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Abstract

1 To resolve the neutral and charged current B anomalies, we consider a
model where the standard model is extended by a pair of vector-like
quark and lepton doublets, a new singlet scalar and a scalar leptoquark.

2 We investigate the phenomenology of vector-like dark matter in the
leptoquark portal. We constrain the new parameter space by using the
bounds on relic density and direct detection observables.

3 In the flavor sector, we use the bounds on b→ sll(νν̄), b→ sγ to
constrain the model parameters.

4 We have further constrain the new parameters from the τ decay modes:
τ → µγ, τ → µµµ, τ → µµ̄νµτ and the (g − 2)µ anomalies.

Model description

Table 1:Fields and their charges in the present model.

Field SU(3)C × SU(2)L × U(1)Y Z2

Fermions QL ≡ (u, d)TL (3,2, 1/6) +
uR (3,1, 2/3) +
dR (3,1, − 1/3) +

`L ≡ (ν, e)TL (1,2, − 1/2) +
eR (1,1, − 1) +

Vector-like fermions ψq ≡ (ψu, ψd)T (3,2, 1/6) −
ψ` ≡ (ψν, ψl)T (1,2, − 1/2) −

χ (1,1, 0) −
Scalars H (1,2, 1/2) +

S1 (3̄,1, 1/3) −
The Lagrangian of the present model can be written as
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where the scalar potential V is
V (H,S1) = µ2

HH
†H + λH(H†H)2 + µ2

S(S1
†S1) + λS(S1

†S1)2+ λHS(H†2H)(S1
†S1).

The new neutral fermions mixing takes the form

MN =

Mψ`

yD√
2

yD√
2 Mχ`

 . (2)

One can diagonalize the above mass matrices by UT
αMNUα = diag [M1,M2],

with α = 1
2 tan−1

 2yDv√
2(Mψ`

−Mχ`
)

. The lightest mass eigenstate N2 is a proba-
ble dark matter in the present model.

Relic density
Based on the mass splitting between N1 and N2, apart from annihilations
several co-annihilation channels with leptons, quarks and gauge bosons in
final state can contribute to relic density. The formula is given by

Ωh2 = 2.14× 109 GeV−1

Mpl g∗1/2
1

J(xf)
, J(xf) =
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xf

〈σv〉(x)
x2 dx. (3)

Here MPl = 1.22 × 1019 GeV, g∗ = 106.75 and the freeze out paramter
xf = M2/Tf ' 20. The thermally averaged annihilation cross section is
given by
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where K1, K2 denote the modified Bessel functions.
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Figure 1:Relic density as a function of DM mass with horizontal dashed lines represent
Planck 3σ range.

Direct Detection
The DM can provide direct detection signals from the following effective
interactions

Leff
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1
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Z
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Leff
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h

(qq)(N2N2),
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]
. (5)

• XENON1T restricts the singlet-doublet mixing in Z-portal
(sin θ < 10−3) (spin-independent).
• XENON1T excludes couplings above 0.02 in SLQ portal
(spin-independent).
• PICO-60 excludes couplings above 2 in SLQ portal (spin-dependent).
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Figure 2:WIMP-nucleon cross section as a function of DM mass, included with current experimental
upper limits.

Flavor sector
Using the full Run-I and Run-II data set, recently the LHCb Collaboration has
updated the lepton non-universality RK parameter in the q2 ∈ [1, 6] GeV2 [1]

RLHCb21
K = BR(B+ → K+µ+µ−)

BR(B+ → K+e+e−)
= 0.846+0.042+0.013

−0.039−0.012 (6)

giving rise to the disagreement of 3.1σ from the SM prediction
RSM
K = 1.0003± 0.0001 . (7)

The recent measurements by the LHCb experiment on RK∗ ratio in two bins of low-
and high-q2 regions [2]:

RLHCb
K∗ =


0.660+0.110

−0.070 ± 0.03 q2 ∈ [0.045, 1.1] GeV2 ,

0.69+0.11
−0.07 ± 0.05 q2 ∈ [1.1, 6.0] GeV2 .

(8)

have respectively 2.1σ and 2.5σ deviations from their corresponding SM values:

RSM
K∗ =


0.92± 0.02 q2 ∈ [0.045, 1.1] GeV2 ,

1.00± 0.01 q2 ∈ [1.1, 6.0] GeV2 .
(9)

b→ sll:
The effective Hamiltonian describing the b → sl+l− quark level transition is given
by

Heff = −4GF√
2
λt


6∑
i=1
Ci(µ)Oi + ∑

i=7,9,10
(Ci(µ)Oi + C ′i(µ)O′i)

 , (10)

where
O

(′)
7 = e

16π2

s̄σµν
(
msPL(R) + mbPR(L)

)
b
F µν,

O
(′)
9 = αem

4π
(s̄γµPL(R)b)(l̄γµl) , O

(′)
10 = αem

4π
(s̄γµPL(R)b)(l̄γµγ5l) , (11)

New Wilson coefficients:

CNP
9 = −CNP

10 = −
√

2yS1
s y

S1
b |yS1

l |2

512πGFαemλtM 2
S1

F (xu, xψν) + F (xu, xχ)
 , (12)

with xi = M 2
i /M

2
S1
, i = ψν, ψl, χ, ζu, ζd and

F (xi, xj) = 1
(1− xi)(1− xj)

+ x2
i log xi

(1− xi)2(xi − xj)
+

x2
j log xj

(1− xj)2(xj − xi)
. (13)

The b→ sll includes the following observables
• RK(∗) in observed bins
• Br(Bs→ ll

• Br(B → Kll)
• Br(B → K∗ll)
• Br(Bs→ φll)
• P (′)

i , i = 1, 2, 3, 4, 5, 6, 8
b→ sνν̄:
The effective Hamiltonian of b→ sνiν̄j process is given by

Hνiνj
eff = −4GF√

2
λt

(
CSM
L δij + C ij

L

)
Oij
L , (14)

where
Oij
L = αem

4π
[s̄γµPLb][ν̄iγµ

(
1− γ5) νj] , (15)

New Wilson Coefficients:

C ij
L = −

√
2yS1

s y
S1
b |yS1

l |2

512πGFαemλtM 2
S1

F (xd, xψν) . (16)

The b→ sνlν̄l includes
• Br(B → Kνlν̄l)
• Br(B → K∗νlν̄l)

b→ sγ:

New Wilson coefficients:

CγNP
7 =

√
2

24GFVtbV ∗ts

yS1
b y

S1
s

M 2
S1

(
F̃7(yψl) + 2F7(yψl)

)
, (17)

with

F7(x) = x3 − 6x2 + 6x log x + 3x + 2
12(x− 1)4 , F̃7(x) = x−1F7(x−1). (18)

τ → µγ:
The effective Hamiltonian for τ−→ µ−γ process is given by

Heff = e

CLµ̄Rσ
µνFµντL + CRµ̄Lσ

µνFµντR

, (19)

τ

S1

ψu

µ

S1

γ

τ

ψu

S1

µ

ψu

γ

1New Coefficients:

CL = Nc

48π2M 2
S1

yS1
τ y

S1
µ
∗
2f2(yu)− f̄2(yu)

,

CR = Nc

48π2M 2
S1

yS1
τ y

S1
µ
∗
2f1(yu)− f̄1(yu)

, (20)

(g − 2)µ:
Recently, Fermilab’s E989 experimenthas reported a discrepancy of 4.2σ

∆aFNAL
µ = (25.1± 5.9)× 10−10. (21)

The scalar LQ contribution to aµ is

∆aµ = −
m2
µ(yS1

l )2

16π2M 2
S1

2(f1(xu) + f2(xu))− (f̄1(xu) + f̄2(xu))
 , (22)

τ → µµµ:

ψu

S1

ψu

S1

τ µ

µ µ

S1

ψu

S1

ψu

τ µ

µ µ

1
New Coefficients:

Cτ→3µ =
(yS1
µ )3yS1

τ

2M 2
S1

F (xu, xu) , (23)

τ → µντ ν̄µ:

New Coefficients:

Cτ→3µ =
yS1
τ y

S1
µ y

S1
νµ
yS1
ντ

2M 2
S1

F (xu, xd) . (24)
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Conclusion

•We have extended the standard model with additional vector-like
fermion doublets and a scalar leptoquark, odd under under Z2
symmetry.
• The lightest neutral fermion is the DM candidate.
•We constrain the new parameters from both the quark sector:
b→ sll (νν̄), b→ sγ, the tau sector: τ → µγ, τ → µµµ,
τ → µν̄µντ and by using the recent (g − 2)µ anomalies.
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