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We propose a local U (1)Lμ−Lτ model to explain b → sμ+μ− anomaly observed at the LHCb and Belle 
experiments. The model also has a natural dark matter candidate N . We introduce SU (2)L-doublet 
colored scalar ̃q to mediate b → s transition at one-loop level. The U (1)Lμ−Lτ gauge symmetry is broken 
spontaneously by the scalar S . All the new particles are charged under U (1)Lμ−Lτ . We can obtain 
Cμ,NP

9 ∼ −1 to solve the b → sμ+μ− anomaly and can explain the correct dark matter relic density of 
the universe, �DMh2 ≈ 0.12, simultaneously, while evading constraints from electroweak precision tests, 
neutrino trident experiments and other quark flavor-changing loop processes such as b → sγ and Bs − Bs

mixing. Our model can be tested by searching for Z ′ and new colored scalar at the LHC and B → K ∗νν
process at Belle-II.

© 2018 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
1. Introduction

Flavor changing neutral current (FCNC) processes are sensitive 
probe of new physics (NP) beyond the standard model (SM), of 
which the b → sμ+μ− has drawn much interest recently due to 
anomalies observed at the LHCb and Belle experiments. A form-
factor independent angular observable P ′

5 [1] in the decay B0 →
K ∗0μ+μ− shows 3.7σ discrepancy in the interval 4.3 < q2 <

8.68 GeV2, q2 being dimuon invariant mass squared [2]. A global 
analysis of the CP-averaged angular observables indicates differ-
ences from the SM predictions at the level of 3.4σ [3]. The P ′

5
anomaly has also been found by Belle collaborations at the level 
of 2.1 − 2.6σ [4,5]. For the B0

s → φμ+μ− mode, the differential 
branching fraction has been found to be more than 3σ below the 
SM predictions in the range 1 < q2 < 6 GeV2 [6]. Similar tendency 
has been observed in B → K (∗)μ+μ− [7–9], �0

b → �μ+μ− [10].
Most interesting observables are the ratios [11]

R K (∗) ≡ B(B → K (∗)μ+μ−)

B(B → K (∗)e+e−)
, (1.1)

which are predicted to be 1 + O (m2
μ/m2

b), representing the lepton-
flavor universality (LFU) in the SM. They are theoretically very 
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clean because the hadronic uncertainties are canceled in the ra-
tios. The measured value R K at LHCb in the range 1 < q2 < 6 GeV2

is 0.745+0.090
−0.074(stat) ± 0.036(syst), deviating from the SM predic-

tions by 2.6σ [12]. Recently the LHCb also measured R K ∗ with the 
results [13].

R K ∗ =
{

0.66+0.11
−0.07(stat) ± 0.03(syst) for 0.045 < q2 < 1.1 GeV2,

0.69+0.11
−0.07(stat) ± 0.05(syst) for 1.1 < q2 < 6.0 GeV2,

showing deviations at the level of 2.1 −2.3σ and 2.4 −2.5σ in the 
two q2 regions, respectively.

It is worth noting that these possible deviations are in the same 
direction i.e. destructive with the SM, and when combined, the dis-
crepancy with the SM predictions is at the level of ∼ 5σ [14–19]. 
The b → s	+	− decay is described by the effective weak Hamilto-
nian

Heff = −4G F√
2

V ∗
ts Vtb

∑
i

(C	
i O 	

i + C ′	
i O ′	

i ) + h.c., (1.2)

where O (′)
i ’s are dimension 5 and 6 b → s transition operators, for 

example,

O 7 = e

16π2
mb(s̄σμν P Rb)Fμν, O ′

7 = e

16π2
mb(s̄σμν P Lb)Fμν,

O 	
9 = e2

2
(s̄γμ P Lb)(	̄γ μ	), O ′ 	

9 = e2

2
(s̄γμ P Rb)(	̄γ μ	),
16π 16π
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O 	
10 = e2

16π2
(s̄γμ P Lb)(	̄γ μγ5	),

O ′ 	
10 = e2

16π2
(s̄γμ P Rb)(	̄γ μγ5	). (1.3)

Writing C	
i = CSM

i + C	,NP
i , the SM contribution at mb scale is 

CSM
7 	 −0.294, CSM

9 	 4.20, CSM
10 	 −4.01. The global fits to the 

experimental data show that the strongest pull is obtained in the 
scenario with NP in C9 only [15]. The best fit value is Cμ

9 = −1.21
with pull 5.2σ .

There are already many works incorporating NP contribution to 
explain the violation of LFU in b → s	+	− decays with tree-level 
Z ′ contributions [20–39], with leptoquarks [40–48], and with loop-
processes [49–54].

In this paper we propose a NP model with local U (1)Lμ−Lτ

symmetry to solve the b → sμ+μ− anomaly. This model naturally 
breaks LFU between e and μ because the U (1)Lμ−Lτ gauge bo-
son couples only to μ(τ) but not to e. The model was originally 
proposed by He, Joshi, Lew, and Volkas [55,56]. Many variants of 
U (1)Lμ−Lτ model have been studied ever since: the Z ′ contribu-
tion to the muon (g −2) discrepancy [57], U (1)Lμ−Lτ -charged dark 
matter (DM) [58], predictions on neutrino parameters [59], very 
light Z ′ contribution to the annihilations of DM [60]. Especially the 
U (1)Lμ−Lτ model has also been extended to explain b → sμ+μ−
anomaly, but in different context from our model [61–66]. Our 
model has U (1)Lμ−Lτ -charged colored scalars which we call squark
coupling to s, b-quarks, while the ref. [62] introduces vector-like 
quarks. The former has one-loop contribution to b → sμ+μ− , 
whereas the latter has tree-level contribution. Our model has also 
a natural dark matter candidate. It corresponds to the scenario 
with NP in C9 only mentioned above, which is obtained from the 
Z ′-penguin diagrams. There is no box-diagram contribution at one-
loop level. In our model C9 includes contribution from b → s tran-
sition which comes from quark-squark-DM Yukawa interaction as 
well as contribution from U (1)Lμ−Lτ gauge interactions. Although 
the b → s transition is strongly constrained by other quark FCNC 
processes such as b → sγ and Bs − B̄s , we can evade them easily 
in our scenario.

The paper is organized as follows. In section 2, we introduce 
our model. The section 3 presents the results for NP contributions 
to b → sμ+μ− , b → sγ , and Bs − Bs mixing and shows that we 
can accommodate both b → sμ+μ− anomaly and the correct relic 
density of DM in our universe. In the section 4 we discuss DM 
phenomenology. We conclude in section 5.

2. The model

We introduce a local U (1)Lμ−Lτ symmetry in addition to the 
SM gauge group. The second (third) generation left-handed lepton 
doublet and right-handed singlet, 	μ

L , μR , (	τ
L , τR ), are charged un-

der U (1)Lμ−Lτ with charge 1(−1). It is a well-known fact that the 
U (1)Lμ−Lτ is anomaly-free even without extending the SM particle 
content. We also introduce new particles which are charged un-
der U (1)Lμ−Lτ , a Dirac fermion N , a colored SU (2)L -doublet scalar 
q̃ ≡ (̃u, ̃d)T , and a singlet-scalar S . Since the new fermion N is a 
Dirac particle, the theory is free from gauge anomaly. Their charge 
assignments are shown in Table 1.

The Lagrangian is written as

L = LSM − V − 1

4
Z ′
μν Z ′ μν + N(iγ μDμ − MN)N

+ (Dμq̃†)(Dμq̃) − m2
q̃ q̃†̃q + (DμS†)(DμS)

−
∑
i=s,b

(yi
Lqi

Lq̃N + h.c.) − (
f

2
Nc N S† + h.c.), (2.1)

wh
U (1
rep
stat
can

V =

+

+

+

wh
are
q̃(=
sec
sym
era
b →
are
to C
up-
ma
λ′

Hq̃

m2
ũ

m2
d̃

qua
67–
ma(

M

The

N−

N+

wh
par
Table 1
Charge assignments of N, ̃q and S under the SM 
gauge group and U (1)Lμ−Lτ . We take Q 
= 0, ±1 to 
avoid N being the seesaw model right-handed neu-
trinos.

New fermion New scalars

N q̃ S
SU (3)C 1 3 1
SU (2)L 1 2 1
U (1)Y 0 1

6 0
U (1)Lμ−Lτ Q −Q 2Q

ere Z ′
μν ≡ ∂μ Z ′

ν − ∂ν Z ′
μ is the field strength tensor for

)Lμ−Lτ gauge boson Z ′ , Dμ is the covariant derivative, and i
resents the generation index. The Nc is the charge conjugate 
e of N . The scalar potential V including the SM Higgs parts 
 be written as

λH

(
H† H − v2

2

)2

+ λS

(
S† S − v2

S

2

)2

λH S

(
H† H − v2

2

)(
S† S − v2

S

2

)

λHq̃

(
H† H − v2

2

)
q̃†̃q + λ′

Hq̃

(
H †̃q

) (̃
q† H

)
λSq̃

(
S† S − v2

S

2

)
q̃†̃q + λ̃q

(̃
q†̃q

)2
, (2.2)

ere H is the SM Higgs doublet, v = √
2〈H0〉 and v S = √

2〈S〉
 vacuum expectation values (VEVs) of the scalar fields. The field 
(̃u, ̃d)T ) and N mediate the U (1)Lμ−Lτ interaction to quark 

tor. Although the generation, i = d, is allowed by the gauge 
metry in general, we neglect the interaction with the first gen-

tion in this paper, because it is irrelevant in our discussion of 
sμμ transition. We assume that the down-type quarks in (2.1)

 already in the mass eigenstates and that the flavor mixing due 
abibbo–Kobayashi–Maskawa (CKM) mixing appears only in the 

quark sector, i.e. dL = d′
L, uL = V †

CKMu′
L with d′

L, u
′
L being the 

ss eigenstates. There is mass splitting between ũ and d̃ due to 
term:

= m2
q̃,

= m2
q̃ + 1

2
λ′

Hq̃ v2. (2.3)

The flavored-DM scenarios where DMs have interactions with 
rks or leptons in a form in (2.1) have been also studied in [25,
69]. Since N and Nc are mixed after S gets VEV, they are not 

ss eigenstates. The mass matrix of N and Nc is written as

N
f v S√

2
f v S√

2
MN

)
. (2.4)

 mass eigenstates are mixture of N and Nc ,

= 1√
2
(N − Nc),

= 1√
2
(N + Nc), (2.5)

ose masses are m∓ = MN ∓ f v S/
√

2. The N∓ are two Majorana 
ticles. The N− state has Majorana phase π so that Nc− = −N− , 
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Fig. 1. Penguin diagrams generating b → sμ+μ− in our model.
but Nc+ = N+ . In the unitary gauge, H0 and S can be decomposed 
as H0 = 1/

√
2(v + h) and S = 1/

√
2(v S + φS), respectively. The 

scalar potential in (2.2) satisfies the tadpole conditions, ∂V /∂h =
∂V /∂φS = 0, at h = φS = 0 automatically. The mass matrix in the 
basis, (h, φS ), is written as(

2λH v2 λH S v v S

λH S v v S 2λS v2
S

)
(2.6)

The real scalar φS mixes with the SM Higgs boson h via λH S term. 
The mixing angle is denoted as αH so that(

h
φS

)
=

(
cosαH sinαH

− sinαH cosαH

)(
H1
H2

)
, (2.7)

where H1,2 are mass eigenstates, H1 being the SM-like Higgs bo-
son with mass 125 GeV.

The size of the mixing is constrained by the LHC experiments. 
The details can be found in [70,71]. In this work, the mixing be-
tween φS and h does not affect b → sμ+μ− , but it affects the 
dark matter phenomenology. The direct detection experiments of 
dark matter strongly constrains this Higgs portal interaction. We 
take αH ≤ 0.1 in our numerical analysis to evade the constraints 
from LHC experiments. We will see that it is further constrained 
by the DM direct detection experiments.

After U (1)Lμ−Lτ is broken by the VEV of S , v S , there is still 
remnant Z2 symmetry due to the last terms in (2.1). This discrete 
symmetry stabilizes the lightest neutral Z2 odd particle, which 
we assume is N− . And it becomes a good dark matter candi-
date. As mentioned above the DM interacts with the SM sector 
mediated either by the Higgs portal or Z ′ . The DM pair annihi-
lates through N−N− → Z ′ Z ′ . The coannihilation process N−N+ →
Z ′ → μ+μ−(τ+τ−) is possible in case the mass difference �m ≡
m+ − m− = √

2 f v S is small. There is also annihilation into the SM 
particles through the φS and the SM Higgs mixing (Higgs portal). 
Notice that we take the U (1)Lμ−Lτ charge of N , Q 
= 0, ±1, so that 
the Yukawa interactions 	μ

L H̃ N or 	τ
L H̃ N (H̃ = iσ 2 H∗) are not al-

lowed. Otherwise N can mix with the active neutrinos, νμ or ντ , 
and N cannot be the electroweak scale WIMP DM candidate.

After S gets VEV, the U (1)Lμ−Lτ gauge boson gets mass, mZ ′ =
2g X |Q |v S , where g X is the U (1)Lμ−Lτ gauge coupling constant. 
The squarks ũ and d̃ have masses m2

ũ = m2
q̃ and m2

d̃
= m2

q̃ +
λ′

Hq v2/2, respectively. Since large mass splitting leads large contri-
bution to ρ-parameter [72] and the mass splitting does not affect 
the analysis, we set λ′

Hq = 0 for simplicity.

3. NP contribution to b → s transitions in our model

In our model the b → sμ+μ− transition operator Oμ
9 is gener-

ated by Z ′-exchanging penguin diagrams as shown in Fig. 1. From 
the diagrams we can see that only Cμ(τ),NP

9 is generated. There 
is no box diagram contribution at one-loop level. The effective 
b − s − Z ′ vertex reads
iV μ
eff(q

2) ≡ − i

(4π)2
Q ys

L yb
L g X Vsb(x−, x+,q2)u(p1)γ

μpLu(p2),

(3.1)

where p1, p2 are momenta of external s, b-quarks, q = p1 − p2, 
x∓ = m2∓/m2

d̃
, and the loop-function Vsb(x−, x+, q2) reduces to 

the analytic function Vsb(x−, x+) given in the appendix A in the 
q2 → 0 limit. Note that each of the effective vertices in Fig. 1 di-
verges but their sum yields a finite value. Then the amplitude for 
the penguin diagram contributions to b → sμ+μ− in Fig. 1 can be 
obtained to be

i Afull = iV μ
eff(q

2)
−i(gμν − qμqν/m2

Z ′)

q2 − m2
Z ′

(−ig X )v(p3)γ
νu(p4)

	 iV μ
eff(0)

igμν

m2
Z ′

(−ig X )v(p3)γ
νu(p4), (3.2)

where we neglected small q ∼ O (mb − ms) in the second line. 
Comparing the full amplitude in (3.2) with the amplitude obtained 
from the effective Hamiltonian in (1.3), we get

Cμ,NP
9 = −Q

√
2

4G F m2
Z ′

αX

αem

ys
L yb

L

V ∗
ts Vtb

Vsb(x−, x+), (3.3)

where αX = g2
X/(4π). In the limit m− = m+ we obtain Vsb(x−, x−)

= 0. This can be understood from the fact we took zero mo-
mentum limit to get Vsb(x−, x+). In the limit m− = m+ , the 
two Majorana fermions N∓ return to the original Dirac fermion 
N . Note �m = √

2 f v S = 0 corresponds to v S = 0. And the 
U (1)Lμ−Lτ gauge symmetry is restored, and Vsb(x−, x−) = 0
is simply a consequence of U (1)Lμ−Lτ gauge invariance: the 
Ward identity, V μ

eff(q
2 = 0)qμ = 0, implies Vsb(x−, x−) = 0 be-

cause u(p1)γ
μpLu(p2)qμ 
= 0. We neglected small ratios such as 

m2
b/m2

d̃
, m2

s /m2
d̃

to obtain the analytic formula Vsb(x−, x+). There-

fore, to get a sizable Cμ,NP
9 we need large mass splitting �m, which 

implies the DM coannihilation processes for the DM relic cannot be 
a dominant component in our scenario. Fig. 2 shows a contour plot 
for Cμ,NP

9 (blue lines) in the plane (m−, m+). For the plot we fixed 
Q = 3/2, αX = 0.05, ys

L yb
L = 0.1, mZ ′ = 500 GeV, mH1 = 125 GeV, 

mH2 = 1 TeV, and md̃ = 3 TeV. The left (right) panel corresponds to 
αH = 0.01(0.001). This choice of αX and mZ ′ can be target of LHC 
searches for Z ′ [65]. In the same plot we also show �h2 = 0.12
lines (green and gray lines), which could explain the DM relic in 
the universe. The green (gray) segments are (not) allowed by the 
DM direct search experiments. We used the upper limit from LUX 
for the plot [73]. The DM phenomenology will be discussed in 
more detail in Section 4. We can see that Cμ,NP

9 ∼ −1 can be ob-
tained with sizable mass splittings in the case αH = 0.001, which 
can explain the b → μ+μ− anomaly. Smaller αH is preferred be-
cause it can help evade the direct search bound whereas the scalar 
mixing does not affect Cμ,NP. We also note that the value of Cμ,NP
9 9
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Fig. 2. Contour plot for Cμ,NP
9 at the electroweak scale (blue lines) and �h2 = 0.12 (green and grey lines) in the plane (m−, m+). We fixed Q = 3/2, αX = 0.05, ys

L yb
L = 0.1, 

mZ ′ = 500 GeV, md̃ = 3 TeV, mH1 = 125 GeV, and mH2 = 1 TeV. We also set αH = 0.01 (left panel) and αH = 0.001 (right panel). The grey segments of the lines are excluded 
by the DM direct detection experiments. (For interpretation of the colors in the figure(s), the reader is referred to the web version of this article.)
Fig. 3. Feynman diagrams for b → sγ in our model. The photon can be attached to 
electrically charged particles, ̃d, b or s.

does not depend on the absolute value of md̃ or m∓ but only on 
their ratios. We take md̃ = 3 TeV as a reference value.

The couplings ys
L and yb

L also generate other quark FCNC pro-
cesses such as b → sγ and Bs − Bs mixing. The experimental mea-
surement of the inclusive branching fraction of radiative B-decay, 
B → Xsγ , is [74]

B
[

B → Xsγ ,

(
Eγ >

1

20
mb

)]exp

= (3.32 ± 0.15) × 10−4, (3.4)

which can be compared with theoretical prediction in the SM pre-
diction [75]

B
[

B → Xsγ ,
(

Eγ > 1.6 GeV
)]SM = (3.36 ± 0.23) × 10−4. (3.5)

The NP contribution to Cγ
7 at the electroweak scale whose diagram 

is shown in Fig. 3 is obtained to be

Cγ ,NP
7 =

√
2ed

16G F m2
d̃

ys
L yb

L

V ∗
ts Vtb

[ J1(x−) + J1(x+)], (3.6)

where ed = −1/3 is the electric charge of ̃d, and the loop function 
J1(x) is given in the Appendix A. The corresponding SM value is 
Cγ ,SM

7 (μb) 	 −0.294 [76].
The NP contribution to Bs − Bs mixing occurs via the box dia-

grams shown in Fig. 4. The mass difference in the Bs − Bs system 
has been measured by CDF and LHCb and the average value is

�ms = 17.757 ± 0.020(stat) ± 0.007(syst) ps−1, (3.7)

which is in good agreement with the SM predictions [77] with pre-
dictions 17.5 ±1.1 ps−1 [78] or 16.73+0.82

−0.57 ps−1 [79]. More recently 
the ref. [80] reports larger central value for the SM prediction but 
with larger errors, �mSM
s = 18.6+2.4

−2.3. The effective Hamiltonian in 
the SM has (V − A) × (V − A) structure since the W -boson couples 
only to left-handed quarks,

H�B=2
eff = G F m2

W

4π2
(V ∗

ts Vtb)
2 S0(xt)sγμ P Lbsγ μ P Lb

≡ CSM
1 (μW )sγμ P Lbsγ μ P Lb, (3.8)

where xt = m2
t /m2

W and the loop function S0(xt) can be found, e.g., 
in [76]. The NP contribution to the Bs − Bs mixing whose Feynman 
diagrams are shown in Fig. 4 can also be written in the form

H�B=2,NP
eff = CNP

1 sγμ P Lbsγ μ P Lb, (3.9)

where at the electroweak scale

CNP
1 (μW ) = (ys

L yb
L)

2

128π2m2
d̃

[
2k(x−, x−,1) + 4k(x−, x+,1)

+ 2k(x+, x+,1) + x− j(x−, x−,1)

+ 2
√

x−x+ j(x−, x+,1) + x+ j(x+, x−,1)
]
, (3.10)

where the loop functions j and k are listed in the Appendix A. 
Since new particles in our model couple only to the left-handed 
quarks as shown in (2.1), the NP operator has the same Lorentz 
structure with the SM operator in (3.8).

By comparing the experimental results with the SM predictions, 
we can see that both b → sγ and Bs − Bs mixing still allows 
∼ 10 % contribution from NP. To see the impact of these FCNC 
constraints on our model, in Fig. 5 we show contour plots for 
Cγ ,NP

7 /Cγ ,SM
7 for b → sγ and CNP

1 /CSM
1 for Bs − Bs mixing at the 

electroweak scale. We take the same parameters with Fig. 2. We 
see the NP contribution to the b → sγ is typically a few×O (10−4)

of the SM contribution and its contribution to the Bs − Bs mixing is 
a few % near the region where Cμ,NP

9 ∼ −1. Consequently we can 
safely evade the constraints for the parameters chosen in Fig. 2
while getting sizable Cμ,NP

9 ∼ −1 to resolve the b → sμμ anomaly. 
We also checked even for the relatively large �m = √

2 f v S , the 
dark Yukawa coupling f can be still in the perturbative regime, 
i.e. f � 4π . The key observation is that the large contribution to 
Cμ,NP

9 comes from the relatively light Z ′ (mZ ′ ∼ O (100) GeV) and 
sizable U (1)Lμ−Lτ coupling, αX ∼ 0.1, while Z ′ gauge boson is not 
involved in b → sγ or Bs − Bs mixing at the one-loop level.
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Fig. 4. Box diagrams which contribute to Bs − Bs mixing, where i, j = ±.
Fig. 5. Contour plots for Cγ ,NP
7 /Cγ ,SM

7 (dashed lines) and CNP
1 /CSM

1 (solid lines) at 
the electroweak scale. The fixed parameters are the same with Fig. 2.

Our model can contribute also possibly to B → K (∗)νν̄ pro-
cesses. The leading diagrams are obtained by replacing μ with νμ

and ντ in Fig. 1. However, since their U (1)Lμ−Lτ charges, Q μ = +1
and Q τ = −1, add to zero, the two contributions cancel with each 
other in the leading order of NP contributions. And the decay rates 
are increased only by about 2 %, making the modifications chal-
lenging to observe [61].

4. Dark matter relic density and direct detection

There are many DM annihilation diagrams for the relic density 
in our model: H1(H2)-mediated s-channel diagrams for N−N− →
SM SM (Higgs portal contributions), d̃-mediated t-channel dia-
grams for N−N− → ss, sb, bb, and N−N− → Z ′ Z ′, H j Hk( j, k = 1, 2)

which have both Higgs-mediated s-channel and N+(N−)-mediated 
t-channel diagrams. They are shown in Fig. 6.

Also coannihilation diagrams can make contributions when 
�m(= m+ − m−) ≈ m−/20. To calculate the relic density and DM 
nucleon scattering cross section we implemented our model to the 
numerical package micrOMEGAs [81].

Fig. 2 shows contour lines for the total DM relic density 
�DMh2 ≈ 0.12 (green and gray lines). We can clearly see three 
main contributions: i) Higgs resonance contribution dominating 
near m− ≈ mH1/2 ≈ 65 GeV, ii) the coannihilation contributions 
are important along the line m+ ≈ m− , iii) N−N− → Z ′ Z ′ pro-
cess takes over when it is kinematically open near m− � mZ ′ . The 
green (gray) segments satisfy (do not satisfy) the constraints from 
Fig. 6. DM annihilation diagrams for relic density.

the DM and nucleon scattering experiments. When the coanni-
hilation dominates, it is difficult to get sizable Cμ,NP

9 , which can 
be seen also in Fig. 2. In the right panel the green lines with 
Cμ,NP

9 ∼ −1 intersect with the lines with �h2 = 0.12, while sat-
isfying the direct detection constraints. And we can accommodate 
both the R K (∗) anomaly and the correct DM relic density of the 
universe in our model.

The main contribution to the direct detection experiments 
comes from the Hi(i = 1, 2)-exchanging t-channel diagrams (Higgs 
portal). Since the Higgs portal contribution favors large αH , it is 
clear to see that the Higgs-resonance region is more strongly con-
strained. By the same reason the constraint is more stringent in 
the left panel than the right. We note that to explain both the 
B-anomaly and the null search of DM with nucleon scattering the 
bound on αH becomes much more stronger αH � 0.01 than the 
collider bound αH � 0.1.
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5. Conclusions

The LHCb and Belle experiments have observed tantalizing 
anomalies in b → sμ+μ− processes in the observables of P ′

5, R K (∗)

and some branching fractions. The global fits show ∼ 5σ devia-
tion from the standard model predictions with the best fit value 
Cμ,NP

9 ∼ −1 for Cμ,NP
9 only scenario. We propose a local U (1)Lμ−Lτ

model which correspond to this scenario. The model also con-
tains a natural dark matter candidate. The new physics contri-
bution to b → s transition occurs via the exchange of colored 
SU (2)L -doublet scalar q̃ which is also charged under U (1)Lμ−Lτ . 
To conserve U (1)Lμ−Lτ charge in the Yukawa interaction of ̃q with 
the SM quarks b, s, we need a Dirac fermion N which is elec-
trically neutral but charged under U (1)Lμ−Lτ so that the Yukawa 
interaction takes the form yi

Lq̃i
Lq̃N + h.c.. The neutral fermion can 

be a dark matter candidate. The stability of dark matter candi-
date N is achieved by the interaction f Nc N S† + h.c. where S is 
U (1)Lμ−Lτ -breaking scalar, which leaves exact Z2 symmetry after 
S obtains vacuum expectation value. The lightest Z2-odd neutral 
Majorana fermion mass eigenstate N− becomes a stable dark mat-
ter.

The model contributes to the Cμ
9 for b → sμ+μ− through 

the Z ′-exchanging penguin diagrams. When αX ∼ 0.05, mZ ′ ∼
500 GeV, we can explain the R K (∗) anomaly since our Z ′ does 
not couple to electrons but to muons, resulting in the violation of 
lepton flavor universality. Large mass splitting between N± states 
are favored for large Cμ,NP

9 . The constraints on b → s transition 
from b → sγ and Bs − Bs mixing can be evaded by taking rela-
tively heavy (∼ 3 TeV) ̃q and sizable product of Yukawa couplings, 
ys

L yb
L ∼ 0.1. We predict that the deviation from the SM predictions 

in B → K ∗νν process is hard to observe, which can be tested at 
Belle-II.

Our dark matter can provide the correct relic density via the 
annihilations of the Higgs resonance channel and N−N− → Z ′ Z ′
channel. The latter channel is naturally realized in our model be-
cause Z ′ is relatively light and has sizable gauge coupling with the 
dark fermions N± . Our model can be tested by searching for Z ′
and new colored scalar at the LHC.

Appendix A. Loop functions

The effective b − s − Z ′ vertex at zero momentum transfer is 
given by the loop function at zero momentum transfer,

Vsb(x−, x+) = 1

4
+ √

x−x+ j(x−, x+) − 1

2
k(x−, x+)

+ I(x−) + I(x+), (A.1)

where x∓ = m2∓/m2
d̃

and

j(x) = x log x

x − 1
,

k(x) = x2 log x

x − 1
,

I(x) = −3x2 + 4x − 1 + 2x2 log x

8(x − 1)2
. (A.2)

The above result was cross-checked with that of a similar model, 
that is, the neutralino contribution to charged lepton flavor violat-
ing l−j → l−i l−i l+i processes such as μ− → e−e−e+ via Z -penguin 
diagrams [82]. The difference between (A.1) and Eq. (25) of [82]
can be explained by the differences in the two models: i) Z ′ has 
vector coupling to dark matter in our model while Z -boson cou-
ples to V − A current of Higgsino in the MSSM, ii) Z ′ does not cou-
ple to quarks in our model while Z -boson does. The loop functions 
of j and k with more than one argument are defined recursively 
as

f (x1, x2, x3, · · · ) ≡ f (x1, x3, · · · ) − f (x2, x3, · · · )
x1 − x2

, (A.3)

where f = j, k. These multi-argument functions of j and k also 
appear as loop functions for the �B = 2 box diagrams.

The loop function J1(x) for b → sγ is obtained to be

J1(x) = 1 − 6x + 3x2 + 2x3 − 6x2 log x

12(1 − x)4
. (A.4)
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