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Other important hints: 
• New Higgs searches 
• muon g-2 anomaly 
…… 

Motivation: 
➣ Dark matter and Dark energy 
➣ Matter-Antimatter asymmetry 
➣ Neutrino mass 
➣ Hierarchy problem 
➣ Strong CP problem 
➣ Unification of forces 
➣ ……

BSM New physics must exist
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95.4 GeV Excesses at colliders

Combined result:  μexp
γγ ≡ μATLAS+CMS

γγ =
σ(pp → ϕ → γγ)

σSM(pp → HSM → γγ)
= 0.24+0.09

−0.08 (3.1σ)

CMS-PAS-HIG-20-002

T. Biekötter, S. Heinemeyer,  G. Weiglein, Phys.Rev.D 109 (2024) 3, 035005.
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✦ 2015, , 8TeV: 

 97GeV,  

✦ 2018, , 13TeV: 

 95GeV,  

✦ 2023, Run-2, 13TeV: 

     95GeV,  

     

19.7fb−1

2.0σ

35.9fb−1

2.8σ

2.9σ

μγγ = 0.33+0.19
−0.12

✦  2018, : 

  Nothing 
✦ 2023, Run-2: 
      95GeV,  

 

80fb−1

1.7σ

μγγ = 0.18 ± 0.10

CERN-EP-2024-166，JHEP 01 (2025) 053



 A local excess in  channel 

at  98 GeV at LEP: 

 

e+e− → Zϕ → Z(bb̄)

μexp
bb̄

= 0.117 ± 0.057 (2.3σ)

95.4 GeV Excesses at collider
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LEP collaborations, Phys.Lett.B  565:61-75, 2003

A. Tumasyan et al.,  JHEP 07 (2023) 073 
U. Ellwanger et al., Eur. Phys. J. C 83 (2023) 1138  

A local excess in the di-tau channel at 95 GeV 
observed by CMS: 

μexp
ττ̄ = 1.38+0.69

−0.55 (2.6σ)



 ℒs = − λs |H |2 |S |2

δm2
h |s =

λs

16π2 [Λ2 + . . . ]

Supersymmetry
超对称变换： 

 Q |玻⾊⼦⟩ = |费米⼦⟩,
Q |费米⼦⟩ = |玻⾊⼦⟩

定义超势： 

 

⼿征超场相互作用： 

W = Liϕi +
1
2

Mijϕiϕj +
1
6

yijkϕiϕjϕk,

ℒint = −
1
2

δ2W
δϕiδϕj

ψiψj +
δW
δϕi

Fi + c . c,

引⼊旋量⽣成元： 
及其厄米共轭 ， 

N=1构成超庞加莱代数
Qi

a Q†i
a

LSP 
WIMP DM
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Higgs Sector in the -NMSSMZ3
★  Superpotential and Soft-breaking terms
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WZ3
⊃ λ ̂SĤu ⋅ Ĥd +

1
3

κ ̂S3, − ℒsoft ⊃ (λAλSHu ⋅ Hd +
1
3

κAκS3 + h . c . )
ℳ2

S,11 = m2
A+

1
2

(2m2
Z − λ2v2)sin2 2β,

ℳ2
S,12 = −

1
4

(2m2
Z − λ2v2)sin 4β,

ℳ2
S,13 = 2λμv(δ−1)cot 2β,

ℳ2
S,22 = m2

Z cos2 2β +
1
2

λ2v2 sin2 2β,

ℳ2
S,23 = 2λμvδ,

ℳ2
S,33 = m2

B,

★ CP-even Higgs boson Mass in ( ) with HNSM, HSM, HS
HNSM = 2Re(cos βH0

u − sin βH0
d),

HSM = 2Re(sin βH0
u + cos βH0

d),

MSSM like CP odd Higgs boson : M2
A =

2μ
sin 2β

(Aλ +
κ
λ

μ),

S field mixing factor : δ = 1 −
Aλ + mN

2μ
sin 2β,

Singlino Mass : mN = 2κvs,

Singlet CP even Higgs boson : m2
B =

λ2v2Aλ sin 2β
4μ

+
μ
λ

(κAκ + 4κ2 μ
λ

)

hi = VNSM
hi

HNSM+VSM
hi

HSM+VS
hi
Re[S]

3 CP-even Scalars: ;    2 CP-odd Scalars:  ;     
and a pair of charged scalars:  .

hs, h, H AS, AH
H±



95.4 GeV Excesses in the -NMSSM Z3
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U. Ellwanger et al., Eur. Phys. J. C 84, 526 (2024).  



95.4 GeV Scalar in -NMSSM Z3

Normalized  signal strengthγγ

Normalized  signal strengthbb̄

μγγ =
σSUSY(pp → hs)
σSM(pp → hs)

×
BrSUSY(hs → γγ)
BrSM(hs → γγ)

≃ |Chsgg |2 × |Chsγγ |2 × RWidth,

μbb̄ =
σSUSY(e+e− → Zhs)
σSM(e+e− → Zhs)

×
BrSUSY(hs → bb̄)
BrSM(hs → bb̄)

≃ ChsVV

2
× |Chsbb̄ |2 × RWidth,

1/RWidth ≃ 0.801 × |Chsbb̄ |2 + 0.083 × |Chsττ̄ |2 + 0.041 × |Chscc̄ |2 + 0.067 × |Chsgḡ |2 + . . .
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Chstt̄ = VSM
hs

+ VNSM
hs

cot β ≃ VSM
hs

, Chsbb̄ = VSM
hs

− VNSM
hs

tan β, ChsVV = VSM
hs

,

Chscc̄ = Chstt̄, Chsττ̄ = Chsbb̄, Chsgg ≃ Chstt̄, Chsγγ ≃ VSM
hs

,

Tree level normalized couplings:

Considering loop mediated by quarks and squarks: 
  and  deviates from  by 4% and 11%；Chsgg Chsγγ Chstt̄

Contributions from charginos and 
charged Higgs to  are not crucialChsγγ

Central values of  and  corresponds to:μγγ μbb̄

, 

, 

,

VSM
hs

≃ 0.35, (VSM
hs

− VNSM
hs

tan β) ≃ 0.81 × VSM
hs

≃ 0.28

BrSUSY(hs → γγ) ≃ 1.77 × BrSM(hs → γγ) ≃ 2.5 × 10−3

BrSUSY(hs → bb̄) ≃ 0.95 × BrSM(hs → bb̄) ≃ 76.1 %
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95.4 GeV Scalar in -NMSSM Z3
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95.4 GeV Scalar in -NMSSM Z3
Using eigenstate equation, in the limit : mhs,h ≪ mA

m2
B ≃ m2

hs
|VS

hs
|2 + m2

h |VSM
hs

|2 , VSM
hs

≃
2δλμv

m2
h − m2

B
VS

hs
, VNSM

hs
≃

2(1 − δ)λμv cot 2β
m2

A − m2
hs

VS
hs

,

๏   is constrained within a narrow range (~ 100 GeV) 

๏  for  and ; 

๏ To predict , the following approximation is inferred: 

 , 

      it points towards  considering  from LHC searches  

     for electroweakinos.

mB

tan β ≲ 10 mA ≃ 2 TeV, mB ≃ 100 GeV δ ≲ 0.3

VNSM
hs

tan β ≃ 0.07

δλ ≃ 0.03 × (
μ

200 GeV
)−1

δλ ≲ 0.03 μ ≳ 200 GeV



✔   Masses of Higgs bosons:   

✔  Higgs data fit using HiggsSignals-2.6.2 
✔  Extra Higgs searches using HiggsBounds-5.10.2 

✔  DM relic density: 20% uncertainties of  

✔  DM-nucleon scattering cross sections:  LZ-2024  

✔  B physics observables:  and  

✔  Vacuum stability using Vevacious++

mhs
∼ 95.4 GeV, mh ∼ 125 GeV

Ωh2 = 0.120

Bs → μ+μ− B → Xsγ
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ℒγγ+bb̄ = exp −
1
2 (

μγγ − 0.24
0.08 )

2

−
1
2 ( μbb̄ − 0.117

0.057 )
2

mhs≃95GeV

Numerical Results



Numerical Results

• Scan yields > 28000 points, about 21000 samples explains the anomalies at . 

• Relic density : -like  coannihilating with ;  

• DM Direct Detection: large  and blind spot   

• Bayesian evidence:   ,  79%,   

                                   ,   20.4%,   

2σ

B̃ χ̃0
1 W̃

μ −mχ̃0
1
/μ ≃ sin 2β ≃ 0.72

χ̃0
2 χ̃−

1 → diūi(i = 1,2,3) μ ≳ 450 GeV

χ̃0
2 χ̃0

2 → W+W− μ ≳ 780 GeV
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Numerical Results
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Numerical Results
W = WZ3

+μĤu ⋅ Ĥd +
1
2

μ′ ̂s2+ξ ̂SExplanation in the General NMSSM
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• Bayesian evidence: -like , coannihilating with ,  53%,   

                                 -like , coannihilating with , 47%,  

S̃ χ̃0
1 H̃ χ2

γγ+bb̄ ≃ 0.0

B̃ χ̃0
1 W̃ χ2

γγ+bb̄ ≃ 0.27



Conclusion

• The -NMSSM can simultaneously account for the  and  excesses at a  level, 
without conflicting with constraints from Higgs data fit, B-physics, the Planck and LZ 
experiments, the vacuum stability considerations, as well as the LHC's searches SUSY 
particles.

Z3 γγ bb̄ 1σ

• The interpretation favors the -dominated s as DM candidates achieving the measured 
relic abundance primarily by co-annihilating with s. While, it is  co-annihilating with 

 that dominates the DM annihilation process in the GNMSSM. 

• Case-I can predict signal strengths closer to the central values compared to Case-II due 
to larger contributions from chargino loops to .

B̃ χ̃0
1

W̃ S̃
H̃

Chsγγ

• Future colliders experiments, e.g. HL-LHC, CEPC, are worth looking forward to.
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Thanks for your attention


