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Introduction (SM Anomalies)

Figure: Particle content of Standard Model.



4/22

▶ Standard Model (SM) of particle physics is an excellent theory
that describe all the fundamental particle interactions in the
universe.

▶ But there are few anomalies that lack an explanation within
SM.

▶ It cannot explain origin of non-zero neutrino masses,
matter-antimatter asymmetry, Dark Matter, Muon anomaly,
W-Boson Anomaly, to name a few.
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Non-Zero Neutrino Masses

Within SM, neutrinos are
only left-handed and hence considered
mass less. But neutrino Oscillation
experiments have confirmed that
they carry non-zero mass. The flavor of
the neutrino is the resultant of mixing
of three distinct quantum states as

νe = Ue1ν1 + Ue2ν2 + Ue3ν3 (1)

νµ = Uµ1ν1 + Uµ2ν2 + Umu3ν3 (2)

ντ = Uτ1ν1 + Uτ2ν2 + Uτ3ν3 (3)

να =
3∑

j=1

Uαjνj (4)
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▶ Standard Model do not have explanation for this. Hence,
some beyond standard phenomena are required that can give
neutrino mass.

▶ Type I, Type II, Type III are the common frameworks for this.

▶ Neutrino mass is also generated at one loop level through
frameworks such as Scotogenic mechanism, Zee Babu model
etc.
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Neutrino Mass Mechanisms

▶ In Type I SSM, we extend the SM to include three right
handed neutrinos.

▶ In Type II SSM, we add a scalar triplet.

▶ In Type III SSM, we extend the SM field content with fermion
triplets.

▶ In Scotogenic mechanism, we extend the SM with three right
handed neutrinos and an inert doublet and impose a Z2

symmetry that gives a Dark Matter candidate also.
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Muon(g-2) Anomaly

▶ Muons are tiny charged particles 207 times heavier than
electrons.

▶ Like electron, it also has magnetic moment that comes from
its charge and spin.

▶ When placed in magnetic field, it creates a lot of virtual
particles which affects its magnetic moment and change its g
value.
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Muon(g-2) Anomaly Cont..1

1
https://physics.aps.org/articles/v14/47
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Muon(g-2) Anomaly Cont..
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Muon(g-2) Anomaly Cont..

▶ This is the mystery of muon’s magnetic moment.

▶ 20 years ago, it was measured by Brookhaven National Lab
(BNL) with a discrepancy of 2.7σ with theoretical value.

▶ Recently, Fermilab has measured muon’s magnetic moment
and it shows a discrepancy of 5.1σ with SM predictions.

▶ The reported discrepancy is 2

∆aµ ≡ aExpµ − aSMµ = (24.5± 4.9)× 10−10 (5)

This also hints for physics beyond the SM.

2
D. P. Aguillard et al. [Muon g-2], Phys. Rev. Lett. 131, no.16, 161802 (2023)
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Dark Matter

▶ Another motivation to search for physics BSM is the absence
of DM candidate within SM.

▶ Dark Matter is a hypothetical kind of matter that accounts for
most of the matter content of the Universe.

▶ But still its nature is unknown.

▶ At present the relic density of DM is

Ωh2 = 0.12± 0.001 (6)

▶ Many attempts are being made to detect the DM through
experiments like DEAP, LUX-ZEPLIN, XENON1T and CDMS
etc.
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The Model

▶ In our previous work, we proposed a model based on Z4 group
that explain non-zero neutrino mass and muon (g-2). 3

▶ In this work, we extend the model to study Dark Matter
phenomenology also.

▶ The SM field content is extended by three right handed
neutrinos, a vector like lepton triplet and inert scalar doublet.

▶ The extension by three right handed neutrinos and an inert
doublet provides an explanation for non zero neutrino mass
through Scotogenic Model.

▶ The addition of VLL triplet helped in explaining muon (g-2).

▶ The particle content of the model is given in Table 1.

3
S. Arora, M. Kashav, S. Verma and B. C. Chauhan, PTEP 2022, no.11, 113B06 (2022).
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Symmetry Group Le , Lµ, Lτ eR , µR , τR N1, N2, N3 ψT H S η

SU(2)L × U(1)Y (2, -1/2) (1, -1) (1, 0) (3, -1) (2, 1/2) (1, 0) (2, 1/2)
Z4 (1, i, -i) (1, i, -i) (1, i, -i) i 1 -i 1
Z2 + + – – + + –

Table: The field content and respective charge assignments of the model
under SU(2)L × U(1)Y × Z4 × Z2.

The relevant terms in the Yukawa Lagrangian are

− L ⊇ M11

2
N1N1 +M23N2N3 + yη1L̄e η̃N1 + yη2L̄µη̃N2 + yη3L̄τ η̃N3

+ y12SN1N2 + y13S
∗N1N3 + yψη

†ψ̄T ,RLµ +Mψψ̄TψT

+ ye L̄eHeR + yµL̄µHµR + yτ L̄τHτR + H.c ., (7)

with η̃ = iσ2η
∗
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Using Eqn. (7), the charged lepton mass matrix Ml , Dirac Yukawa
matrix yD and right-handed neutrino mass matrix MR are given by

Ml =
1√
2

yev 0 0
0 yµv 0
0 0 yτv

 , yD =

yη1 0 0
0 yη2 0
0 0 yη3

 ,

MR =

 M11 y12vS/
√
2 y13vS/

√
2

y12vS/
√
2 0 M23e

iδ

y13vS/
√
2 M23e

iδ 0

 , (8)

where v/
√
2 and vS/

√
2 are vevs of the Higgs field H and scalar

field S , respectively, and δ is the phase remaining after redefinition
of the fields.
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Scotogenic Model for Neutrino Masses

Figure: Neutrino mass generation at one loop level.

The neutrino masses are generated at one loop level resulting in
the light neutrino mass matrix given by 4

Mν
ij =

∑
k

yikyjkMk

16π2

[
M2
η0R

M2
η0R

−M2
k

ln
M2
η0R

M2
k

−
M2
η0I

M2
η0I

−M2
k

ln
M2
η0I

M2
k

]
,

(9)
where Mk is the mass of kth right-handed neutrino and Mη0R ,η

0
I
are

the masses of real and imaginary parts of inert doublet η.
4
E. Ma, Phys. Rev. D 73, 077301 (2006).
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Muon (g-2)

The VLL triplet couples to muon through inert doublet and provide
one loop correction to muon anomalous magnetic moment and the
contribution is given by 5

∆aµ =
m2
µy

2
ψ

32π2M2
η

[5FFFS(M
2
ψ/M

2
η )− 2FSSF (M

2
ψ/M

2
η )], (10)

where

FFFS(t) =
1

6(t − 1)4
[t3 − 6t2 + 3t + 2 + 6t ln t],

and

FSSF (t) =
1

6(t − 1)4
[−2t3 − 3t2 + 6t − 1 + 6t2 ln t], (11)

where t =
M2
ψ

M2
η
and Mη ≈ Mη0R

.

5
A. Freitas, J. Lykken, S. Kell and S. Westhoff, JHEP 05, 145 (2014).
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Results and Discussions (Neutrino Phenomenology)

Úmi> 0.12 eV

Disallowed

Region
sin

2
Θ23

sin
2
Θ12

0.00 0.05 0.10 0.15 0.20
0.0

0.2

0.4

0.6

0.8

1.0

Úmi @eVD

si
n

2
Θ

1
2
,s

in
2
Θ

2
3

5HaL

Úmi> 0.12 eV

Disallowed

Region

0.00 0.05 0.10 0.15 0.20
0.010

0.015

0.020

0.025

0.030

0.035

0.040

Úmi @eVD

si
n

2
Θ

1
3

5HbL

Figure: The correlation of sin2 θ12, sin
2 θ23 and sin2 θ13 with sum of

neutrino masses Σmi .
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Dark Matter
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Figure: Relic Density as a function of mass of VLL triplet mψT
.
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Muon (g-2)
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Figure: Muon anomalous magnetic moment ∆aµ as a function of mass of
inert doublet (left) and VLL triplet mass mψT

(right). The experimental
range of ∆aµ is depicted by horizontal lines .
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Conclusion

▶ Non- zero neutrino mass and and the nature of neutrino
whether it is Dirac or Majorana still remains a mystery within
Standard Model.

▶ Also, there is no dark matter candidate within SM.

▶ Hence there arise a need to go Beyond Standard Model.

▶ Many theoretical models have been proposed that can explain
these anomalies and still the search is going on.

▶ In this work, we considered a Scotogenic model extended with
a VLL triplet that explains dark matter and muon (g-2).

▶ We find that correct density can be obtained for the mass of
dark matter i.e, VLL triplet around 800 GeV to 1.5 TeV.

▶ For this mass scale, we show that muon (g-2) is also well
explained by fermion triplet within the model.
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Thank You!


