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BSM Higgs Lecture

Sven Heinemeyer, IFT (CSIC, Madrid)

Daejeon, 09-10/2025

1. The SM Higgs & Motivation for BSM Higgs

2. BSM Higgs sectors: RxSM, 2HDM, N2HDM, MSSM . . .

3. BSM Higgs sectors: collider phenomenology & more

4. Anomalies and possible explanations
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BSM Higgs Lecture

BSM Higgs sectors: collider phenomenology & more

Sven Heinemeyer, IFT (CSIC, Madrid)

Daejeon, 09-10/2025

1. Heavy BSM Higgs searches at the LHC

2. Triple Higgs Couplings (THCs) at the (HL-)LHC

3. mhh measurements at the HL-LHC

4. BSM THCs at the ILC

5. Measurements of BSM THCs

6. FOEWPT and GWs in the 2HDM
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1. Heavy BSM Higgs searches at the LHC
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The MSSM Higgs sector:

Enlarged Higgs sector: Two Higgs doublets

H 1 =

0

@
H 1

1

H 2
1

1

A =

0

@
v1 + ( � 1 + i� 1) =

p
2

� �
1

1

A

H 2 =

0

@
H 1

2

H 2
2

1

A =

0

@
� +

2

v2 + ( � 2 + i� 2) =
p

2

1

A

V = m2
1H 1 �H 1 + m2

2H 2 �H 2 � m2
12 ( � abH a

1H b
2 + h.c.)

+
g02 + g2

8| {z }
( H 1 �H 1 � H 2 �H 2) 2 +

g2

2|{z}
jH 1 �H 2 j2

gauge couplings, in contrast to SM

physical states: h0; H 0 ; A 0; H � Goldstone bosons: G0; G �

Input parameters: (to be determined experimentally)

t � =
v2

v1
; M 2

A = � m2
12 ( t � + cot � )

Sven Heinemeyer { BSM Higgs Lecture { Daejeon 2025 01.10.202 5 III/4



Search for the MSSM Higgs bosons:

Smart choice of MSSM parameters?

! investigate benchmark scenarios:

! Vary only M A and tan �
! Keep all other SUSY parameters �xed

[E. Bagnaschi, H. Bahl, E. Fuchs, T. Hahn, S.H., S. Liebler, S. Patel,

P. Slavich, T. Stefaniak, C. Wagner, G. Weiglein '18 ]

1. M 125
h scenario: 2HDM-like model

2. M 125
h (~� ) scenario: light staus: h ! 

 , H=A ! ~� ~�

3. M 125
h (~� ) scenario: light EW-inos: H=A ! ~� 0

i ~� 0
j ; ~� �

k ~� �
l

4. M 125
h (alignment) scenario: h SM-like for very low M A

5. M 125
H scenario: M H � 125 GeV, all Higgses light

6. M 125
h1

(CPV) scenario: complex phases, h2-h3 interference
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Additional set for very heavy scalar tops:

Set of benchmarks for low tan �
[H. Bahl, S. Liebler, T. Stefaniak '19 ]

� use 2HDM as low-energy model

� (mainly) EFT calculation, RGE running to M SUSY

� implemented in FeynHiggs 2.16.0

7. M 125
h;EFT scenario: all SUSY particles very heavy

8. M 125
h;EFT (~� ) scenario: SUSY particles very heavy, but light EW-inos
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Data to be taken into account:

� Higgs boson mass (LHC) ) FeynHiggs
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Data to be taken into account:

� Higgs boson mass (LHC) ) FeynHiggs

� Higgs boson signal strengths (LHC) ) HiggsSignals/SusHi
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Data to be taken into account:

� Higgs boson mass (LHC) ) FeynHiggs

� Higgs boson signal strengths (LHC) ) HiggsSignals/SusHi

� Higgs boson exclusion bounds (LHC, Tevatron, LEP) ) HiggsBounds
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Data to be taken into account:

� Higgs boson mass (LHC) ) FeynHiggs

� Higgs boson signal strengths (LHC) ) HiggsSignals/SusHi

� Higgs boson exclusion bounds (LHC, Tevatron, LEP) ) HiggsBounds

� SUSY searches (LHC)
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Data to be taken into account:

� Higgs boson mass (LHC) ) FeynHiggs

� Higgs boson signal strengths (LHC) ) HiggsSignals/SusHi

� Higgs boson exclusion bounds (LHC, Tevatron, LEP) ) HiggsBounds

� SUSY searches (LHC)

Data on purpose not to be taken into account:

� electroweak precision data

� 
avor data

� astrophysical data (DM properties)
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HL-LHC reach in M 125
h scenario [H. Bahl et al., '20 ]

) direct and indirect measurements: M A >� 1200 GeV
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HL-LHC reach in M 125
h (~� ) scenario [H. Bahl et al., '20 ]

) direct and indirect measurements: M A >� 1200 GeV
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Indirect HL-LHC reach in M 125
h;EFT (~� ) scenario [H. Bahl et al., '20 ]

) reach for charginos (mainly) via h ! 

 :

) strong reach for low tan �
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Prospects for e+ e� colliders

) strong (HL-)LHC limits
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Sum rule in the MSSM with h SM-like: sin( � � � ) � 1, cos( � � � ) � 0

Search for neutral SUSY Higgs bosons:

e+ e� ! Zh; ZH

e�

e+

Z

h; H
Z

� hZ � sin2( � � � e� ) � SM
hZ

� HZ � cos2( � � � e� ) � SM
hZ

e+ e� ! Ah; AH

e�

e+

A

h; H
Z

� hA / cos2( � � � e� ) � SM
hZ

� HA / sin2( � � � e� ) � SM
hZ

) only pair production of heavy Higgs bosons! reach: M A <�
p

s=2
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CLIC reach: [L. Linssen et al. '12 ]

) close to kinematic limit
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\Simple" LC reach in the MSSM (neglecting t�t �nal states)

ILC1000
CLIC1400 CLIC3000

) unique opportunities!
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Single heavy Higgs production beyond kinematic reach:

[Taken from G. Weiglein '18 ]
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2. Triple Higgs couplings (THCs) at the (HL-)LHC
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2. Triple Higgs couplings (THCs) at the (HL-)LHC
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2. Triple Higgs couplings (THCs) at the (HL-)LHC

) Why is there more matter than antimatter? ) (EW) baryogenesis

) requires First Order EW Phase Transition (FOEWPT)

FOEWPT not possible in the SM ) BSM Higgs sector required

FOEWPT can cause Gravitational Waves (GW) , detectable with LISA , . . .
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Phase transition: BSM vs. SM [taken from V. A. Rubakov and D. S. Gorbunov ]

Tc

Tn

) BSM Higgs sector required to realized FOEWPT
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Bubble formation can lead to Gravitational Waves [taken from D. Weir ]

) Interesting interplay of Higgs physics and Gravitational W aves!
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GW observatory: LISA [NASA ]

Approved launch date: � 2035
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BSM Higgs sectors can (should) behave very di�erent from SM H iggs
[K. Radchenko '24 ]

) much more complicated structure, very 2 little known . . .
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Extended Higgs sectors and Triple Higgs Couplings (THCs):

[taken from A. Verduras '24 ]

) Measurement of all THCs crucial!

) � � := � hhh =� SM
hhh ; � hhH ; : : :
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Calculation in the SM

Basics on di-Higgs production at the (HL-)LHC [taken from M. Spira ]

) predictions \easily" available in NLO QCD (heavy top limit)
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Basics on di-Higgs production at the (HL-)LHC [taken from M. Spira ]

In the SM there is much more available:
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Basics on di-Higgs production at the (HL-)LHC [taken from M. Spira ]

Size of the SM corrections has stabilized (albeit with uncer tainties)
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Di-Higgs production at the LHC: � � := � hhh =� SM
hhh

) strong interference of \box" and \SM-like Higgs"

) higher-order corrections to � � potentially very important
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Higher-order correction to BSM THCs: [taken from J. Braathen ]

) e�ects of 500% - 1000% found . . .
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Higher-order correction to BSM THCs: [taken from J. Braathen ]

) e�ects of 500% - 1000% found . . . ) perturbativity??

) Perturbativity is found going from 1L to 2L
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Details of possible higher-order correction to BSM THCs:
[taken from J. Braathen ]

Momentum dependent e�ects:

) induce numerically sub-leading e�ect
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Higher-order correction to BSM THCs: [taken from J. Braathen ]

Box vs. s channel Higgs:

Inclusion of one-loop corrections to THCs:

) always closed subset, dominant for large THCs

Sven Heinemeyer { BSM Higgs Lecture { Daejeon 2025 01.10.202 5 III/29



(Theory) Tool development: [taken from J. Braathen '24 ]

) crucially needed
) links to MadGraph, . . .
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Exploration of possible ranges of � � using anyH3: [taken from J. Braathen '24 ]
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(HL-)LHC di-Higgs searches rely on mhh [PhD K. Radchenko '25 ]

mhh : invariant mass distribution of the di-Higgs system

SM case with � t
h varied:

) m2
hh = (^ph;1 + p̂h;2) 2
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Non-resonant BSM di-Higgs production ) all calculated with HPAIR
[S.H., M. M•uhlleitner, K. Radchendo, G. Weiglein { PRELIMIN ARY ]

) higher-order e�ects in � �
) huge e�ects on mhh distributions ) e�ects on search limits?
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Experimental limits on � � and � 2V

) all � 's should be varied simultaneously

) sensitivity to � � and � 2V ?!
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Experimental limits on � � and � 2V

) shape of expected limits from mhh distributions

) limits getting stronger, improvement getting di�cult
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BSM THCs at the HL-LHC

) possible strong resonance with BSM Higgs

Important: experimental limtis are obtained for

� non-resonant production

� purely resonant production

) no limits available for mixed scenarios :-(

) existing exclusion bounds questionable!

Example model in this talk: 2HDM
Similar results exist also for RxSM (Higgs singlet extension)
[F. Arco, S.H., M. M•uhlleitner, A. Parra Arnay, N. Rivero Gon z�alez, A. Verduras Schaeidt '25 ]
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Resonant di-Higgs production at the (HL-)LHC:
[S.H., M. M•uhlleitner, K. Radchenko, G. Weiglein '24 ]
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Experimental analysis vs. reality:
[S.H., M. M•uhlleitner, K. Radchenko, G. Weiglein '24 ]

smeared � binned

) experimental analysis ) full calculation
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Experimental analysis vs. reality:
[S.H., M. M•uhlleitner, K. Radchenko, G. Weiglein '24 ]

) excluded by ATLAS resonant searches , reality: exclusion?
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Experimental analysis vs. reality:
[S.H., M. M•uhlleitner, K. Radchenko, G. Weiglein '24 ]

) excluded by ATLAS resonant searches , reality: exclusion?
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3. m hh measurements at the HL-LHC?

[F. Arco, S.H., M. M•uhlleitner, A. Parra Arnay, N. Rivero Gon z�alez, A. Verduras Schaeidt '25 ]

Model: RxSM

Benchmark plane features:
� FOEWPT
� large \pure resonant di-Higgs production" at the LHC

based on [M. Ramsey-Musolf et al. '19 ]

) �rst look at total cross section

) then at di�erential cross section ( mhh distribution)

) e�ects of � � 6= 1

) e�ects of H resonance, � hhH
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Our model: [taken from A. Verduras '24 ]

) note slight di�erence w.r.t. RxSM introduced yesterday?

) simplest Higgs-sector extension that features strong FOEW PT
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RxSM anaysis in parameter plane featuring a FOEWPT

) interesting range of mH
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RxSM anaysis in parameter plane featuring a FOEWPT

) deviations from SM possible, but not guaranteed
) not alignment, but compensation of � � � 1:45 and H contribution!
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De�ne benchmark points for detailed analysis:

) covering the whole plane/relevant phenomenology
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De�ne benchmark points for detailed analysis:

Variation of:
� � � : negligible
� � hhH : 50%
� � hHH : 100%
� � HHH : 100%
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Analysis of mhh distributions:

) smearing and binning crucial - as expected
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How to determine the signi�cance of the H resonance?

Theoretical estimator:

R :=

P
i

�
�
�
�N

R
i � N C

i

�
�
�
�

q P
i N C

i

N R
i : # of events in bin i under the resonance

N C
i : # of events in bin i in the continuum/SM

under the condition:
�
�
�N R

i � N C
i

�
�
� � 100 in bin i

Assumed �nal state: gg ! hh ! b�b b�b

Assumed luminosity: L int = 3000 fb � 1 � 2 (for ATLAS � CMS)

NOTE: this is to compare parameter points, it does NOT correspond to
an experimental signi�cance. But it helps. :-)
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BPs with large deviation in � ( gg ! hh) wrt. SM:

) R1;2 � 230 ) good prospects (full exp. analysis needed!)
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BPs with small deviation in � ( gg ! hh) wrt. SM:

) R3;4;6 � 150 ::200 ) good prospects?? (full exp. analysis needed!)
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BPs with vanishing deviation in � ( gg ! hh) wrt. SM:

) R5;7;8 � 75 ::110 ) good prospects???? (full exp. analysis needed!)
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Mini-summary of BSM Higgs bosons/THCs at the LHC:

� large parameter spaces with relatively low masses allowed

� BSM Higgs sectors predict � � := � hhh =� SM
hhh di�erent from 1

FOEWPT favors � � � 1:5 � 2

� BSM Higgs sectors predict BSM triple Higgs couplings: � hhH , . . .

� access to � � and � hhH via gg ! hh

crucial: mhh distributions

� low mhh : a�ected by changes in � �

� mhh � mH : peak-dip resonance structure caused by � hhH

crucial: smearing and binning

� RxSM analysis suggests experimental sensitivity at the HL-LHC
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4. BSM THCs at the ILC

[K. Radchenko ]
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Di-Higgs production at e+ e� colliders

Higgs-strahlung:
e+ e� ! Z � ! Zhh

e�

e+

Z

h

h

h

Z

weak boson fusion (WBF):
e + e� ! � ��hh

e+

e�

��

�

W +

W �
h

h

h

Signal and background interference:

+ + +

Background diagramsSignal diagram

(b)

H

H
H

n

n!e+

e!

H

H

n

n!e+

e!

H

H

n

"-e+

e!

H

H

n

e+

e!

n!
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Di-Higgs production at ILC/CLIC:

� � := 1 + �� �

) strong and di�erent dependence on � �
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Heavy Higgs enters also in e+ e� di-Higgs production:

Higgs-strahlung:
e+ e� ! Z � ! Zhh

e�

e+

Z

H

h

h

Z

weak boson fusion (WBF):
e + e� ! � ��hh

e+

e�

��

�

W +

W �
H

h

h

Di�erence w.r.t. gg ! hh:

� alignment limit gives the SM result for e+ e�

� CP-odd Higgs bosons enter into the calculation
(but not with THCs)
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Two Higgs Doublet Model (2HDM):

Fields:

� 1 =

0

B
@

� +
1

1p
2

( v1 + � 1 + i� 1)

1

C
A ; � 2 =

0

B
@

� +
2

1p
2

( v2 + � 2 + i� 2)

1

C
A

Potential:

V = m2
11 j � 1 j2 + m2

22 j � 2 j2 � m2
12 (� y

1 � 2 + h:c:) +
� 1

2
(� y

1 � 1) 2 +
� 2

2
(� y

2 � 2) 2

+ � 3(� y
1 � 1)(� y

2 � 2) + � 4(� y
1 � 2)(� y

2 � 1) +
� 5

2
[(� y

1 � 2) 2 + h:c:]

Physical states: h, H , ( CP-even), A ( CP-odd), H � (charged)

\Physical" input parameters:
c� � � ; tan � ; v ; M h; M H ; M A ; M H � ; m2

12
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Assumption (for now): h � h125

Z2 symmetry to avoid FCNC :

� 1 ! � 1 ; � 2 ! � � 2 ; � S ! � S

Extension of the Z2 symmetry to fermions determines four types:

u-type d-type leptons

type I � 2 � 2 � 2

type II � 2 � 1 � 1 ! MSSM type

type III (lepton-speci�c) � 2 � 2 � 1

type IV (
ipped) � 2 � 1 � 2

Sum rule (with h SM-like): sin( � � � ) � 1, cos( � � � ) � 0

Unitarity/perturbativity and EWPO: ) M A � M H � M H �
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Possible e�ects (beyond tree-level) on 2HDM THCs: [taken from F. Arco '24 ]

Parameter scan in the 2HDM (all types):
[F. Arco, S.H., M. M•uhlleitner '25 ]
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Possible e�ects (beyond tree-level) on 2HDM THCs: [taken from F. Arco '24 ]

Parameter scan in the 2HDM (all types):
[F. Arco, S.H., M. M•uhlleitner '25 ]

) e�ect of the extended BSM Higgs sector!
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E�ects on THC determination at the ILC: [taken from F. Arco '24 ]

[F. Arco, S.H., M. M•uhlleitner '25 ]
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E�ects on THC determination at the ILC: [taken from F. Arco '24 ]

[F. Arco, S.H., M. M•uhlleitner '25 ]
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How to determine the signi�cance of the H resonance?

Theoretical estimator:

R :=

P
i

�
�
�
� �N R

i � �N C
i

�
�
�
�

q P
i �N C

i

�N R
i : # of events in bin i under the resonance

�N C
i : # of events in bin i in the continuum/SM

under the condition:
�
�
� �N R

i � �N C
i

�
�
� � 2 in bin i

�N := N �
�
BR( h ! b�b)

� 2
� A � " b

4

A : pZ
T > 20 GeV ; pb

T > 20 GeV ; j� bj > 2; � Rbb > 0:4 � 0:75

" b = 0 :8

L = 8 ab � 1
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RxSM: mhh for BP1 (lowest mH )

E�ects of � � : low mhh
E�ects of � hhH : at mhh � mH ) clear peak-dip structure
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RxSM: mhh for BP8 (highest mH )

E�ects of � � : low mhh
E�ects of � hhH : at mhh � mH ) less clear peak-dip structure
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RxSM: Summary of sensitivities:

Benchmark plane artefact:

lower � hhH , lower mH , higher R
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RxSM: Summary of sensitivities:

Benchmark plane artefact:

lower � hhH , lower mH , higher R

Q: Can we actually measure � hhH ?
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RxSM: Summary of sensitivities:

Benchmark plane artefact:

lower � hhH , lower mH , higher R

Q: Can we actually measure � hhH ?

A: Yes! Either with NNs , or at high-energy lepton colliders
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5. Measurement of BSM THCs

You can choose:

1. THC BSM measurement at the HL-LHC with NNs

2. BSM THC measurements at a � C
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THC BSM measurement at the HL-LHC with NNs

Di-Higgs production at the HL-LHC: [F. Arco, S.H., M. M•uhlleitner, K. Radchenko '22 ]

2HDM type I: mA;H � = 545 GeV ; m H = 515 GeV ; t � = 10 ; c� � � = 0 :2; m 2
12 = m2

H c2
� =t�

) dip-peak / peak-dip from resonant H -exchange ) access to � t
H � � hhH ?
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Di-Higgs production at the HL-LHC: [F. Arco, S.H., M. M•uhlleitner, K. Radchenko '22 ]

Benchmark point: 2HDM type I,
mA;H � = 545 GeV ; m H = 515 GeV ; t � = 10 ; c� � � = 0 :2; m 2

12 = m2
H c2

� =t�

) smearing of 15% applied (optimistic?) ) access to � t
H � � hhH ?
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Di-Higgs production at the HL-LHC: [F. Arco, S.H., M. M•uhlleitner, K. Radchenko '22 ]

Benchmark point: 2HDM type I,
mA;H � = 545 GeV ; m H = 515 GeV ; t � = 10 ; c� � � = 0 :2; m 2

12 = m2
H c2

� =t�

) binning of 50 GeV applied (realistic?) ) access to � t
H � � hhH ?
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Parameter plane to train the NN:
[M. Frank, S.H., M. M•uhlleitner, K. Radchenko, PRELIMINARY ]
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Each point yields an mhh distribution ) fed to the NN
[M. Frank, S.H., M. M•uhlleitner, K. Radchenko, PRELIMINARY ]

NN set-up:

� 16 input values
(smeared and binned)

� 4 hidden layers with
128 nodes

� output layer to
yield � t

H � � hhH
� training with 3/4 of mhh

distribution (randomly
chosen)

� \measure" the
remaining 1/4 (or . . . )
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Train with the correct mhh distributions: ) perfect result
[M. Frank, S.H., M. M•uhlleitner, K. Radchenko, PRELIMINARY ]

) but not realistic . . .
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\Realistic result" has statistical uncertainties ( b�b b�b �nal state):
(and corr. exp. e�ciencies) [M. Frank, S.H., M. M•uhlleitner, K. Radchenko, PRELIMINARY ]

) for each point in the plane test an mhh distribution statistically smeared
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\Realistic" determination of � t
H � � hhH :

[M. Frank, S.H., M. M•uhlleitner, K. Radchenko, PRELIMINARY ]
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\Realistic" determination of � t
H � � hhH :

[M. Frank, S.H., M. M•uhlleitner, K. Radchenko, PRELIMINARY ]

\good" point \bad" point

) \good" point much more likely than \bad" points
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\Realistic" determination of � hhH � � t
H :

[M. Frank, S.H., M. M•uhlleitner, K. Radchenko, PRELIMINARY ]
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Hypothetical improvement in the e�ciencies by � 2:
[M. Frank, S.H., M. M•uhlleitner, K. Radchenko, PRELIMINARY ]
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BSM THC measurements at a � C [M. Fern�andez-Monz�on Aguilar, S.H. '25 ]

Several proposals exists:

We assume:
p

s = 3 TeV, L = 5 ab � 1
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Higgs cross sections:

) � + � � ! ��hh=hH=HH is a good choice
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Feynman diagrams (in the SM):

) calculated with MadGraph
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BSM THC measurements at the � C
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Analysis 
ow

) experimental uncertainties obtained
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Di�erential distributions I:

) resonance peak as in e+ e� (obvious)
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Di�erential distributions II:

) no resonance peaks (obvious)
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Determination of all THCs:

) � hhh , � hhH , � hHH , � HHH

) three production cross sections: hh, hH , HH

� � � measurement as at CLIC (11%)

� scan (randomly) around the true point in all parameters
� �nd regions with � 2 � 4:72 (9 :72) ) �nd 68 (95) % CL regions

) �rst determination of all THCs of a model
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BP8 projection I:

) good determination of THCs
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BP8 projection II:

) good determination of THCs
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BP8 projection III:

) good determination of THCs
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Results for all BPs: 68% CL ranges:

) good determination all THCs
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Results for all BPs: 95% CL ranges:

) good determination all THCs, even at 95 % CL
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6. FOEWPT and GWs in the 2HDM

Two Higgs Doublet Model (2HDM):

Fields:

� 1 =

0

B
@

� +
1

1p
2

( v1 + � 1 + i� 1)

1

C
A ; � 2 =

0

B
@

� +
2

1p
2

( v2 + � 2 + i� 2)

1

C
A

Potential:

V = m2
11 j � 1 j2 + m2

22 j � 2 j2 � m2
12 (� y

1 � 2 + h:c:) +
� 1

2
(� y

1 � 1) 2 +
� 2

2
(� y

2 � 2) 2

+ � 3(� y
1 � 1)(� y

2 � 2) + � 4(� y
1 � 2)(� y

2 � 1) +
� 5

2
[(� y

1 � 2) 2 + h:c:]

Physical states: h, H , ( CP-even), A ( CP-odd), H � (charged)

\Physical" input parameters:
c� � � ; tan � ; v ; M h; M H ; M A ; M H � ; m2

12

Alignment limit: c� � � ! 0 (for M h � 125 GeV)

Many triple Higgs couplings: � hhh , � hhH , � hHH , � hH + H � , � HAA , . . .
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Assumption: h � h125

Z2 symmetry to avoid FCNC :

� 1 ! � 1 ; � 2 ! � � 2

Extension of the Z2 symmetry to fermions determines four types:

u-type d-type leptons

type I � 2 � 2 � 2

type II � 2 � 1 � 1 ! SUSY type

type III (lepton-speci�c) � 2 � 2 � 1

type IV (
ipped) � 2 � 1 � 2

Sum rule (with h SM-like): sin( � � � ) � 1, cos( � � � ) � 0

Unitarity/perturbativity and EWPO : ) M A � M H � M H �
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) Parameter scan in the 2HDM type II ) ScannerS

tan � = 3, c� � � = 0, m2
12 = m2

H s� c�
0:2 TeV � mH � 1 TeV, 0 :6 TeV � mA = mH � � 1:2 TeV

Constraints:

� Tree-level perturbativity ) ScannerS

� Minimum of potential is global minimum ) ScannerS
. . . or su�ciently long-lived ) Evade

� Higgs searches at LEP, Tevatron, LHC ) HiggsBounds

� SM-like Higgs properties ) HiggsSignals (2HDECAY, SusHi)
) � 2

125 (with � 2
SM ;125 = 84 :4)

� Flavor physics (mainly BR( B s ! X s
 ), � M B s) ) SuperIso bounds

� Electroweak precision data ( T and S) ) ScannerS
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GWs in the 2HDM: � c := vc=Tc >� 1
[T. Biek•otter, S.H., J. No, O. Olea, G. Weiglein '22 ]

) large � c found in the 2HDM ) strong GW signal?
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GWs in the 2HDM: � n := vn=Tn >� 1
[T. Biek•otter, S.H., J. No, O. Olea, G. Weiglein '22 ]

) potentially strongest GW signal: forbidden by vacuum trapp ing
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Six thermal histories in the 2HDM:
[T. Biek•otter, S.H., J. No, O. Olea, G. Weiglein '22 ]

E: viable for FOEWPT, GWs are induced (detectable?)
F: no FOEWPT, no GWs are induced
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Six thermal histories in the 2HDM:
[T. Biek•otter, S.H., J. No, O. Olea, G. Weiglein '22 ]

) Zone E preferred by phenomenology/FOEWPT
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GWs vs. LISA: ( mH = 419 GeV, mA = mH � = 663 GeV)
[T. Biek•otter, S.H., J. No, O. Olea, G. Weiglein '22 ]

) bubble wall velocity and turbulence important
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GWs vs. LISA: ( vw = 0 :6, 7 years of LISA data)
[T. Biek•otter, S.H., J. No, O. Olea, G. Weiglein '22 ]

) detectable GWs only in a very small zone close to VT
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7. Signs of a FOEWPT at the LHC?

2HDM parameter scan to yield FOEWPT:
[T. Biek•otter, S.H., J. No, O. Olea, G. Weiglein '22 ]

) FOEWPT requires � � <� 2 ) GW signal requires � � � 2
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Smoking gun signature: gap between mA and mH
[T. Biek•otter, S.H., J. No, O. Olea, G. Weiglein '22 ]

) GW zone can be covered at the HL-LHC
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Latest experimental results: ATLAS at LHCP23 [ATLAS '23 ]

) interesting excess in the \right spot" :-) ( mH = 450 GeV, mA = 650 GeV)
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Smoking gun signature: highest excess for tan � = 1 :5
[T. Biek•otter, S.H., J. No, O. Olea, K. Radchenko, G. Weiglei n '23 ]

) excess in the sweet spot
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Smoking gun signature: highest excess for tan � = 1 :5
[T. Biek•otter, S.H., J. No, O. Olea, K. Radchenko, G. Weiglei n '23 ]

) excess in the sweet spot ) not con�rmed by CMS Run 2 analysis :-(
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Smoking gun signature: GW signal at LISA?
[T. Biek•otter, S.H., J. No, O. Olea, K. Radchenko, G. Weiglei n '23 ]

) GW signal at LISA possible, but not guaranteed
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