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INTRODUCTION
• We consider a new variant of Up1qLµ´Lτ gauge extension of Standard Model, containing three additional

neutral fermions Ne, Nµ, Nτ , along with a scalar Leptoquark p3̄, 1, 1{3q and an inert scalar doublet, to study
the phenomenology of light dark matter, neutrino mass generation and flavour anomalies on a single plat-
form.

• The lightest mass eigenstate of the Nµ, Nτ neutral fermions plays the role of dark matter.

• The light gauge boson associated with Up1qLµ´Lτ gauge group mediates dark to visible sector and helps to
obtain the correct relic density.

• We constrain the model parameters by using the recent flavor anomalies in b Ñ s transitions and then show
the implication on the branching ratios of some rare semileptonicB Ñ pKp˚q, φq`missing energy, processes.

PARTICLE CONTENT

Field SUp3qC ˆ SUp2qL ˆ Up1qY Up1qLµ´Lτ Z2

Fermions QL ” pu, dq
T
L p3, 2, 1{6q 0 `

uR p3, 1, 2{3q 0 `

dR p3, 1,´1{3q 0 `

`L ” eL, µL, τL p1, 2,´1{2q 0, 1,´1 `

`R ” eR, µR, τR p1, 1,´1q 0, 1,´1 `

Ne, Nµ, Nτ p1, 1, 0q 0, 1,´1 ´

Scalars H p1, 2, 1{2q 0 `

η p1, 2, 1{2q 0 ´

φ2 p1, 1, 0q 2 `

S1 p3̄, 1, 1{3q ´1 ´

Gauge bosons W i
µ pi “ 1, 2, 3q p1, 3, 0q 0 `

Bµ p1, 1, 0q 0 `

Vµ p1, 1, 0q 0 `

Table 1: Fields and their charges of the proposed Up1qLµ´Lτ model.

LAGRANGIAN OF THE MODEL
• The Lagrangian of the present model is given as

LG “ ´
1

4

´

ŴµνŴ
µν ` B̂µνB̂

µν ` V̂µν V̂
µν ` 2 sinχB̂µν V̂

µν
¯

,

Lf “ ´
1

2
MeeN c

eNe ´
fµ
2

´

N c
µNµφ

:
2 ` h.c.

¯

´
fτ
2

`

N c
τNτφ2 ` h.c.

˘

´
1

2
Mµτ pN c

µNτ `N
c
τNµq´

ÿ

l“e,µ,τ

pYllp`Lqlη̃NlR ` h.cq´
ÿ

q“d,s,b

pyqR dcqRS1Nµ ` h.c.q,

LG´f “ ´gµτµγµµV̂µ ` gµττγµτ V̂µ ´ gµτνµ γµp1´ γ5qνµV̂µ

`gµτντ γ
µp1´ γ5qντ V̂µ´gµτNµV̂µγ

µγ5Nµ ` gµτNτ V̂µγ
µγ5Nτ ,

LS “
ˇ

ˇ

ˇ

ˇ

ˆ

iBµ ´
g

2
τ a ¨ Ŵa

µ ´
g1

2
B̂µ

˙

η

ˇ

ˇ

ˇ

ˇ

2

`

ˇ

ˇ

ˇ

ˇ

ˆ

iBµ ´
g1

3
B̂µ ` gµτ V̂µ

˙

S1

ˇ

ˇ

ˇ

ˇ

2

`

ˇ

ˇ

ˇ

´

iBµ ´ 2gµτ V̂µ

¯

φ2

ˇ

ˇ

ˇ

2

´ V pH, η, φ2, S1q.

MODEL FRAMEWORK AND CONSTRAINTS ON MODEL PARAMETERS
• Mixing in Gauge sector : The mixing of W 3

µ and the Up1qY & Up1qLµ´Lτ gauge bosons gives pZ, Z1, γq.

• Scalar and Fermion sectors: The mixing of CP even components of H and φ2 gives the SM Higgs H1 and a heavy Higgs
H2. Mixing of Nµ and Nτ gives two mass eigenstates, the lightest one N´ considered as probable DM candidate.

• The relic density of the light DM (N´) is computed via freeze-out mechanism through the following decay channels:

N´N´ Ñ µµ, ττ , νµνµ, ντντ ps channel Z1 and η portalq, and N´N´ Ñ dd, ss pt channel SLQ pS1q portalq

• Constraints from Flavor sector: The b Ñ sll transition occurs at 1-loop with SLQ and heavy fermions and the parameters
of LQ and Z1 couplings can be constrained using RKp˚q and BrpB Ñ Xsγq

MZ' = 3 GeV
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1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
10

-4

0.001

0.010

0.100

1

10

100

M- [GeV]

Ω
h
2

gμτ = 0.004

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
● ●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●●

●

●

●

●
●

●

●

●

● ●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

1 2 3 4 5 6

0.5

1.0

1.5

2.0

2.5

MZ ' [GeV]

M
-
[G

eV
]

CC
FR

BA
BA
R

DU
NE(g

-2
) μ

(3
σ
)

1 2 3 4 5 6

0.002

0.004

0.006

0.008

0.010

MZ' [GeV]

g
μ
τ

0.0 0.5 1.0 1.5 2.0 2.5

0.001

0.010

0.100

1

M- [GeV]

y
q
R

• The allowed range of all the four new parameters consistent with flavor phenomenology

Parameters yqR gµτ M´ (GeV) MZ1 (GeV)
Allowed range 0´ 2.0 0´ 0.01 0´ 2.5 1´ 6

Table 2: The allowed regions of yqR, gµτ , M´ andMZ1 parameters.

FOOTPRINTS ON bÑ s` E DECAY MODES
• In SM, bÑ s`missing energy can be described by the bÑ sνν̄

• The effective Hamiltonian in SM : Heff “ ´4GF?
2
VtbV

˚
ts

`

CνLO
ν
L ` C

ν
RO

ν
R

˘

` h.c.,

• In this model, the additional process involved is : bÑ s`missing energy “ bÑ sνν ` bÑ sN´N´

CONCLUSION
• We explored GeV scale dark matter and flavour anomalies in a Up1qLµ´Lτ gauge extension of SM with an additional p3̄, 1, 1{3q SLQ.

• Shown the impact on rareB decays with E, observation of which would provide strong hints for the existence of light fermionic DM.

‹ Reference: S. Singirala, S. Sahoo and R. Mohanta, Phys. Rev. D 105, 015033 (2022)


