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• Muon (also electron and proton) magnetic moment and the cyclotron frequency 
on earth has a modification due to the earth’s gravitational field with the 
common factor of              ~ 1+2.8×10-9. Here, φ is the gravitational potential on 
earth.

• The muon (g-2)/2 measured in E821 at BNL  
 
   
Deviation from the Standard model Prediction  
 
 

• The muon g-factor was measured as the ratio to the proton Larmor precession 
(NMR), thus the gravitational effects cancel to each other.

• However, the condition of “magic momentum” was used to eliminate the effect 
from the electric field (electric Q), satisfying                           .  
The gravitational effect modifies the equation and may give a sizable offset to 
the measured a! value.

Reminder of the essences of the article

1 +
3ϕ
c2

aμ −
1

γ2 − 1
= 0

G.W. Bennett et al., PRD73, 072003(2006)

→ How was the magic momentum calibrated?



BNL-E821
G.W. Bennett et al., PRD73, 072003(2006)

“magic momentum” of 3.094 GeV/c was used to eliminate 
the term of the electric field by satisfying  

aμ −
1

γ2 − 1
= 0

The orbital length is larger (smaller) for muons with larger 
(smaller) momentum.

Electric-Q

Muon Storage Ring

γ = 29.3

Muon velocity is 0.9994c and is practically constant.



BNL-E821
G.W. Bennett et al., PRD73, 072003(2006)

Electric-Q

Muon Storage Ring

“magic momentum” of 3.094 GeV/c was applied to eliminate 
the term of the electric field by satisfying  

aμ −
1

γ2 − 1
= 0

The orbital length is larger (smaller) for muons with larger 
(smaller) momentum.

γ = 29.3

Muon velocity is 0.9994c and is practically constant.

Precession frequency of the muon Anomalous magnetic moment



BNL-E821
G.W. Bennett et al., PRD73, 072003(2006)

Decrease of the fast oscillation amplitude 
due to the de-bunching of the beam.

Muon-decay detections just after the muon injection.
“Fast rotation” analysis

Slower oscillation due to the muon spin rotation.

Analysis by modified-Fourier transformation.



BNL-E821
G.W. Bennett et al., PRD73, 072003(2006)

Radius of magic momentum  (7112)

Muon-decay detections just after the muon injection.
“Fast rotation” analysis

An rms width of 10 mm

Correction to the muon g-2 measurement

field index n=0.136 (in the run period R00)

Mean at 7116±1 mm

run period R00

An uncertainty of δR=±0.5 mm 
corresponds to ±0.02 ppm in aµ



• The “magic momentum” in BNL-E821 was calibrated to the orbital radius and thus to 
the cyclotron frequency of the muons.  

• The cyclotron frequency of the muons is modified by the Earth’s gravitational field by 
2.8×10-9. However, the known muon cyclotron frequency was measured on Earth. 
Thus no correction is required.  

• Even if the correction is required, a correction of 2.8×10-9 to the cyclotron frequency 
introduces the correction to the orbital radius with the same factor thus results in a very 
small correction of 8×10-7 ppm to the measured g-2 values compared to the 
experimental uncertainty of 0.54 ppm. 

• Nevertheless, the general relativistic effect on the fundamental physical quantities is 
interesting and can be important in other special cases, such as astrophysical 
reactions in Big-Bang or in a neutron star.

My personal opinion on the correction of the BNL-E821 result  
due to the Earth’s gravity

0.02 ppm / (0.5 / 7116) × 2.8×10-9 = 8×10-7 ppm 



• Shimizu-san understands that the gravitational effect appears when the muon is falling 
down in the magnetic field that is fixed to the Earth’s ground, and does not when both the 
muon and the magnetic field are fixed to the Earth’s ground.  
 
How can this small difference (~1µm fall in the measurement time)  make sizable effect 
on the result though the beam profile is much larger?

However I still don’t understand yet



Thank you 

for your attention



BNL-E821
aµ(expt)=11659208.0(6.3)×10-10 0.54 ppm

aµ(expt-SM)=[(22.4±10) to (26.1±9.4) ]×10-10 

G.W. Bennett et al., PRD73, 072003(2006)

Muon anomalous magnetic moment is 
measured relative to the proton Larmor 
precession (NMR).

Muon anomalous precession frequency

including the effect of the electric field

“magic momentum” of 3.094 GeV/c was used to have 
aμ −

1
γ2 − 1

= 0


