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EFT description of the muon magnetic dipole moment
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An Effective Field Theory (EFT) analysis of the magnetic moment of the muon is discussed. The
expression for the dipole moment is given in terms of operator coefficients of the low-energy
effective field theory (LEFT) and the Standard Model effective field theory (SMEFT), where one-
loop renormalization group improved perturbation theory, the one-loop matching from SMEFT
onto LEFT as well as one-loop lepton matrix elements of the effective-theory operators were taken
into account. Interestingly only a very limited set of the SMEFT operators is able to explain the
current deviation of the magnetic moment of the muon from its Standard Model expectation.
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1. Introduction

The longstanding anomaly in the anomalous magnetic moment of the muon, 0`, still persists
after the newmeasurement of theMuon g-2 collaboration at Fermilab this year [1]. The experimental
value, when averaged with the result from the E821 experiment at Brookhaven [2], is given by

0
exp
` = 116 592 061(41) × 10−11, (1)

compared to the Standard Model (SM) prediction of [3]

0SM
` = 116 591 810(43) × 10−11 . (2)

The difference between the experimental value and the SM prediction is given by

Δ0` = 0
exp
` − 0SM

` = 251(59) × 10−11 , (3)

which corresponds to a tension of 4.2f. Many explanations were proposed to resolve this anomaly
by assuming specific models such as Leptoquark-, / ′- or suspersymmetric models. Here we
discuss a model-independent approach to describe the tension between theory and experiment by
employing Effective Field Theories (EFTs). Instead of assuming new fields and their couplings to
the SM particles we compute the anomalous magnetic moment of the muon in the context of the
most general EFTs involving the SM fields. More precisely, the observable is expressed in terms
of the Wilson coefficients of the underlying EFT. Such a master formula allows to compute the
observable for any given New Physics (NP) model, after matching the model onto the underlying
EFT. To derive the master formulae for the anomalous magnetic moment above as well as below
the electroweak (EW) scale we assumed the most general EFTs of the SM.

Above the EW scale the corresponding EFT is the Standard Model Effective Theory (SMEFT)
[4].1 The SMEFT includes all operators of mass dimension ≤ 6 that contain SM fields and which
are invariant under the SM gauge group (* (3)c × (* (2)L ×* (1)Y. The complete Renormalization
Group (RG) running for all the SMEFT parameters is known at one-loop [5–8].

After spontaneous symmetry breaking, the SMgauge symmetry is broken into the smaller gauge
group (* (3)c ×* (1)em, including only QCD and QED as gauge interactions. The corresponding
effective field theory valid below the EW scale is the low-energy effective field theory (LEFT). The
full operator basis up to dimension six of the LEFT is known [9] as well as the complete QCD and
QED running of all the Wilson coefficients [10, 11].

Finally, the complete tree-level and one-loop matching from the SMEFT onto the LEFT has
been computed [12, 13]. All these results were taken into account to obtain the most general master
formulae for magnetic as well as electric dipole moments for the muon and the electron in Ref. [14].
A previous EFT result involving the muon (6 − 2) in the SMEFT can be found in [15]. A recent
analysis studying in addition neutron electric dipole operators in the SMEFT is given in [16] and
an EFT analysis in the aSMEFT can be found in [17]. Here we describe the results obtained in
Ref. [14] but limit the discussion to the anomalous magnetic moment of the muon. In the spirit of
Ref. [18–22] we present the master formulae for Δ0` in terms of the LEFT coefficients in Sec. 2
and for the SMEFT Wilson coefficients in Sec. 3. We summarize the obtained results in Sec. 4.

1If the Higgs field is assumed to be a singlet under (* (2)! the SMEFT can be generalized to the Higgs Effective
Field Theory (HEFT).
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2. LEFT master formula

As discussed in detail in Ref. [14] in a first step we compute the anomalous magnetic moment
at the low scale ` = 2 GeV at one-loop in the LEFT. The corresponding master formula for Δ0`
is reported in [14]. In a next step we consider the one-loop RG running from the low scale up to
` = 60 GeV in the LEFT. We choose this scale to be in between the low and the EW scale, such that
QCD and QED RGE effects in the LEFT can be studied. The running of the Wilson coefficients
is performed using the Python package wilson [23] and we adopt the WCxf [24] standard for
the Wilson coefficients in the JMS basis. The resulting master formula for Δ0` at the scale of
` = 60 GeV takes the form

Δ060 GeV
` = Re

[
2.2 × 10−2 !̃ 4W

``
− 5.3 × 10−5 !̃) ,''

43
``11

+
(
3.5 + 0.652 (2)

)

)
× 10−5 !̃) ,''4D

``22
+ 9.0 × 10−6 !̃(,''44

`gg`
− 1.4 × 10−6 !̃+ ,!'44

`gg`

+ 9.8 × 10−7 !̃(,''44
````

− (102) − 0.64) × 10−7 !̃) ,''4D
``DD

+ (5.02) − 14) × 10−7 !̃) ,''
43
``BB

+ (5.02) − 0.70) × 10−7 !̃) ,''
43
``33

− 1.6 × 10−7 !̃(,''44
``gg

−
(
5.9 + 2.32 (2)

)
+ 0.452 (2)

(

)
× 10−8 !̃(,''4D

``22

− 8.0 × 10−8 !̃+ ,!'44
````

− 3.3 × 10−8 !̃(,''
43
``11

− 2.4 × 10−8 !̃(,''44
````

+ 8.8 × 10−9 !̃(,''44
`44`

− 4.5 × 10−92̃
(2)
(
!̃
(,'!
4D
``22

+ 3.5 × 10−92) !̃
(,''
4D
``DD

− 1.2 × 10−9 !̃(,''
43
``BB

]
, (4)

with the O(1) low-energy constants 2) , 2 (2)) , 2
(2)
(
, 2̃
(2)
(

defined in [14] and where we have used the
complex and dimensionless Wilson coefficients !̃8 , defined by

!̃8 ≡ Λ−38!8 (` = Λ) , (5)

with the operator dimension 38 and the NP scale Λ. Furthermore, in eq. (4) and in the following we
only retain contributions of at least 10−9 since the corresponding Wilson coefficients are assumed
to be ∼ O(1).

The most important contribution to 0` comes from the dipole operator represented by !̃ 4W
``
,

followed by different tensor, scalar and vector four-fermi operators. In order to obtain some intuition
about how large the NP scale might be, one can consider individual Wilson coefficients in eq. (4),
while setting all the others to zero. Including the LEFT running one can then find the NP scale
Λ at which the corresponding Wilson coefficient needs to be generated, to give a large enough
contribution to Δ0`. In Fig. 1 we show the first seven Wilson coefficients of eq. (4) which have the
largest impact on the anomalous magnetic moment, together with the NP scale (orange bars) that
they probe. The size of the various NP scales ranges from ∼ 100 TeV for the dipole operator to
several TeV for the different four-fermi operators. The blue bars show the corresponding constraints
when the anomalous magnetic moment of the electron is considered.
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Figure 1: The largest scales probed from the Wilson coefficients in eq. (4) when imposing the anomalous
magnetic moments of the muon (orange) and of the electron (blue).

3. SMEFT master formula

In the SMEFT above the EW scale the picture simplifies drastically. Taking the running from
60 GeV to the EW scale, the tree-level and one-loop matching, as well as the complete one-loop
SMEFT running into account the master formula for the anomalous magnetic moment of the muon
at 10 TeV in terms of SMEFT Wilson coefficients reads

Δ010 TeV
` = Re

[
1.7 × 10−6C̃4�

``

− 9.2 × 10−7C̃4,
``

− 2.2 × 10−7C̃ (3)
ℓ4@D
``33

−
(
2.5 + 0.222 (2)

)

)
× 10−9C̃ (3)

ℓ4@D
``22

]
. (6)

Interestingly, only a handful of parameters at the high scale give a large enough contribution to
explain the current (6 − 2)` anomaly: Besides the two SMEFT dipole operators also the tensor
operators containing top quarks as well as charm quarks give a sizable contribution to 0`. The
semileptonic operators can for example be generated at the high scale in various Leptoquark models
as discussed in [14].

4. Summary

We have discussed general master formulae for the anomalous magnetic dipole moment of the
muon in the LEFT below the EW scale and in the SMEFT above the EW scale. In the derivation we
included the one-loop running below the EW scale, the one-loop matching at the EW scale as well
as the full one-loop running in the SMEFT. Whereas at ` = 60 GeV many different LEFT operators
give sizable contributions to 0`, at ` = 10 TeV only two dipole and two semi-leptonic out of the
∼ 2500 SMEFT operators have a large enough impact to resolve the current (6 − 2)` anomaly.
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