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Degenerate scalar and pseudoscalar Higgs bosons near 125 GeV in NUHM-CNMSSM

Light NMSSM pseudoscalar

A ∼125GeV a1

◮ A light singletlike pseudoscalar, a1, achievable in the NMSSM

m2
a1 ≃ −3κsASUSY

κ −
M4

P,12

M2
P,11

M2
P,11 ≃ µeff(A

SUSY

λ + κs)tanβ, M2
P,12 ≃ λ(ASUSY

λ − 2κs)v

→ Relative signs of µeff and Aκ crucial
→ Dependence on the sign and magnitude of A-terms
through RGEs

◮ Mass degeneracy with the SM-like h1 would imply

RY
γγ(obs) = RY

γγ(h1) + RY
γγ(a1) ≃ 1 + RY

γγ(a1) ;

RY
WW /ZZ (obs) = RY

WW /ZZ (h1) ≃ 1

where RY
X (hi) ≡

σ(Y→hi )
σ(Y→hSM)

× BR(hi→X )
BR(hSM→X )

≈ C 2
a1 (Y )C 2

a1 (X )
ΓtotalhSM

Γtotala1
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Production at the LHC

γγ decay of a light a1

◮ The effective coupling of ai to two photons

C eff

ai
(γγ) ≃

ga1χ±

1 χ±

1
√√

2GF mχ±

1

A
ai
1/2(τi ); τi =

m2
ai

4m2
χ±

1

→ A
ai
1/2(τi) ≃ 1

◮ ∼ C eff

hSM
(γγ) in the presence of a higgsino-like chargino

g
aiχ

±

1 χ
±

1
= i

[

λ
√
2
Pi3 sin θU sin θV−

g2√
2
(Pi2 cos θU sin θV+Pi1 sin θU cos θV )

]

◮ Singlet a1 ⇒ P13 ≃ 1 and higgsino χ±

1 ⇒ sin θU,V ≃ 1 yield

Ca1(γγ) ≃ λ×
130 GeV

m
χ
±

1
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Production at the LHC

Associated production with bb̄

◮ Signal rate suppressed in the gluon fusion production mode!

Rgg
γγ (a1) = C 2

a1(gg)C
2
a1(γγ)

ΓtotalhSM

Γtotala1

◮ Potentially enhanced in the bb̄h production mode instead

Rbb
γγ(a1) ≃

∣

∣

∣

∣

(ASUSY
λ − 2κs)v

µ(ASUSY

λ + κs)

∣

∣

∣

∣

2

λ4
(130GeV

mχ±

1

)2 ( 1

Γtotala1 /ΓtotalhSM

)

◮ Signal rates in the bb̄ and τ+τ− channels also enhanced

Rbb
bb̄/τ+τ−

(a1) ≃
∣

∣

∣

∣

λ(ASUSY
λ − 2κs)v

µ(ASUSY

λ + κs)

∣

∣

∣

∣

4
( 1

Γtotala1 /ΓtotalhSM

)
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CNMSSM-NUHM

Model and analysis

◮ Assuming ‘full’ unification at the GUT-scale leads to

pi = {m0, m1/2, A0, λ}

◮ CNMSSM-NUHM: mS , mHu , mHd
6= m0; Aλ = Aκ 6= A0 →

pi + {tanβ, κ, µeff , Aλ}
◮ Model scanned using NMSSMTools imposing constraints from

b-physics, LHC SUSY searches, RD measurements and D3M

◮ Required 122GeV ≤ mh1/a1 ≤ 130GeV and Rbb
X (h1) ≃ 1

◮ Three regions distinguishable by χ0
1 composition found
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Model predictions

The FP region
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Model predictions

The higgsino region
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Model predictions

The singlino-higgsino region
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Model predictions

Upper limit on χ
±

1 (and χ
0
1) mass in CNMSSM-NUHM
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Model predictions

Summary

◮ A 125GeV a1 achievable when the universality condition is
lifted from the Higgs sector

◮ With a light and higgsino-like χ±

1 , a1 could result in an
enhancement in the γγ rate around 125GeV

◮ A dedicated analysis of the bb̄ associated Higgs production
mode important for identifying this (and some other possible)
BSM scenario(s)
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