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Renormalization Effects on Electric Dipole Moments in Electroweakly Interacting
Massive Particle Models
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The extended models of the standard model with a single Majorana fermion could be realized
as the low-energy effective theory of the well-motivated ultraviolet models. We study the electric
dipole moments generated by the effective operators which are composed of the Majorana fermion
and the standard model Higgs bosons, especially focusing on the renormalization effects of the
effective operators. We give the one-loop anomalous dimension of the effective operators from the
scale where the operators are generated to the electroweak scale. In this proceedings, we focused
on the electric dipole moments from electroweak triplet and 5-plet. We found the renormalization
effects could give an enhancement factor being of the order of O(10)% for a triplet model and being
more than two in a 5-plet fermion model.

I. INTRODUCTION

CP violation of the standard model (SM) parti-
cles is a good probe of the models beyond the stan-
dard model (BSMs). The electron electric dipole
moment (EDM) in the SM is generated only at
four-loop diagrams with inserted the CKM phase:
atomic/molecular EDM is generated by both the elec-
tron EDM of the order of 10−44 e cm and the CP -odd
nucleon-electron four-Fermi interactions of the order
of 10−38 e cm [1] in the SM. These predictions in the
SM are much smaller than the updated bound on
the electron EDM reported by ACME collaboration:
|de| < 1.1× 10−29 e cm (90% CL) [2]. It would also be
expected that the ACME experiment will improve the
limit on electron EDM by almost two orders of mag-
nitude at most in the future. Since there should be
generally new sources of CP violation in the BSMs,
the electron EDM could be sensitive to the new CP -
violating sources.

The electroweakly interacting massive particle
(EWIMP), which is charged under SU(2)L × U(1)Y ,
could be a good candidate of the dark matter (DM).
Indeed, a quintuplet fermion is automatically stable
due to the absence of decay operators up to dimension
five [3–5]. Moreover, EWIMP fermions could appear
in low-energy effective models of specific ultraviolet
(UV) completions. For instance, triplet and/or dou-
blet fermions could be the DM particles in split su-
persymmetric (SUSY) models [6–14]. Therefore, the
EWIMP models have been intensively studied in the
context of collider physics and astrophysics.

We focus on the CP violating interactions between
EWIMPs and the SM Higgs, which arise from the
dimension-five effective operator and lead to the elec-
tron EDM, with particular attention to the renormal-
ization group (RG) effects. Once we find the electron
EDM in the future, it could be important to estimate
the energy scale where new particles appear. In par-
ticular, in order to determine the energy scale, the RG
effects get more important when the UV scale is much

higher than the mass scale of the EWIMP.
A part of the work [15] is presented in this pro-

ceeding. Due to limitations of space, this proceeding
has focused only on the electron EDM from Majorana
EWIMP fermions. We have also discussed the case of
the Dirac EWIMP fermion, the nucleon EDMs, and
EDMs in specific models in Ref. [15].

II. EDMS IN EWIMP MODELS

Let χ be an SU(2)L n-plet Majorana EWIMP
fermion. This fermion contains an electromagnetically
neutral component, and it could be a candidate of
the DM. Once we assume the neutral part dominantly
composes the whole DM, the mass of the EWIMP is
completely determined by the thermal abundance of
the DM. However, we do not assume that in this study,
and then the EWIMP mass is still a free parameter.
The Lagrangian for χ is given by

Lχ =
1

2
(iχγµDµχ−Mχχ) +

1

2
C̃sH

†HχCiγ5χ , (1)

where Dµ is a gauge covariant derivative, and M is
the mass of the EWIMP fermion. The last term de-
notes the dimension-five CP -odd interaction to the
SM Higgs H. A CP -even counterpart of the inter-
action could appear, but the CP -even operator is ir-
relevant for our work. Once we specify the UV com-
pletion, we can determine the effective coupling C̃s as
a function of fundamental parameters, such as cou-
plings and mass parameters, in the UV completion.
In this work, we treat C̃s as a free parameter. In par-
ticular, since this operator could arise as a tree-level
contribution, we define C̃s ≡ ξ/Mphys where Mphys is
the mass scale of a new particle appeared in the UV
completion, and ξ collectively denotes dimensionless
couplings and CP violation in the EWIMP sector.

Another dimension-five operator should appear in
the Dirac EWIMP models, which is with insertion of
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the SU(2)L generators. However, this operator van-
ishes in Majorana EWIMP models due to the real
property of the EWIMP fermion.
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FIG. 1: The Barr-Zee diagrams inducing the electron
EDM. The EWIMP multiplet runs in the inner loop.

This effective coupling gives the electron EDM as
the electroweak (EW) scale at the two-loop level as
shown in Fig. 1. The electron EDM is computed as
follows [16].

de =
eαemeQe

6(4π)3
n(n2 − 1)

M
C̃sf0

(
M2

m2
h

)
, (2)

where mh is the mass of the SM Higgs, αe is the elec-
tromagnetic fine structure constant, and f0(x) is the
loop function. In general, as shown in Fig. 1, there is
the Z-boson contribution as well for a light fermion f ,
but in the case of the electron EDM, the Z-boson con-
tribution is accidentally suppressed. One may wonder
if there would be the W -boson contribution. In the
Majorana EWIMP fermion case, the W -boson contri-
bution vanishes due to the cancellation between the
contributions from the positive-charged fermions and
the negative-charged fermions. A complete expres-
sion of the EDM of a light fermion f , for the both
case of the Majorana and Dirac EWIMPs, is given in
Refs. [15–17].

We should comment on the impact from CP -odd
dimension-six effective operators. The dimension-six
operators are in principle suppressed by M2

phys, and
there must also be a loop factor. Thus, the contribu-
tions from the dimension-six operators could be sub-
dominant for the case of Mphys � M ,mZ . When
the high-energy input scale Mphys is close to M and
the EW scale, these contributions are sizable and the
following RG effects would be less important.

III. RENORMALIZATION GROUP
EQUATION

The effective operator in Eq. (1) could arise at the
energy scale of Mphys, while the electron EDM is com-
puted at the EW scale. The electron EDM can set se-
vere constraint on the effective operator, so thatMphys

could be much larger than the EW scale. When the
hierarchy between Mphys and the EW scale is quite
large, the RG evolution of the effective coupling is
important to carry out precise calculations of EDMs.

(a) (b) (c) (d) (e)

FIG. 2: One-loop vertex corrections to the effective oper-
ator (denoted by blobs).

In this work, we compute the evolution of the effec-
tive coupling at the one-loop order. The renormaliza-
tion group equation (RGE) of the effective coupling
among the Majorana EWIMP and the SM Higgs is
defined by

dC̃s(µ)

d lnµ
= γsC̃s(µ) , (3)

with the renormalization scale µ and the anomalous
dimension γs. There are two contributions to the
anomalous dimension: one is the wavefunction renor-
malization of the external Higgs legs and the external
EWIMP legs, the other is the vertex correction. In
particular, dominant contributions The vertex correc-
tions are shown in Fig. 2: the corrections (a)-(d) arise
from the gauge interactions while and the correction
(e) comes from the Higgs quartic interaction, defined
by

V (H) =
λ

4
(H†H)2 . (4)

Of course, there are diagrams where the inner prop-
agator is attached to the external legs on the other
sides of those in the correction (b)-(c).

We derive the one-loop anomalous dimension γs for
the CP -violating dimension-five operators in single
EWIMP fermion extension of the SM The anomalous
dimension is obtained as follows.

γs =− 1

(4π)2
[
6g2 (C2(H) + C2(χ)) + 6g′2Y 2

H

−3λ− 6y2t
]

(5)

where C2 is the quadratic Casimir invariant for
SU(2)L representations: C2(H) for the representa-
tion of the SM Higgs, C2(χ) for that of the EWIMP
fermion, and C2(G) for an adjoint representation. g′

is the U(1)Y gauge coupling, and YH = 1/2 is the hy-
percharge of the SM Higgs. Since C2(χ) = 1

4 (n2 − 1)
for an SU(2)L n-plet χ, the effective coupling receives
a large correction in the case of the large n represen-
tation χ. Furthermore, when n is so large that the
Higgs quartic coupling and the top Yukawa coupling
are negligible, the anomalous dimension is negative,
and then the RG evolution makes the effective cou-
pling enhanced at the low-energy scale.
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IV. RESULTS

In this section, we discuss the numerical results of
the electron EDM induced by the CP -odd effective
operator. The following fermions are considered in
this study: a 5-plet fermion and a triplet fermion. The
former fermion is motivated by so called the minimal
dark matter model, and the latter often appears in
several UV completions, such as split supersymmetry
models. As we mentioned in Sec. II, we do not assume
that their neutral components can explain the whole
DM abundance.
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FIG. 3: Enhancement factors in the Majorana EWIMP
fermion models. The red (black) line shows the enhance-
ment factor in the triplet (5-plet) EWIMP model

First, we show the impact of the RG effect on the
electron EDM. We define the enhancement factor as
the ratio of the effective coupling C̃s(µ) at the EW
scale (µ = mZ) and the input scale (µ = Mphys) which
the effective operator is generated.

(Enhancement Factor) ≡ C̃s(mZ)

C̃s(Mphys)
. (6)

In order to solve Eq. (3), the other dimensionless cou-
plings should also follow the RGEs for them. We use
two-loop beta functions for gauge couplings and one-
loop beta functions for the top Yukawa coupling and
the Higgs quartic coupling in this study.

Fig. 3 shows the enhancement factor in the Majo-
rana EWIMP models. This factor does not depend on
the dimensionless parameter ξ because we take the ra-
tio of the effective coupling. The computation of the
electron EDM from the effective operator is performed
at the EW scale, and thus there is also no dependence
of the EWIMP mass M .

For the 5-plet Majorana fermion case, the enhance-
ment factor is in the range of 1.6 to 2.4 for Mphys =

10 TeV - 103 TeV, and then it could reach to a factor
of two. On the other hand, the electron EDM from
the triplet EWIMP gets the enhancement factor of
twenty percent at most.
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FIG. 4: Electron EDM in the Majorana EWIMP models.
The current bound |de| < 1.1 × 10−29 e cm corresponds
to solid lines, while the future projected sensitivity |de| ∼
3× 10−31 e cm corresponds to dashed lines.

Lastly, Fig. 4 show the M -Mphys contour plot of the
electron EDM from the Majorana EWIMP models.
The effective coupling is generated at the energy scale
of Mphys, and we assume the size of the dimensionless
parameter as ξ = 0.1 in this figure. We also assume
that there is no other CP violation in the SM effec-
tive field theory, so that the CP -odd dimension-five
operator dominates the electron EDM. The solid lines
show the current bound on the electron EDM which is
reported by ACME-II, and thus the regions below the
solid lines is excluded. The dashed lines show pro-
jected sensitivity at ACME-III. The color difference
indicates the difference of representations of EWIMP
fermions: a triplet fermion (red) and a 5-plet fermion
(green).

Without the RG effect, the EDMs are proportional
to M−1M−1phys, so that contours in the M -Mphys con-
tour plot should be straight. Due to the presence of
the RG effect, the EDM is enhanced in large Mphys

region. Fig. 4 illustrates the enhancement in large
Mphys region; the lines curve in that region.

The electron EDM from SU(2)L n-plet is propor-
tional to n(n2 − 1), and thus the exclusion limit
gets large for the large n-plet when the value ξ is
fixed. The future sensitivity of the ACME-III, |de| ∼
3 × 10−31 e cm, could reach to the whole parameter
region for the case of the 5-plet Majorana fermion.
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V. CONCLUDING REMARKS

The neutral components of electroweak multiplets
could be a good candidate of the DM. The searches
for the EWIMPs are carried out extensively in collider
physics and astrophysics. In this proceeding, we focus
on the sensitivity of EWIMPs in the precision frontier.
The fermionic EWIMP could have interactions to the
SM Higgs via CP -odd dimension-five operators, and
the operators lead the electron EDM.

To provide the theoretical calculation of the EDM
with high accuracy, we have derived the anomalous di-
mensions for the dimension-five operators. Actually,
the current EDM experiments have a good sensitiv-
ity to the operators even if the cutoff scale is about
100 TeV, so that the RG effect can be significant. In
this proceeding, we discuss the RG effects in the Ma-
jorana EWIMP fermion models. The RG effects give
the enhancement factor of the order ofO(10) % for the
triplet EWIMP case and that of the order of O(100) %
for the 5-plet EWIMP case.

In this proceeding, we do not discuss the nucleon
EDMs from the dimension-five operators. For the
quark EDMs below the electroweak scale, we can use
the leading order QCD correction provided for the
b→ sγ process [18] (see also, Ref. [19]). Our work pro-
vides the same order corrections to the quark EDMs
from the electroweak gauge, top Yukawa, and Higgs
quartic couplings, so we completed the leading order
corrections to the EDMs from the CP -odd dimension-
five operators.
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