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With the development of muon magnetic dipole moment (MDM) experiments, particularly the high-
precision measurements at Fermilab National Accelerator Laboratory (FNAL), experimental data have
become increasingly precise. Up to now, the deviation of muon MDM between the experimental data and
the standard model prediction still exists, which may be caused by the new physics contribution. The two
loop supersymmetric diagrams can produce important corrections to muon MDM. For many two loop
diagrams, we analyze the order of the contribution to select the important two loop diagrams and neglect
the tiny one, which is in favor of distinguishing the important two loop diagrams from all the two loop
diagrams. In our analysis, we use the mass insertion approximation. There is no rotation matrix during the
study and the resulting factors become more intuitive, so the mass insertion method is more suitable for this
study of ours.

DOI: 10.1103/7tzg-wk96

I. INTRODUCTION

Muon magnetic dipole moment (MDM) has attracted the
interests of physicists for many years. For muon MDM, the
standard model (SM) contributions [1–4] can be divided
into several parts: QED contribution is dominant [1,5];
Electroweak and hadronic contributions are also important
[5,6]. The latest experiment data for muon MDM is
reported by the Fermilab National Accelerator Laboratory
(FNAL) [7]. Combined with the previous data, the world
average value of the departure between experiment data and
the SM prediction is [8]

Δaμ ¼ aexpμ − aSMμ ¼ 38ð63Þ × 10−11: ð1Þ
One explanation is that the deviation Δaμ is caused by the
new physics. A computation using supersymmetry (SUSY)
for such small deviation is still interesting. Through the
symmetry of fermions and bosons, SUSY can cancel out
the divergences with each other, making the theoretical

calculations more accurate, which provides a natural
solution to the hierarchy problem in the Higgs mass
corrections. By the running of the renormalization group
equation, the three gauge coupling constants intersect at
one point at the very high energy scale around 1016 GeV.
The lightest neutralino can be a dark matter candidate.
SUSY has new particles beyond the SM, and these new
particles can bring new corrections to muon g-2. Even the
deviation for the muon MDM between the experimental
data and the SM prediction is minimal, the SUSY may
provide a more self-consistent explanation by introducing
new particles, such as supersymmetry partner particles.
Up to now, SM has achieved great successes with the

detection of 125 GeV Higgs boson [9]. However, SM
cannot provide cold dark matter candidate, which is one
shortcoming of SM. Therefore, physicists extend the SM to
obtain newmodels. The minimal supersymmetric extension
of the standard model (MSSM) [10] is one of the most
popular models, which has been studied for many years.
Based on the MSSM, there are also many extended models
[11,12] with added gauge group and superfields especially
right-handed neutrino and Higgs superfields. In these new
models, there are many particles contributing to muon
MDM at two loop level [13,14]. Therefore, so many two
loop triangle diagrams for μ → μγ must be faced. It is very
important to distinguish the order of the each type two loop
corrections for muon MDM [15].
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The two loop diagrams in the SM have been well studied
to obtain the electroweak corrections to muon MDM [1]. In
the new physics models such as 2HDM [16] and MSSM,
some types of two loop diagrams are researched carefully
by the authors [13,14]. For the two loop diagrams, the Barr-
Zee type [17], the rainbow type [18], the diamond
type [19,20] are all of interest and are calculated analyti-
cally. Furthermore, the decoupled results are also shown
apparently with the supposition that all supersymmetric
particles are heavy and of the same mass. When the internal
fermion or sfermion are very heavy, the two loop diagrams
with fermion/sfermion loops have large factors [21]. The
exact results for the photonic supersymmetric two loop
corrections can be found in Ref. [22].
In our previous work, we have researched the factors

of the two loop contributions to muon MDM in mass
eigenstate [15]. It benefits the selection of the two loop
diagrams. However, the rotationmatrixes of themassmixing
matrixes are not considered in the analysis, which may
influence the factor obviously. For the one loop contributions
from ðχ0; L̃Þ and ðχ�; ν̃Þ in the mass eigenstate, there is an
enhancement factormχ

mμ
. However, this is not the truth, because

the combined rotation matrixes suppress the results.
Considering the effects of these factors as a whole, one

can obtain the factor m2
μ

M2
NP
tan β in the end, which is analyzed

by the authors in detail [23]. It is supposed that the SUSY
particles are all heavy and with the same mass MNP. The
detailed analysis for the one loop contributions is shownhere.
In the MSSM, we present the general results of the one

loop diagrams in the following form [23,24]

aMSSM;1L
μ ¼ aχ

0

μ þ aχ
�

μ ;

aχ
0

μ ¼ 1

48π2
X
i;m

m2
μ

m2
μ̃m

�
−
jnLimj2 þ jnRimj2

4
FN
1 ðximÞ

þ
mχ0i

mμ
Re½nLimnRim�FN

2 ðximÞ
�
;

aχ
�

μ ¼ 1

48π2
X
k

m2
μ

m2
ν̃μ

�jcLk j2 þ jcRk j2
4

FC
1 ðxkÞ

þ 2
mχ�k

mμ
Re½cLk cRk �FC

2 ðxkÞ
�
: ð2Þ

i ¼ 1…4, k ¼ 1, 2 and m ¼ 1, 2 respectively denote the
neutralino, chargino, and smuon indices. The mass ratios
are defined as xim ¼ m2

χ0i
=m2

μ̃m
, xk ¼ m2

χ�k
=m2

ν̃μ
. The con-

crete forms of the couplings are

nLim ¼ 1ffiffiffi
2

p ðg1Ni1 þ g2Ni2ÞUμ̃�
m1 − yμNi3U

μ̃�
m2;

nRim ¼
ffiffiffi
2

p
g1Ni1U

μ̃
m2 þ yμNi3U

μ̃
m1;

cLk ¼ −g2Z1kþ ; cRk ¼ yμZ2k
− : ð3Þ

The smuon mass squared matrix is diagonalized by Uμ̃.
While, Ni1 is the rotation matrix to diagonalize the
neutralino mass matrix. To obtain the mass eigenvalues
of chargino, two rotation matrixes Z− and Zþ are needed,
whose concrete forms are in the Eqs. (37)–(41).
The one loop functions in Eq. (2) are shown as

FN
1 ðxÞ ¼

2

ð1 − xÞ4 ½1 − 6xþ 3x2 þ 2x3 − 6x2 log x�;

FN
2 ðxÞ ¼

3

ð1 − xÞ3 ½1 − x2 þ 2x log x�;

FC
1 ðxÞ ¼

2

ð1 − xÞ4 ½2þ 3x − 6x2 þ x3 þ 6x log x�;

FC
2 ðxÞ ¼

3

ð1 − xÞ3 ½−3þ 4x − x2 − 2 log x�: ð4Þ

These functions are normalized as Fj
ið1Þ ¼ 1.

In Eq. (2), on the surface there is the factor
m

χ�
mμ

ðmχ0

mμ
Þ in

the second term for aχ
�

μ (aχ
0

μ ). In fact, the terms linear in
mχ0;� are not enhanced by a factor mχ0;�=mμ compared to

the other terms. Let us take
m

χ�
mμ

as an example. From

Eq. (2), we discuss the total effects of the following terms

X
k

m2
μ

m2
ν̃μ

mχ�k
mμ

Re½cLk cRk �FC
2 ðxkÞ

¼
X
k

m2
μ

m2
ν̃μ

mχ�k
mμ

Re½−g2Vk1yμUk2�FC
2 ðxkÞ

∝
m2

μ

M2
NP

tan β: ð5Þ

Here, yμ is the muon Yukawa coupling. When we take the
concrete forms of the parameters in Eq. (5), the factor
m2

μ

M2
NP
tan β is obtained. That is to say the terms linear in mχ0;�

are enhanced merely by a factor tan β from the muon
Yukawa coupling.
The two loop SUSY contributions also have similar

features as the one loop condition [23]. Considering the
combined rotation matrixes, the factor mχ

mμ
on the surface in

the two loop corrections is suppressed in the total analysis.
To get the factors more clearly and thoroughly, we use the
mass insertion approximation (MIA) [25,26] to analyse the
two loop triangle diagrams contributing to muon MDM.
With MIA method we use the electroweak interaction
eigenstate and treat perturbatively the mass insertions.
In the MIA approach it is not necessary to include rotation
mass matrices. Therefore, the results are clear for the vertex
couplings in MIA method. The energy scale of the new
physics is supposed as ΛNP, and we take ΛNP ∼MNP.
In the Sec. II, the used suppositions and analysis method

are shown in detail. The detailed example and obtained
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factors for the two loop diagrams are collected in Sec. III. The
last section is devoted to the discussion and conclusion.

II. THE METHOD

There are many SUSY models, where MSSM is very
representative. Though the analysis is employed in the
MSSM, it is also adaptable to other SUSY models and even
non-SUSY models. Instead of the mass eigenstate, we use
MIA, which is calculated in the electroweak interaction
eigenstate. This method has advantages in the study of
lepton flavor violation to show important parameters
apparently [26,27]. Similarly, the advantages can also be
reflected in the muon MDM analysis [25]. There is not the
rotation matrixes, and the obtained factors become more
intuitive.
There are a great many two loop SUSY triangle diagrams

for μ → μγ. To save space in the text, we plot the two loop

self-energy diagrams, from which the two loop triangle
diagrams can be obtained by attaching a photon on the
internal charged lines in all possible ways. The one loop
diagrams in electroweak state are much more than the one
loop diagrams in mass eigenstate. Similarly, the two loop
self-energy diagrams using MIA are much more than the
two loop self-energy diagrams in the mass eigenstate.
Therefore, we show some examples, and the other two
loop diagrams are still denoted in the mass eigenstate.
In mass eigenstate, the two loop self-energy diagrams are

plotted in Fig. 1. To simplify the discussion, we use the
notations that S, V, and F represent virtual scalar boson,
vector boson and Dirac (Majorana) particle, respectively.
Some diagrams [Figs. 1(d), 1(f), 1(n), and 1(o)] have their
Hermitian diagrams to produce the same contribution to
muon MDM, and we do not show them here. Their
Hermitian diagrams can be obtained by exchanging the
vector boson and the corresponding scalar boson.

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

(e) (f) (g) (h)

(i) (j) (k) (l)

(m) (n)

(q) (r)

(o) (p)

FIG. 1. The two loop self-energy diagrams for muon MDM in mass eigenstate.
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In previous works, the authors show the decoupling
results for dominant one-loop SUSY contributions to muon

MDM, which all have the typical factor m2
μ

M2
NP
tan β with all

SUSY particles masses beingMNP [23,25]. To simplify the
discussion, we also use the supposition that all SUSY
particles have the same mass MNP in this work. Generally
speaking, the masses of neutralino and sneutrino should be
around 500 GeV, or even heavier. The slepton mass is no
less than 700 GeV [28]. The lightest chargino mass is at the
scale of 1100 GeV. The very heavy SUSY particles are
colored particles including scalar quark and gluino, whose
masses are not smaller than 1500 GeV. For the sake of
simplicity, we suppose that the SUSY particles approx-
imately have the same mass MNP ∼ 1000 GeV. From a
numerical point of view, 1000 GeV is about the central
value for the most SUSY particles’ masses from 500 GeV
to 1500 GeV, which is a reasonable approximation. This
assumption greatly reduces the complexity of the analysis.
The sum of all the two loop triangle diagramsðμ → μγÞ

corresponding to each two loop self-energy diagramðμ →
μÞ satisfies the Ward-identity [29,30]. We take two exam-
ples to explain the conversion between the two loop self-
energy diagrams in mass eigenstate and the corresponding
diagrams using MIA in electroweak eigenstate. For the
Fig. 1(n), we take V ¼ γ; F ¼ μ; S ¼ h0; F1 ¼ F2 ¼ χ�,
whose corresponding diagram processed by MIA is shown
in the Fig. 2 with V ¼ γ, F ¼ μ, S ¼ h0d, F 1 ¼ W̃�,
F 2 ¼ H̃�, F 3 ¼ W̃�. This is the Barr-Zee type two loop
diagram with heavy fermion subloop, which contributes to

muon MDM with the typical factor m2
μ

M2
NP
tan β [23]. Large

tan β can improve this type of two loop diagram
contribution.
The Barr-Zee type two loop diagram with scalar subloop

in MIA is shown in Fig. 3. The corresponding particles are
respectively V ¼ γ, F ¼ μ, S1 ¼ t̃R, S2 ¼ t̃L, S3 ¼ t̃R,
S4 ¼ h0d. As discussed in Ref. [23], this diagram has the

typical parameter m2
μ

M2
NP
tan β m2

t
m2

W
, which is analyzed in the

next section.

III. THE ANALYSIS

In order to obtain representative analysis, we study the
two loop diagrams in the MSSM [10]. Inserting MSSM
particles into the two loop self-energy diagrams in generic
form, a lot of two loop diagrams are produced from each
type generic diagram. To save space in the text, we use the
two loop diagrams in mass eigenstate to represent two loop
diagrams in electroweak state. Each two loop diagram in
mass eigenstate corresponds to several two loop diagrams
in electroweak state, which are analyzed by MIA method in
fact. Then, the results are obtained by MIA method, and the
two loop diagrams are not so many to plot.

A. The techniques for the two loop function

Here, we show the techniques for the two loop diagram
calculation. The used formulas to simplify the Feynman
integrals are [20,31]

Z
dDk1dDk2
ð2πÞ2D

ðk1μk1ν; k1μk2νÞ
D0

→
Z

dDk1dDk2
ð2πÞ2D

ðk2; k1 · k2Þgμν
DD0

;

Z
dDk1dDk2
ð2πÞ2D

ðk1μk1νk1ρk1σ; k1μk1νk1ρk2σÞ
D0

→
Z

dDk1dDk2
ð2πÞ2D

ðk41; k21k1 · k2ÞTμνρσ

DðDþ 2ÞD0

;

Z
dDk1dDk2
ð2πÞ2D

k1μk1νk2ρk2σ
D0

→
Z

dDk1dDk2
ð2πÞ2D

1

D0

�
Dðk1 · k2Þ2 − k21k

2
2

DðD− 1ÞðDþ 2Þ Tμνρσ −
ðk1 · k2Þ2 − k21k

2
2

DðD− 1Þ gμνgρσ

�
;

Z
dDk1dDk2
ð2πÞ2D

k1μk1νk1ρk1σk2αk2β
D0

→
Z

dDk1dDk2
ð2πÞ2D

1

D0

�
Dðk1 · k2Þ2k21 − k41k

2
2

DðDþ 2ÞðDþ 4ÞðD− 1ÞTαβμνρσ −
ðk1 · k2Þ2k21 − k41k

2
2

DðDþ 2ÞðD− 1Þ gαβTμνρσ

�
;

FIG. 2. The two loop self-energy diagram in electroweak
eigenstate corresponding to Fig. 1(n).

FIG. 3. The two loop self-energy diagram in electroweak
eigenstate corresponding to Fig. 1(o).
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Z
dDk1dDk2
ð2πÞ2D

k1μk1νk1ρk2σk2αk2β
D0

→
Z

dDk1dDk2
ð2πÞ2D

1

D0

�ðDþ 1Þk21k22ðk1 · k2Þ − 2ðk1 · k2Þ3
DðDþ 2ÞðDþ 4ÞðD − 1Þ Tαβμνρσ −

k21k
2
2ðk1 · k2Þ − ðk1 · k2Þ3
DðDþ 2ÞðD − 1Þ

× ½gμσðgναgρβ þ gνβgραÞ þ gμαðgνσgρβ þ gνβgρσÞ þ gμβðgνσgρα þ gναgρσÞ�
�
; ð6Þ

with the time-space dimension D ¼ 4 − 2ϵ. Tμνρσ, Tμνρσαβ, and D0 are shown as

Tμνρσ ¼ gμνgρσ þ gμρgνσ þ gμσgνρ;

Tμνρσαβ ¼ gμνTρσαβ þ gμρTνσαβ þ gμσTνραβ þ gμαTνρσβ þ gμβTνρσα;

D0 ¼ ðk21 −m2
1Þðk22 −m2

2Þððk1 − k2Þ2 −m2
0Þ: ð7Þ

The odd rank terms of k1 and k2 in the loop momenta are abandoned, because their integrals are zero. With the following
decomposition formula, we reduce the complicated two-loop integrals to the simple two-loop vacuum integrals with one
1=D0 and one-loop integrals

1

ðk2 −m2
1Þ

1

ðk2 −m2
2Þ

¼ 1

m2
1 −m2

2

�
1

k2 −m2
1

−
1

k2 −m2
2

�
;

1

ðk2 −m2Þn ¼
1

ðn − 1Þ!
�

∂

∂m2

�
n−1 1

k2 −m2
: ð8Þ

The two-loop vacuum integral is obtained [31]

Λ4ϵ
RE

Z Z
dDk1dDk2
ð2πÞ2D

1

ðk21 −m2
1Þðk22 −m2

2Þððk1 − k2Þ2 −m2
0Þ

¼ Λ2

2ð4πÞ4
Γ2ð1þ ϵÞ
ð1 − ϵÞ2 ð4πxRÞ2ϵ

�
−

1

ϵ2
ðx0 þ x1 þ x2Þ þ

1

ϵ
ð−ðx0 þ x1 þ x2Þ

þ 2ðx0 ln x0 þ x1 ln x1 þ x2 ln x2ÞÞ þ 2ðx0 ln x0 þ x1 ln x1 þ x2 ln x2Þ

− 2ðx0 þ x1 þ x2Þ − x0ln2x0 − x1ln2x1 − x2ln2x2 −Φðx0; x1; x2Þ
�
; ð9Þ

with

Φðx; y; zÞ ¼ ðxþ y − zÞ ln x ln yþ ðx − yþ zÞ ln x ln zþ ðyþ z − xÞ ln y ln zþ signðλ2Þ
ffiffiffiffiffiffiffi
jλ2j

q
Ψðx; y; zÞ; ð10Þ

λ2ðx; y; zÞ ¼ x2 þ y2 þ z2 − 2xy − 2yz − 2xz: ð11Þ

The concrete form of Ψðx; y; zÞ reads as
(1) λ2 > 0;

ffiffiffi
y

p þ ffiffiffi
z

p
<

ffiffiffi
x

p
:

Ψðx; y; zÞ ¼ 2 ln

�
xþ y − z − λ

2x

�
ln

�
x − yþ z − λ

2x

�
− ln

y
x
ln
z
x

− 2Li2

�
xþ y − z − λ

2x

�
− 2Li2

�
x − yþ z − λ

2x

�
þ π2

3
: ð12Þ

Li2ðxÞ is the Spence function
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(2) λ2 > 0;
ffiffiffi
x

p þ ffiffiffi
z

p
<

ffiffiffi
y

p
:

Ψðx; y; zÞ ¼ Eq:ð12Þðx ↔ yÞ; ð13Þ

(3) λ2 > 0;
ffiffiffi
x

p þ ffiffiffi
y

p
<

ffiffiffi
z

p
:

Ψðx; y; zÞ ¼ Eq:ð12Þðx ↔ zÞ; ð14Þ

(4) λ2 < 0:

Ψðx; y; zÞ ¼ 2

�
Cl2

�
2 arccos

�
−xþ yþ z

2
ffiffiffiffiffi
yz

p
��

þ Cl2

�
2 arccos

�
x − yþ z
2
ffiffiffiffiffi
xz

p
��

þ Cl2

�
2 arccos

�
xþ y − z
2
ffiffiffiffiffi
xy

p
���

: ð15Þ

Cl2ðxÞ denotes the Clausen function.
We show the used partial functions of Φðx1; x2; x3Þ.
(1) The function ∂Φ

∂x1
ðx1; x2; x3Þ

∂Φ
∂x1

ðx1; x2; x3Þ ¼
x1 − x2 − x3ffiffiffiffiffiffiffi

jλ2j
p Ψðx1; x2; x3Þ þ logðx1Þ logðx2Þ

þ logðx1Þ logðx3Þ þ 2 logðx1Þ − logðx2Þ logðx3Þ: ð16Þ

(2) The function ∂
2Φ
∂x2

1

ðx1; x2; x3Þ

∂
2Φ
∂x21

ðx1; x2; x3Þ ¼ −
4x2x3
ðjλ2jÞ3=2Ψðx1; x2; x3Þ −

2ð−x1 þ x2 þ x3Þ logðx1Þ
λ2

þ logðx2Þ þ logðx3Þ þ 2

x1
−
ðx3 − x1 − x2Þðx3 − x1 þ x2Þ logðx2Þ

x1λ2

þ ðx1 − x2 þ x3Þð−x1 þ x2 þ x3Þ logðx3Þ
x1λ2

: ð17Þ

(3) The function ∂
2Φ

∂x1∂x2
ðx1; x2; x3Þ

∂
2Φ

∂x1∂x2
ðx1; x2; x3Þ ¼

1

λ2
ð−2ðx1 − x2 þ x3Þ logðx1Þ − 2ðx3 − x1 þ x2Þ logðx2Þ

þ 4x3 logðx3ÞÞ þ
2x3ðx1 þ x2 − x3Þ

jλ2j3=2 Ψðx1; x2; x3Þ: ð18Þ

(4) The function ∂
3Φ
∂x3

1

ðx1; x2; x3Þ

∂
3Φ
∂x31

ðx1; x2; x3Þ ¼
12x2x3ðx1 − x2 − x3Þ

jλ2j5=2 Ψðx1; x2; x3Þ −
�
24x2x3
λ4

þ 2

λ2

�
logðx1Þ

þ
�ðx3 − x1Þ2 − x22

x21λ
2

þ 2x2
x1λ2

−
12x2x3ð−x1 − x2 þ x3Þ

x1λ4

�
logðx2Þ

þ
�
2x3ð2x1 þ x2 − x3Þ

x21λ
2

þ 12x2x3ðx1 − x2 þ x3Þ
x1λ4

þ 1

x21

�
logðx3Þ

−
2½ðx3 − x2Þ2 − x1ðx2 þ x3Þ�

x21λ
2

−
logðx2Þ þ logðx3Þ

x21
: ð19Þ
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(5) The function ∂
3Φ

∂x2
1
∂x2

ðx1; x2; x3Þ

∂
3Φ

∂x21∂x2
ðx1; x2; x3Þ ¼

2ðx2 − x1 − x3Þ
x1λ2

þ
�
2

λ2
þ 12x3ðx1 þ x2 − x3Þ

λ4

�
logðx1Þ −

�
24x2x3
λ4

þ 2ðx1 þ x3Þ
x1λ2

�
logðx2Þ

þ
�
8x3ðx2 − x1 þ x3Þ

λ4
þ 2x3ðx2 − x3 þ x1Þðx2 − x3 − x1Þ

x1λ4

�
logðx3Þ

þ 2x3ðλ2 − 3ðx1 − x3Þ2 þ 3x22Þ
jλ2j5=2 Ψðx1; x2; x3Þ; ð20Þ

B. The effective Lagrangian for muon MDM

Using the effective Lagrangian method, we adopt the dimension 6 operators for the process lI → lI þ γ,

OL;R
1 ¼ 1

ð4πÞ2 l̄ði=DÞ3PL;Rl; OL;R
2 ¼ eQf

ð4πÞ2 ðiDμlÞγμF · σPL;Rl;

OL;R
3 ¼ eQf

ð4πÞ2 l̄F · σγμPL;RðiDμlÞ; OL;R
4 ¼ eQf

ð4πÞ2 l̄ð∂
μFμνÞγνPL;Rl;

OL;R
5 ¼ ml

ð4πÞ2 l̄ði=DÞ2PL;Rl; OL;R
6 ¼ eQfml

ð4πÞ2 l̄F · σPL;Rl: ð21Þ

HereDμ ¼ ∂μ þ ieAμ and PL;R ¼ 1∓γ5
2
. Fμν represents the electromagnetic field strength. The operatorsOL;R

2;3;6 have relation

with lepton MDM, which is the combination of the Wilson coefficients CL;R
2;3;6. The Wilson coefficients of the operators

OL;R
2;3;6 satisfy the following relations

CL;R
2 ¼ ðCL;R

3 Þ�; CL;R
6 ¼ ðCL;R

6 Þ�: ð22Þ
With the on-shell conditions for the external leptons, transformation of the used terms in the effective Lagrangian are
obtained as [18,31]

CL;R
2 OL;R

2 þ ðCL;R
2 Þ�ðOL;R

2 Þ� þ CL;R
6 OL;R

6 þ ðCL;R
6 Þ�ðOL;R

6 Þ�
⇒ ðCL;R

2 þ ðCL;R
2 Þ� þ CL;R

6 ÞOL;R
6 þ ððCL;R

2 Þ� þ CL;R
2 þ ðCL;R

6 Þ�ÞðOL;R
6 Þ�

¼ eQlml

ð4πÞ2 ½ℜðCL;R
2 þ ðCL;R

2 Þ� þ CL;R
6 Þl̄σμνlþ iℑðCL;R

2 þ ðCL;R
2 Þ� þ CL;R

6 Þl̄σμνγ5l�Fμν: ð23Þ

with ℜð� � �Þ denoting to take the real part of a complex
number, and ℑð� � �Þ denoting to take the imaginary part of a
complex number. The lepton MDM reads as

LMDM ¼ e
4ml

all̄σμνlFμν: ð24Þ

We finally get

al ¼
4Qlm2

l

ð4πÞ2 ℜðCL;R
2 þ ðCL;R

2 Þ� þ CL;R
6 Þ: ð25Þ

C. Example 1: Barr-Zee type diagrams with scalar
subloop and neutral vector boson

For example, we analyze Barr-Zee type diagrams with
charged scalar subloop, neutral vector boson and neutral
Higgs. For simplicity, we use the triangle diagrams in the
Fig. 4. The factor order of Fig. 5 in MIA can be obtained

from the operationΔM2
XY;S

∂

∂m2
S
on the results from the Fig. 4

with X ¼ R, L and Y ¼ R, L. The charged scalar masses
for left-handed and right-handed are treated as same in
the end. The reason is the relation between up scalar
propagator and the down propagator with a black spot
denoting one mass insertion in MIA, and they are shown in
the Fig. 6. In the Fig. 6, the Feynman rule for the up
propagator is i

k2−m2
S
. While, the Feynman rule for the down

propagator is i
k2−m2

S1

ΔM2
XY;S

i
k2−m2

S2

∼ i
k2−m2

S
ΔM2

XY;S
i

k2−m2
S
,

because mS2 ∼mS1 → mS. We take the operation
ΔM2

XY;S
∂

∂m2
S
on 1

k2−m2
S
and obtain

ΔM2
XY;S

∂

∂m2
S

1

k2 −m2
S
¼ 1

k2 −m2
S
ΔM2

XY;S
1

k2 −m2
S
: ð26Þ

Using this relation, we can simplify the order analysis.
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The sum of Figs. 4(a)–4(c) satisfy the Ward-Identity. During C2, C3, and C6, and C6 is the simplest one and its order is
representative. Because C6 is relatively simple and representative for the order analysis, we calculate C6 for the triangle
diagrams in the Fig. 4, and obtain the corresponding order of muon MDM.

C6 ∝
16π2

mF
HVF̄FHVS1S2HS1S2S3HS3F̄F

Z Z
dkD1
ð2πÞD

dkD2
ð2πÞD

1

ðk21 −m2
S3
Þðk21 −m2

FÞðk21 −m2
VÞ

×

���
1

D
þ 1

2

�
k1 · k2

ðk22 −m2
S1
Þ −

2

D
k1 · k2k22

ðk22 −m2
S1
Þ2 −

2

D − 1

ðk1 · k2Þ2
ðk22 −m2

S1
Þðk21 −m2

S3
Þ

−
1

4

k21
ðk22 −m2

S1
Þ þ

1

D
k21

ðk21 −m2
S3
Þ þ

1

D
k21k

2
2

ðk22 −m2
S1
Þ2 þ

2

DðD − 1Þ
k21k

2
2

ðk22 −m2
S1
Þðk21 −m2

S3
Þ

þ 1

D
k21k1 · k2

ðk22 −m2
S1
Þðk21 −m2

S3
Þ
�

1

ðk22 −m2
S1
Þ½ðk1 − k2Þ2 −m2

S2
�

þ
�
1

2

k1 · k2
ðk22 −m2

S2
Þ −

2

D
k1 · k2k22

ðk22 −m2
S2
Þ2 −

2

D − 1

ðk1 · k2Þ2
ðk22 −m2

S2
Þðk21 −m2

S3
Þ

−
1

4

k21
ðk22 −m2

S2
Þ þ

1

D
k21k

2
2

ðk22 −m2
S2
Þ2 þ

2

DðD − 1Þ
k21k

2
2

ðk22 −m2
S2
Þðk21 −m2

S3
Þ

þ 1

D
k21k1 · k2

ðk22 −m2
S2
Þðk21 −m2

S3
Þ
�

1

ðk22 −m2
S2
Þ½ðk1 − k2Þ2 −m2

S1
�
�
: ð27Þ

HVF̄F (HVS1S2) are the couplings of vector boson and
fermion (vector boson and scalar), and they belong to
electroweak couplings at the order of e ð e

sin θW cos θW
Þ with

V ¼ γðZÞ. HVF̄F and HVS1S2 do not affect the order
analysis. So we neglect them in the following discussion.
To obtain the order of CMIA

6 for the corresponding mass
insertion diagram, we use the operation on C6 as
ΔM2

XY;S
∂

∂m2
S1

C6 with X ¼ R, L and Y ¼ R, L. In the

end, the simplification mS2 ∼mS1 ∼MNP ≫ mV and mF

are taken. With the functions in Eqs. (9)–(20), we obtain the
following results through tedious calculation

FIG. 6. The scalar propagators appearing in MIA.

(a) (b) (c)

FIG. 4. The two loop triangle diagrams for muon MDM with neutral V and S3. S1 and S2 in the subloop are charged scalar particles.

(a) (b)

(c) (d)

FIG. 5. The two loop triangle diagrams in MIA.
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CMIA
6 ∝ΔM2

XY;S
∂C6

∂m2
S1

∝
16π2

mF
ΔM2

XY;SHS1S2S3HS3F̄F
1

196608π4M4
NP

ð17þ�� �Þ

∝
1

12288π2mFM4
NP

ΔM2
XY;SHS1S2S3HS3F̄Fð17þ�� �Þ:

ð28Þ

The dots in Eq. (28) represent small terms comparing
with the leading term. As F → μ, V → ZðγÞ, and
S1 → t̃L; S2 → t̃L; S3 → h0d, then

HS3F̄F → Hh0dμ̄μ
∼

mμ

v cos β
;

ΔM2
XY;S → ΔM2

LR;t̃ ¼ mtðAt − μ� cot βÞ ∼mtAt;

HS1S2S3 → Ht̃Lt̃Rh0d
∼ μmt=v: ð29Þ

Here, we suppose At ∼ μ and cot β is small.
Using the above replacements, CMIA

6 is transformed as

CMIA
6 ∝

1

12288π2mμM4
NP

mtAt
μmt

v

mμ

v cos β
ð17þ � � �Þ

∝
1

12288π2M4
NP

Atμm2
t

v2 cos β
ð17þ � � �Þ

∝
αe

12288π sin θ2W

�
Atμm2

t

m2
WM

4
NP cos β

�
ð17þ � � �Þ: ð30Þ

In our discussion, tan β is large leading to sin β ∼ 1.
Therefore, 1

cos β ∼ tan β. Then from Eq. (28), we obtain the

core factor Atμm2
t tan β

m2
WM

4
NP

neglecting other terms in the big

bracket, which is consistent with the result in Ref. [23].
In the end, the order factor of aμ is obtained

aμ ∝ m2
μ
Atμm2

t tan β
m2

WM
4
NP

∝
m2

μ tan β

M2
NP

: ð31Þ

Here, we use the relation At ∼ μ ∼MNP. So far, we have

obtained that typical factor m2
μ

M2
NP
tan β for the Barr-Zee type

two loop diagrams.

D. Example 2: Convert the Barr-Zee type two loop
diagram with heavy fermion subloop and photon

from mass eigenstate to MIA

For another example, the Barr-Zee type two loop
diagram with heavy fermion subloop and photon are
studied in mass eigenstate in Refs. [20,31]. Regardless
of whether the results obtained by mass eigenstate method
or MIA method, the order of magnitude is the same, which
is a general rule. So, we transform the results of Barr-Zee

type two loop diagram with heavy fermion subloop and
photon to MIA form, then the factor of the order is obvious.
The two-loop corrections of a2L;γh

0

μ is obtained in mass
eigenstate [20,31]

a2L;γh
0

μ ¼ e2

64
ffiffiffi
2

p
π4

Hh0μ̄μ

X
F1¼F2¼χ�

x1=2μ

x1=2F1

ℜðHL
h0F̄1F2

Þ

× F 1ðxh; xFα
; xFα

Þ; ð32Þ

F 1ðx; y; zÞ ¼
1

x

�
−4ð2þ ln yÞðln x − 1Þ

−
∂

∂z

�
1þ 2

y − z
x

�
Φðx; y; zÞ

þ ∂

∂z

��
1þ 2

y − z
x

�
φ0ðy; zÞ

þ 2ðy − zÞφ1ðy; zÞ
��

: ð33Þ

The functions φ0ðy; zÞ and φ1ðy; zÞ read as

φ0ðx; yÞ ¼

8><
>:

ðxþ yÞ ln x ln yþ ðx − yÞΘðx; yÞ; x > y

2xln2x; x ¼ y

ðxþ yÞ ln x ln yþ ðy − xÞΘðy; xÞ; x < y

φ1ðx; yÞ ¼

8><
>:

− ln x ln y − xþy
x−yΘðx; yÞ; x > y

4 − 2 ln x − ln2x; x ¼ y

− ln x ln y − xþy
y−xΘðy; xÞ; x < y

ð34Þ

The function Θðx; yÞ is

Θðx;yÞ¼ lnx ln
y
x
−2 lnðx−yÞ lny

x
−2Li2

�
y
x

�
þπ2

3
: ð35Þ

with Li2ðxÞ denoting the Spence function.
Using similar assumption mF1

¼ mF2
≫ mh0 , one can

simplify the two-loop Barr-Zee type diagrams contributing
to the muon MDM [20].

a2L;γh
0

μ ¼ e2

64
ffiffiffi
2

p
π4

Hh0μ̄μ

X
F1¼F2¼χ�

x1=2μ

x1=2F1

ℜðHL
h0F̄1F2

Þ

×

�
1þ ln

xF1

xh0

�
: ð36Þ

In the MSSM, the mass matrix for charginos in the basis
(W̃−, H̃−

d ), (W̃
þ, H̃þ

u ) is [10]

Mχ� ¼
 

M2
1ffiffi
2

p g2vu
1ffiffi
2

p g2vd μ

!
: ð37Þ
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Considering that tan β ¼ vu
vd

is large and 1ffiffi
2

p g2vd ≪
1ffiffi
2

p g2vu ≪ M2 ∼ μ, the mass matrix of chargino in

Eq. (37) is approximately

Mχ� ∼
�
M2

1ffiffi
2

p g2vu

0 μ

�
; ð38Þ

which is diagonalized by Zþ and Z−

Z†
−Mχ�Z

�þ ¼ Mdia
χ� : ð39Þ

The approximate results of the rotation matrixes Z− and Zþ
are deduced as

Z− ∼

0
B@ 1 −μg2vu=

ffiffi
2

p
M2

2
−μ2

μg2vu=
ffiffi
2

p
M2

2
−μ2 1

1
CA; ð40Þ

Zþ ∼

0
B@ 1 −M2g2vu=

ffiffi
2

p
M2

2
−μ2

M2g2vu=
ffiffi
2

p
M2

2
−μ2 1

1
CA: ð41Þ

The couplings Hh0μ̄μ and HL
h0χ̄�χ� are in the following

form

Hh0μ̄μ ¼
ml

v cos β
Z11
R ;

HL
h0χ�i χ

�
i
¼ −effiffiffi

2
p

sW
ðZ11

R Z2i
−Z1iþ þ Z21

R Z1i
−Z2iþÞ: ð42Þ

Here, ZR is the rotation matrix to diagonalize the mass
squared matrix of CP-even Higgs.

With the Eqs. (40)–(42), a2L;γh
0

μ in Eq. (36) turns to

a2L;γh
0

μ ∝
e2

64
ffiffiffi
2

p
π4

�
mμ

v cos β
Z11
R

�
mμ

m�
χ
ℜ

�
−effiffiffi
2

p
sW

ðZ1k
R Z21

− Z11þ þ Z2k
R Z11

− Z21þ þ Z1k
R Z22

− Z12þ þ Z2k
R Z12

− Z22þ Þ
�

∝
e2

64
ffiffiffi
2

p
π4

�
mμ

v cos β
Z11
R

�
mμ

m�
χ
ℜ

�
−effiffiffi
2

p
sW

ðZ1k
R ðZ21

− þ Z12þ Þ þ Z2k
R ðZ21þ þ Z12

− ÞÞ
�

∝
e2

64
ffiffiffi
2

p
π4

mμ

v cos β
Z11
R

mμ

m�
χ

effiffiffi
2

p
sW

g2v sin βffiffiffi
2

p ðM2 þ μÞ ðZ
11
R − Z21

R Þ

∝
1

128
ffiffiffi
2

p
π4

e4

s2W

�
m2

μ tan β

m�
χ ðM2 þ μÞ

�
Z11
R ðZ11

R − Z21
R Þ

∝
1

256
ffiffiffi
2

p
π4

e4

s2W
Z11
R ðZ11

R − Z21
R Þ ×

�
m2

μ tan β

M2
NP

�
: ð43Þ

Obviously, the typical order factor m2
μ tan β
M2

NP
for a2L;γh

0

μ is
obtained from the above deduction.
Because to calculate the two loop diagrams is very

tedious and takes a lot of time, we give the above examples
and do not show the calculation of other diagrams in detail.
We extract the order factor of the two loop diagram to find
the important two loop diagrams, which can reduce work-
load for the two loop research.

E. The order factors for the two loop diagrams

Similarly, we obtain the following results for Barr-Zee
type two loop diagram

For F1:ðnÞ
χ�;χ�;μ;Z;H0 in Table I, the real photon can only be

attached on the virtual lepton, which does not contribute to
the lepton MDM and EDM in on-shell scheme [17].
For the Barr-Zee type two loop diagram with scalar

subloop, we show it in the Fig. 3 with the particles
V ¼ γ;F ¼ μ;S1 ¼ t̃R;S2 ¼ t̃L;S3 ¼ t̃R;S4 ¼ h0d. The
factor analysis is [23]

m2
μ

M2
NP

tan β
μmt

m2
W

mtðAt − μ� cot βÞ
M2

NP
∼

m2
μ

M2
NP

tan β
μmt

m2
W

mtAt

M2
NP

∼
m2

μ

M2
NP

tan β
m2

t

m2
W
∼ 4.6 ×

m2
μ

M2
NP

tan β: ð44Þ

In the same way, the following results in Table II are
obtained.
After comparison, the contribution factors from

F1:ðoÞ
L̃;L̃;H0;ðγ;ZÞ;μ, F1:ðoÞ

D̃;D̃;H0;ðγ;ZÞ;μ, F1:ðoÞ
ν̃;ν̃;H0;Z;μ

, and F1:ðoÞ
L̃;ν̃;H�;W;ν

are not greater than that of F1:ðoÞ
t̃;t̃;H0;ðγ;ZÞ;μ. That is to say,

for this type two loop diagram, the contribution from scalar

TABLE I. Barr-Zee type two loop diagrams with fermion
subloop.

Factor Two loop diagram

m2
μ

M2
NP
tan β F1:ðnÞ

χ�;χ�;μ;Z;H0 , F
1:ðnÞ
χ�;χ0;ν;W;H�
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down quark, slepton and sneutrino are not larger than that
from scalar top quark.
For this type diagram, when the particles in the scalar

subloop are Higgs, the corresponding factors are shown in
Table III as follows

Here Bμ is at the order ofM2
NP. From the above analysis,

one can find m2
μ

M2
NP
tan β is the typical factor.

For a concise display of results, we collect that the
diagrams possess the same factor. To simplify the dis-
cussion, we adopt the supposition MZ ∼MW ∼MV .

(1) The diagrams have the factor m2
μ

M2
NP

are in
Table IV [15,18] are with S denoting the charged

scalar particles (L̃; Ũ; D̃; H�). The factor m2
μ

M2
NP

does

not have the large improvement term tan β, so these
diagrams can be neglected safely.

(2) The factor m2
μ

M2
V
is large, which is bigger than the factor

m2
μ

M2
NP
tan β with MNP ∼ 1000 GeV. Supposing MV ∼

90 GeV and tan β ∼ 50, the ratio of the first factor to
the second factor is

m2
μ

M2
V

m2
μ

M2
NP
tan β

¼ M2
NP

M2
V tan β

¼ 10002

902 × 50
∼ 2.47: ð45Þ

So the diagrams possessing the factor m2
μ

M2
V

are

important, and they are collected in Table V.
with S¼ L̃;H�;Ũ;D̃;H0ðA0Þ;ν̃ and ðS1;S2Þ¼

ðν̃;L̃Þ;ðŨ;D̃Þ;ðH0;H�Þ. In the on-shell scheme,

the contribution from F1:ðiÞ
χ0;χ0;μ;Z;Z

does not have large

factor m2
μ

M2
V
, and it is classified as negligible [31].

(3) There are many two loop diagrams including several

types that have the typical factor m2
μ

M2
NP
tan β. These

two loop self-energy diagrams are collected in the
Table VI, and they account for more than half of all
two loop diagrams.

TABLE II. Barr-Zee type two loop diagrams with scalar
subloop.

Factor Two loop diagram

4.6 × m2
μ

M2
NP
tan β F1:ðoÞ

t̃;b̃;H0;W;ν
, F1:ðoÞ

t̃;t̃;H0;Z;μ

TABLE IV. The two loop diagrams with small factor.

Factor Two loop diagram

m2
μ

M2
NP

F1:ðaÞ
γ;S;ðγ;ZÞ;μ, F

1:ðiÞ
χ�;χ�;μ;γ;ðγ;ZÞ, F

1:ðjÞ
S;S;γ;ðγ;ZÞ;μ

TABLE V. The two loop diagrams have large factor m2
μ

M2
V
.

Factor Two loop diagram

m2
μ

M2
V

F1:ðaÞ
Z;S;Z;μ, F

1:ðaÞ
W;S;W;ν, F

1:ðiÞ
χ0;χ�;ν;W;W

, F1:ðiÞ
χ�;χ�;μ;Z;Z,

F1:ðjÞ
S;S;Z;Z;μ, F

1:ðjÞ
S1;S2;W;W;ν

TABLE III. Barr-Zee type two loop diagrams with Higgs
subloop.

Factor Two loop diagram

m2
μ

M2
NP
tan β Bμ

M2
NP
∼ m2

μ

M2
NP
tan β F1:ðoÞ

H�;H�;H0;ðγ;ZÞ;μ, F
1:ðoÞ
H0;A0;A0;Z;μ

,

F1:ðoÞ
H�;ðA0;H0Þ;H�;W;ν

TABLE VI. The two loop diagrams have the typical factor m2
μ

M2
NP
tan β.

Factor Two loop diagram

m2
μ

M2
NP
tan β F1:ðbÞ

L̃;S;L̃;χ0
, F1:ðbÞ

ν̃;S;ν̃;χ� , S ¼ ν̃; L̃; H0; H�, F1:ðcÞ
L̃;L̃;ðγ;Z;WÞ;χ0 , F

1:ðcÞ
ν̃;ν̃;ðZ;WÞ;χ�

F1:ðgÞ
χ0;μ;χ0;L̃;L̃

, F1:ðgÞ
χ�;μ;χ�;ν̃;ν̃, F

1:ðgÞ
χ0;ν;χ�;L̃;ν̃, F

1:ðhÞ
χ0;χ�;L̃;ν̃;W , F

1:ðhÞ
χ�;χ� ;ν̃;ν̃;Z

, F1:ðhÞ
χ0;χ0;L̃;L̃;Z

F1:ðlÞ
μ;χ�;χ�;ν̃;ν̃, F

1:ðlÞ
μ;χ0;χ0;L̃;L̃

, F1:ðlÞ
ν;χ�;χ0;L̃;L̃, F

1:ðlÞ
ν;χ0;χ�;ν̃;ν̃, F

1:ðmÞ
L̃;L̃;L̃;ðγ;ZÞ;χ0

F1:ðmÞ
ν̃;ν̃;ν̃;Z;χ� , F

1:ðmÞ
ν̃;L̃;ν̃;W;χ� , F

1:ðmÞ
L̃;ν̃;L̃;W;χ0

, F1:ðnÞ
χ�;χ�;μ;Z;H0 , F

1:ðnÞ
χ�;χ0;ν;W;H�

F1:ðoÞ
t̃;b̃;H0;W;ν

, F1:ðoÞ
t̃;t̃;H0;Z;μ

, F1:ðoÞ
L̃;L̃;H0;ðγ;ZÞ;μ, F

1:ðoÞ
D̃;D̃;H0;ðγ;ZÞ;μ, F

1:ðoÞ
ν̃;ν̃;H0;Z;μ

F1:ðoÞ
L̃;ν̃;H�;W;ν

, F1:ðoÞ
H�;H�;H0;ðγ;ZÞ;μ, F

1:ðoÞ
H0;A0;A0;Z;μ, F

1:ðoÞ
H�;ðA0;H0Þ;H�;W;ν

F1:ðpÞ
χ0;χ�;χ0;W;L̃

, F1:ðpÞ
χ0;χ0;χ0;Z;L̃

, F1:ðpÞ
χ�;χ�;χ�;ðγ;ZÞ;ν̃, F

1:ðpÞ
χ�;χ0;χ�;W;ν̃

F1:ðrÞ
χ�;χ�;χ�;H0;ν̃

, F1:ðrÞ
χ�;χ0;χ�;H�;ν̃, F

1:ðrÞ
χ0χ0χ0H0L̃

, F1:ðrÞ
χ0;χ�;χ0;H�;L̃

F1:ðrÞ
χ0;F;χ0;S̃;L̃

, ðF; S̃Þ ¼ ðν; ν̃Þ; ðl; L̃Þ, F1:ðrÞ
χ�;F;χ�;S̃;ν̃, ðF; S̃Þ ¼ ðν; L̃Þ; ðl; ν̃Þ
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(4) The following diagrams in Table VII have the very

large factor m2
μ

M2
V
tan β. So these diagrams are most

important to study muon MDM.
(5) This type diagrams in Table VIII have the vertex

S −H − S possessing mass dimension, which is
supposed as λHSS. Their contributions have the factor
m2

μ

M2
NP
tan β × λHSS

MNP
, which is not larger than m2

μ

M2
NP
tan β.

(6) Similar as the above condition, this type diagram in
Table IX has two vertexes H − S − S and the
couplings λ2HSS. From analysis, their typical factor

is m2
μ

M2
NP
tan β × λ2HSS

M2
NP

≤ m2
μ

M2
NP
tan β. Because λHSS is not

larger than MNP in general.
(7) This type diagram F1:ðrÞ

F1;F2;F3;S1;S2 has been re-
searched by the authors [21]. In our supposition,
this type diagram also has the typical factor
m2

μ

M2
NP
tan β. If the internal sfermions are very heavy,

they can produce nondecoupling and logarithmi-
cally enhanced contributions to muon MDM.
Supposing that the mass of heavy squark is MSH
and MSH ≫ MNP, the logarithmically enhanced

factor logM2
SH

M2
NP

appears leading to the factor
m2

μ

M2
NP
tan β logM2

SH
M2

NP
[21]. They are shown in Table X.

(8) The diagrams in Table XI all have the lepton-Higgs-
lepton vertexes, which lead to additional suppression
factor mμ

Vew tan β ≲ 0.02 [10]. Vew denotes the vac-
uum expectation value of the Higgs field with
Vew ∼ 250 GeV. Their total factors are shown as

ðm2
μ

M2
H
tan β; m2

μ

M2
NP
tan βÞ × mμ

Vew tan β, which can be ne-

glected safely. This type two loop diagrams can be
neglected.

(9) The factor m2
μ

M2
NP
tan β log xμ shown in Table XII is

larger than the factor m2
μ

M2
NP
tan β, because log mμ

MNP
∼ −9

with MNP ¼ 1000 GeV. This factor is negative, and
it is enhanced by one order of magnitude by the large
logarithmic function. This condition has been dis-
cussed by the authors [22] for the two loop diagrams
in which the internal photon couples to at least one
muon. If the internal photon is deleted, these two
loop diagrams turn to the one loop SUSY diagrams
of μ → μ, where the internal particles are slepton-
neutralino and sneutrino-chargino.

IV. DISCUSSION AND CONCLUSION

As it is well known that the two loop diagram contri-
butions to muon MDM are important. However, there are
so many two loop diagrams and the calculation of each
two loop diagram is much more difficult than that of one
loop diagram. So, it becomes important to identify the

TABLE VII. The two loop diagrams have the large factor
m2

μ

M2
V
tan β.

Factor Two loop diagram

m2
μ

M2
V
tan β F1:ðdÞ

ν;χ0;χ�;W;ν̃, F
1:ðdÞ
ν;χ�;χ0;W;L̃

, F1:ðdÞ
μ;χ0;χ0;Z;L̃

, F1:ðdÞ
μ;χ�;χ�;Z;ν̃

F1:ðfÞ
χ�;μ;ν̃;ν̃;Z, F

1:ðfÞ
χ0;μ;L̃;L̃;Z

, F1:ðfÞ
χ0;ν;L̃;ν̃;W

, F1:ðfÞ
χ�;ν;ν̃;L̃;W

F1:ðqÞ
ν;χ�;ν;L̃;W , F

1:ðqÞ
ν;χ0;ν;ν̃;W

, F1:ðqÞ
μ;χ0;μ;L̃;Z

, F1:ðqÞ
μ;χ�;μ;ν̃;Z

TABLE VIII. The two loop diagrams have the middle factor
m2

μ

M2
NP
tan β λHSS

MNP
.

Factor Two loop diagram

m2
μ

M2
NP
tan β λHSS

MNP
F1:ðeÞ
χ�;χ�;ν̃;ν̃;H0 , F

1:ðeÞ
χ0;χ0;L̃;L̃;H0 , F

1:ðeÞ
χ0;χ�;L̃;ν̃;H�

TABLE IX. The two loop diagrams have the large factor
m2

μ

M2
NP
tan β λ2HSS

M2
NP
.

Factor Two loop diagram

m2
μ

M2
NP
tan β λ2HSS

M2
NP

F1:ðkÞ
ν̃;H0;ν̃;ν̃;χ� , F

1:ðkÞ
ν̃;H�;L̃;ν̃;χ� , F

1:ðkÞ
L̃;H0;L̃;L̃;χ0

, F1:ðkÞ
L̃;H�;ν̃;L̃;χ0

TABLE X. The two loop diagrams have the large factor
m2

μ

M2
NP
tan β log

M2
SH

M2
NP
.

Factor Two loop diagram

m2
μ

M2
NP
tan β log

M2
SH

M2
NP

F1:ðrÞ
χ0;F;χ0;S̃;L̃

; ðF; S̃Þ ¼ ðui; ŨÞ; ðdi; D̃Þ
F1:ðrÞ
χ�;F;χ�;S̃;ν̃; ðF; S̃Þ ¼ ðui; D̃Þ; ðdi; ŨÞ

TABLE XI. The two loop diagrams have the small factor
suppressed by mμ

Vew.

Factor Two loop diagram

ðm3
μ tan2 β

M2
HVew

; m
3
μ tan2 β

M2
NPVew

Þ F1:ðgÞ
μ;χ�;χ�;H0;ν̃

, F1:ðgÞ
μ;χ0;χ0;H0;L̃

, F1:ðgÞ
ν;χ0;χ�;H�;ν̃,

F1:ðgÞ
ν;χ�;χ0;H�;L̃

TABLE XII. The two loop diagrams have the large factor
m2

μ

M2
NP
tan β log xμ.

Factor Two loop diagrams

m2
μ

M2
NP
tan β log xμ F1:ðdÞ

μ;χ�;χ�;γ;ν̃, F
1:ðfÞ
χ0;μ;L̃;L̃;γ

, F1:ðqÞ
μ;χ�;μ;ν̃;γ , F

1:ðqÞ
μ;χ0;μ;L̃;γ
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magnitude of the two loop contributions. Based on the mass
eigenstate, we have analyzed the factors of the two loop
triangle diagrams for μ → μγ in the work [15]. The effects
from the rotation matrixes of the mass mixing matrixes are
not taken into account, and the obtained results are not
desirable. In order to solve this shortcoming, we use mass
insertion approximation here and get overall clear factors of
the two loop diagrams for μ → μγ.
To simplify the analysis, we suppose that all super-

symmetric particles have the same mass MNP in this work.
This approximation greatly simplifies the analysis. In
electroweak eigenstate state, there is not the rotation matrix
for supersymmetric particles. For the two loop diagrams in
the Fig. 1, their factors of the contributions to muon MDM
are categorized by size in Table XIII.

From these factors, one can find that m2
μ

M2
NP
, m

3
μ tan2 β

M2
HVew

; m
3
μ tan2 β

M2
NPVew

are small, and can be ignored safely. The considerable

factors are m2
μ tan β
M2

NP
; m

2
μ

M2
V
, m2

μλHSS tan β
M3

NP
; m

2
μλ

2
HSS tan β
M4

NP
. Most two loop

diagrams possess the typical factor m2
μ tan β
M2

NP
. The rest are big

ones including m2
μ tan β
M2

V
and m2

μ tan β
M2

NP
log mμ

MNP
. The large loga-

rithm log mμ

MNP
gives negative corrections. As discussed in

Ref. [21], if squarks are very heavy, the corrections from
Fig. 1(r) type diagram are nondecoupling and logarithmi-

cally enhanced by m2
μ tan β
M2

NP
logM2

SH
M2

NP
. In this condition, our

results are consistent with the conclusion of the
authors [21]. In the end, the most important two-loop

diagrams are collected in the following Table XIV. Though
numerical values depend on the used models, the order
analysis for the two loop diagrams benefits to select
important diagrams from all the two loop diagrams.
Ignoring the two loop diagrams with small factor can
reduce the effort of the two loop calculations.
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