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95 GeV Excess
CMS result on low mass Higgs search in pp→ φ→ γγ
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95 GeV Excess
ATLAS result on low mass Higgs search in pp→ φ→ γγ

µAT LAS
γγ = 0.18 ± 0.10 (1.7 σ)

https://indico.cern.ch/event/1281604/
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Anomalaous magnetic moment of muon
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Figure: Experimental value of aµ
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CDF-II W-mass anomaly

MW(SM) = 80357 ± 6 MeV MW(CDF) = 80433.5 ± 9.4 MeV

7σ away from the SM prediction

Science 376 (2022) 6589, 170-176
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The minimal model

Gauge
Group

S U(2)L

U(1)Y

U(1)Lµ−Lτ
Z2

Fermion Fields
Ne Nµ Nτ

1 1 1
0 0 0
0 1 −1
−1 −1 −1

Scalar Field
Φ1 Φ2 η

1 1 2
0 0 1

2
1 2 0

+1 +1 −1

LFermion ⊇ Neiγµ∂µNe + NµiγµDµNµ + NτiγµDµNτ−
Mee

2
NC

e Ne − MµτNC
µ Nτ − YeµΦ

†

1NC
e Nµ − YeτΦ1NC

e Nτ

−YµΦ
†

2NC
µ Nµ − YτΦ2NC

τ Nτ−YDeLeη̃Ne − YDµLµη̃Nµ − YDτLτη̃Nτ−YleLeHeR − YlµLµHµR

−YlτLτHτR + h.c. (1)

LGauge = −
1
4

(Zµτ)µνZ
µν
µτ −

ε

2
(Zµτ)µνBµν

Lscalar = |DµH|2 + |Dµη|
2 + |DµΦi |

2 − V(H,Φi, η)

V(H,Φi, η) = −µ2
H

(
H†H

)
+ λH

(
H†H

)2
− µ2

Φi
(Φ†i Φi) + λΦi (Φ

†

i Φi)2 + λHΦi (H
†H)(Φ†i Φi) + m2

η(η†η)+

λ2(η†η)2 + λ3(η†η)(H†H) + λ4(η†H)(H†η) +
λ5

2
[(H†η)2 + (η†H)2] + ληΦi (η

†η)(Φ†i Φi)+

λΦ1Φ2 (Φ†1Φ1)(Φ†2Φ2) + [µΦ2
1Φ
†

2 + h.c.] (2)
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Scalar Mixing

The VEV alignments of the scalars are given as,

H =

 0
v+h√

2

 ,Φ1 =
1
√

2
(φ1 + v1),Φ2 =

1
√

2
(φ2 + v2).

 h
φ1
φ2

 =

 c12c13 c13s12 s13
−c12s13s23 − c23s12 c12c23 − s12s13s23 c13s23
s12s23 − c12c23s13 −c12s23 − c23s12s13 c13c23


H1
H2
H3

 .
where cos θi j = ci j and sin θi j = si j.

MZµτ = gµτ
√

v2
1 + 4v2

2.
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Fermion Mixing

 N1
N2
N3

 =


cos β12

sin β12√
2

sin β12√
2

− sin β12
cos β12√

2
cos β12√

2
0 − 1√

2
1√
2

 .
 Ne

Nµ

Nτ


The mixing angle is given by,

β13 = 0; β23 =
π

4
; tan(2β12) =

2
√

2Yeµv1

Mee − Yµv2 − Mµτ
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Neutrino mass

ν ν

< H >< H >

N

η η

YD =

YDe 0 0
0 YDµ 0
0 0 YDτ

 , MR =

 Mee Yeµv1 Yeτv1
Yeµv1 Yµv2 Mµτ

Yeτv1 Mµτ Yτv2


(Mν)αβ =

∑
k

YαkYkβMk

32π2

[
Lk(M2

ηR
) − Lk(M2

ηI
)
]

Yαk =
(
UD1/2

ν R†Λ1/2
)
αk
,

Λk =
2π2

λ5
ζk

2Mk

v2 , ζk =

 M2
k

8(M2
ηR − M2

ηI )

[
Lk(M2

ηR
) − Lk(M2

ηI
)
]−1

, Lk(m2) =
m2

m2 − M2
k

ln
m2

M2
k

Partha Kumar Paul PHOENIX 2023 @ IITH 20 December, 2023



Neutrino mass

ν ν

< H >< H >

N

η η

YD =

YDe 0 0
0 YDµ 0
0 0 YDτ

 , MR =

 Mee Yeµv1 Yeτv1
Yeµv1 Yµv2 Mµτ

Yeτv1 Mµτ Yτv2


(Mν)αβ =

∑
k

YαkYkβMk

32π2

[
Lk(M2

ηR
) − Lk(M2

ηI
)
]

Yαk =
(
UD1/2

ν R†Λ1/2
)
αk

Λk =
2π2

λ5
ζk

2Mk

v2 , ζk =

 M2
k

8(M2
ηR − M2

ηI )

[
Lk(M2

ηR
) − Lk(M2

ηI
)
]−1

, Lk(m2) =
m2

m2 − M2
k

ln
m2

M2
k

Partha Kumar Paul PHOENIX 2023 @ IITH 20 December, 2023



Neutrino mass

ν ν

< H >< H >

N

η η

YD =

YDe 0 0
0 YDµ 0
0 0 YDτ

 , MR =

 Mee Yeµv1 Yeτv1
Yeµv1 Yµv2 Mµτ

Yeτv1 Mµτ Yτv2


(Mν)αβ =

∑
k

YαkYkβMk

32π2

[
Lk(M2

ηR
) − Lk(M2

ηI
)
]

Yαk =
(
UD1/2

ν R†Λ1/2
)
αk

Λk =
2π2

λ5
ζk

2Mk

v2 , ζk =

 M2
k

8(M2
ηR − M2

ηI )

[
Lk(M2

ηR
) − Lk(M2

ηI
)
]−1

, Lk(m2) =
m2

m2 − M2
k

ln
m2

M2
k

Partha Kumar Paul PHOENIX 2023 @ IITH 20 December, 2023



Neutrino mass

ν ν

< H >< H >

N

η η

YD =

YDe 0 0
0 YDµ 0
0 0 YDτ

 , MR =

 Mee Yeµv1 Yeτv1
Yeµv1 Yµv2 Mµτ

Yeτv1 Mµτ Yτv2


(Mν)αβ =

∑
k

YαkYkβMk

32π2

[
Lk(M2

ηR
) − Lk(M2

ηI
)
]

Yαk =
(
UD1/2

ν R†Λ1/2
)
αk

Λk =
2π2

λ5
ζk

2Mk

v2 , ζk =

 M2
k

8(M2
ηR − M2

ηI )

[
Lk(M2

ηR
) − Lk(M2

ηI
)
]−1

, Lk(m2) =
m2

m2 − M2
k

ln
m2

M2
k
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(g-2) of Muon

∆aµ =
αµτ

2π

∫ 1

0
dx

2m2
µx2(1 − x)

x2m2
µ + (1 − x)M2

Zµτ

; αµτ = g2
µτ/(4π)
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W-mass anomaly

W+ W+

η+

ηR/ηI

T =
Θ(m2

η+ ,m2
ηR

) + Θ(m2
η+ ,m2

ηI
) − Θ(m2

ηR
,m2

ηI
)

16π2αem(MZ )v2 ; Θ(x, y) ≡
1
2

(x + y) −
xy

x − y
ln

(
x
y

)

S =
1

12π
log

[ M2
ηR

+ M2
ηI

2M2
η+

]
.

MW ' MS M
W

[
1 −

αem(MZ )(S − 2 cos2 θW T )

4(cos2 θW − sin2 θW )

]
.
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95 GeV Excess in Scotogenic U(1)Lµ−Lτ model

H1 ≡ HSM, H2 ≡ H95, H3 ≡ Hheavy.

µγγ = sin2 θ12 cos2 θ13
BR(H95 → γγ)

BRSM(H95 → γγ)
.

The diphoton decay width of Z2-even scalars is given by,

Γ(Hi → γγ) =
GFα

2m3
Hi

128
√

2π3

∣∣∣∣∣∑
f

NcQ2
f gHi f f A1/2(τ f ) + gHiWW A1(τW ) +

v
2M2

η+

CHiηη A0(τη)
∣∣∣∣∣2

Coupling between the neutral scalars and the inert doublet is given by,

CH1ηη = c12c13λ3v + (−c23 s12 − c12 s13 s23)ληΦ1 v1 + (−c12c23 s13 + s12 s23)ληΦ2 v2 ,

CH2ηη = s12c13λ3v + (c23c12 − s12 s13 s23)ληΦ1 v1 + (−s12c23 s13 + c12 s23)ληΦ2 v2 ,

CH3ηη = s13λ3v + c13 s23ληΦ1 v1 + c13c23ληΦ2 v2.
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Range of parameter for scan

The range in which the free parameters are randomly varied for the numerical
analysis.

Parameter Scanned range
MηR (GeV) 45,150

Mη+ − MηR (GeV) 1,100
λ3 1, 4π
λ5 10−8, 10−2

ληΦ1 0.01, 4π
ληΦ2 0.01, 4π

sin θ12 0.1, 0.7
sin θ23 0.1, 0.7
sin θ13 0.001, 0.1
sin β12 10−4, 0.7

v1 (GeV) 20, 60
mH3 (GeV) 200, 500

We also impose the LEP limits on the doublet scalar as MηR + MηI > MZ and a conservative limit on the
charged scalar Mη+ > 100 GeV
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One generation of η

Parameter space satisfying CDF-II W-mass anomaly, 95 GeV excess in the
plane of MηR − Mη+ with one generation of η.

Hi → ηR/I , ηR,I

Hi → N1,N1; Zµτ,Zµτ
MηR −Mη+ ∈ [80, 100] GeV
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Two generation of η

Parameter space satisfying CDF-II W-mass anomaly, 95 GeV excess in the
plane of MηR − Mη+ with two generations of η

MηR − Mη+ ∈ [50, 70] GeV
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Two generation of η

Parameter space satisfying CDF-II W-mass anomaly, 95 GeV excess in the
plane of MηR − Mη+ with two generations of η

Mη+ − MηR ∈ [50, 70] GeV
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Three generation of η

Parameter space satisfying CDF-II W-mass anomaly, 95 GeV excess and SM
Higgs signal strength in the plane of MηR − Mη+ with three generations of η.

MηR − Mη+ ∈ [42, 58] GeV
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Three generation of η

Parameter space satisfying CDF-II W-mass anomaly, 95 GeV excess and SM
Higgs signal strength in the plane of MηR − Mη+ with three generations of η.

Mη+ − MηR ∈ [42, 58] GeV

Partha Kumar Paul PHOENIX 2023 @ IITH 20 December, 2023



DM phenomenology

DM relic density as a function of DM mass

MDM ∈ [40, 85] GeV.
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Direct Detection of DM

N1 N1

q q

(H1, H2, H3)

N1 N1

q q

Zµτ

Z

sin β12 < 0.04, sin β12 ∼ 0.01
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Summary

We have explored the potential to identify a shared connection between
the (g − 2)µ anomaly, the CDF-II W-mass anomaly, and the CMS 95 GeV
excess, within the context of the scotogenic Lµ − Lτ model.

The minimal model can effectively accounts for the (g − 2)µ and CDF-II
W-mass anomalies, it falls short in generating the necessary diphoton
signal strength for the 95 GeV scalar while being consistent with SM
Higgs diphoton signal strength.

We introduce two extra scalar doublets solely to contribute radiatively to
diphoton decay of neutral scalars.

These new scalar doublets can be motivated from neutrino mass point of
view if we have only one right-handed neutrino.

The DM is constrained in range ∈ [40, 85] GeV.

This scotogenic U(1)Lµ−Lτ model can explain all these simultaneously.
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Thank You
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Backup

M2
ηR

= m2
η + v2

2 (λ3 + λ4 + λ5) +
v2

1
2 ληΦ1 +

v2
2

2 ληΦ2

M2
ηI

= m2
η + v2

2 (λ3 + λ4 − λ5) +
v2

1
2 ληΦ1 +

v2
2

2 ληΦ2

M2
η+ = m2

η + v2

2 λ3 +
v2

1
2 ληΦ1 +

v2
2

2 ληΦ2
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Backup

The loop functions involved in the calculation of Γ(hi → γγ) are given by

A0 = −[τ − f (τ)]/τ2 ,

A1/2 = 2[τ + (τ − 1) f (τ)]/τ2 ,

A1 = −[2τ2 + 3τ + 3(2τ − 1) f (τ)]/τ2 ,

where the function f (τ) is defined as

f (τ) =


arcsin2 √τ ; τ ≤ 1

− 1
4

[
log 1+

√
1−τ−1

1−
√

1−τ−1
− iπ

]2
; τ > 1
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Backup
LFV

Br(µ→ eγ) =
3(4π)3α

4G2
F

(|AM
eµ|

2 + |AE
eµ|

2)Br(µ→ eνµνe).

AM
eµ =

−1
(4π)2

∑
k

(Y∗ekYµkI++
k + Y∗ekYµkI+−

k )

AE
eµ =

−i
(4π)2

∑
k

(−Y∗ekYµkI−+
k − Y∗ekYµkI−−k )

I(±)1(±)2
k =

∫
d3X

x(y + (±)1z me
mµ

+ (±)2
Mk
mµ

)

−xym2
µ − xzm2

e + (1 − x)M2
η+ + xM2

k
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