
[2] A. Fienberg, Measuring the precession frequency in the E989 Muon g − 2 Experiment, Ph.D. thesis, University of Washington (2019) 
[3] K.S. Khaw, M. Bartolini et.al., Nuclear Inst. and Methods in Physics Research, A 945 162558 (2019)

‣The full reconstruction chain

‣The Pulse fitting procedure
‣Thresholds used to avid fitting the noise

‣Template fitting to extract the energy/time of the crystal hits

‣Unifying the thresholds to eliminate the early-to-late effect
‣Same thresholds for both primary and secondary pulses  

‣Using thresholds in MeV units by applying energy  
calibration and time-dependent gain corrections

Crystal hit energy Cluster hit energy

‣Lowering the thresholds to recovery extra hits
‣Consider the noise level of each crystal channel

3σ of noise in each channel

20 MeV threshold

‣Recovered low energy crystal hits and 
reduced  corresponding χ2 

‣Improved the Kloss vs energy shape  
(less gradient) 

Not solving the Kloss puzzle completely, we 
are still investigating the possible issues

‣The ωa fitting and Muon loss ‣The Kloss is used to account for the fraction of 
lost muons due to the interaction with material 

‣The Kloss puzzle:  unphysical "muon gain” 
versus time

<latexit sha1_base64="+qlezOHsZ5GzGJe8/cnuxFM54k8="></latexit>

F (t) = N0 ·Nx(t) · ⇤(t) · e�t/⌧

·(1 +A(t) · cos(wa · t+ �(t)))

‣Principal of the g-2 experiment

Energy Deposition in Calorimeters via Boosted Decision Tree Algorithm

Fast Simulation of Muon Storage Ring

Phase-Acceptance Systematic Correction to 𝝎𝒂

Measurement of Muon’s Magnetic Anomaly

A Boosted Decision Tree Model for the Positron Acceptance in 
the Muon g-2 Experiment Jun Kai Ng

Kim-Siang Khaw

𝒆+ Energy Spectrum Modulation at 𝝎𝒂
𝝎𝒂 Analysis

𝚫𝝓~𝟐𝐦𝐫𝐚𝐝
Limited by Geant4 simulation !

𝑵 𝒕 = 𝑵𝟎 𝒆−𝒕/𝝉 𝟏 + 𝑨𝒄𝒐𝒔 𝝎𝒂𝒕 + 𝝓𝒂

Geant4-based simulation 
is expensive !

1. Muon beam & spin dynamics 

2. Muon decay to positrons

3. Positron transportation and 

EM Shower Development

Analytical calculation or Beam Optics Simulations (eg: BMAD, COSY)

Geant4 MuonDecayWithSpin Class

Model with Machine Learning (this work)

𝒂𝝁 ∝

𝝎𝒂 = 𝒂𝝁
𝒆𝑩
𝒎

Anomalous Spin Precession

𝛉

p

s

⊗

Muon Weighted Magnetic field

Phase Map ConstructionTime Dependent Shift in Fitted 𝝎𝒂 Phase
𝑑𝜙
𝑑𝑡

=
𝑑𝑌𝑅𝑀𝑆
𝑑𝑡

∙
𝑑𝜙

𝑑𝑌𝑅𝑀𝑆
1. Time dependent beam effect

2. Dependent of phase on decay 

position (Phase-acceptance)

M
om

en
tu

m
Po

sit
io

n

Input variables 
for training (from 

gm2ringsim 
simulation )

Signal : 
Energy Deposition > 1.6GeV
Background:  Otherwise

Data Preselection Cut: Energy>1.6 GeV

BDT Training
(TMVA’s 

AdaBoost) 

with preselection

Fast simulation & 
AdaBoost application

Gm2ringsim

~𝟏𝟎𝟐 more efficientwithout preselection

Background

Signal

Performance BenchmarkBDT Application

A. Hoecker et al. TMVA: The toolkit for multivariate data analysis, (Preprint arXiv:physics/0703039) (2007)

T. Albahri et al. (Muon g−2 Collaboration) Phys. Rev. D 103, 072002 (2021)

T. Albahri et al. (Muon g−2 Collaboration) Phys. Rev. Accel. Beams 24, 044002 (2021)
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Signal efficiency

Receiver Operating Characteristic Curves

Model trained 
at preselected 

data have 
higher area 
under ROC 

curve 

Background

Signal

Monte-Carlo Truth

BDT Prediction

Data Preselection

Area Under ROC curve

𝒙 = 𝑬/𝑬𝒎𝒂𝒙

𝒅𝑵
𝒅𝒙

𝜽 = 𝟗𝟎°
𝜽 = 𝟏𝟖𝟎°

𝜽 = 𝟎°

Pileup Background Study 
with Muon g-2 Experiment at Fermilab

Yuekai Hu, Shanghai Jiao Tong University
Muon g-2 Experiment and How We Get �� 

l The muon magnetic anomaly of �� measured by

�� =
��

�
(
��

��
)(

��

��
)(

��

��
)

l Four steps to get ��:
l Convert raw data to (E,T)pairs.

Reconstruct the data from the calorimeters.
 

l Apply an analysis method.
e.g. T method: choose energy > 1700MeV.

l Do corrections.
Pileup Correction, etc..

l Fit the time wiggle plot.
  Basic five parameter model:

       � = �0�
−�
� [1 + ����(���  −  �)]

What is a Pileup Event?

l One event that actually is consist of 
two or more events.

l Caused by calo response relaxation 
time or reconstruction process.

l Affect the energy spectrum shape 
and the phase of precession.

Pileup Correction : Shadow Method
l Build the pileup spectrums from data.
l Take double pileup for instance.
l The probability of two �+ hit the same calo at same time:

 �(�)������ ∝  �(�)� ∝  �
�

−� 
�
[� − ����(�� + �)]�

l The probability of finding a pileup event using shadow method:

�(�) ∙ �(� + ∆�) ∝  �
�

−�  [� − ����(�� + �)]  �
�+∆�
−�   [� − ����(�� +

� + �∆�)]

Pileup Systematic Uncertainty on �� 

Conclusion and Outlook

Gap time 

S1

Dead 
time

S2

l Choose gap time ∆� ≈ 0 
or ∆� ≈ �/� to make the 
equations close.

l Apply the dead time scan 
to find the corresponding 
dead time.

l The energy and time for the pileup doublet:
 �������� = �� + ��   ,   ������� = ��∙��+(��−����)∙��

��+��

l The pileup spectrum is built by adding the doublet and 
removing the individual �+ contribution:

�(�, �) = �(�, �) − ��(�, �) − ��(�, �)

l Run2/3 pileup uncertainty for �� analysis is expected to be 
18 ppb, reduced by 50% compared with Run1.

l Other methods for pileup correction : PDF method and 
Empirical method(dealing with pileup events at the 
waveform level).

l The bump in energy spectrum at 4000-5000 MeV after pileup 
correction indicates there might be residual contamination in 
the default shadow method.

l Significant improvement when applying re-clustering 
algorithm to shadow method. Will try Empirical method in 
future analysis for further comparison.

l Pileup systematics are evaluated in many ways, 
l e.g. for pileup amplitude, we calculate its value = sensitivity slope 

* minimum �� distance = ������ ��. ����������* �/ (��� ∗ ���) 
(Here ��� the coefficient of quadratic term for �� vs. multiplier 
fitting and ��� the degree of freedom for �� fitting)

by Maria Corte

l The total pileup systematic ranges from about 30 to 40 ppb 
across the 4 sub-datasets of Run1 and the largest term is from 
pileup time model.

l Run2 & Run3 pileup systematic study is on going, preliminary 
results below : 

Systematics[ppb] Pileup Amplitude Pileup Time Model Pileup Energy Model Unseen Pileup
Run1 5.1 16.6 2.7 2.7
Run2 < 5 ~ 5 < 2 2.5

No Re-clustering

With Re-clustering

Energy[MeV]

Ev
en

ts

Details of analysis in poster session yesterday!

https://indico.ihep.ac.cn/event/16065/timetable/#20220810.detailed
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Run-1 result (Apr 2021)



13

Current status

Apr 2021 publication

~2023 publication
Run-6 will start this Fall 

(More stats + systematic runs)
}

}~2024/2025 publication
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J-PARC Muon g-2/EDM

μ+ (210 MeV)

μ+ (25 meV)

μ+ (4 MeV)

muon LINAC

muon
cooling

Storage magnet

injection

Surface
muon

J-PARC (MLF)

proton 
(3 GeV)

graphite

target

Goals:

  g-2        450 ppb (~ BNL/FNAL run 1)

  EDM   1.5 x 10-21 e・cm (x70 better)
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Fermilab vs J-PARC

J-PARC-E34
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Current status: experimental hall

T. Mibe, Schwinger Fest 2022
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Current status 

Prog. Theor. Exp. Phys. 2018, 113G01

First beam to H1 area (Jan 15, 2022) 
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Schedule and milestone
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Muon g-2 from muonium spectroscopy
Phys.Rev.Lett. 127 (2021) 25, 251801
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• Three approaches from BNL/FNAL experiment:
• Vertical Angle Oscillation (Tracker)
• Vertical Position Oscillation (Calorimeter)
• Vertical Phase Gradient (Calorimeter)

BNL/Fermilab Muon EDM search
PRD 80 (2009) 052008
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• How can we improve the sensitivity of the muon EDM search?

• In the parasitic approach, the tilt angle is the limiting factor

• For an EDM below 10-21 e cm, it will be very challenging to measure this 

small angle (multiple scattering effect + systematics like alignment)

Can we going beyond 10-21 e cm?

A new idea is needed!



22

⃗ω s − ⃗ω c = −
e
m {a ⃗B + ( 1

γ2 − 1
− a)

⃗β × ⃗E
c

+
η
2 (

⃗E
c

+ ⃗β × ⃗B )}
ωη: EDMωa : g-2

Frozen 
spin

B-field 
only

• Developed in 2004 for the muon


• Freeze g-2 component by applying a radial E-field of ~ aBcβγ2 

→ no anomalous precession in the storage plane 
→ EDM causes an increasing vertical polarization

The “frozen-spin” technique
PRL 93 (2004) 052001 
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Putting everything together
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• Up-down asymmetry measured using upper and lower detectors

Principle of the FS-EDM measurement
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• Phase I

muEDM at PSI with the FS approach

Muon EDM search at PSI will commence in two phases:

Phase 1 @ 28 MeV/c

d~10-21 e cm by 2026

Phase 2 @ 125 MeV/c

d~10-23 e cm by 2031
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Potential beamlines for muEDM
Phase 1 @ πE1 

28 MeV/c, ~106/s

Phase 2 @ μE1 
125 MeV/c, ~108/s

PSI Experimental Hall
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● Muons enter the uniform magnetic field
● A radial magnetic field pulse stops them within 

a weakly focusing field where they are stored
● Radial electric field ‘freezes’ the spin so that 

the precession due to the g-2 is cancelled

The general experimental idea
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• PSI Beam Test 2019

• Characterization of potential beam lines


• PSI Beam Test 2020

• Study multiple scattering of positrons at low momenta


• PSI Beam Test 2021

• Characterization of potential electrode material with 

positrons and muons

• PSI Beam Test 2022

• Performance test of entrance/collimating channel

• Performance test of TPC muon tagger/tracker

Annual beam tests at PSI
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Projected Final Sensitivity of 10-23 e cm

Key parameters Symbols Phase 1 @  
28 MeV/c

Phase 2 @

125 MeV/c

Muon beam rate 2 x 106 s-1 1.2 x 108 s-1

After collimation 1 x 106 s-1 (𝜀=50%) 1.2 x 108 s-1 (𝜀=0.5%)

After beam injection 3 kHz (𝜀=0.3%) 480 kHz (𝜀=60%)

Gamma factor 𝛾 1.03 1.77

Initial polarization P 0.95 0.95

Electric field Er 0.3 MV/m 2 MV/m

Positron

detection rate 0.5 kHz 80 kHz

Muon decay 
asymmetry 𝛼 0.3 0.3

Detections (200 days) N 4x1011 1012

Sensitivity < 3 x 10-21 e cm < 6 x 10-23 e cm
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Collaboration activities

+ monthly meetings and online collaboration meetings in between
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Schedule and milestone

Phase I (precursor) Phase II (final)
Year

Simulations general
Instrument concept

Magnetic field
Magnetic pulse

SC shielded channel
High voltage

Detectors
Data acquisition

EDM measurement

Simulations general 
Dedicated Magnet

Magnetic pulse
SC shielded channel

High voltage
Muon detectors
Positron tracker
Data acquisition
Commissioning

EDM measurement

Pr
ec

ur
so

r
D

ed
ic

at
ed

 In
st

ru
m

en
t

2028 2029 2030 20312022 2023 2024 2025 2026 2027

a

1

b

d

c

2

3

4

5
6

HIPA LS
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Rich physics program connected to muon g-2

ACME@US

MuMASS@PSI,  
J-PARC

J-PARC

CMD-3, BaBar, 
BES-III, Belle-II

CERN
Fermilab,  

J-PARC, PSI
NA64mu@CERN, 

M3@Fermilab

PIONEER@PSI, 
PIBETA/PEN@PSI

Very active 
field now!

MEG II, Mu2e, 
Mu3e, MuMuBar

Many interesting and high-impact experiments for young students and postdocs!
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Muon g-2 
Theory Initiative

Muon g-2 @ Fermilab

Muon g-2 @ J-PARC

MUonE @ CERN

STAY TUNED!

Muonium 1S-2S + HFS @ PSI/J-PARC

muEDM @ PSI


