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Solving a Long Mystery

1.Overview of Muon g-2 Experiment

• 𝑎𝜇 ≡
𝑔−2

2

• A precision of ~10−7

(140 ppb)

• Probe Standard 

Model (SM) 

predictions for new 

physics effects
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The Physics of g-2
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1.Overview of Muon g-2 Experiment

𝑎𝜇 =
𝑔−2

2
= 𝑎𝜇

𝑄𝐸𝐷
+ 𝑎𝜇

𝐸𝑊 + 𝑎𝜇
𝐻𝑎𝑑 + (𝑎𝜇

𝑁𝑃)

• Dirac: g = 2 for s = 
1

2
particles

• g found to differ from 2
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1.Overview of Muon g-2 Experiment

▪ The beyond standard model contribution may 

come from SUSY, dark photons and/or 

unknown new phenomena 

𝑎𝜇 =
𝑔−2

2
= 𝑎𝜇

𝑄𝐸𝐷
+ 𝑎𝜇

𝐸𝑊 + 𝑎𝜇
𝐻𝑎𝑑 + (𝑎𝜇

𝑁𝑃)
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1.Overview of Muon g-2 Experiment

𝜔𝑎: Measure muon precession frequency
(next talk given by Dikai Li) 

𝜔𝑝: Measure the magnetic field the muon experiences 

𝜇𝜇/𝜇𝑝: Hyperfine muonium structure experiment 

𝜔𝑎 = 𝜔𝑠 − 𝜔𝑐
=

𝑒

𝑚
[𝑎𝜇𝐵 − (𝑎𝜇 −

1

𝛾2−1
)(𝛽 × 𝐸)]

0 for 𝛾=29.3

Measure 𝒂𝝁
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1.Overview of Muon g-2 Experiment

Generating and 

delivering the 

muon beam

How Does g-2 work 
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1.Overview of Muon g-2 Experiment

Generating and 

delivering the 

muon beam

Storing muon beams, 

detecting decaying 

positrons and 

measuring the field

How Does g-2 work 
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▪ Uncertainty Goal: 𝛿𝑎𝜇 = 140𝑝𝑝𝑏 (𝛿𝜔𝑎 = 70𝑝𝑝𝑏 , 𝛿𝜔𝑝 = 70𝑝𝑝𝑏)

▪ The field (~1.45T) need to be uniform to ~1 ppm when averaged over azimuth

2.Magnetic Field Shimming

𝜔𝑝 systematics



13Page .

▪ Uncertainty Goal: 𝛿𝑎𝜇 = 140𝑝𝑝𝑏 (𝛿𝜔𝑎 = 70𝑝𝑝𝑏 , 𝛿𝜔𝑝 = 70𝑝𝑝𝑏)

▪ The field (~1.45T) need to be uniform to ~1 ppm when averaged over azimuth

▪ Field Shimming: 

▪ minimizing higher-order mutlipoles

▪ dipole moment ~ 1.45T

▪ Passive shim method (geometry)

✓ top hats, wedges, edge shim                                                                                                  

iron foil laminations

▪ Active shim method (current)

✓ Surface correction coil

✓ Power supply feedback

2.Magnetic Field Shimming
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2.Magnetic Field Shimming

After rough shimming, the field is uniform to ±25 ppm 
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2.Magnetic Field Shimming
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Field Map on 

03/17/2018

E821 Field Map

After rough shimming, the field is uniform to ±25 ppm 
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2.Magnetic Field Shimming

ppm

ppm

+2.5

-2.5

ppm

ppm

Field Map on 

03/17/2018

E821 Field Map

Shimmed to 

±1 ppm level 

(averaged 

over azimuth)

After rough shimming, the field is uniform to ±25 ppm 
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Method: Pulsed Nuclear Magnetic Resonance

▪ Apply RF pulse to the petroleum jelly sample at Larmor frequency

▪ The proton spins precess coherently in the external field

▪ The precess induces an EMF (Electromotive Force) in the pickup coil

3.Magnetic Field Measurement System

B

RF
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Method: Pulsed Nuclear Magnetic Resonance

▪ Apply RF pulse to the petroleum jelly sample at Larmor frequency

▪ The proton spins precess coherently in the external field

▪ The precess induces an EMF (Electromotive Force) in the pickup coil

▪ After amplified and mixed down, the FID (Free Induction Decay) signal 

can be obtained

▪ Extracted frequency precision: 10 ppb/FID

3.Magnetic Field Measurement System

B

RF

Fixed Probe 

System

Trolley 

System

Calibration 

System
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3.Magnetic Field Measurement System

▪ Fixed Probe System: Monitoring the field when 

muon data are being collected and supplying a 

feedback to shim the field

378 probes on 

top or bottom of 

12 vacuum 

chambers
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▪ Trolley System: Mapping the storage ring field when the beam is off. When the 

beam is on, the trolley parks in the garage, out of the muon storage region

3.Magnetic Field Measurement System
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3.Magnetic Field Measurement System

▪ Calibration System: Providing an absolute calibration chain relating field 

measurements to the Larmor frequency of a free proton

Specially 

shimmed 

region 

Plunging Prob: Used at FNAL 

to calibrate trolley probes

Absolute probe: Used at 

ANL for cross calibration
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▪ The Muon g-2 Experiment at Fermilab is a sensitive way to explore physics that 

may beyond SM

▪ High Precision 𝑎𝜇 result relies on both muon precession frequency and the 

magnetic field measurement

▪ The experiment is taking data and the magnetic field measurement systems 

work stable

▪ Data analysis is going on (both 𝜔𝑎 and 𝜔𝑝)

▪ The 1st Publication: ~early 2019

4.Summary and Recent Status



Thanks！


