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Status of the Muon g-2
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Waiting for the new Muon g-2 result

BMW 24

Quite confused situation:
• WP20 SM prediction (blue band, HVP 

based on e+e- data) in significant 
tension (> 5) with Fermilab (FNAL) 
muon g-2 experimental result;

• New (precise) lattice prediction for HVP 
(BMW20-24)  in significant tension with 
wp20 and much closer to FNAL 
experimental result

• New result from CMD3 (e+e-) in 
significant tension with old e+e- data 
(used for WP20), and in agreement with 
BMW20-24

• Test of HVP in progress from e+e- data, 
lattice, tau and more in future from 
MUonE

• In parallel to this clarifications…cross 
check of the experimental result with a 
new method?
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WP20 SM predicton Experiment

370 ppb 190 ppb



Injection of an ultra-cold, low-energy, muon beam into a small, but 
highly uniform magnet

g-2/EDM experiment at JPARC



The J-PARC approach



What makes them different?
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Fermilab (BNL) muon g-2 experiment(s)

• Electric focusing (vertical confinement)

• Magic momentum γ= 29.3 (p = 3.1 GeV/c)

• 15 m ring diameter (B= 1. 45T)
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aμ can be extracted by precisely measuring B and ω.

JPARC muon g-2/EDM experiment

• No electric field (E=0)

• 300 MeV/c momentum

• 0.66 m ring diameter (B = 3 T)

-Different systematics

-Simultaneous measurement of g-2/EDM
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spin (s)
momentum (c)



Τ𝜎𝑝 𝑝~0.2% 
(~1% before entering the ring)





• Surface +

• Stop in (laser ablated surface) Aerogel
• Diffuse Muonium (+e-) atoms into vacuum
• Ionize 

• 1S → 2P→unbound
• Max Polarization 50%

• Accelerate
• E field, RFQ, linear structures
• p= 210 MeV/c
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Ultra-cold Muons



Ultra-cold Muons



(2024)

http://arxiv.org/abs/2410.11367v1 

Acceleration from 
termal  energy to 
100 keV by RF 
system

http://arxiv.org/abs/2410.11367v1
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Muon linac ( Ek =5.6 keV → 212 MeV) 



• 3D spiral injection scheme is 

adopted for muon injection into 

the storage magnet.

• Injection radial magnetic field 

decreases pitch angle from 440 

mrad (injection) to 40 mrad (after 

the first three turns)

•  A kicker radial pulse (kicker coils 

inside the solenoid) reduces the 

pitch angle to ~0 

• Main (axial) field in the storage 

region T= 3 T

Injection region
(0.4< z < 1.1 m)

storage region
( |z| < 5cm; r =33.3+-0.15 cm)

Kicker field
(|z| < 40cm)



Average uniformity  <=+- 50 ppb 
(local uniformity <1ppm)

MRI magnet  B=3T, d=66 cm

Storing region confinded in |z| < 5 cm;  32 <r < 35 cm



• 40 modules (vanes) each 
200mm (90-290 mm, 
radial) x 400mm (axial)

• Each vane consists of 16 
Si sensors (10x 10 cm2, 
320 um thickness).

• Two-dimensional hit 
position is reconstructed 
from orthogonally 
arranged silicon strip 
sensor (512 strips with 
190 μm pitch)

• Readout ASIC w/ 5nsec 
sampling rate.

200<pe<275 MeV/c



t= 6.6 ust 64.4 us







Possibility to go beyond 450 ppb for a uncertainty 

1. Increase in muon polarization using a laser beam (50% →?) 
2. More efficient muonium production target (3.4x10-3 → ?)
3. Increase the momentum (→ 600 MeV/c?) and magnetic field (→ 

6T?) 
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These are preliminary investigations

see  J. Tensley 
presentation



Courtesy of C. Zhang



Increasing the muon momentum to 600 Mev/c

21

Ongoing discussion 
with Carsten  Welsh 
on RF cavities



Interest in the Muon g-2/EDM experiment at J-PARC
• Important (independent) crosscheck of the Fermilab result 

(especially at similar accuracy)
• Possible contribution(s):

• Laser for muon polarization (see J. Tinsley presentation)
• Beam dynamics simulation
• Detector
• Magnetic field measurement
• Higher precision/energy (600 MeV/c) option

• Synergy with muon activities in Liverpool (MUonE, muEDM, etc…)
• Common grants (e.g. UKRI – JST Funding application)
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Liverpool group interested to g-2/EDM@J-PARC

• Themis Bowcock (staff)
• Thomas Teuber (staff)
• Joost Vossebeld (staff)
• Graziano Venanzoni (staff) 
• Jonathan Tinsley (staff)
• Saskia Charity (staff)
• Fedor Ignatov (staff)
• Elia Bottalico (PDRA)
• Riccardo Pilato (PDRA)
• Estifa’a Zaid (PDRA)
• Cedric Zhang (PDRA)
• Lorenzo Cotrozzi (PDRA)
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THANKS!



Interest in the Muon g-2/EDM experiment @JPARC

• The Liverpool group has significantly contributed to the Muon g-2 
experiment in Fermilab:

• The group is also involved in clarifying/improving the muon g-2 
theoretical prediction through MUonE experiment at CERN and 
analysis of KLOE data. Strong connection with (Liverpool) theory group

• Involvement also on µEDM experiment at PSI

• One of the largest group in the g-2 collaboration
• Built straw tracking detectors to measure the muon beam → crucial to reach uncertainty goal
• Leadership in several areas including: magnetic field, beam dynamics, EDM; spin precession. 

Spokesperson, analysis coordinators, run coordinators, committee membership
• Deeply involved in g-2 analysis and first EDM result
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• A > 20 years common activity on the evaluation of the Muon g-2
• Development of theoretical tools (MC, RC) for interpretation of data
• Participation to common Working Groups

Collaboration with Theory 
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1

The Muon g-2 Theory Init iative

Special Joint Experimental and 

Theoretical Physics Seminar 

Fermilab, 07 April 2021

Aida X. El-Khadra 

University of Il linois

https://arxiv.org/pdf/2410.22882 
Submitted to SciPost

https://radiomontecarlow2.gitlab.io 

https://arxiv.org/pdf/2410.22882
https://radiomontecarlow2.gitlab.io/


What makes them different?

• Eliminate electric focusing removes  x E term

• → Do need ~zero PT to store muons

• → Not constrained to run at the “magic momentum” 

• Create “ultra-cold” muon source; accelerate, and inject into compact storage ring.

• Consequences are quite interesting …
• Smaller magnet; intrinsically more uniform
• Issues related to needed counts

• Aim for BNL level precision as an important check 
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