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The shape of the Higgs potential is unknown

2

• After the discovery of the Higgs boson, the properties are measured 
in LHC experiments.

• What we know currently about the Higgs potential are two things:

-  Position of the EW minimum

-  The curvature of the potential 
around the minima.
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• The hhh coupling is not measured 
accurately.

→  The shape of the potential away from the minima is not determined.

λ NPhhh > λ SMhhh
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Determination of the shape of Higgs potential
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Determination of the shape of Higgs potential is a key to find New physics. 

• We may restrict the shape of 
the Higgs sector.
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• How EWSB  occurs (1st OPT  GWs). 

• We may find a clue of a new 
paradigm beyond SM. 
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Models with two  Higgs fields
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Di-Higgs production process

4

• Predictions of di-Higgs boson should 
be prepared in various extended Higgs 
models to compare experiments such 
as LHC Run 3 HL-LHC. 

[B. Micco, M. Gouzevitch, J. Mazzitelli C. Vernieri, 1910.00012]

• Through , interference can 
change much. 

λhhh

•   appears in di-Higgs production process. Dominant one is λhhh gg → hh
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Motinvation of this study
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• We discuss the theoretical behavior of di-Higgs production cross section 
in the composite two-Higgs doublet model. 

• One has additional vector-like fermion loops   and heavy CP-
even Higgs boson  as new physics effects.

(Ti)
(H)

• Open questions:
How match these new physics effects can enhance ?σpp→hh
How the prediction for  can be changed from E2HDM?σpp→hh
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Setup: Composite two Higgs doublet model
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• Group structure:

8 (=15-7) broken SO(6) generators exist. We have 8 NGBs, which 
corresponds to Higgs fields in 2HDM. 

• How is the mass of the Higgs boson generated?

-  The explicit breaking  of SO(6) is required.

[See the details in the slide 
by S. Moretti]

For fermion sector, explicit breaking terms are introduced 
For gauge sector, gauging EW subgroup breaks SO(4)×SO(2).

-  The Coleman-Weinberg potential is generated:

masses and self int.
The potential is governed 
by composite parameters.

[S. De Curtis, et al, JHEP 12 (2018) 051]
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Setup: Composite two Higgs doublet model
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ℒC2HDM = ℒelementary + ℒmixing + ℒresonances

: contains NGBs and heavy resonances.
                    It involves the interactions between them 
                    with suppression 1/f. 

ℒresonances

: constructed by  .
                    It involves kinetic terms.
ℒelementary Wa

μ, qL and qR

:  gives int. between  and .ℒmixing ℒelementary ℒressonance
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Setup: Composite two Higgs doublet model
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EX.) fermion sector  (                                               )U: Higgs field : VL fermionψ

:  gives int. between  and  .ℒmixing ℒelementary ℒressonance

- It explicitly breaks SO(6). 

- It generates Yukawa int. masses of fermions

- We introduces two spices of . ψ
8 heavy top partners  are introduced. (Ti)
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Higgs pair production
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Spin-0 
contributions

Spin-2 
contributions

- Heavy mass limit
<latexit sha1_base64="4AaRVr14KthoPEhffnYCrk8EBi4="></latexit>

F� !
s

mT

2

3
, F⇤ ! �

s

m2
T

2

3
, G⇤ ! O(

s2

m4
T

),

- Corresponding diagrams

Spin-0 cont. 
is dominant.

TriangleBox

The box contains off-
diagonal cont.
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[T. Plehn, M. Spira, P. M. Zerwas, Nucl.Phys.B 479 (1996) 46]
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Scan analysis
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●  We scan the composite parameters by  
applying the following constraints:

v ≲ ma

●  We consider the two regime:

Resonant case :

Nonresonant case :

σ(gg → H) × BR(H → hh)
σ(gg → hh)

> 0.1,

σ(gg → H) × BR(H → hh)
σ(gg → hh)

< 0.1

ΓH /mH < 5 %

mH < 2mh

and

or

[ calculated by by Felix]

-  Perturbativity for λi

-  Correct global EW minimum, mt

-  LHC bounds for  and H, A, H± h

-   through resonant seacrhσpp→hh
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Influence of Heavy top partner loop contributions 
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●  Heavy top partner gives destractuive and constructive contributions. 

●   contributions have influence when . Ti σhh/σhh
SM ∼ 0.5-2

[De Curtis, Delle Rose,  
Egle,Mühlleitner, Moretti, KS]
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Size of σ in resonant and non-resonant cases. 
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Resonant case Non-resonant case

-   can reach ~2.3 .σhh/σhh
SM

 @ATLAS ,139fb-1μHH ≲ 2.4
[ATLAS,2211.0121]

-  If  ,  can be ~10.mH ∼ 2mh σhh/σhh
SM

[De Curtis, Delle Rose,  
Egle,Mühlleitner, Moretti, KS]
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Invariant mass distributions 

13

Resonant case Nonresonant case

Full result
SM result

[De Curtis, Delle Rose,  
Egle,Mühlleitner, Moretti, KS]
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Invariant mass distributions 

14

Resonant case Nonresonant case

Full result
SM result

BW distortion

H

[De Curtis, Delle Rose,  
Egle,Mühlleitner, Moretti, KS]
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Invariant mass distributions 

15

Resonant case Nonresonant case

Full result
SM result

BW distortion

H

Tail efect

Ti
Ti

[De Curtis, Delle Rose,  
Egle,Mühlleitner, Moretti, KS]
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Invariant mass distributions 

16

Resonant case Nonresonant case

Full result
SM result

BW distortion

H

Tail efect

Ti
Ti

Enhancement in low mass
<latexit sha1_base64="ejLiMasnMv60cR2ZfkJDMSqpPsc=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GjJT7WNXdKHLCn1BOwyZNNOGZjJDkhHK0N9w40IRt/6MO//G9CGo6OFeOJxzL7k5QcKZ0gh9WLm19Y3Nrfx2YWd3b/+geHjUUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuZ773XsqFYtFS08T6kV4JFjICNZGGtz42Xjc8pmpmV8sIbtWuXARgsh23MuyWzcEVeuVqgMdGy1QAis0/eL7YBiTNKJCE46V6jso0V6GpWaE01lhkCqaYDLBI9o3VOCIKi9b3DyDZ0YZwjCWpoWGC/X7RoYjpaZRYCYjrMfqtzcX//L6qQ5rXsZEkmoqyPKhMOVQx3AeABwySYnmU0MwkczcCskYS0y0ialgQvj6KfyfdFzbqdjlO1RqXK3iyIMTcArOgQOqoAFuQRO0AQEJeABP4NlKrUfrxXpdjuas1c4x+AHr7RNUupHk</latexit>

GhhTiTi
Large
(dosesn’t vanish 
in . )Q ≫ v

[De Curtis, Delle Rose,  
Egle,Mühlleitner, Moretti, KS]
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Comparison with elementary 2HDM

17

v ≲ ma

[JHEP09(2022)011]
[De Curtis, Delle Rose,  
Egle,Mühlleitner, Moretti, KS]Maximum of σH1H1

~12

 
σH1H1

σSM

~ 2

Decay width of H

●  The maximum of the  is close to type-I.  σhh
C2HDM

●   glows in  because of  . ΓC2HDM
H mH ≫ v H → tTi
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Comparison with elementary 2HDM
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v ≲ ma

[JHEP09(2022)011]
[De Curtis, Delle Rose,  
Egle,Mühlleitner, Moretti, KS]Maximum of σH1H1

~12

 
σH1H1

σSM

~ 2

Decay width of H

●  The maximum of the  is close to type-I.  σhh
C2HDM

●   glows in  because of  . ΓC2HDM
H mH ≫ v H → tTi

Difference in   or in  may distinguish C2HDM from E2HDMσhh ΓH
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Summary

19

• We studied di-Higgs production process in C2HDM. 

• Heavy CP-even Higgs (H) and heavy top partner (Ti) give 
additional contributions to the process. 

• These two effects are basically complementary. They 
become important in different parameter spaces.

• By precision measurements of di-Higgs production, one 
can get a clue to find compositeness. 



Back up
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Effective lagrangian

21

For , interactions for top and Higgs are only needed.pp → hh

<latexit sha1_base64="TJJUl0ybLUBVXDZh1aRYWQG5vY8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQkkU1JMUvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut7Oyura+sVnYKm7v7O7tlw4OmzpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U391hMqzWP5YMYJ+hEdSB5yRo2V6ue9UtmtuDOQZeLlpAw5ar3SV7cfszRCaZigWnc8NzF+RpXhTOCk2E01JpSN6AA7lkoaofaz2aETcmqVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU1442dcJqlByeaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03RhuAtvrxMmhcV76pyWXfL1ds8jgIcwwmcgQfXUIV7qEEDGCA8wyu8OY/Oi/PufMxbV5x85gj+wPn8AXGtjK8=</latexit>

+

<latexit sha1_base64="ZMVpWcNDaZrKuPH07gL8NmaoDaU="></latexit>

⌘ �
(2)
hhH

hhH + �
(2)
hHH

hHH

The couplings  appears due to nonlinearlities. GhhTT, GHHTT, λ(2)
hhH, λ(2)

hHH



Pair production of Higgs boson in composite two Higgs doublet modelKodai Sakurai /2422

b —> s γ constraint

22

• By taking , the constraint becomes weaker. ξb = 0.1ξt

• Green points are allowed by current direct and indirect searches 
at the LHC.

[S. De Curtis, et al, JHEP 12 (2018) 051]
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Lagrangian of the strong sector for spin-1/2 resonances ΨI

23

• To ensure the finiteness of the effective potential, two spices of  are needed. Ψi

<latexit sha1_base64="CMw/xNdtT+aV7xFikAY609wBbf0=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8EiuCqJgroRim5cVmzaQhvDZDpph84kYWYi1FB8FTcuFHHre7jzbZxeFtr6w8DHf87hnPnDlDOlHefbWlhcWl5ZLawV1zc2t7btnd26SjJJqEcSnshmiBXlLKaeZprTZiopFiGnjbB/Pao3HqhULIlrepBSX+BuzCJGsDZWYO+371hX4EsPTSBwvPtaYJecsjMWmgd3CiWYqhrYX+1OQjJBY004VqrlOqn2cyw1I5wOi+1M0RSTPu7SlsEYC6r8fHz9EB0Zp4OiRJoXazR2f0/kWCg1EKHpFFj31GxtZP5Xa2U6uvBzFqeZpjGZLIoyjnSCRlGgDpOUaD4wgIlk5lZEelhiok1gRROCO/vleaiflN2z8umtU6pcTeMowAEcwjG4cA4VuIEqeEDgEZ7hFd6sJ+vFerc+Jq0L1nRmD/7I+vwBGf2UWQ==</latexit>

⌃ = U⌃0U
T

• The mixing angle  is chosen as  to insure the CP conservation.θt θt = 0
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Lagrangian of the gauge sector
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• To ensure the finiteness of the effective potential, two spices of  are needed. 

 and  are geberator of SO(6) and U(1)XTA TX

 and  are spin-1 resonancesρA ρX
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Scan range of the composite parameters
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• To ensure the finiteness of the effective potential, two spices of  are needed. 

<latexit sha1_base64="uLqao1IucVO7kQX/h9B1wL0SsXQ="></latexit>

f = [700, 3000] GeV, g⇢ = [2, 10]

�I
L,R = [�10, 10]⇥ f, Y IJ

1,2 = [�10, 10]⇥ f
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Branching ratios of the heavy Higgs boson H
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• To ensure the finiteness of the effective potential, two spices of  are needed. 


