
Physics News 

Vol.51(1-2)  64 

Muon g–2 Anamoly  

Manimala Mitra 

Institute of Physics, Sachivalaya Marg, Bhubaneswar-751005, India 

E-mail: manimala@iopb.res.in 

 

 

Dr. Manimala Mitra did her PhD in High Energy physics from Harish-Chandra Research Institute, 

Allahabad, India and is a faculty of Institute of Physics (IOP), Bhubaneswar, India. Her research 

expertise is on theoretical high energy physics, in particular on neutrino phenomenology, collider and 

Beyond Standard Model physics, and astroparticle physics.  

 

Abstract 

The recently reported measurement by the Muon g–2 collaboration at Fermi National Accelerator Laboratory indicates that 

magnetic moment of the muon is different than what the Standard Model of particle physics, which is often regarded as the best 

description of nature, predicts. A brief discussion on this anomaly is presented together with the recent results. 

 

 

Anomalous magnetic moment of muon 

The dipole moment 𝜇, its spin 𝑠 are intrinsically related, 

𝜇 =  𝑔𝜇
𝑞

2𝑚𝜇
𝑠                                   (1)                                     

where gµ represents the gyromagnetic ratio of the muon with 

a predicted value gµ = 2, q = ±1e is the electric charge of the 

muon, and mµ is the mass of the muon. Additional theoretical 

contributions in the Standard Model (SM) appear from field 

theory calculations, leading to a small correction to gµ = 2. 

These are the different loop contributions, which include the 

virtual photon emission and re-absorption (QED correction), 

corrections due to SM gauge boson and Higgs contributions 

(EW correction), and the hadronic corrections due to the 

contribution of quarks and gluons in the loops (Figure 1). 

These corrections are parameterised in terms of the anomalous 

magnetic moment aµ of the muon as 

𝑎𝜇 =  
𝑔𝜇−2

2
                                        (2) 

Including the corrections, the SM prediction as reported by the 

Muon g–2 Theory Initiative collaboration [1] becomes 

𝑎𝜇(SM) =  116591810(43) × 10−11            (3) 

 

Figure 1: Feynman diagrams for the SM contributions to aµ 

Muon g–2 Experiment   

Table 1 summarises the results of earlier experiments (at 

Nevis cyclotron, CERN, BNL), which were aimed at precise 

determination of aµ. The measurement at BNL [2] exceeds the 

SM prediction [1] by 3.7σ. The Muon g–2 experiment at Fermi 

National Accelerator Laboratory (FNAL) was constructed for 

further investigation of this discrepancy. 

Table 1: Summary of experimental results till 2020 

Experiments aµ 

Columbia-Nevis(1959) [5] 0.001 13−(12)
+(16)

 

CERN (1979) [6] 1165924(8.5) × 10−9 

BNL E821 (2006) [2] 11659208.0(6.3) × 10−10 

The working principle of the Muon g–2 experiment (E989) 

relies on the measurement of muon anomalous precession 

within a storage ring, where a highly uniform and precisely 

known magnetic field, B, perpendicular to the muon spin and 

orbit plane is applied. A schematic diagram highlighting the 

basic principle is illustrated in Figure 2 and a view of 

experimental setup is shown in Figure 3. 

The experiment used a positively charged polarised muon (µ+) 

beam, produced from charged pion decay and injected into the 

storage ring. As the muon orbits horizontally within the 

uniform magnetic field, its momentum vector and spin 

precess. The relative precision frequency of the spin w.r.t the 

momentum is the anomalous precision frequency �⃗⃗⃗�𝑎, 

�⃗⃗⃗�𝑎 = −𝑎𝜇
𝑞�⃗⃗⃗�

𝑚𝜇
                                 (4) 



Physics News 

65  Vol.51(1-2) 

A measurement of aµ hence can be obtained from the 

measurement of �⃗⃗⃗�𝑎, and with the precise knowledge of the 

storage ring magnetic field. In the experiment, quadrupole 

electric field had also been applied. For a muon with an energy 

3.094 GeV, the relative precision frequency is almost 

independent of the applied electric field. The muon in the 

storage ring circulates thousands of times before it decays into  

e+, e, �̅�𝜇. The energy of the positron originating from the 

muon decay is correlated with the spin direction of the muon, 

resulting in a modulation of the positron energy spectrum, the 

measurement of which probes �⃗⃗⃗�𝑎, and in turn aµ. 

 

Figure 2: Schematic of the working principle 

 

Figure 3: Muon g–2 experiment at FNAL (For details, visit 

https://muon-g-2.fnal.gov/, https://tinyurl.com/9uuz2wh8) 

From the Run-I data of the Muon g–2 collaboration, the 

reported measurement of anomalous magnetic moment of 

muon is [3,4], 

𝑎𝜇(FNAL) =  116592040(54) × 10−11              (5) 

The uncertainty in this highly precise result is about 0.46 ppm 

(part per million). This result itself indicates a 3.3σ deviation 

w.r.t. the SM prediction, and is in agreement with the result 

from the previous E821 experiment at BNL. Combining the 

FNAL reported result with the previous measurements, the 

new experimental average becomes (Figure 4), 

𝑎𝜇(expt) =  116592061(41) × 10−11          (6) 

 

Figure 4: Experimental values of aµ from different 

experiments, and the combined average [3].  

The difference between the combined result and the SM 

prediction is 𝑎𝜇  (expt) − 𝑎𝜇(SM) = (251 ± 59) × 10−11 

[3], leading to a further increase in the discrepancy at 4.2σ 

statistical significance. 

This long-standing discrepancy opens up possibilities of new 

physics explanation. An exciting interpretation, among 

various new physics explanations, is large contribution from 

supersymmetric particles in the loop. The ongoing and the 

future run of Muon g–2, and an independent cross-check of 

this anomaly by the J-PARC experiment in Japan will play an 

important role in particle physics in the foreseeable future. If 

the results point towards discrepancy of an even larger 

statistically significance, it will be a confirmation of new 

physics. 
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