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I. Motivation
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II. LRSSM

2.1 Supersymmetry

Standard Model of
Elementary Particles

���ééé¡¡¡CCC���µµµ
Q|ÀÚf〉 = |¤�f〉
Q|¤�f〉 = |ÀÚf〉

=⇒
ÚÚÚ\\\^̂̂þþþ)))¤¤¤���µµµ
Qi

a 9Ù���ÝQ†ia

N = 1�¤�
\4�ê
SUSY particles & Gauge

Coupling

½½½ÂÂÂ���³³³µµµW = Liφi + 1
2 Mijφiφj + 1

6 yijkφiφjφk

ÃÃÃ������|||���ppp���^̂̂µµµ Lint = − 1
2

δ2W
δφiδφj

ψiψj + δW
δφi

Fi + c.c.
Ls = −λs|H|2|S|2 δm2

h|s = λs
16π2 [Λ2 + . . . ]
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II. LRSSM

2.2 The Left-Right Supersymmetric Model (LRSSM)

• Gauge Group
SU(3)× SU(2)L × SU(2)R × U(1)B−L

• Chiral Superfields
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II. LRSSM
• Superpotential

W = QT
LY i

QΦiQR + LT
LY i

LΦiLR + LT
LhLLδLLL

+ LT
RhRR∆RLR + λLSTr[∆LδL] + λRSTr[∆RδR]

+ λ3STr[τ2ΦT
1 τ2Φ2] + λ4STr[τ2ΦT

1 τ2Φ1]

+ λ5STr[τ2ΦT
2 τ2Φ2] + λSS3 + ξFS

• Higgs field
Φ1 =

(
Φ+

11 H0
11

H0
12 Φ−12

)
∼ (1, 2, 2, 0), Φ2 =

(
Φ+

21 H0
21

H0
22 Φ−22

)
∼ (1, 2, 2, 0),

∆L =

 ∆−L√
2

H0
∆L

∆−−L
−∆−L√

2

 ∼ (1, 3, 1,−2), δL =

 δ+L√
2

δ++
L

H0
δL

−δ+L√
2

 ∼ (1, 3, 1, 2),

δR =

 δ+R√
2

δ++
R

H0
δR

−δ+R√
2

 ∼ (1, 1, 3, 2), ∆R =

 ∆−R√
2

H0
∆R

∆−−R
−∆−R√

2

 ∼ (1, 1, 3,−2),

S = H0
S ∼ (1, 1, 1, 0)
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II. LRSSM

• CP-even Neutral

5× 5: (Re[H0
12],Re[H0

21],Re[H0
∆R

],Re[H0
δR

],Re[H0
S ])

2× 2: (Re[H0
11],Re[H0

22]) & (Re[∆0
L],Re[δ0

L])

• CP-odd Neutral

5× 5: (Im[H0
12], Im[H0

21], Im[H0
∆R

], Im[H0
δR

], Im[H0
S ])

2× 2: (Im[H0
11], Im[H0

22]) & (Im[∆0
L], Im[δ0

L])

• Singly Charged

4× 4: (Φ±
12,Φ

±
21,∆

±
R , δ

±
R )

2× 2: (Φ±
11,Φ

±
22) & (∆±

L , δ
±
L )

• Doubly Charged

2× 2: (∆±±
R , δ±±

R ) & (∆±±
L , δ±±

L )
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II. LRSSM
3.2VVV\\\������þþþ???���
•üüü���kkk���³³³

∆V =
∑

i

ni

64π2
m4

i (φ1, φ2, φ∆R , φδR , φs)×
(

log
m2

i (φ1, φ2, φ∆R , φδR , φs)

Q2
−

3
2

)
.

∆V = Vt + Vb + Vτ + VνR + Vũi + Vd̃i
+ Vẽi + Vν̃i + VW1,W2 + VZ,Z′ + Vχ0

i
+ VH±i

+ V
χ±i
.

•VVV���kkk���³³³

V2 = 2J(m2
t ,m

2
t )− 4m2

t I(m2
t ,m

2
t , 0) + {2m2

t̃1I(m2
t̃1,m

2
t̃1, 0) + 2L(m2

t̃1,m
2
g̃,m

2
t )

− 4mtmg̃s2θ̃cϕ−ϕ̃I(m2
t̃1,m

2
g̃,m

2
t ) +

1
2

(1 + c2
2θ̃)J(m2

t̃1,m
2
t̃1) +

s2
2θ̃
2

J(m2
t̃1,m

2
t̃2)

+ [mt̃1 ↔ mt̃2, s2θ̃ → −s2θ̃]},

• Pole Mass

det[Γij(p2)] = 0,−iΓij(p2) = p2δij −M2
ij,0 −∆M2

ij(p2),

∆M2
ij(p2) = Πij(p2)−Πij(0)− ∂2∆V

∂φi∂φj
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III.95 GeV Excesses

γγ

⇒ 2015,
19.7fb−1,8TeV:
97GeV, 2.0σ

⇒ 2018,
35.9fb−1,
13TeV:
95GeV, 2.8σ

⇒ 2023,
Run-2,13TeV:

95GeV, 2.9σ

µγγ =

0.33+0.19
−0.12

CMS-PAS-HIG-20-002

C. Arcangeletti, LHC Seminar, June 2023

⇒ 2018,
80fb−1:

Nothing

⇒ 2023,
Run-2:
95GeV, 1.7σ

µγγ =
0.18± 0.10

Combined result: µexp
γγ ≡ µATLAS+CMS

γγ =
σ(pp→ φ→ γγ)

σSM(pp→ HSM → γγ)
= 0.24+0.09

−0.08 (3.1σ)

Phys.Rev.D 109 (2024) 3, 035005
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III. 95 GeV Excesses

bb̄

Phys.Lett.B565:61-75,2003

LEP e+e− → Zφ→ Z(bb̄) :

background-only,√
s = 189− 209 GeV

µexp
bb =

0.117± 0.057 (2.3σ)

at 98 GeV
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III. 95 GeV Excesses

τ τ̄
JHEP 07 (2023) 073
Eur. Phys. J. C 83 (2023) 1138

µexp
τ τ̄ = 1.38+0.69

−0.55

For a CP-even scalar,
excluded at 1σ level by
ATLAS t̄t + τ τ̄ search
Eur. Phys. J. C 82, 1053 (2022)

model-independently
ruled out by t̄tφ search
Phys. Rev. D 108 (2023) 075011
Phys. Rev. D 110 (2024) 012013 11 / 20
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III. 95.4 GeV Excesses

• µbb
NP and µγγNP

bb̄ Final State
µbb

NP =
σNP(Z∗ → Zh1)

σSM(Z∗ → Zh1)
× BrNP(h1 → bb̄)

BrSM(h1 → bb̄)

≈ |Ch1VV |2 ×
ΓNP

h1→bb̄

ΓSM
h1→bb̄

× ΓSM
tot

ΓNP
tot

≈ |Ch1VV |2 × |Ch1dd|2
|Ch1dd|2(BrSM

h1→bb̄ + BrSM
h1→γγ) + |Ch1uu|2(BrSM

h1→gg + BrSM
h1→cc̄)

γγ Final State
µγγNP =

σNP(gg→ h1)

σSM(gg→ h1)
× BrNP(h1 → γγ)

BrSM(h1 → γγ)

≈
ΓNP

h1→gg

ΓSM
h1→gg

×
ΓNP

h1→γγ

ΓSM
h1→γγ

× ΓSM
tot

ΓNP
tot

≈ |Ch1uu|2 × |Ch1γγ |2

|Ch1dd|2
(

BrSM
h1→bb̄ + BrSM

h1→ττ

)
+ |Ch1uu|2

(
BrSM

h1→gg + BrSM
h1→cc̄

)
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III. 95 GeV Excesses

• Loop-induced Diphoton Coupling
The effective coupling ratio |Ch1γγ |2 includes contributions from
top-quark and W-boson loops:

|Ch1γγ |2 =

∣∣ 4
3 Ch1ttA1/2(τt) + Ch1VVA1(τW)

∣∣2∣∣4
3 A1/2(τt) + A1(τW)

∣∣2
A1/2(x) and A1(x) are the standard kinematic form factors.

• Tree-level Couplings relative to SM
The ratios of vertices between h1 and SM particles (W±,
up-type, and down-type quarks) are determined by the
CP-even Higgs mixing matrix ZH:

Ch1dd̄ =
ZH

11
cosβ

, Ch1uū =
ZH

12
sinβ

, Ch1VV = ZH
11 cosβ + ZH

12 sinβ.
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IV. Numerical results

4.1 Numerical Results for the 125 GeV Higgs State Only
• Signal Strengths of the 125 GeV Higgs Boson
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IV. Numerical results

• Mass Corrections of the Doubly Charged Higgs Bosons
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IV. Numerical results

4.2 Numerical Results for Coexisting 95 GeV and 125 GeV
Higgs States
• Signal Strengths of the 95 GeV and 125 GeV Higgs
Bosons

2.0 2.2 2.4 2.6 2.8 3.0
0.9

1.0

1.1

1.2

1.3

(a) vR1/TeV

μ
N
P
1
2
5

γ
γ

2.0 2.2 2.4 2.6 2.8 3.0
0.70

0.75

0.80

0.85

0.90

0.95

1.00

(b) vR1/TeV

N
P
1
2
5

+
-

2.0 2.2 2.4 2.6 2.8 3.0
0.90

0.95

1.00

1.05

1.10

1.15

1.20

(c) vR1/TeV

μ
N
P
1
2
5

W
W

2.0 2.2 2.4 2.6 2.8 3.0
0.80

0.85

0.90

0.95

1.00

1.05

1.10

1.15

1.20

(d) vR1/TeV

μ
N
P
1
2
5

Z
Z

2.0 2.2 2.4 2.6 2.8 3.0
0.960

0.965

0.970

0.975

0.980

0.985

0.990

(e) vR1/TeV

N
P
1
2
5

b
b_

0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.22
0.1

0.2

0.3

0.4

0.5

0.6

(f) NP95

b b
_

N
P
9
5

γ
γ

16 / 20



I. Motivation II. LRSSM III.95 GeV excesses IV. Numerical results V. Conclusion

IV. Numerical results
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• Mass Corrections of the Doubly Charged Higgs Bosons
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IV. Numerical results
• Compositions of the 95 GeV and 125 GeV Higgs Bosons
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V. Conclusion

1. The LRSSM provides a robust framework to simultaneously
explain the 95 GeV and 125 GeV Higgs boson excesses.

2. Incorporating one- and two-loop effective potential corrections is
essential for precise predictions of Higgs pole masses and
signal strengths.

3. The theoretical signal strengths successfully account for the 95
GeV excesses in γγ and bb̄ channels (within 1− 2σ) while
remaining highly consistent with current LHC precision
measurements for the 125 GeV state across all major decay
channels.

4. Radiative corrections ensure that doubly charged Higgs boson
masses (H±±) satisfy the experimental lower limit of 1.3 TeV.
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Thanks!
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