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Motivation

    Couplings to fermions and bosons: mi  = 𝜆i v/2 
    (𝜆i  are renormalizable parameters that cannot be predicted in the SM)

     → strong evidence of the  Brout-Englert-Higgs mechanism
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[-1.2 < 𝜅𝜆 < 7.2]    [ATLAS: arXiv: 2406.09971] 

[Nature 2022]

The new particle seems to be a 
Higgs boson … but is it the SM 
Higgs boson?

Without the measurement of 
the trilinear Higgs coupling 
(THC) the shape of the 
potential is unknown!

?

[Nature 2022]

https://arxiv.org/abs/2406.09971
https://www.nature.com/articles/s41586-022-04892-x
https://www.nature.com/articles/s41586-022-04892-x


Motivation: unravel the scalar potential
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The shape of the scalar potential 
in our universe is mostly unknown Currently known:

- location of the EW minimum: vev
- curvature around the minimum: mH 

A more complex 
structure given by 
additional scalar 
fields could be realised 
in nature and hidden in 
experimental data

Additional scalar states are 
appealing because of their 
relations to the open 
questions of the SM:

- origin of the EWSB
- stability
- baryogenesis
- portal to dark sector

[See also talk by M. McCullough] 

https://indico.cern.ch/event/1389221/contributions/6200619/attachments/2980853/5248980/HiggsWorkingGroup.pdf


Where to look for the trilinear Higgs coupling?
Higgs pair production
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Higgs pair production in the LHC: gluon fusion

Gluon fusion is the dominant hh production process at a hadron collider → one loop process already at LO
Involves a quark loop (Q), dominantly the top, because it couples more strongly  to the Higgs, but also the 
bottom loop can be enhanced in certain models

- diagrams that exist in the SM
- have a negative interference in the SM
- the couplings could deviate from the SM
- provide direct access to the trilinear 
coupling of the SM-like Higgs
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Non-resonant
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Non resonant production
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𝜎SM (NNLO FTapprox) @ 13 TeV = 30.77 fb
[-1.2 < 𝜅𝜆 < 7.2][ATLAS: arXiv: 2406.09971] 
[0.91 < ξt

h < 1.12][CMS: Nature 2022]

Notation:

𝜎 = 

2 [WG4 Twiki] 

https://arxiv.org/abs/2406.09971
https://www.nature.com/articles/s41586-022-04892-x
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWGHH?redirectedfrom=LHCPhysics.LHCHXSWGHH
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Conditions to enhance the resonant production and its contribution in the total Higgs pair production process
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Resonant production

1) mH above 250 GeV 
2) small width: ΓH
3) large couplings:  ξt

H ×  𝜆hhH

Note! values given for a toy model, actual numbers of 
the y-axis need to be analyzed in specific BSM models

𝜎 = 

2 
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Resonant production

1) mH above 250 GeV 
2) small width: ΓH
3) large couplings:  ξt

H ×  𝜆hhH

Note! values given for a toy model, actual numbers of 
the y-axis need to be analyzed in specific BSM models

↓ ΓH↑ ξt
H ×  𝜆hhH

𝜎 = 

2 
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Total Higgs pair production

Full process can be enhanced by both deviations in  𝜅𝜆  and a resonant scalar

Note! values given for a toy model, actual numbers of 
the y-axis need to be analyzed in specific BSM models

𝜎 = 

2 

* assuming mH= 400 GeV 
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Interference pattern with SM non-resonant diagrams is very 
different from interference with BSM non-resonant diagramsKateryna Radchenko Serdula                                                                                                                                                9

Interference effects
Note! values given for a toy model, actual numbers of 
the y-axis need to be analyzed in specific BSM models

𝜎interf  =     A  +   B        −       A       −       B         
2 2 2 

= 2 Re[ A     B* ]  

SM term!
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Source of large deviations in hh production?

- Deviation of 𝜅𝜆
- mH above 250 GeV 

- Large ξt
H ×  𝜆hhH and small ΓH



Can we have these ingredients in common 
BSM frameworks (SSM, THDM, etc)?
Yes
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1) Deviation 𝜅𝜆 : There are tight experimental constraints on the couplings, and there is an interplay between 
all of them, however, the trilinear coupling remains largely unconstrained and a large deviation from the 
SM is compatible with relatively small deviations in the other couplings.

But we need to include loop corrections to the trilinear couplings → trilinear couplings can be 
enhanced in some models by up to 100% due to new contributions entering into the process 

2) mH above 250 GeV : The exclusion limits will depend on the model and its parameter space, one always 
has to check for compatibility with direct searches for heavy scalars: [HiggsTools Collaboration: arXiv: 2210.09332]

3) Large ξt
H ×  𝜆hhH and small ΓH: The width and the couplings will depend on the other free parameters of 

the model

→ A plethora of models can accommodate large interference effects in hh production

Source of large deviations

https://arxiv.org/pdf/2210.09332.pdf


Theoretical predictions of the one loop results of the self-coupling already exist in many models: SM + singlet 
[Kanemura et al. ‘16], THDM [Kanemura et al. ‘04] [Baler et al. ‘17], N2HDM (2HDM + singlet) [Basler et al. ‘19], triplet 
extensions [Aoki et al. ‘12] [Chiang et al. ‘18], MSSM [Hollik, Penarada ‘04] [Brucherseifer, Gavin, Spira ‘13], NMSSM [Dao et 
al. ‘13], models with classical scale invariance [Hashino, Kanemura, Orikasa ‘16], etc [List taken from J. Braathen]

How to compute them?
- Automated diagramatic  prediction of the one loop couplings in any BSM model with a flexible

renormalization scheme choice → anyBSM/anyH3     [Bahl, Braathen, Gabelmann, Weiglein:  arXiv: 2305.03015]
- Extract from the effective Coleman Weinberg potential → BSMPT [Basler, Biermann, Mühlleitner, 

                                                                                       Müller, Santos, Viana: arXiv: 2404.19037]

Radiative corrections to the trilinear couplings
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These become extremely important in BSM theories because of the effect of heavy New Physics: 

h

h

h

h

h

h

e.g. in the THDM                                  :

[Kanemura, Kiyoura, Okada, Senaha, Yuan:  arXiv: 0211308]
[Kanemura, Okada, Senaha, Yuan: arXiv:0408364]

https://arxiv.org/abs/2403.14776
https://arxiv.org/search/hep-ph?searchtype=author&query=Muhlleitner%2C+M
https://arxiv.org/search/hep-ph?searchtype=author&query=Muhlleitner%2C+M
https://arxiv.org/abs/2404.19037
https://arxiv.org/pdf/hep-ph/0211308
https://arxiv.org/pdf/hep-ph/0408364
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Corrections to the trilinears in BSM models
They play an important role in many BSM models even in the alignment limit (i.e. the other couplings are SM like)

[Bahl, Braathen, Gabelmann, 
Weiglein:  arXiv: 
2305.03015]

https://arxiv.org/abs/2403.14776
https://arxiv.org/abs/2403.14776


Trilinear Higgs couplings and di-Higgs production
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We include corrections to hh production by means of effective trilinear Higgs couplings assuming that the 
largest contribution comes from this type of diagrams and others can be neglected (eg. double box diagram): 

- Is this reasonable? → modifications of 𝜆hhh are 
the leading source of deviations of non resonant 
hh production cross section
[Bahl, Braathen, Weiglein : arXiv: 2202.03453]

Momentum effects are included in anyH3/anyBSM
    [Bahl, Braathen, Gabelmann, K.R., Weiglein:  WIP]

  ✘ not included                                                                 ✓ included           

https://arxiv.org/pdf/2202.03453.pdf
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Examples in BSM theories

1.    Extra singlet: SSM

2.    Extra doublet: THDM

3.    Extra doublet + singlet: NTHDM, STHDM, 
        (two resonances in this case)



SM + singlet (SSM)
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SM + singlet
[Feuerstake, Fuchs, Robens, 
Winterbottom: arXiv: 2409.06651]

Higgs singlet extension with 
broken ℤ2 symmetry

Very simple extension of the SM 
with one additional singlet (close 
to the toy model with the 
corresponding constraints on the 
parameter space)

For other references in this model 
see [Dawson, Lewis ‘15, ‘16], [Lewis, 
Sullivan, ‘17], [ Carena, Liu, Riembau ‘18]

For discussions in the complex 
singlet extension and complex 
doublet and interplay with di-top 
final states see [Basler, Dawson, Englert, 
Mühlleitner, ‘19]

[Taken from Daniel 
Winterbottom’s talk at Extended 
Scalars from All Angles]

https://arxiv.org/pdf/2409.06651
https://indico.cern.ch/event/1376030/contributions/6080297/attachments/2953492/5192381/HH_inteference_scalarsworkshop.pdf
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SM + singlet
[Feuerstake, Fuchs, Robens, 
Winterbottom: arXiv: 2409.06651]

Relevance of the interference effects for different parameter space regions of the model

Matrix element reweighting 
tool developed to provide a 
convenient method for 
handling interference effects:
HHReweighter

[Taken from Daniel 
Winterbottom’s talk at Extended 
Scalars from All Angles]

*Note: trilinear Higgs couplings at tree level

https://arxiv.org/pdf/2409.06651
https://gitlab.com/danielwinterbottom/HHReweighter
https://indico.cern.ch/event/1376030/contributions/6080297/attachments/2953492/5192381/HH_inteference_scalarsworkshop.pdf


Kateryna Radchenko Serdula                                                                                                                                               18

SM + singlet

[Taken from Alain Verduras’s talk at Higgs Days 2024]
*Note: LO QCD cross section 
number here 𝜎 ~ 19 fb @ 14 TeV

[Braathen, Heinemeyer, Verduras: WIP]

Higgs singlet extension without ℤ2 symmetry (significant trilinear terms already at tree level)

Effects of the one loop trilinear coupling in the Higgs pair production in the SSM

http://hdays.csic.es/HDays24/talks/Thursday/verduras.pdf
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SM + singlet

The large effects discussed before can be accommodated in the SSM

[Taken from Alain Verduras’s talk at Higgs Days 2024]

[Braathen, Heinemeyer, Verduras: WIP]

http://hdays.csic.es/HDays24/talks/Thursday/verduras.pdf


SM + doublet (THDM)



THDM
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Tree level trilinearsRealistic 
distribution:

Loop level trilinears

Similar effects as in the SSM: including loop corrections significantly modify the invariant mass distributions
Not including them in BSM models leads to a wrong prediction, in this scenario a dip peak structure appears 
when including loop corrections to the trilinears (dip because of 𝜅𝜆 and peak because of the resonance)

Predictions obtained 
using a modified 
version of the code 
HPAIR 
[Abouabid, Arhrib, 
Azevedo, El Falaki, 
Ferreira, Mühlleitner, 
Santos: arXiv: 
2112.12515]
[Dawson, Dittmaier, 
Spira: arXiv:9805244], 
[Plehn, Spira, Zerwas : 
arXiv: 9603205]

 [Heinemeyer, Mühlleitner, K.R., Weiglein: arXiv: 2403.14776] 

https://arxiv.org/search/hep-ph?searchtype=author&query=Abouabid%2C+H
https://arxiv.org/search/hep-ph?searchtype=author&query=Arhrib%2C+A
https://arxiv.org/search/hep-ph?searchtype=author&query=Azevedo%2C+D
https://arxiv.org/search/hep-ph?searchtype=author&query=Azevedo%2C+D
https://arxiv.org/search/hep-ph?searchtype=author&query=Falaki%2C+J+E
https://arxiv.org/search/hep-ph?searchtype=author&query=Ferreira%2C+P+M
https://arxiv.org/search/hep-ph?searchtype=author&query=Ferreira%2C+P+M
https://arxiv.org/search/hep-ph?searchtype=author&query=Muhlleitner%2C+M
https://arxiv.org/search/hep-ph?searchtype=author&query=Muhlleitner%2C+M
https://arxiv.org/search/hep-ph?searchtype=author&query=Santos%2C+R
https://arxiv.org/search/hep-ph?searchtype=author&query=Santos%2C+R
https://arxiv.org/pdf/2112.12515.pdf
https://arxiv.org/pdf/hep-ph/9805244.pdf
https://arxiv.org/abs/hep-ph/9603205
https://arxiv.org/abs/2305.03015


THDM
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Tree level trilinears
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Azevedo, El Falaki, 
Ferreira, Mühlleitner, 
Santos: arXiv: 
2112.12515]
[Dawson, Dittmaier, 
Spira: arXiv:9805244], 
[Plehn, Spira, Zerwas : 
arXiv: 9603205]

 [Heinemeyer, Mühlleitner, K.R., Weiglein: arXiv: 2403.14776] 

Momentum effects can 
be included in 
anyBSM/anyH3

[Bahl, Braathen, Gabelmann, 
K.R., Weiglein:  WIP]

Realistic 
distribution:

https://arxiv.org/search/hep-ph?searchtype=author&query=Abouabid%2C+H
https://arxiv.org/search/hep-ph?searchtype=author&query=Arhrib%2C+A
https://arxiv.org/search/hep-ph?searchtype=author&query=Azevedo%2C+D
https://arxiv.org/search/hep-ph?searchtype=author&query=Azevedo%2C+D
https://arxiv.org/search/hep-ph?searchtype=author&query=Falaki%2C+J+E
https://arxiv.org/search/hep-ph?searchtype=author&query=Ferreira%2C+P+M
https://arxiv.org/search/hep-ph?searchtype=author&query=Ferreira%2C+P+M
https://arxiv.org/search/hep-ph?searchtype=author&query=Muhlleitner%2C+M
https://arxiv.org/search/hep-ph?searchtype=author&query=Muhlleitner%2C+M
https://arxiv.org/search/hep-ph?searchtype=author&query=Santos%2C+R
https://arxiv.org/search/hep-ph?searchtype=author&query=Santos%2C+R
https://arxiv.org/pdf/2112.12515.pdf
https://arxiv.org/pdf/hep-ph/9805244.pdf
https://arxiv.org/abs/hep-ph/9603205
https://arxiv.org/abs/2305.03015


THDM
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✘resonant searches
✓non resonant searches

Additional complex doublet (close to the toy model with the corresponding constraints on the parameter space)
Not including the continuum diagrams makes the prediction at low mhh change by orders of magnitude!
Even when the resonant contribution is very large, the peak is significantly broadened 

[ATLAS: arXiv: 2209.10910]
Current experimental 
sensitivity motivates a 
more complex framework 
where interference effects 
are taken into account
The application of 
experimental  limits in 
these regions is 
questionable

 [Heinemeyer, Mühlleitner, K.R., Weiglein: arXiv: 2403.14776] 

https://arxiv.org/pdf/2209.10910
https://arxiv.org/abs/2305.03015


SM + doublet + singlet (N2HDM, 2HDMS)
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any model: anyH3/anyBSM
[Bahl, Braathen, Gabelmann, Weiglein: arXiv: 2305.03015 (v1)] 

[Bahl, Braathen, Gabelmann, K.R., Weiglein: WIP (v2)]

Including loop corrections to the Higgs pair production is extremely important!
Many more models implemented and easy to implement more with UFO model files

https://arxiv.org/abs/2403.14776
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Conclusions
- The interference effects between resonant and non resonant production are large in the 

cases where the trilinear Higgs coupling deviates from the SM prediction

- Such scenarios are realised in many BSM models, where loop corrections to the trilinear 
couplings play an important role

- They are also theoretically motivated from the point of view of the electroweak phase 
transition in the early Universe

- This shows the need to modify experimental analyses (by taking into account all 
contributions, including interferences) and test well-motivated benchmark scenarios in the 
resonant Higgs pair production in order to account for these effects
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Conclusions
- The interference effects between resonant and non resonant production are large in the 

cases where the trilinear Higgs coupling deviates from the SM prediction

- Such scenarios are realised in many BSM models, where loop corrections to the trilinear 
couplings play an important role

- They are also theoretically motivated from the point of view of the electroweak phase 
transition in the early Universe

- This shows the need to modify experimental analyses (by taking into account all 
contributions, including interferences) and test well-motivated benchmark scenarios in the 
resonant Higgs pair production in order to account for these effects

Thank you!



Back up



What about the early Universe?
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Connections to the early Universe
A deviation in the trilinear Higgs coupling can be correlated with an enhancement in the energy barrier of the 
scalar potential between the false and the EW vacuum, leading to a first order phase transition that undergoes 
through bubble nucleation, such a transition is a necessary condition for electroweak baryogenesis!

[Coleman, Weinberg, 1973] [Dolan,  Jackiw, 1974][Arnold, Espinosa, 1996]
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Connections to the early Universe
Depicted points with a strong first order phase 
transition obtained following the procedure in
[Biekötter, Heinemeyer, No, Romacho, Weiglein: arXiv: 
2208.14466]

Higgs pair production obtained with anyBSM
[Bahl, Braathen, Gabelmann, K.R., Weiglein:  WIP]

Negative corrections 
due to the value of 𝜅𝜆 
around the minimum
(only values between 1.4 
and 2.1 are consistent 
with a SFOEWPT)

THDM II

https://arxiv.org/pdf/2208.14466
https://arxiv.org/pdf/2208.14466
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Connections to the early Universe
Depicted points with a strong first order phase 
transition obtained following the procedure in
[Biekötter, Heinemeyer, No, Romacho, Weiglein: arXiv: 
2208.14466]

Higgs pair production obtained with anyBSM
[Bahl, Braathen, Gabelmann, K.R., Weiglein:  WIP]

Positive corrections 
only for resonantly 
enhanced correctionsTHDM II

https://arxiv.org/pdf/2208.14466
https://arxiv.org/pdf/2208.14466


Trilinear Higgs couplings (generic approach)
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- Trilinear couplings = renormalized 3 point functions :

                                                              Possible topologies:  

h

h

h

pi

pj

pk

note: solid line here 
means generic field



Radiative corrections to the trilinear couplings
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Using the effective potential approach and implement an effective coupling in the di-Higgs production

            The calculation is done by means of the public code BSMPT: 
It is performed in the limit of zero external momentum
Physical masses and mixing angles are renormalized in an on shell-like way to their tree level value
An alternative approach would be to compute the corrections diagrammatically: anyBSM

                                                                                                                                                                    [Bahl, Braathen, Gabelmann, Weiglein:  arXiv: 2305.03015]

=                          +                              +

* zero external momentum
* no external leg corrections

=                          +                              +

[Coleman, Weinberg: (1973) Physical Review]

[Basler, Biermann, Mühlleitner, Müller, Santos, Viana: 
arXiv: 2404.19037]

https://arxiv.org/abs/2403.14776
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.7.1888
https://arxiv.org/search/hep-ph?searchtype=author&query=Muhlleitner%2C+M
https://arxiv.org/search/hep-ph?searchtype=author&query=Muhlleitner%2C+M
https://arxiv.org/abs/2404.19037


Higgs self coupling measurements
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[CMS: Nature 2022]

Exp. limits : (95% CL at LHC Run II): CMS [−1.24 < 𝜅𝜆 < 6.49];  ATLAS [-1.2 < 𝜅𝜆 < 7.2] ; 

    Access through Higgs pair production -> very rare process  ~ 1 out of  109 events in the LHC is a Higgs
                                                                                                          ~ 1 out of 1012 events in the LHC is a Higgs pair

                      obs (2.4 exp) at ATLAS (assuming 𝜅𝜆 = 1) main production process at LHC is gluon fusion𝜇HH ≤ 2.9

[ATLAS: arXiv: 2406.09971] 

https://www.nature.com/articles/s41586-022-04892-x
https://arxiv.org/abs/2406.09971


 

The 2HDM
CP conserving 2HDM with two complex doublets:

[T. D. Lee (1973) Physical Review , Branco, Ferreira et al: arXiv: 1106.0034 ]
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Softly broken ℤ2 symmetry (Φ1 → Φ1;   Φ2 → - Φ2 ) entails 4 Yukawa types ( here only Type I analyzed)

Potential: 

Free parameters: 

Phenomenological implications can originate from:
→ deviations in couplings of h to fermions, gauge bosons and triplinear Higgs coupling
→ contributions of the heavy scalars in Higgs production/decay or in loops

I’m 125 
GeV

https://www.scirp.org/%28S%28lz5mqp453edsnp55rrgjct55%29%29/reference/referencespapers.aspx?referenceid=2440597
https://arxiv.org/abs/hep-ph/9701257
https://arxiv.org/abs/1106.0034


Applicability of non resonant limits
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Red lines limits on the 
di Higgs signal strength:

[ATLAS: 2211.01216]

Allowed regions of the 2HDM parameter space are scanned with the python package thdmTools  [Biekötter, 
Heinemeyer, No, KR, Romacho, Weiglein: arxiv:2309.17431 ]

https://arxiv.org/abs/2211.01216
https://arxiv.org/abs/2309.17431
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- Larger sensitivity to 𝜅𝜆 in the low mhh region (because 
of a cancellation between the box and triangle diagrams 
in the SM)

- Drop in the  mhh ~ 400 GeV region due to a shift in the 
cancellation of form factors (see next slide)

- Change in the dip peak structure of the resonance

Effect of loop corrections of THC in mhh

Inclusion of loop corrections can drastically change the  invariant mass distribution of a particular scenario:



Effect of loop corrections to 𝜆hhH 
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  Small enhancement in the total cross section
  but completely different phenomenology in mhh

   when corrections to 𝜆hhH are included
[Arco, Heinemeyer, Mühlleitner, KR: arXiv: 2212.11242 ]

H
h

h

H
h

h

t ϕ
H h

hϕ

[Braathen, Kanemura: arxiv: 1911.11507]

  One loop corrections to 𝜆hhH are large in scenarios with mass splittings,  even a change in sign is possible

https://arxiv.org/search/hep-ph?searchtype=author&query=Muhlleitner%2C+M
https://arxiv.org/search/hep-ph?searchtype=author&query=Muhlleitner%2C+M
https://arxiv.org/abs/2212.11242
https://arxiv.org/pdf/1911.11507.pdf


Resonant VS non-resonant mhh distributions
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Experimental limits from resonant searches can only be applied in scenarios where the contribution from the
continuum diagrams is negligible compared to the resonant diagram

15 % smearing
50 GeV binning
applied to account for 
experimental uncertainties

Red curve: full procces
Blue curve: resonance only 



thdmTools: a python package to explore the 2HDM
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[Biekötter, Heinemeyer, No, KR, 
Romacho, Weiglein: arxiv:2309.17431 ]

- EWPO:    impose a condition on the Higgs boson masses:   (mH±-mH) ∼ 0   and/or   (mH±-mA) ∼ 0
in our scenarios mH±= mA

- Theoretical:
(N)LO Unitarity: from the 2 → 2 processes scattering amplitude
[Cacchio, Chowdhury, Eberhardt, Murphy: arXiv:1609.01290]
Stability: tree level boundedness from below of the potential
[Bhattacharyya, Das: arXiv:1507.06424]

- Collider searches and measurements:
HiggsBounds: experimental limits from direct searches
HiggsSignals: signal strength of the 125 GeV Higgs            
[HiggsTools Collaboration: arXiv: 2210.09332]

-  Flavour observables:  B →XSγ and BS → 𝜇𝜇 (SuperIso)                                   
[Mahmoudi: arXiv:0808.3144]                          

https://arxiv.org/abs/2309.17431
https://arxiv.org/pdf/1609.01290.pdf
https://arxiv.org/pdf/1507.06424.pdf
https://arxiv.org/pdf/2210.09332.pdf
https://arxiv.org/pdf/0808.3144.pdf


 

Trilinear Higgs couplings in the 2HDM at tree level

n = number of 
        identical Higgses

Can have large deviations from SM predictions in BSM while the couplings to gauge bosons and
fermions are very close to the SM values, i.e. the alignment limit (in agreement with existing constraints) 
→ Improving limits already have important impact on phenomenology!
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Notation:



Higgs pair production in the 2HDM at tree level
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splitting into two spin configurations of the gluons:
                     spin = 0                                spin = 2 

     * Generalized coupling constants:

 * Triangle form factors:

;                                                                                                        ; 

[Plehn, Spira, Zerwas : arXiv: 9603205]

Yukawas

; 

https://arxiv.org/abs/hep-ph/9603205


Higgs pair production in the 2HDM at tree level
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[Plehn, Spira, Zerwas : arXiv: 9603205]

a,b: color indices

gluon polarization vectors

* Matrix element:

* Tensor structure:

* Box form factors:

https://arxiv.org/abs/hep-ph/9603205


Renormalization conditions in BSMPT

Kateryna Radchenko Serdula                                                                                                                                               39

[Basler, Mühlleitner: arXiv: 1803.02846]

     * Renormalization conditions:

     * Counterterm potential:

https://arxiv.org/search/hep-ph?searchtype=author&query=Muhlleitner%2C+M
https://arxiv.org/search/hep-ph?searchtype=author&query=Muhlleitner%2C+M
https://arxiv.org/pdf/1803.02846.pdf
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Changes in the invariant mass distribution in a non resonant scenario with ad hoc changes in  𝜅𝜆 :

- The total cross section features the expected trend (i.e.  
minimum at 𝜅𝜆 ~ 2.5)
- The differential cross section also has a minimum for masses 
of the final system of hh between 200-400 GeV
The reason is a cancellation of the form factors in the 
continuum diagrams

In the heavy top limit:

For mhh ~ 2mt  ~ 350 GeV the heavy top limit is not valid 
and the cancellation is reduced

[Plehn, Spira, Zerwas : arXiv: 9603205]Effect of loop corrections of THC in mhh

https://arxiv.org/abs/hep-ph/9603205


Interference between resonant and non resonant
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Solid: full process
Dashed: resonant + non resonant (no interference)

𝜎interf  =     res + nores      −       res       −       nores              
2 2 2 



Interference between resonant and non resonant: THDM 
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Red curve: full procces
Blue curve: resonance only 
Gray curve: resonance + continuum

The interference effects between the resonant and the continuum diagrams 
are overall mild in the considered scenarios, it is the interference between the 
two continuum diagrams (triangle and box) that drastically alters the shape 
of the distribution, driven by a change in the trilinear


