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Introducing myself and «muon 𝒈 − 𝟐»

L. COTROZZI – MIAPBP WORKSHOP: “PRECISION LEPTON PHYSICS” – 28/04/2026

Ԧ𝜇 = 𝑔
𝑒

2𝑚
Ԧ𝑆

𝑎𝜇 =
𝑔 − 2

2

See yesterday’s presentation by Yannick
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The muon 𝒈 − 𝟐/EDM experiment at J-PARC

L. COTROZZI – MIAPBP WORKSHOP: “PRECISION LEPTON PHYSICS” – 28/04/2026

See previous presentations by Mihara-san and Cedric for J-PARC, 
and by Angela for muon EDM

M. Abe et al, physics.ins-det:1901.03047 (2019)
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Outline

• Motivation for higher sensitivity studies

• What «higher sensitivity» entails

• Studies and challenges towards higher sensitivity

L. COTROZZI – MIAPBP WORKSHOP: “PRECISION LEPTON PHYSICS” – 28/04/2026

Questions from 
other participants 
in the past week

Comparisons with 
Fermilab muon 𝑔 − 2
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Post-Fermilab scenario

L. COTROZZI – MIAPBP WORKSHOP: “PRECISION LEPTON PHYSICS” – 28/04/2026

Most precise determination of 
𝑎𝜇 for years to come

Stringent test of the SM and 
benchmark for BSM models

𝑎𝜇
𝑒𝑥𝑝

W. A.

= 1165920715 145
× 10−12 (124 ppb)

So why measure the 
muon 𝑔 − 2 again?

- Many of you ☺
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A well-established method

L. COTROZZI – MIAPBP WORKSHOP: “PRECISION LEPTON PHYSICS” – 28/04/2026

Same technique since CERN-III, even same superconducting ring 
since BNL (but improved field, etc)
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Anomalous spin precession in a B-field

𝑔 − 2 ≠ 0

𝑎𝜇 ≠ 0 

𝜔𝑎 = −
𝑒

𝑚𝑐
𝑎𝜇𝐵 − 𝑎𝜇 −

1

𝛾2 − 1
Ԧ𝛽 × 𝐸 − 𝑎𝜇

𝛾

𝛾 + 1
Ԧ𝛽 ⋅ 𝐵 Ԧ𝛽

→ spin precesses with anomalous frequency 𝜔𝑎 = 𝜔spin − 𝜔c

𝛾 = 29.3 → 𝑝 = 3.094 GeV/c 
“magic momentum”

(Fermilab)

OR

No E-field (J-PARC)

Ԧ𝛽 ⋅ 𝐵 = 0
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Überschlagsrechnung

For back-of-the-envelope calculations of the statistical 

uncertainty:

•
𝛿𝜔𝑎

𝜔𝑎
∼

1

𝜔𝑎 𝛾𝜇𝜏 𝑃

2

𝑁𝐴2

• 𝛿𝑑𝜇 ∼
5×10−16

𝑃 𝑁
𝑒 ⋅ cm

L. COTROZZI – MIAPBP WORKSHOP: “PRECISION LEPTON PHYSICS” – 28/04/2026

EDM

Easy case: 5-parameter fit

G. W. Bennett et al, Nucl. Instrum. Meth. A 579, 1096 (2007)
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Key precession values

L. COTROZZI – MIAPBP WORKSHOP: “PRECISION LEPTON PHYSICS” – 28/04/2026

Factors in 
𝛿𝜔𝑎

𝜔𝑎
ȁ𝑠𝑡𝑎𝑡:

• 𝑁 increases 1.94x
• 𝜔𝑎 increases 2.06x
• 𝑃 decreases 1.94x
• 𝛾 decreases 9.77x

G. Venanzoni, PoS (EPS-
HEP2025) 427 (2026)
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Breakdown of systematics

L. COTROZZI – MIAPBP WORKSHOP: “PRECISION LEPTON PHYSICS” – 28/04/2026

Are they evenly spread 
also in J-PARC?

- Angela

Roughly: Fermilab TDR → 2025

𝑔 − 2 syst: ∼ 70ppb

EDM syst. comes 
almost entirely from 
detector misalignment: 
0.36 × 10−21𝑒 ⋅ cm
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ቤ
𝛿𝜔𝑎

𝜔𝑎 𝑠𝑡𝑎𝑡

=
1

𝜔𝑎 𝜸𝝁𝝉 𝑃

2

𝑁𝐴2

L. COTROZZI – MIAPBP WORKSHOP: “PRECISION LEPTON PHYSICS” – 28/04/2026

• If 𝜏 → 0: worse measurement
• If 𝛾𝜏 → ∞: many other problems

𝜔𝑎 ∝ 𝐵 
𝐵𝜌 = 𝑝/𝑒 
𝑝 ∝ 𝛽𝛾 ≈ 𝛾 for 𝛽 ≈ 1

If curvature is fixed, then
𝛿𝜔𝑎

𝜔𝑎
ȁ𝑠𝑡𝑎𝑡 ∝

1

𝛾2!!
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ቤ
𝛿𝜔𝑎

𝜔𝑎 𝑠𝑡𝑎𝑡

=
1

𝜔𝑎 𝛾𝜇𝜏 𝑃

𝟐

𝑵𝑨𝟐

Figure of Merit, maximized for 𝑒+ threshold 𝑦 = 𝐸/𝐸𝑚𝑎𝑥 ∼ 0.6→∼ 200 MeV
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Absolute number of detected positrons

• Muon flux: ∼ 108𝜇+/𝑠 from J-PARC H-line

• Bottleneck: Mu emission with 0.4% efficiency

• Additional efficiencies: laser ionization (73%), transport of 
muon (high efficiencies but many factors), injection (85%)

• Stored muons: ∼ 2 × 105𝜇+/𝑠 

• 2 × 107seconds of data taking over 2-3 years

• Detected positrons in energy range: ∼ 5 × 1012 total

L. COTROZZI – MIAPBP WORKSHOP: “PRECISION LEPTON PHYSICS” – 28/04/2026
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Fermilab: 6 years of data taking

L. COTROZZI – MIAPBP WORKSHOP: “PRECISION LEPTON PHYSICS” – 28/04/2026

Fixed faulty 
resistor in ESQ

Stabilized 
temperature; 

reached ideal kick

Switched on 
ESQ RF 
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ቤ
𝛿𝜔𝑎

𝜔𝑎 𝑠𝑡𝑎𝑡

∝
1

𝑃𝛾2

Assuming both momentum 
and B-field increase, while 

curvature is fixed

G. Venanzoni, PoS (EPS-
HEP2025) 427 (2026)



16

Magnet: from 3T to 6T

L. COTROZZI – MIAPBP WORKSHOP: “PRECISION LEPTON PHYSICS” – 28/04/2026

H. Iinuma et al, Nucl. Instrum. 
Meth. A 832 (2016)

• 3-D injection scheme recently 
demonstrated: R. Matsushita et al, 
physics.acc-ph:2602.01504 (2026)

• Magnet puts muons in orbit and keeps 
them stored in [31.8,34.8] cm radially and 
[-5,+5] cm longitudinally

• Field homogeneity needs to be below 
1ppm over full 3D storage volume, to keep 
systematics contained → challenge for 6T!
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Fringe field

L. COTROZZI – MIAPBP WORKSHOP: “PRECISION LEPTON PHYSICS” – 28/04/2026

Inflector cancels main 
dipole field and injects at 
∼8 cm radially away from 
nominal orbit

Fermilab J-PARC
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Kicker system

L. COTROZZI – MIAPBP WORKSHOP: “PRECISION LEPTON PHYSICS” – 28/04/2026

Fermilab J-PARC

3 fast magnetic 
kickers provide 10 
mrad kick and place 
muons in orbit

Fermilab-like injection would require 30 mrad 
kick in 7 ns -> unfeasible
3D-injection scheme requires final kick to 
compress Ԧ𝑝 on 2D storage plane and limit VBO 
to 5cm
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Challenges for 6T

• Build MRI-type magnet of 6T with space limitations: is it 
possible? ASG is studying it

• Homogeneity under 1 ppm for design field systematics

• Challenges: compact magnet; homogeneity requirements; 
injection scheme needs to be preserved; kicker current 
limitations

There are ideas, work in progress…

L. COTROZZI – MIAPBP WORKSHOP: “PRECISION LEPTON PHYSICS” – 28/04/2026
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Muon polarization after Mu ionization

L. COTROZZI – MIAPBP WORKSHOP: “PRECISION LEPTON PHYSICS” – 28/04/2026

Is laser shot // or ⊥ to 
the beam?

- James

See blackboard considerations about 
eigenstates
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Plans and challenges for higher polarization

• Optical pumping: circularly 
polarized laser can trigger 
repeated excitation and 
emission and populate higher 
hyperfine levels

• CW laser is ideal, but does not 
exist at the required 
wavelength right now

L. COTROZZI – MIAPBP WORKSHOP: “PRECISION LEPTON PHYSICS” – 28/04/2026
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Acceleration scheme

L. COTROZZI – MIAPBP WORKSHOP: “PRECISION LEPTON PHYSICS” – 28/04/2026

Inherited from proton acceleration Inherited from 𝑒+ 
acceleration

Start from emittance of ∼ 𝜋mm ⋅ mrad, factor 1000 better than surface muon beams

Thermal 
muons after 

Mu ionization
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Acceleration to 300 → 600 MeV/c

• Requires new design of DLS acceleration, using either S-
bands or C-bands. Low-emittance must be preserved!

L. COTROZZI – MIAPBP WORKSHOP: “PRECISION LEPTON PHYSICS” – 28/04/2026

S-band C-band

Pros
Used in baseline 

configuration for 300 
MeV/c -> can be reused

Baseline gradient: 40 MV/m 
or higher; high efficiency

Cons
Lower gradient: 20 MV/m 

is baseline. 30MV/m?

Smaller beam acceptance; 
new components not 

included in the design before
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Überschlagsrechnung = Back of the envelope

L. COTROZZI – MIAPBP WORKSHOP: “PRECISION LEPTON PHYSICS” – 28/04/2026
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Conclusions and future prospects

• We are exploring several ways to push down the statistical uncertainty 
of J-PARC g-2 to Fermilab levels

• The collaboration profits from all kinds of expertise. Development of 
these technologies will have many other future applications

• Goals for g-2: stat. 450 ppb → 90 ppb; syst. 70 ppb
Goals for EDM: ∼ 10−21𝑒 ⋅ cm sensitivity

L. COTROZZI – MIAPBP WORKSHOP: “PRECISION LEPTON PHYSICS” – 28/04/2026

More inputs from you? We can 
chat about it :D
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