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Aim of the work
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In previous work (Eur.Phys.J.C 80 (2020) 9, 884, [arXiv2005.10576]) we explored the 2HDM 
(type I and II) and Þnd large triple Higgs couplings (yet allowed by constraints)

Can enhance the double Higgs production cross section

We have studied the cross section production of   

  and  
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The Two Higgs Doublet Model (2HDM)

Potential:

Five Higgs bosons:  
 , ,  and  h H A H±

V = m2
11(!  

1! 1) + m2
22(!  

2! 2) ! m2
12(!  

1! 2 + !  
2! 1) +

! 1

2
(!  

1! 1)2 +
! 2

2
(!  

2! 2)2

+ ! 3(!  
1! 1)( !  

2! 2) + ! 4(!  
1! 2)( !  

2! 1) +
! 5

2
[(!  

1! 2)2 + ( !  
2! 1)2]

<latexit sha1_base64="Mf3hHIOeKOgEda6i02SrO2G74GQ="></latexit>

¥CP conserving: all real parameters 
¥  symmetry to avoid FCNC      softly broken by  
¥4 types of Yukawa structure: we will focus on type I and type II
# 2 $ m2

12

Physical input parameters:  (= 125 GeV) < , , , ,   and  

ÒAlignment limitÓ: if  the SM-like interactions for  are recovered

mh mH mA mH± tan" cos(" ! #) m2
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Triple Higgs couplings (THC)

Constraints 
¥Electroweak precision data,  parameter: 

motivates scenarios with degenerate masses 

! For us   

¥Tree level unitarity and potential stability:

 helps reach large masses

T

mH = mA = mH±

m2
12 = m2

H cos2 #/tan"
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Type I 

 

 

  

$%%[! 0.5, 1.5]
%hhH %[! 1.4, 1.5]

%hHH %[0, 15]
%hAA %[0, 16]

Type II 

 

 

  

$%%[0.0, 1.0]
%hhH %[! 1.6, 1.8]

%hHH %[0, 15]
%hAA %[0, 16]

Final allowed ranges:Coupling deÞnition:

and 
$%:= %hhh/%SM

hhh
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¥Collider measurements of the 125 GeV Higgs 

¥BSM Higgs searches in LEP, TeVatron and LHC 

! Close to , specially for type II 

¥Flavor observables:  and 

cos(" ! #) = 0

BR(B " Xs&)

BR(Bs " ' ' )

2HDMC, HiggsBounds, HiggsSignals 
and superISO were used



Dependence with energy
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¥  and : ~3 times the SM due mostly to  mediated diagrams. 

¥  and :  is the dominant 
contribution but we can still have THC sensitivity 

¥  ~ : dominated by  if it is large enough
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 channel  decreases with 
the energy 

 channel  increases with 
the energy (VBF topologies!)
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MadGraph and FeynRules were used

Two examples at ILC 500 GeV and CLIC 3000 GeVÉ

Example point:



ILC 500 GeV
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Black lines are the 
exterior boundaries 
to the total allowed 

region

3 di!erent 
contributions:

1) Deviations from 

 i.e. %SM
hhh $%' 1

2) Diagrams with a close on-shell : 

 

 

(contains )

H
e+e! " Z* " HZ " hhZ( " hh! ø! )
e+e! " W*W*! ø! " H! ø! " hh! ø!

%hhH

3) Diagrams with a close on-shell : 

 
(no sensitivity to THC)

A
e+e! " Z* " hA " hhZ( " hh! ø! )

 production in both channels wrt the SMhh

  positive 
interference 

  negative 
interference

hhZ "
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 channel is the 
most important at 

this energy
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Events coming from : no THC informationA

The contributions from non resonant diagrams are not negligible

ILC 500 GeV (hhZ)

Larger inßuence of 

 appears at the 
threshold of the 
invariant mass of 

the two Þnal Higgs
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Black lines are the 
exterior boundaries 
to the total allowed 

region

Now  is the 
dominant channel

hh! ø!

Now we can Þnd the effect of the  
for larger masses

H ¥  still has effect of the  resonant diagram 

¥ In  the  on-shell contribution is the main 
BSM effect.

hhZ A
hh! ø! H

 production in both channels wrt the SMhh



CLIC 3000 GeV 
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 resonance for points with 
different  
  
Low mass: 

Narrow and high resonance 
Large mass: 

Large values of  are 
possible and still have a 
sizable resonance 

Again, larger inßuence of  
appears for the lowest values 
of 
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The  resonance at CLIC 3000 GeVH
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Sensitivity on THC: 

¥ For  (better at ILC energies) and  (better at CLIC energies): 

! : at low invariant mass of  

!  (and its sign): if  can propagate on-shell and  is large enough 

! But we can also have contributions from  propagating on-shell (specially for ) 

¥ ,  and  production can also have THC sensitivity: 

! No resonant process  Sensitivity on the invariant mass distributions 

! Better prospects for CLIC energies 

¥ A whole study for all channels at all the projected collider energies can be found in 

our upcoming paper
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hH HH AA

"
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Thank you for your attention! :) 

Time for questions



Back-up,  sensitivity on the SM$%
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