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    Background and motivation 

 add the final piece

new 
physic?

arXiv:1207.7235 arXiv:1207.721
4

2.8σ  diphoton excess near 95.3 GeV  2.9σ (95.4 GeV)  1.7σ (95.4 GeV)

Higgs discovered

Recent signal excess

arXiv:1811.08459 arXiv:2405.18149 arXiv:2407.07546
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the discover of 125 GeV Higgs at 5σ

 imply the existence

 additional scalars ?



    Background and motivation

95 GeV
excess

[1] 1907.12808, 2002.07697, 2405.01132  
[2] 1812.00107, 2402.11232
[3] 1612.08522, 2004.14852,2310.08436, 2404.19338
[4] 1903.11661, 2109.01128, 2303.11351, 2204.09198
[5] 2112.11958, 2108.10864, 2306.03889, 2303.12018
[6] 2405.02899, 2306.09029
[7] 1001.1759, 1106.0034, 1706.07414, 2111.06712
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 flipped
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......

light ℎ

Ref.1
 
 
Ref.2
 
 
Ref.3
 
 
Ref.4
 
 
Ref.5
 
 

Ref.6
 
 

heavy ℎ

We first use the doublet scalar of non-FCNC 2HDM-I 
to explain the 95 GeV excess and do relevant Monte 
Carlo simulation.
 

�� → ��ℎ Backgrounds
depress 
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Z (91GeV)
 
 � = � [fb] � = ℎ [fb]

�� → � 4.6×107 8.2×104

�� → �(→ ��) 6.7×102 1.2×102

�� → ��� 7.1×102 1.3×103

�� → ���(→ ��) 1.0×10-2 2.0×100

�� → ���SM-like Higgs confirmed 
 

two Higgs doublet model

flavor change neutral current

Reason 1

Reason 2

top-pair-associated ?



    THDM-I and Parameter scan

Scalar potential 

Lagrange of 2HDM-I

Coupling of Higgs to bosons

Coupling of Higgs to fermions
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�11, �22, �12, ��(� = 1, 2, 3, 4, 5) 

�, ����, �12, ��, �ℎ, ��, ��±

  Interesting  part

Electroweak symmetry breaking
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two neutral Higgs 
mixing angle and 
the ratio of VEV

pseudoscalar mass neutral Higgs mass

charged Higgs mass

�ℎ�� = �ℎ��
�� × ���(� − �), 

���� = ����
�� × ���(� − �)

�ℎ�� = �ℎ��
�� × ����/����, 

���� = ����
�� × ����/����

can get loop contributions from top and bottom 
quarks , W boson and charged Higgs

mass parameter



SARAH
HiggsBounds
HiggsSignal

Gm2Cal
SuperIso

MadGraph
Pythia

Delphes

 model files

MC

    THDM-I and Parameter scan

SPheno

mass and decay

 UFO files

sur
viv

ing
 sa

mpl
es

Madanalysis
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    THDM-I and Parameter scan

�ℎ =  95  GeV, �� = 125  GeV

unitarity 
vacuum stability

perturbativity

B physics
muon g-2

 Higgs direct search
electroweak precision 

observables

Theoretical Experimental

HiggsBounds B → ��� g − 2

l HiggsBounds exclude  −0.9 ≲ α ≲  1.3 ,  
l B → Xsγ require tan β ≳  2.6 , 
l Muon g-2 need 20 mA - 0.5 < |m12| <  20 mA  + 0.5 TeV .

 Parameter
selecting  

Constraints 
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� ∈ [−�/2, �/2],
tan� ∈ [0, 20],

�12 ∈ [−10 ���, 10 ���],
��± = �� ∈ [150 ���, 1000 ���]

excluded regions with 
corresponding constraints.



   Collider simulations

�(�� → ��ℎ(→ ��)) = |�(�� → ���)|�ℎ=95 ���
�� × (���ℎ/���ℎ

��)2 × ��(ℎ → ��) ���−���(���−ℎℎ) = ���−���(���−ℎℎ)
�� ×

���ℎ
2 × ��(ℎ → ��)

(���ℎ
�� )2 × ����(ℎ → ��)

Signal
�� → �(→ �+�)�(→ �−�)ℎ(→ ��)

�� → �(→ �+�)�(→ �−�)�(→ ��)
�� → �(→ �+�)��(→ ��)

 

 �� → �(→ �+�)�(→ �−�)��

 �� → �(→ �+�)���

�� → ����

 �� → �����

�� → �(→ �+�)�(→ �−�)�

 

Backgrounds

resonant

non-resonant

max 0.6 fb max 1.9 fb max 23 fb max 0.6  max 0.2 

HL-LHC 
 

The Feynman diagram of signal at LO 
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cross section at HL-LHC given by: 
 

cross section at HE-LHC and FCC-hh given by: 
 

branching ratio of ℎ → �� 
 

reduced coupling of top-Higgs 
 

cross section at HL-LHC 
 

cross section at HE-LHC 
 

cross section at FCC-hh 
 



    Collider simulations

2� 5�

HL-LHC 137 fb-1 859 fb-1

HE-LHC 69 fb-1 430 fb-1

FCC-hh 6.8 fb-1 43 fb-1

� = 2�  (� + �)��  1 +
�
�
 − � 

 �=14 TeV 
L = 300 fb-1

 

 �=14 TeV 
L = 1 ab-1

 

 �=14 TeV 
L = 3 ab-1
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the cut flow at HL-LHC with L=300 fb-1

required luminosity to get 2� or 5� significance



    Conclusions

1.The data of  Higgs  direct search  strongly constrain the model parameter α, the samples with −0.9 ≲ α ≲  1.3 are 
excluded. Constraints from B → Xsγ, require tan β ≳  2.6. Muon g-2 need 20 mA - 0.5 < |m12| <  20 mA  + 0.5 TeV.

2. The Br(h → γγ) and reduced top-Higgs coupling are mainly affected by α and tan β,  having max values 0.2 and 
0.6 . The cross section σ(�� → ��ℎ(→ ��)) at HL-LHC peaks at 0.6 fb when sin α is close to 1 and tanβ is near 2.7.

3. The backgrounds of ���� , ����, and ����� are difficult to eliminate. The samples with  α ≈-1.2 can hardly be 
covered all at 2σ level by the diphoton channel , even with increasing collider energy or integrated luminosity.

4.  For the surviving samples,  to get a significance of 2σ and 5σ at the HL-LHC require at least about 137 fb−1 and 
859 fb−1 . The same significance can be achieved at the HE-LHC with  69 fb−1 and 430 fb−1 and at the  FCC-hh 
with 6.8 fb−1 and 43 fb−1. 

10/10
 



Thanks！
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