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We propose to introduce general messenger-matter interactions in the deflected anomaly mediated
supersymmetry (SUSY) breaking (AMSB) scenario to explain the gμ − 2 anomaly. Scenarios with
complete or incomplete grand unified theory (GUT) multiplet messengers are discussed, respectively. The
introduction of incomplete GUT mulitiplets can be advantageous in various aspects. We found that the
gμ − 2 anomaly can be solved in both scenarios under current constraints including the gluino mass bounds,
while the scenarios with incomplete GUT representation messengers are more favored by the gμ − 2 data.
We also found that the gluino is upper bounded by about 2.5 TeV (2.0 TeV) in scenario A and 3.0 TeV
(2.7 TeV) in scenario B if the generalized deflected AMSB scenarios are used to fully account for the gμ − 2

anomaly at 3σ (2σ) level. Such a gluino should be accessible in the future LHC searches. Dark matter (DM)
constraints, including DM relic density and direct detection bounds, favor scenario B with incomplete GUT
multiplets. Much of the allowed parameter space for scenario B could be covered by the future DM direct
detection experiments.
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I. INTRODUCTION

Low energy supersymmetry (SUSY) is strongly moti-
vated and regarded as one of the most appealing candidates
for TeV-scale new physics beyond the standardmodel (SM).
SUSY can not only solve the gauge hierarchy problemof the
SM, but also elegantly explain the cosmic dark matter
puzzle. Besides, the gauge coupling unification, which
cannot be achieved in the SM, can be successfully realized
in the framework of SUSY. Especially, the 125 GeV Higgs
boson discovered by the LHC [1,2] lies miraculously in the
narrow range of 115–135 GeV predicted by the minimal
supersymmetric standard model (MSSM).
Although SUSY is an appealing extension of the SM, it

seems to have some tensions with the current LHC data. In
particular, no evidences of SUSY partners (sparticles) have
been observed at the LHC. Actually, the LHC data has
already set stringent constraints on sparticle masses [3,4] in
simplified SUSY models, e.g., the gluino mass m~g ≳
1.9 TeV for a massless lightest sparticle (LSP), the lightest
stop massm~t1 ≳ 850 GeV, and even stronger bounds on the
first two generations of squarks. In fact, the LHC data agree
quite well with the SM predictions and no significant

deviations have been observed in flavor physics or electro-
weak precision measurements. So far the only sizable
deviation comes from the so-called anomalous magnetic
moment of the muon aμ ¼ ðgμ − 2Þ=2 measured by the
E821 experiment at the Brookhaven National Laboratory
[5], which shows a 3.2σ discrepancy from the SM pre-
diction. The SUSY explanation of this anomaly requires
relatively light sleptons and electroweak gauginos. If SUSY
is indeed the new physics to explain all these experimental
results, its spectrum must display an intricate structure.
Therefore, the origin of SUSY breaking and its mediation
mechanism, which determines the low energy SUSY
spectrum, is a crucial issue.
There are many popular ways to mediate the SUSY

breaking effects from the hidden sector to the visibleMSSM
sector, such as the gravity mediation [6], the gauge media-
tion [7], and the anomaly mediation [8] SUSY breaking
(AMSB) mechanisms. The spectrum from the AMSB is
insensitive to the ultraviolet (UV) theory [9] and automati-
cally solves the SUSY flavor problem. Unfortunately, the
AMSB scenario predicts tachyonic sleptons so that the
minimal theory must be extended. There are several ways to
tackle the tachyonic slepton problem [10]. A very elegant
solution is the deflected AMSB [11] scenario, in which
additional messenger sectors are introduced to deflect the
renormalization group equation (RGE) trajectory and give
new contributions to soft SUSY breaking terms [12–16].
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On the other hand, a relatively large number of messenger
species are needed to give positive sleptonmasseswith small
negative deflection parameters. It is known that too many
messenger fields may lead to strong gauge couplings below
grand unified theory (GUT) scale or Landau pole below
Planck scale. So it is preferred to introduce less messenger
species to deflect the RGE trajectory and at the same time
give positive slepton masses. In our previous work [17], we
proposed to solve this problem by introducing general
messenger-matter interactions in the deflected AMSB,
which has advantages in several aspects.
Note that in order to preserve gauge coupling unification,

the messenger species are generally fitted into complete
representations of the GUT group. However, sometimes it
is economic and well motivated to introduce incomplete
representations of the GUT group, such as the SUð3Þc and
SUð2ÞL adjoint messengers in gauge mediated SUSY
breaking [18–20]. The introduction of incomplete repre-
sentations of messengers, which seems to spoil successful
gauge coupling unification, can be natural in AMSB. This
is due to the “decoupling theorem” in the ordinary anomaly
mediation scenario, which states that the simple messenger
threshold (by pure mass term) will not deflect the AMSB
trajectory. By assigning a different origin for messenger
thresholds [determined by moduli vacuum expectation
value (VEV) or pure mass term], even a complete GUT
group representation at high energy may seem as incom-
plete in AMSB at low energy. Therefore, the messengers in
incomplete GUT representations should also be considered
in the study of deflected AMSB.
In this work, we propose to study a generalized deflected

AMSB scenario involving messenger-matter interactions
with incomplete GUT multiplets. As noted before, the
introduction of incomplete GUT mulitiplets in anomaly-
type mediation scenarios can be advantageous in various
aspects. Besides, virtues of ordinary deflected AMSB are
kept while the undesirable Landau-pole-type problems can
be evaded. Such scenarios can be preferable in solving the
muon g − 2 anomaly. It is known that a SUSY spectrumwith
heavy colored sparticles and light noncolored sparticles is
needed in order to solve the muon g − 2 anomaly and at the
same timebe compatiblewith theLHCdata.We try to realize
such a spectrum in the deflected AMSB scenario with
general messenger-matter interactions, where the messen-
gers can form complete or incomplete GUT representations.
In our scenario, the slepton sector can receive additional
contributions from both the messenger-matter interactions
and ordinary deflected anomaly mediation to avoid
tachyonic slepton masses, while the colored sparticles can
be heavy to evade various collider constraints.
This paper is organized as follows. In Sec. II, we study the

soft parameters in the deflected AMSB scenarios with differ-
ent messenger-matter interactions. The explanation of the
muon g − 2 in our scenarios and the relevant numerical results
are presented in Secs. III and IV contains our conclusions.

II. GENERAL MATTER-MESSENGER
INTERACTIONS IN DEFLECTED AMSB

It is well known that the ordinary AMSB is bothered
with the tachyonic slepton problem. The deflected AMSB
scenario, which can change the RGE trajectory below the
messenger thresholds, can elegantly solve such a problem.
However, possible strong couplings at the GUT scale or the
Landau-pole problem may arise with a small negative
deflection parameter. Positively deflected AMSB, which
may need specific forms of moduli superpotential [12] or
strong couplings [21], could be favored in certain circum-
stances. However, our previous study indicated that the
Landau-pole problem may still persist with a small positive
deflection parameter in order to solve the gμ − 2 anomaly.
In [17], we proposed to introduce general messenger-

matter interactions in the messenger sector, which can have
several advantages. In this work, the scenarios with
complete or incomplete GUT representation messengers
accompanied by messenger-matter interactions are studied.
Note that the introduction of both adjoint messengers in 3
and 8 representations of SUð2ÞL and SUð3Þc, respectively,
does not spoil the gauge coupling unification [18].
Besides, even if the low energymessenger sector seems to

spoil the gauge coupling unification, the UV theory can still
be consistent with the GUT requirement. As noted previ-
ously, the decoupling theorem in anomalymediation ensures
that the vectorlike thresholds with pure mass terms MT >
Mmess do not affect the AMSB trajectory upon messenger
scales. So each low energy (deflected) AMSB theory with
incomplete GUT multiplet messengers below messenger
scaleMmess could be UV completed to a high energy theory
with completedGUTmultiplets at a certain scale uponMmess.
Incomplete GUT multiplet messengers can also originate
from orbifold GUT models by proper boundary conditions.
The formulas in deflected AMSB with messenger-matter

interactions can be obtained from the wave function renorm-
alization approach [22] with superfield wave function

Zð ~μ; ~X; ~X†Þ ¼ Zðμ;X;X†Þ þ
�
θ2F

∂
∂X þ θ̄2F† ∂

∂X†

þ ðθ2 ~F þ θ̄2 ~F†Þ ∂
∂μ

�
Zðμ;X;X†Þ

þ θ2θ̄2
�
F†F

∂2

∂X∂X† þ F† ~F
∂2

∂X†∂μ
þ ~F†F

∂2

∂X∂μþ ~F† ~F
∂2

∂μ2
�
Zðμ;X;X†Þ:

After canonically normalizing the field,

Q0 ≡ Z1=2

�
1þ θ2

�
F
M

∂
∂ lnX þ

~F
μ

∂
∂ ln μ

�
lnZðμ;X;X†Þ

�
;

ð2:1Þ
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wecan obtain the sfermionmasses for themost general forms
of deflected AMSB,

m2 ¼ −
��

F
M

�
2 ∂2

∂ lnX†∂ lnX þ
�
~F
μ

�2 ∂2

∂ ln μ2

þ F ~F
Mμ

� ∂2

∂ lnX†∂ ln μþ
∂2

∂ lnX∂ ln μ
��

lnZðμ;X;X†Þ:

ð2:2Þ

From the canonicalized normalized superpotential

L ¼
Z

d2θ
X

i¼a;b;c

�
1 − θ2

�
F

∂
∂X þ ~F

∂
∂μ

�
lnZðμ;X;X†Þ

�

× ðZ−1=2Q0
iÞ
∂W½ðZ−1=2Q0

iÞ�
∂ðZ−1=2Q0

iÞ
;

we can obtain the trilinear soft terms

Aabc

yabc
¼

X
i¼a;b;c

�
F
M

∂
∂X þ

~F
μ

∂
∂μ

�
lnZiðμ;X;X†Þ: ð2:3Þ

In our scenario, we have the following replacement:

F
M

→ dFϕ;
~F
μ
→ −Fϕ=2: ð2:4Þ

Details on generalmessenger-matter interactions in deflected
AMSB can be found in our previous work [17].

A. Two scenarios with messenger-matter interactions

(i) Scenario A: deflected AMSB with complete SU(5)
GUT representations messengers.
We introduce the following N family of new

messengers that are fitted into a 5 and 5̄ representa-
tion of SU(5) GUT group to deflect the AMSB
trajectory

Q̄I
ϕð1; 2Þ1=2; ~QI

ϕð1; 2̄Þ−1=2; T̄I
ϕð3̄; 1Þ1=3;

TI
ϕð3; 1Þ−1=3; ðI ¼ 1;…; NÞ:

We introduce the following superpotential that in-
volves messenger-MSSM-MSSM interaction, typi-
cally the slepton-slepton-messenger interaction,

W ¼
X
I

ðλASQ̄I
ϕ
~QI
ϕ þ λBST̄I

ϕT
I
ϕÞ þ λXSQ̄A

ϕ
~Hd

þWðSÞ þ
X
i;j

½~yEijLL;i
~QA
ϕEc

L;j þ ~yDijQL;i
~HdDc

L;j

þ yUijQL;iHuUc
L;j�; ð2:5Þ

with a certain form of superpotential WðSÞ for
pseudomoduli field S to determine the deflection

parameter d. From the form of the interaction, we
can see that the slepton soft SUSY breaking param-
eters will be different from the ordinary deflected
AMSB results.

(ii) Scenario B: deflected AMSB with incomplete SU(5)
GUT representations messengers.

Motivated by the gauge mediated SUSY breaking
with adjoint messenger scenario, we introduce the
following incomplete SU(5) GUT representation
messengers to deflect the AMSB trajectory:

ΣI
Oð8; 1Þ0; σITð1; 3Þ; ZJð1; 1Þ1;

Z̄Jð1; 1Þ−1; I; J ¼ ð1;…;MÞ;
Q̄A

ϕð1; 2Þ1=2; ~QA
ϕð1; 2̄Þ−1=2; T̄A

ϕð3̄; 1Þ1=3;
TA
ϕð3; 1Þ−1=3:

We note that additional singlet messengers ZI with
nontrivialUð1ÞY quantum number can be introduced
to deflected the ~Ec

L slepton RGE trajectory. As in the
previous scenario, the superpotential also involves
messenger-MSSM-MSSM interaction, typically the
slepton-slepton-messenger interaction,

W ¼ λASQ̄A
ϕ
~QA
ϕ þ λBST̄A

ϕT
A
ϕ

þ
X
I

½λOSTrðΣI
OΣI

OÞ þ λTSTrðΣI
TΣI

TÞ

þ λZSZ̄IZI� þ λXSQ̄A
ϕ
~Hd

þ
X
i;j

½~yEijLL;i
~QA
ϕEc

L;j þ ~yDijQL;i
~HdDc

L;j

þ yUijQL;iHuUc
L;j� þWðSÞ: ð2:6Þ

We can see that there will be mixing between the messenger
~QA
ϕ and ~Hd (as well as QB

ϕ and Hu). We define the new
states

QA
ϕ ≡ λA ~QA

ϕ þ λX ~Hdffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
λ2A þ λ2X

p ; Hd ≡ −λX ~QA
ϕ þ λA ~Hdffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
λ2A þ λ2X

p : ð2:7Þ

After the substitution of the new states, the superpotential
changes to

W ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
λ2A þ λ2X

q
SQ̄A

ϕQ
A
ϕ þ

X
i;j

yUijQL;iHuUc
L;j

þ
X

FH¼TI
ϕ;Q

I
ϕ;���

λFH
SF̄HFH þWðSÞ

þ
X
i;j

~yEijLL;i

λAQA
ϕ − λXHdffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
λ2A þ λ2X

p Ec
L;j

þ ~yDijQL;i

λXQA
ϕ þ λAHdffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
λ2A þ λ2X

p Dc
L;j: ð2:8Þ
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We have the following relation:

~yEij
λXffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

λ2A þ λ2X
p ¼ yEij; −~yDij

λAffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
λ2A þ λ2X

p ¼ yDij: ð2:9Þ

We define

~yEij
λAffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

λ2A þ λ2X
p ≡ −λEij; −~yDij

λXffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
λ2A þ λ2X

p ≡ λDij;

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
λ2A þ λ2X

q
≡ λS: ð2:10Þ

So the superpotential can be rewritten as

W ¼ λSSQ̄A
ϕQ

A
ϕ þ

X
i;j

yUijQL;iHuUc
L;j

þ
X

FH¼ZI;QI;���
λFH

SF̄HFH þWðSÞ

−
X
i;j

½λEijLL;iQA
ϕE

c
L;j þ yEijLL;iHdEc

L;j

þ λDijQL;iQA
ϕD

c
L;j þ yDijQL;iHdDc

L;j�: ð2:11Þ

For simplicity, we chose λEij ¼ λEδij, λDij ¼ λDδij to be
diagonal. Below the messenger threshold determined by the
VEV of pseudomoduli S, we can integrate out the heavy
fields FH, QA

ϕ and obtain the low energy MSSM.

B. The soft SUSY spectrum in two scenarios

From the superpotential, the soft SUSY breaking param-
eters can be calculated. In the calculation, the wave
function renormalization approach [23] is used in which
messenger threshold M2

mess is replaced by spurious chiral
fields X with M2

mess ¼ X†X. The most general type of
expressions in AMSB can be found in our previous
work [17].
We can calculate the change of the gauge beta function

Δβgi ¼
1

16π2
g3iΔbgi ; ð2:12Þ

with

Δðb3; b2; b1Þ ¼ ðN;N;NÞ; ð2:13Þ

for scenario A. For scenario B we consider two cases.
One is

Δðb3;b2;b1Þ¼ ð3Mþ1;2Mþ1;1Þ scenario B1; ð2:14Þ

in which 0I ¼ M, J ¼ 00 is adopted to guarantee apparently
gauge coupling unification. The other is

Δðb3;b2;b1Þ¼
�
3Mþ1;2Mþ1;

6M
5

þ1

�
scenario B2;

ð2:15Þ

with 0I ¼ J ¼ M0 in which apparently the gauge coupling
unification is spoiled. However, as we discussed previously,
successful GUT may still be possible if certain additional
incomplete messengers upon the X threshold determined
by pure mass terms are introduced in the UV completed
theory.
From the general expressions in Eq. (2.2), we can see

that there are three types of contributions to the soft SUSY
breaking parameters:

(i) The interference contribution part given by

δI ¼ ∂2

∂ ln μ∂ lnX lnZD
ab

¼ ∂2

∂ ln μ∂ lnX ZD −
∂

∂ ln μZ
D ∂
∂ lnX ZD

¼
�
ΔGD

a

2

∂
∂ZD

a
þ Δβgr

2

∂
∂gr

�
G− −GD

a
ΔGa

2
:

ð2:16Þ

In our convention, the anomalous dimensions are
expressed in the holomorphic basis [24,25]

Gi ≡ dZij

d ln μ

≡ −
1

8π2

�
1

2
diklλ

�
iklλjmnZ−1�

km Z−1�
ln − 2cirZijg2r

�
:

ð2:17Þ

Wedefine ðΔG≡Gþ −G−Þ the discontinuity across
the integrated heavy field threshold with GþðG−Þ
denoting the value upon (below) such a threshold,
respectively.

The discontinuities of the relevant couplings are
given as

ΔGyt ¼ −
1

8π2
ðλ2DÞ; ð2:18Þ

ΔGyb ¼ −
1

8π2
ð3λ2DÞ; ð2:19Þ

ΔGyτ ¼ −
1

8π2
ð3λ2EÞ: ð2:20Þ

We take into account the terms involving yt, yb, yτ, gi,
λ, and the subleading terms are neglected in the
calculation. The new interference contributions from
the messenger-matter interactions are given as
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2δIQL;i
¼ δi;3

dF2
ϕ

8π2
½y2tΔGyt þ y2bΔGyb �; ð2:21Þ

2δIUc
L;i
¼ δi;3

dF2
ϕ

8π2
½2y2tΔGyt �; ð2:22Þ

2δIDc
L;i
¼ δi;3

dF2
ϕ

8π2
½2y2bΔGyb �; ð2:23Þ

2δILL;i
¼ δi;3

dF2
ϕ

8π2
½y2τΔGyτ �; ð2:24Þ

2δIEc
L;i
¼ δi;3

dF2
ϕ

8π2
½2y2τΔGyτ �; ð2:25Þ

2δIHu
¼ dF2

ϕ

8π2
½3y2tΔGyt �; ð2:26Þ

2δIHd
¼ dF2

ϕ

8π2
½3y2bΔGyb þ y2τΔGyτ �; ð2:27Þ

with δi;j being the Kronecker delta. Terms involving
the gauge parts are absorbed in the deflected AMSB
contributions involving Gi.

(ii) The pure gauge mediation part given by

δG ¼ ∂2

∂ lnX lnX† lnZ
D

¼ ∂2

∂ lnX lnX† Z
D −

∂ZD

∂ lnX
∂ZD

∂ lnX† : ð2:28Þ

Note that

ΔGQiQi
¼ −

1

8π2
½λ2D�; ð2:29Þ

ΔGDiDi
¼ −

1

8π2
½2λ2D�; ð2:30Þ

ΔGEiEi
¼ −

1

8π2
2λ2E; ð2:31Þ

ΔGLiLi
¼ −

1

8π2
λ2E; ð2:32Þ

and

Gþ
LiLi

¼ −
1

8π2
½λ2E þ y2τ δi;3�; ð2:33Þ

Gþ
EiEi

¼ −
1

8π2
2½λ2E þ y2τ δi;3�; ð2:34Þ

Gþ
QiQi

¼ −
1

8π2
½λ2D þ ðy2b þ y2t Þδi;3�; ð2:35Þ

Gþ
DiDi

¼ −
1

8π2
2½λ2D þ y2bδi;3�; ð2:36Þ

Gþ
QϕQϕ

¼ −
1

8π2
½λ2E þ 3λ2D þ λ2S�; ð2:37Þ

and also the anomalous dimension above the
messenger threshold

Gþ
λDii

¼ Gþ
QiQi

þGþ
DiDi

þ Gþ
QϕQϕ

¼ −
1

8π2

�
6λ2D þ λ2E þ λ2S þ ð3y2b þ y2t Þδi;3

−
16

3
g23 − 3g22 −

7

15
g21

�
; ð2:38Þ

Gþ
λEii
¼Gþ

LiLi
þGþ

EiEi
þGþ

QϕQϕ

¼−
1

8π2

�
4λ2Eþ3λ2Dþλ2Sþ3y2τ δi;3−3g22−

9

5
g21

�
;

ð2:39Þ

so we have

4δGQi
¼ d2F2

ϕ

8π2
½λ2DGþ

λDii
�−d2F2

ϕ

8π2
δi;3½y2tΔGyt þy2bΔGyb �;

ð2:40Þ

4δGDi
¼ d2F2

ϕ

8π2
½2λ2DGþ

λDii
� − d2F2

ϕ

8π2
δi;3½2y2bΔGyb �;

ð2:41Þ

4δGUi
¼ −

d2F2
ϕ

8π2
δi;3½2y2tΔGyt �; ð2:42Þ

4δGLi
¼ d2F2

ϕ

8π2
½λ2EGþ

λEii
� − d2F2

ϕ

8π2
δi;3½y2τΔGyτ �; ð2:43Þ

4δGEi
¼ d2F2

ϕ

8π2
½2λ2EGþ

λEii
� − d2F2

ϕ

8π2
δi;3½2y2τΔGyτ �;

ð2:44Þ

4δGHu
¼ −

d2F2
ϕ

8π2
½3y2tΔGyt �; ð2:45Þ

4δGHd
¼ −

d2F2
ϕ

8π2
½3y2bΔGyb þ y2τΔGyτ �: ð2:46Þ

(iii) The pure deflected AMSB contributions without
messenger-matter interactions given by

δA ¼ d2ZD

dt2
−
�
dZD

dt

�
2

¼
�
GD

a
∂

∂Za
þ βig

∂
∂gi

�
GD − ðG2

DÞ: ð2:47Þ

The expressions are given by
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δA~QL;i
¼ F2

ϕ

16π2

�
8

3
G3α

2
3 þ

3

2
G2α

2
2 þ

1

30
G1α

2
1

�
þ δ3;i

F2
ϕ

ð16π2Þ2 y
2
t

�
6y2t þ y2b −

16

3
g23 − 3g22 −

13

15
g21

�

þ δ3;i
F2
ϕ

ð16π2Þ2 y
2
b

�
y2t þ 6y2b þ y2τ −

16

3
g23 − 3g22 −

7

15
g21

�
; ð2:48Þ

δA~Uc
L;i
¼ F2

ϕ

16π2

�
8

3
G3α

2
3 þ

8

15
G1α

2
1

�
þ δ3;i

F2
ϕ

ð16π2Þ2 2y
2
t

�
6y2t þ y2b −

16

3
g23 − 3g22 −

13

15
g21

�
;

δA~Dc
L;i
¼ F2

ϕ

16π2

�
8

3
G3α

2
3 þ

2

15
G1α

2
1

�
þ δ3;i

F2
ϕ

ð16π2Þ2 2y
2
b

�
y2t þ 6y2b þ y2τ −

16

3
g23 − 3g22 −

7

15
g21

�
; ð2:49Þ

δA~Hu
¼ F2

ϕ

16π2

�
3

2
G2α

2
2 þ

3

10
G1α

2
1

�
þ F2

ϕ

ð16π2Þ2 3y
2
t

�
6y2t þ y2b −

16

3
g23 − 3g22 −

13

15
g21

�
; ð2:50Þ

δA~Hd
¼ F2

ϕ

16π2

�
3

2
G2α

2
2 þ

3

10
G1α

2
1

�
þ F2

ϕ

ð16π2Þ2 3y
2
b

�
y2t þ 6y2b þ y2τ −

16

3
g23 − 3g22 −

7

15
g21

�

þ F2
ϕ

ð16π2Þ2 y
2
τ

�
4y2τ þ 3y2b − 3g22 −

9

5
g21

�
; ð2:51Þ

δA~LL;i
¼ F2

ϕ

16π2

�
3

2
G2α

2
2 þ

3

10
G1α

2
1

�
þ δ3;i

F2
ϕ

ð16π2Þ2 y
2
τ

�
4y2τ þ 3y2b − 3g22 −

9

5
g21

�
; ð2:52Þ

δA~Ec
L;i
¼ F2

ϕ

16π2

�
6

5
G1α

2
1

�
þ δ3;i

F2
ϕ

ð16π2Þ2 2y
2
τ

�
4y2τ þ 3y2b − 3g22 −

9

5
g21

�
; ð2:53Þ

with

Gi ¼ ðΔbiÞd2 þ 2ðΔbiÞd − bi; ð2:54Þ

ðb1; b2; b3Þ ¼
�
33

5
; 1;−3

�
: ð2:55Þ

So we obtain the final results of soft SUSY breaking
parameters for sfermions

m2
i ¼ −δIi þ δGi þ δAi ; ð2:56Þ

with 0d0 being the deflection parameter.
The trilinear coupling also receives new contributions,

which are given by

At ¼
Fϕ

16π2

�
6y2t þ y2b − ðλ2DÞd −

16

3
g23 − 3g22 −

13

15
g21

�
;

ð2:57Þ

Ab¼
Fϕ

16π2

�
y2t þ6y2bþy2τ −ð3λ2DÞd−

16

3
g23−3g22−

7

15
g21

�
;

ð2:58Þ

Aτ ¼
Fϕ

16π2

�
4y2τ þ 3y2b − ð3λ2EÞd − 3g22 −

9

5
g21

�
; ð2:59Þ

AU;1;2 ¼
Fϕ

16π2

�
−ðλ2DÞd −

16

3
g23 − 3g22 −

13

15
g21

�
; ð2:60Þ

AD;1;2 ¼
Fϕ

16π2

�
−ð3λ2DÞd −

16

3
g23 − 3g22 −

7

15
g21

�
; ð2:61Þ

AE;1;2 ¼
Fϕ

16π2

�
−ð3λ2EÞd − 3g22 −

9

5
g21

�
: ð2:62Þ

The gaugino masses are determined by

mλi ¼ g2
Fϕ

2

� ∂
∂ ln μ − d

∂
∂ ln jXj

�
1

g2ðμ; XÞ

¼ g2
Fϕ

2

�
2

1

16π2
bi − 2d

1

16π2
Δbi

�

¼ g2
Fϕ

16π2
ðbi − dΔbiÞ: ð2:63Þ

So we have
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mλi ¼
Fϕ

4π
αiðbi − dΔbiÞ: ð2:64Þ

Therefore, the gaugino masses at the messenger scale are
given as

M3 ¼
Fϕ

4π
α3½−3 − dðΔb3Þ�; ð2:65Þ

M2 ¼
Fϕ

4π
α2½1 − dðΔb2Þ�; ð2:66Þ

M1 ¼
Fϕ

4π
α1½6.6 − dðΔb1Þ�: ð2:67Þ

It is well known in AMSB that naively adding a
supersymmetric μ term to the Lagrangian leads to unreal-
istically large Bμ ¼ μFϕ. So the generations of μ and Bμ in
AMSB may have a different origin and are model depen-
dent. In fact, there are already many proposals to generate
realistic μ and Bμ, for example, by promoting to NMSSM
[26] or introducing a new singlet [27]. We treat them as free
parameters in this scenario.

III. SOLVING THE MUON g− 2 ANOMALY
IN OUR SCENARIO

The E821 experimental result of the muon anomalous
magnetic moment at the Brookhaven AGS [28]

aexptμ ¼ 116592089ð63Þ × 10−11 ð3:1Þ

is larger than the SM prediction [29]

aSMμ ¼ 116591834ð49Þ × 10−11: ð3:2Þ

The deviation is about 3.2σ,

Δaμðexpt—SMÞ ¼ ð255� 80Þ × 10−11: ð3:3Þ
SUSY can yield sizable contributions to the muon g − 2
that dominantly come from the chargino-sneutrino and the
neutralino-smuon loop diagrams. The muon g − 2 anomaly,
which is order 10−9, can be explained for mSUSY ¼
Oð100Þ GeV and tan β ¼ Oð10Þ. In our scenario, slepton
masses as well as M1, M2 can be relatively light. On the
other hand, the colored sparticles can be heavy to evade
possible constraints from the LHC, the SUSY flavor, and
CP problems. Some recent discussions can be seen in [30].
The soft terms are characterized by the following free

parameters at the messenger scale:

d;Mmess; Fϕ; tan β; λD; λE; λS; λFH
: ð3:4Þ

All the inputs should be seen as the boundary conditions
at the messenger scale, which after RGE running to the

electroweak (EW) scale, could give the low energy spectrum.
About these parameters, we have the following comments:

(i) The value of Fϕ is chosen to lie in the range
1 TeV < Fϕ < 500 TeV. We know that the value
of Fϕ determines the whole spectrum. On the one
hand, Fϕ cannot be very low due to the constraints
from the gaugino masses. Avery heavy Fϕ spoils the
electroweak symmetry breaking requirement and
gives a Higgs mass heavier than the LHC results.

(ii) The messenger scale Mmess can be chosen to be less
than the GUT scale and at the same time heavier than
the sparticle spectrum. So we choose 1 TeV ≤
Mmess ≤ 1015 GeV.

(iii) We choose the deflection parameter in the range
−5 ≤ d ≤ 5 and tan β in the range 2 ≤ tan β ≤ 50.

(iv) The parameters λD; λE; � � � can be chosen in the
range 0 < jλj < ffiffiffiffiffiffi

4π
p

, which ensures positive con-
tributions to slepton masses regardless of the (sign
of) deflection parameter d. This is the advantage of
our scenario, which needs fewer messenger species
with a given d.

We also take into account the following collider and dark
matter (DM) constraints:
(1) The mass range for the Higgs boson 123 GeV <

Mh < 127 GeV from ATLAS and CMS [1,2].
(2) The lower bounds on neutralino and charginos

masses, including the invisible decay bounds for
the Z-boson [31].

(3) The dark matter relic density from the Planck result
ΩDM ¼ 0.1199� 0.0027 [32] (in combination with
the WMAP data [33]) and the limits of the LUX-
2016 [34], the PandaX [35] spin-independent (SI)
dark matter scattering cross section.

(4) Flavor constraints from the rare decays of B-mesons
(a) Constraints from BrðBs → μþμ−Þ [36]

1.6×10−9 ≤BrðBs → μþμ−Þ≤ 4.2×10−9 ð2σÞ;
ð3:5Þ

(b) Constraints from BrðBS → XsγÞ etc. [37]

2.99×10−4 ≤BrðBS→XsγÞ< 3.87×10−4 ð2σÞ:
ð3:6Þ

(5) The electroweak precision obsearvables [38],
such as

δMexp
W ≈�30 MeV; δ sin θexpeff ≈�15 × 10−5:

ð3:7Þ

(6) Current LHC constraints on sparticle masses [39]:
(i) Gluino mass m~g ≳ 1.5 ∼ 1.9 TeV,
(ii) light stop mass m~t1 ≳ 0.85 TeV,
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(iii) light sbottom mass m ~b1
≳ 0.84 TeV,

(iv) first two generation squarks m ~q≳1.0∼1.4TeV.
From the numerical results, we have the following

observations:

(i) Scenario A: Fig. 1 shows the scan results of
scenario A in which the Δaμ versus m~g plots with
complete GUT multiplets are given. The blue
(cyan) dashed line indicates the 2σ (3σ) range of
gμ − 2 data. All surviving points satisfy the con-
straints (1-6) except the bounds from the dark
matter relic density and the gluino mass. The most
stringent constraints come from the LHC bounds on
gluino mass, which excluded a great majority of the
survived points that solve the gμ − 2 anomaly at 2σ
level. As the messenger species number N gets
larger, more and more points can survive the gluino
mass bound.
The gluino is upper bounded by about 2.5 TeV

(2.0 TeV) if the gμ − 2 anomaly is solved at 3σ (2σ)
level. We know that the gμ − 2 anomaly can be
solved if the relevant sparticles ~μ, ~νμ, ~B, ~W are
lighter than 600–700 GeV [5] (the region with a
smaller tan β needs even lighter sparticles). In
AMSB, the whole low energy spectrum is deter-
mined by the value of Fϕ. So, in order to solve the
gμ − 2 anomaly, the mass scale of ~μ, ~νμ, ~B, ~W
determines the upper bound of Fϕ, which, on the
other hand, sets a bound on gluino mass. The
allowed range of Fϕ versus the messenger scale
Mmess in scenario A is shown in the left panel of
Fig. 2. It is obvious from the plots that the scale
of Fϕ is indeed upper bounded to account for the
gμ − 2 anomaly. We should note that the deflection
of the RGE trajectory and the messenger-matter

FIG. 1. The scatter plots of the surviving samples showing the
muon g − 2 versus the gluino mass in scenario A with complete
GUT multiplets. The blue (cyan) dashed line indicates the 2σ (3σ)
range of the muon g − 2 data. A gluino lower bound m~g ≳
1.5 TeV is shown in the figure.

FIG. 2. Same as Fig. 1, but showing the value of Fϕ versus the messenger scale Mmess (the left panel) and the deflection parameter d
versus the messenger-matter couplings λ≡ λE (the right panel).

FEI WANG, WENYU WANG, and JIN MIN YANG PHYSICAL REVIEW D 96, 075025 (2017)

075025-8



interactions can loosen the bound of Fϕ in com-
parison with the ordinary AMSB.
The deflection parameter d versus the messenger-

matter couplings λE ≡ λ is plotted in the right
panel of Fig. 2. We see that additional messen-
ger-matter interactions are welcome to explain
the gμ − 2 anomaly. Only a small range of d is
allowed without leptonic messenger-matter inter-
actions (λE ¼ 0). However, the allowed range
for d enlarges with nontrivial messenger-matter
interactions.
Our numerical results indicate that the majority

part of the allowed parameter space cannot
satisfy the upper bound of dark matter relic density.
This result can be understood from the hierarchies
among the gauginos at the EW scale. From
Eq. (2.64), the gaugino mass ratios at the weak
scale are given by

M1∶ M2∶ M3 ≈ ½6.6 − dðΔb1Þ�∶
2½1 − dðΔb2Þ�∶ 6½−3 − dðΔb3Þ�: ð3:8Þ

Knowing the range of the deflection parameter d,
the lightest gaugino can be identified.
It can be seen in case N ¼ 1 that the deflection

parameter d is lower bounded to d ≳ 1.5 for a
positive d while d≲ −4.5 for a negative d. From
Eq. (3.8) we can see that for −4.6 < d < 2.8 the
lightest gaugino will be the wino; otherwise the
lightest gaugino will be the bino. It is well known
that the relic density constraints for binolike dark
matter are very stringent and possible coannihila-
tion with sleptons or resonance is needed to obtain
the correct DM relic density. So in a majority of the
parameter space allowed by gμ − 2 and the gluino
mass bound, the LSP is binolike and can hardly
give the right DM relic density. On the other hand,
a small portion of the allowed parameter space
predicts a winolike LSP that leads to insufficient
dark matter abundance for a wino mass below
3 TeV unless other DM components (for example,
axion) are present. Heavy winolike LSP of order
3 TeV always leads to a heavy bino and sleptons
which otherwise cannot explain the gμ − 2 anomaly.
Given the upper bounds on Fϕ from gμ − 2 and
gluino mass, the wino is always much lighter than
3 TeV. We give in Table I the range of d, within
which the wino is lighter than the bino for various

messenger species N. We can see that only a small
portion of parameter space with a positive d can
satisfy the dark matter relic density upper bound.
The vast parameter space with a binolike LSP is
stringently constrained by a dark matter relic
density upper bound. We checked that a very small
region can satisfy such relic density constraints. So
generalized deflected AMSB scenarios with com-
plete GUT representation of messengers are not
favored in solving the gμ − 2 discrepancy.

We should note that the constraints from the
gluino can be alleviated if we introduce pure
colored messenger particles [without SUð2ÞL and
Uð1ÞY quantum numbers]. We can see from the
expressions for the soft SUSY parameters that
the value of Δb3 can essentially control the gluino
mass. More pure colored messenger particles
always mean a heavy gluino for a positive de-
flection parameter, which, on the other hand, may
spoil the gauge coupling unification. As noted in
the previous section, the complete representation
messengers may seem incomplete at the low
energy X threshold. However, the perturbative
gauge coupling unification may be spoiled with
more additional messenger species. We discuss the
detailed consequence of general messenger sectors
versus gauge coupling unification in our sub-
sequent studies.

(ii) Scenario B:
The scatter plots of the surviving samples show-

ing aμ versusm~g in scenario B are shown in Fig. 3, in
which the upper panel is for scenario B1 and the
lower panel is for scenario B2. We can see that a lot
of points that can fully account for the gμ − 2

anomaly can survive the LHC gluino mass bound,
especially, for a larger M. So scenarios with the
incomplete GUT representation of messengers are
more favored by the gμ − 2 data.

Similar to scenario A, the upper bound of
gluino mass can be understood from the upper
bound of Fϕ, which is obvious in Fig. 4 for both
cases. The upper mass bound of the gluino is
around 3 TeV (2.7 TeV) in both scenarios if the
muon g − 2 is explained at the 3σ (2σ) level. Such
a light gluino will be accessible at future LHC
experiments.

The deflection parameter d versus the messenger-
matter couplings λE ≡ λ in scenario B is plotted in
Fig. 5 with all points satisfying both the upper and

TABLE I. The range of d within which the wino is lighter than the bino for various messenger species N in scenario A.

N ¼ 1 N ¼ 2 N ¼ 3 N ¼ 4

d −4.6 < d < 2.86 −2.3 < d < 1.43 −1.53 < d < 0.95 −1.15 < d < 0.72

SOLVING THE MUON g − 2 ANOMALY IN DEFLECTED … PHYSICAL REVIEW D 96, 075025 (2017)

075025-9



FIG. 4. Scatter plots showing Fϕ versus the messenger scale Mmess for scenario B. All the points satisfy both the lower and upper
bounds of dark matter relic density and collider constraints. The red △ (green □) samples are excluded (allowed) by the gluino mass
bound m~g ≥ 1.5 TeV.

FIG. 3. The scatter plots of the surviving samples showing the muon g − 2 versus the gluino mass in scenario B with incomplete GUT
multiplets (adjoint messengers). The upper panel corresponds to scenario B1 while the lower panel is for scenario B2. The green □

samples satisfy both the upper and lower bounds of the dark matter relic density.

FEI WANG, WENYU WANG, and JIN MIN YANG PHYSICAL REVIEW D 96, 075025 (2017)

075025-10



lower bound of DM relic density. Again, additional
nontrivial messenger-matter interactions are obvi-
ously advantageous in solving the gμ − 2 anomaly
with which the allowed range for d enlarges. Be-
sides, the nonvanishing messenger-matter inter-
actions λ ≠ 0 can be used to solve the gμ − 2

anomaly for a relatively small deflection parameter
d, especially for the scenario B1. We can see from
Fig. 5 that in scenario B1 the maximum negative d is
−3.5with λ ¼ 0. However, the maximum negative d
changes to almost−2with nonvanishingmessenger-
matter interactions. A small deflection parameter
jdj is relatively easy for model buildings. In scenario
B2, it is not possible to solve the gμ − 2 anomalywith
λ ¼ 0 for a positive d. With messenger-matter
interactions, a positive deflection parameter also
works.
In Fig. 5 the survived points that satisfy both the

upper and lower bounds of dark matter relic density
are shown as green □. The numerical calculation
indicates that the number of points that satisfy the
dark matter relic density decreases with M in
scenario B1, but increases with M in scenario B2.
This can be understood from the mass ratio between

the bino and the gluinowith (the most favorite) large
negative deflection parameter d ∼ −4. For a gluino
mass between 1.5 and 3 TeV, the mass ratio should
be adjusted to a proper value at M3∶M1 ∼Oð10Þ to
fully account for the dark matter relic density by
decreasing (scenario B1) or increasing (scenario B2)
the value ofM. The bino dominated neutralino often
leads to overabundance of DM, unless (co)annihi-
lation processes reduce the relic density to levels
compatible with Planck.

We should note that some portion of the parameter
space with insufficient DM relic abundance is not
displayed in Figs. 4 and 5. Following the discussions
in scenario A, we obtain Table II from Eq. (3.8),
showing the range of the deflection parameter d
within which the wino is lighter than the bino.
Constrained by Fϕ, a light winolike DM always
leads to insufficient relic abundance.

The DMSI direct detection constraints from LUX
and PandaX are shown in Fig. 6. It can be seen that a
large portion of points that satisfy the DM relic
density can survive the SI direct detection con-
straints. We know that interactions between the bino
DM and the nucleons are primarily mediated by the

FIG. 5. Same as Fig. 4, but showing the deflection parameter d versus the messenger-matter couplings λE.

TABLE II. The range of d within which the wino is lighter than the bino for various messenger species M in
scenario B.

M ¼ 1 M ¼ 2 M ¼ 3

Scenario B1 d −0.92≲ d≲ 1.23 −0.51≲ d≲ 0.78 −0.35≲ d≲ 0.95
Scenario B2 d −1.21≲ d≲ 1.05 −0.69≲ d≲ 0.64 −0.49≲ d≲ 0.46
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t-channel scalar Higgs bosons (h0 and H0), or by s-
channel squarks (with the t-channel Z-boson ex-
change process highly suppressed). As the squarks
are not found at the LHC, their masses should be
significantly larger than the Higgs masses. So the SI
cross section is dominated by the Higgs-mediated
process, despite the associated suppression by Yu-
kawa couplings and the small Higgsino fraction. In
scenario B, the type of the neutralino that can give
the right DM relic abundance is almost binolikewith
a small Higgsino component, thus suppressing the
SI direct detection cross sections.

IV. CONCLUSIONS

We proposed to introduce general messenger-
matter interactions in the deflected anomaly mediated
SUSY breaking scenario to explain the gμ − 2 anomaly.
Scenarios with complete or incomplete GUT multiplet
messengers are discussed, respectively. The introduction
of incomplete GUT mulitiplets can be advantageous in
various aspects. We found that the gμ − 2 anomaly can be
solved in both scenarios under current constraints
including the gluino mass bounds, while the scenarios
with incomplete GUT representation messengers are more

favored by the gμ − 2 data. We also found that the gluino is
upper bounded by about 2.5 TeV (2.0 TeV) in scenario
A and 3.0 TeV (2.7 TeV) in scenario B if the generalized
deflected AMSB scenarios are used to fully account for
the gμ − 2 anomaly at 3σ (2σ) level. Such a gluino should
be accessible in the future LHC searches. Dark matter
constraints, including DM relic density and direct detec-
tion bounds, favor scenario B with incomplete GUT
multiplets. Much of the allowed parameter space for
scenario B could be covered by the future DM direct
detection experiments.
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FIG. 6. Same as Fig. 4, but showing the spin-independent DM direct detection constraints from LUX 2016 and PandaX.

FEI WANG, WENYU WANG, and JIN MIN YANG PHYSICAL REVIEW D 96, 075025 (2017)

075025-12



[1] G. Aad et al. (ATLAS Collaboration), Phys. Lett. B 710, 49
(2012).

[2] S. Chatrachyan et al. (CMS Collaboration), Phys. Lett. B
710, 26 (2012).

[3] The ATLAS Collaboration, Report No. ATLAS-CONF-
2016-052.

[4] The ATLAS Collaboration, Report No. ATLAS-CONF-
2016-050.

[5] M. Byrne, C. Kolda, and J. E. Lennon, Phys. Rev. D 67,
075004 (2003).

[6] A. H. Chamseddine, R. L. Arnowitt, and P. Nath, Phys. Rev.
Lett. 49, 970 (1982); H. P. Nilles, Phys. Lett. 115B, 193
(1982); L. E. Ibanez, Phys. Lett. 118B, 73 (1982); R.
Barbieri, S. Ferrara, and C. A. Savoy, Phys. Lett. 119B,
343 (1982); H. P. Nilles, M. Srednicki, and D. Wyler, Phys.
Lett. 120B, 346 (1983); J. R. Ellis, D. V. Nanopoulos, and
K. Tamvakis, Phys. Lett. 121B, 123 (1983); J. R. Ellis, J. S.
Hagelin, D. V. Nanopoulos, and K. Tamvakis, Phys. Lett.
125B, 275 (1983); N. Ohta, Prog. Theor. Phys. 70, 542
(1983); L. J. Hall, J. D. Lykken, and S. Weinberg, Phys. Rev.
D 27, 2359 (1983).

[7] M. Dine, W. Fischler, and M. Srednicki, Nucl. Phys. B189,
575 (1981); S. Dimopoulos and S. Raby, Nucl. Phys. B192,
353 (1981); M. Dine and W. Fischler, Phys. Lett. 110B, 227
(1982); M. Dine and A. E. Nelson, Phys. Rev. D 48, 1277
(1993); M. Dine, A. E. Nelson, and Y. Shirman, Phys. Rev.
D 51, 1362 (1995); M. Dine, A. E. Nelson, Y. Nir, and Y.
Shirman, Phys. Rev. D 53, 2658 (1996); G. F. Giudice and
R. Rattazzi, Phys. Rep. 322, 419 (1999).

[8] L. Randall and R. Sundrum, Nucl. Phys. B557, 79 (1999);
G. F. Giudice, M. A. Luty, H. Murayama, and R. Rattazzi,
J. High Energy Phys. 12 (1998) 027.

[9] I. Jack and D. R. T. Jones, Phys. Lett. B 465, 148 (1999).
[10] I. Jack and D. R. T. Jones, Phys. Lett. B 482, 167 (2000); E.

Katz, Y. Shadmi, and Y. Shirman, J. High Energy Phys. 08
(1999) 015; N. ArkaniHamed, D. E. Kaplan, H. Murayama,
and Y. Nomura, J. High Energy Phys. 02 (2001) 041; R.
Sundrum, Phys. Rev. D 71, 085003 (2005); K. Hsieh and
M. A. Luty, J. High Energy Phys. 06 (2007) 062; Y. Cai and
M. A. Luty, J. High Energy Phys. 12 (2010) 037; T.
Kobayashi, Y. Nakai, and M. Sakai, J. High Energy Phys.
06 (2011) 039.

[11] A. Pomarol and R. Rattazzi, J. High Energy Phys. 05 (1999)
013; R. Rattazzi, A. Strumia, and J. D. Wells, Nucl. Phys.
B576, 3 (2000).

[12] N. Okada, Phys. Rev. D 65, 115009 (2002); N. Okada and
H.M. Tran, Phys. Rev. D 87, 035024 (2013).

[13] A. E. Nelson and N. J. Weiner, arXiv:0210288.
[14] K. Hsieh and M. A. Luty, J. High Energy Phys. 06 (2007)

062.
[15] M. Luty and R. Sundrum, Phys. Rev. D 67, 045007 (2003).
[16] L. L. Everett, I. W. Kim, P. Ouyang, and K. M. Zurek,

Phys. Rev. Lett. 101, 101803 (2008).
[17] F. Wang, Phys. Lett. B 751, 402 (2015).
[18] T. Han, T. Yanagida, and R. J. Zhang, Phys. Rev. D 58,

095011 (1998).

[19] I. Gogoladze, A. Mustafayev, Q. Shafi, and C. S. Un,
Phys. Rev. D 94, 075012 (2016); I. Gogoladze and C. S.
Un, Phys. Rev. D 95, 035028 (2017).

[20] L. Calibbi, T. Li, A. Mustafayev, and S. Raza, Phys. Rev. D
93, 115018 (2016).

[21] F. Wang, W. Wang, J. M. Yang, and Y. Zhang, J. High
Energy Phys. 07 (2015) 138.

[22] G. F. Giudice and R. Rattazzi, Nucl. Phys. B511, 25 (1998).
[23] G. F. Giudice and R. Rattazzi, Phys. Rep. 322, 419 (1999).
[24] J. A. Evans and D. Shih, J. High Energy Phys. 08 (2013)

093.
[25] Z. Chacko and E. Ponton, Phys. Rev. D 66, 095004 (2002).
[26] For a comparative study of NMSSM and MSSM, see J. Cao,

Z. Heng, J. M. Yang, Y. Zhang, and J. Zhu, J. High Energy
Phys. 03 (2012) 086.

[27] Y. Cai and M. A. Luty, J. High Energy Phys. 12 (2010) 037.
[28] Muon G-2 Collaboration, Phys. Rev. D 73, 072003 (2006);

Muon G-2 Collaboration, Phys. Rev. D 80, 052008 (2009);
B. L. Roberts, Chin. Phys. C 34, 741 (2010).

[29] M. Davier, A. Hoecker, B. Malaescu, C. Z. Yuan, and Z.
Zhang, Eur. Phys. J. C 66, 1 (2010); K. Hagiwara, R. Liao,
A. D. Martin, D. Nomura, and T. Teubner, J. Phys. G 38,
085003 (2011); M. Davier, A. Hoecker, B. Malaescu, and Z.
Zhang, Eur. Phys. J. C 71, 1 (2011); J. Prades, E. de Rafael,
and A. Vainshtein, Adv. Ser. Dir. High Energy Phys. 20, 303
(2009).

[30] M. Endo, K. Hamaguchi, S. Iwamoto, and K. Yanagi,
J. High Energy Phys. 06 (2017) 031; M. Endo, K.
Hamaguchi, T. Kitahara, and T. Yoshinaga, J. High Energy
Phys. 11 (2013) 013; B. Zhu, R. Ding, and T. Li, Phys. Rev.
D 96, 035029 (2017); C. Li, B. Zhu, and T. Li,
arXiv:1704.05584; M. Lindner, M. Platscher, and F. S.
Queiroz, arXiv:1610.06587 [Rev. Phys. Rep. (to be
published)]; A. Kobakhidze, M. Talia, and L. Wu, Phys.
Rev. D 95, 055023 (2017).

[31] S. Schael et al. (ALEPH and DELPHI and L3 and
OPAL and SLD and LEP Electroweak Working Group
and SLD Electroweak Group and SLD Heavy Flavour
Group Collaborations), Phys. Rep. 427, 257 (2006).

[32] P. A. R. Ade et al. (Planck Collaboration), Astron. As-
trophys. 571, A16 (2014).

[33] J. Dunkley et al. (WMAP Collaboration), Astrophys. J.
Suppl. Ser. 180, 306 (2009).

[34] D. S. Akerib et al., Phys. Rev. Lett. 118, 021303 (2017).
[35] C. Fu et al., Phys. Rev. Lett. 118, 071301 (2017).
[36] V. Khachatryan et al. (CMS and LHCb Collaborations),

Nature (London) 522, 68 (2015).
[37] Y. Amhis et al. [Heavy Flavor Averaging Group (HFAG)],

arXiv:1412.7515.
[38] C. Patrignani et al. (Particle Data Group), Chin. Phys. C 40,

100001 (2016).
[39] M. Aaboud et al. (ATLAS Collaboration), Eur. Phys. J. C

76, 547 (2016); The CMS Collaboration, Report No. CMS-
PAS-SUS-16-015;The ATLAS Collaboration, Report
No. ATLAS-CONF-2016-078;CMS Collaboration, Report
No. CMS-PAS-SUS-16-030.

SOLVING THE MUON g − 2 ANOMALY IN DEFLECTED … PHYSICAL REVIEW D 96, 075025 (2017)

075025-13

https://doi.org/10.1016/j.physletb.2012.02.044
https://doi.org/10.1016/j.physletb.2012.02.044
https://doi.org/10.1016/j.physletb.2012.02.064
https://doi.org/10.1016/j.physletb.2012.02.064
https://doi.org/10.1103/PhysRevD.67.075004
https://doi.org/10.1103/PhysRevD.67.075004
https://doi.org/10.1103/PhysRevLett.49.970
https://doi.org/10.1103/PhysRevLett.49.970
https://doi.org/10.1016/0370-2693(82)90642-6
https://doi.org/10.1016/0370-2693(82)90642-6
https://doi.org/10.1016/0370-2693(82)90604-9
https://doi.org/10.1016/0370-2693(82)90685-2
https://doi.org/10.1016/0370-2693(82)90685-2
https://doi.org/10.1016/0370-2693(83)90460-4
https://doi.org/10.1016/0370-2693(83)90460-4
https://doi.org/10.1016/0370-2693(83)90900-0
https://doi.org/10.1016/0370-2693(83)91283-2
https://doi.org/10.1016/0370-2693(83)91283-2
https://doi.org/10.1143/PTP.70.542
https://doi.org/10.1143/PTP.70.542
https://doi.org/10.1103/PhysRevD.27.2359
https://doi.org/10.1103/PhysRevD.27.2359
https://doi.org/10.1016/0550-3213(81)90582-4
https://doi.org/10.1016/0550-3213(81)90582-4
https://doi.org/10.1016/0550-3213(81)90430-2
https://doi.org/10.1016/0550-3213(81)90430-2
https://doi.org/10.1016/0370-2693(82)91241-2
https://doi.org/10.1016/0370-2693(82)91241-2
https://doi.org/10.1103/PhysRevD.48.1277
https://doi.org/10.1103/PhysRevD.48.1277
https://doi.org/10.1103/PhysRevD.51.1362
https://doi.org/10.1103/PhysRevD.51.1362
https://doi.org/10.1103/PhysRevD.53.2658
https://doi.org/10.1016/S0370-1573(99)00042-3
https://doi.org/10.1016/S0550-3213(99)00359-4
https://doi.org/10.1088/1126-6708/1998/12/027
https://doi.org/10.1016/S0370-2693(99)01064-3
https://doi.org/10.1016/S0370-2693(00)00501-3
https://doi.org/10.1088/1126-6708/1999/08/015
https://doi.org/10.1088/1126-6708/1999/08/015
https://doi.org/10.1088/1126-6708/2001/02/041
https://doi.org/10.1103/PhysRevD.71.085003
https://doi.org/10.1088/1126-6708/2007/06/062
https://doi.org/10.1007/JHEP12(2010)037
https://doi.org/10.1007/JHEP06(2011)039
https://doi.org/10.1007/JHEP06(2011)039
https://doi.org/10.1088/1126-6708/1999/05/013
https://doi.org/10.1088/1126-6708/1999/05/013
https://doi.org/10.1016/S0550-3213(00)00130-9
https://doi.org/10.1016/S0550-3213(00)00130-9
https://doi.org/10.1103/PhysRevD.65.115009
https://doi.org/10.1103/PhysRevD.87.035024
http://arXiv.org/abs/0210288
https://doi.org/10.1088/1126-6708/2007/06/062
https://doi.org/10.1088/1126-6708/2007/06/062
https://doi.org/10.1103/PhysRevD.67.045007
https://doi.org/10.1103/PhysRevLett.101.101803
https://doi.org/10.1016/j.physletb.2015.10.065
https://doi.org/10.1103/PhysRevD.58.095011
https://doi.org/10.1103/PhysRevD.58.095011
https://doi.org/10.1103/PhysRevD.94.075012
https://doi.org/10.1103/PhysRevD.95.035028
https://doi.org/10.1103/PhysRevD.93.115018
https://doi.org/10.1103/PhysRevD.93.115018
https://doi.org/10.1007/JHEP07(2015)138
https://doi.org/10.1007/JHEP07(2015)138
https://doi.org/10.1016/S0550-3213(97)00647-0
https://doi.org/10.1016/S0370-1573(99)00042-3
https://doi.org/10.1007/JHEP08(2013)093
https://doi.org/10.1007/JHEP08(2013)093
https://doi.org/10.1103/PhysRevD.66.095004
https://doi.org/10.1007/JHEP03(2012)086
https://doi.org/10.1007/JHEP03(2012)086
https://doi.org/10.1007/JHEP12(2010)037
https://doi.org/10.1103/PhysRevD.73.072003
https://doi.org/10.1103/PhysRevD.80.052008
https://doi.org/10.1088/1674-1137/34/6/021
https://doi.org/10.1140/epjc/s10052-010-1246-1
https://doi.org/10.1088/0954-3899/38/8/085003
https://doi.org/10.1088/0954-3899/38/8/085003
https://doi.org/10.1140/epjc/s10052-010-1515-z
https://doi.org/10.1142/ASDHEP
https://doi.org/10.1142/ASDHEP
https://doi.org/10.1007/JHEP06(2017)031
https://doi.org/10.1007/JHEP11(2013)013
https://doi.org/10.1007/JHEP11(2013)013
https://doi.org/10.1103/PhysRevD.96.035029
https://doi.org/10.1103/PhysRevD.96.035029
http://arXiv.org/abs/1704.05584
http://arXiv.org/abs/1610.06587
http://arXiv.org/abs/1610.06587
https://doi.org/10.1103/PhysRevD.95.055023
https://doi.org/10.1103/PhysRevD.95.055023
https://doi.org/10.1016/j.physrep.2005.12.006
https://doi.org/10.1051/0004-6361/201321591
https://doi.org/10.1051/0004-6361/201321591
https://doi.org/10.1088/0067-0049/180/2/306
https://doi.org/10.1088/0067-0049/180/2/306
https://doi.org/10.1103/PhysRevLett.118.021303
https://doi.org/10.1103/PhysRevLett.118.071301
https://doi.org/10.1038/nature14474
http://arXiv.org/abs/1412.7515
https://doi.org/10.1088/1674-1137/40/10/100001
https://doi.org/10.1088/1674-1137/40/10/100001
https://doi.org/10.1140/epjc/s10052-016-4382-4
https://doi.org/10.1140/epjc/s10052-016-4382-4

