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The process of Electroweak 
Symmetry Breaking creates 

massive gauge bosons

The Higgs field gives masses 
to all the fermions

The SM doesn’t make sense 
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Understanding the Higgs is key to
Understanding the SM, and physics beyond
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V (�) = �µ2�2 + ��4

The SM Higgs potential is:

µp
�
= v = 246 GeV

H

The field “rolls” into a lower energy state,
the initial symmetry is broken, the field

acquires a non-zero vacuum expectation value 

But many other shapes could 
have caused the same physics

We have no knowledge of the actual shape: just some of its properties

Why does this matter?
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Many models alter the Higgs potential

If we can measure the shape of the potential,
we can find hints of 

fundamental, critical new physics!

Electroweak Phase Transition

Higgs Potential Evolution in the case of a first order  

Phase Transition

Gravitational Waves may be produced at the Phase Transition
Ghosh, this workshop

Models of “electroweak baryogenesis” 
have the Higgs potential

undergo a phase transition, which
could explain matter-antimatter asymmetry

This phase transition requires 
modifications to the SM potential!

And generically: it’s hard to alter only the potential,
and not change any other Higgs couplings!
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V = V0 + �v2h2 + �vh3 + ...

= V0 +
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H
h2 +
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2v2
vh3 + ...

V (�) = �µ2�2 + ��4

The SM Higgs potential is:

Expand around the minimum, get: 
µp
�
= v = 246 GeV

The SM predicts di-Higgs production
This higher-order term tells us more 

about the shape of the potential!

�SM

HHH
=

m2
h

2v2

� =
�HHH

�SM

HHH

This is the mass: 
well measured



M. Swiatlowski (TRIUMF) July 31, 2020

Self-Coupling with Di-Higgs

6



M. Swiatlowski (TRIUMF) July 31, 2020

Self-Coupling with Di-Higgs

6



M. Swiatlowski (TRIUMF) July 31, 2020

Self-Coupling with Di-Higgs

6

This coupling is what we want 
to measure



M. Swiatlowski (TRIUMF) July 31, 2020

Self-Coupling with Di-Higgs

6

This coupling is what we want 
to measure

This tells us about the shape 
of the Higgs potential



M. Swiatlowski (TRIUMF) July 31, 2020

Self-Coupling with Di-Higgs

6

This coupling is what we want 
to measure

This tells us about the shape 
of the Higgs potential

This process has the same final state,
but κλ doesn’t appear: no information 

about the Higgs potential



M. Swiatlowski (TRIUMF) July 31, 2020

Self-Coupling with Di-Higgs

6

This coupling is what we want 
to measure

This tells us about the shape 
of the Higgs potential

This process has the same final state,
but κλ doesn’t appear: no information 

about the Higgs potential

These two processes destructively interfere in the SM,
leading to very low cross section



M. Swiatlowski (TRIUMF) July 31, 2020

Self-Coupling with Di-Higgs

6

This coupling is what we want 
to measure

This tells us about the shape 
of the Higgs potential

This process has the same final state,
but κλ doesn’t appear: no information 

about the Higgs potential

These two processes destructively interfere in the SM,
leading to very low cross section

Also important: κλ always appears with κt:
sensitivity can change if κt allowed to float
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If κλ isn’t the SM value 
interference diminishes:

 larger cross section!
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But while the cross section 
can increase, the lowest 

mHH component is what 
is most enhanced

1.1. Overview of production modes 7

gg → HH (NNLOFTapprox)

VBF (N3LO)

WHH (NNLO)
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Figure 1.2: Total production cross sections for Higgs pairs within the SM via gluon fusion,
vector-boson fusion, double Higgs-strahlung and double Higgs bremsstrahlung off top quarks.
PDF4LHC15 parton densities have been used with the scale choices according to Table 1.1. The size
of the bands shows the total uncertainties originating from the scale dependence and the PDF+Æs
uncertainties.
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Figure 1.3: Higgs pair invariant mass distribution at leading order for the different contributions to
the gluon fusion production mechanism and their interference.
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Di-Higgs Results
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Di-Higgs searches set strong constraints on κλ
But this assumes only new physics is κλ…

Can we say anything else?
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NLO EW corrections give Higgs 
cross-section, branching ratios, 

and kinematics dependence on κλ

ATL-PHYS-PUB-2019-009 

ATLAS-CONF-2019-049 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-009/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-049/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-049/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-009/
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Can perform a combined analysis, using single and double Higgs!

27, 28  
26 

Analysis Integrated luminosity (fb�1) Ref.
H ! �� (excluding tt̄H, H ! ��) 79.8 [21,22]
H!ZZ

⇤! 4` (including tt̄H, H!ZZ
⇤! 4`) 79.8 [23,24]

H!WW
⇤! e⌫µ⌫ 36.1 [25]

H ! ⌧
+
⌧
� 36.1 [26]

V H, H ! bb̄ 79.8 [27,28]
tt̄H, H ! bb̄ 36.1 [29]
tt̄H, H ! multilepton 36.1 [30]
HH ! bb̄bb̄ 27.5 [31]
HH ! bb̄⌧

+
⌧
� 36.1 [32]

HH ! bb̄�� 36.1 [33]

21, 22 
23, 24  

25 

29 
30 
31 
32 
33 
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https://arxiv.org/abs/1712.08895
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https://arxiv.org/abs/1807.04873
https://arxiv.org/abs/1804.06174
https://cds.cern.ch/record/2628771
https://arxiv.org/abs/1802.04146
https://cds.cern.ch/record/2621479
https://arxiv.org/abs/1712.02304
https://arxiv.org/abs/1808.08238
https://cds.cern.ch/record/2649082
https://cds.cern.ch/record/2628771
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https://arxiv.org/abs/1808.08238
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Fig. 81: Results of the two-dimensional likelihood scan in �-vs-µH , where µH allows all Higgs boson
production modes to scale relative to the SM prediction. The 68% and 95% confidence level contours
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Higgs self-coupling, parametrised by �� (which is zero in the SM) using only inclusive single Higgs
observables, and taking into account the additional 9 EFT deviations described above, suffers from a flat
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