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BSM Higgs Physics and GW: my personal view

Sven Heinemeyer, IFT (CSIC, Madrid)

Hamburg, 11/2025

• Two joint papers out of 100+ (as a bracket)

• BSM Higgs physics and GW

• A little quiz in the end

• I found >
∼ 1000 photos

→ will show only a tiny fraction, mostly from 1997 - 2000 ;-)

(→ 3 intermezzi)

. . . surprizingly few photos in which Georg is working . . .
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My first recollection . . .

I started my PhD in 1994 in Karlsruhe with Wolfgang Hollik.
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I was not smart enough to do the two-loop calculations . . .

Wolfgang had to hire a postdoc to help me . . .

⇒ Georg

He recommended me several papers to read . . . I still have not read them.
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My first recollection . . .

I started my PhD in 1994 in Karlsruhe with Wolfgang Hollik.

I was not smart enough to do the two-loop calculations . . .

Wolfgang had to hire a postdoc to help me . . .

⇒ Georg

He recommended me several papers to read . . . I still have not read them.

I could not imagine that he would become my best friend

with common interests,

with the same passion (for BSM Higgs physics),

and that we will have many interesting(?) papers together,
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My first recollection . . .

I started my PhD in 1994 in Karlsruhe with Wolfgang Hollik.

I was not smart enough to do the two-loop calculations . . .

Wolfgang had to hire a postdoc to help me . . .

⇒ Georg

He recommended me several papers to read . . . I still have not read them.

I could not imagine that he would become my best friend

with common interests,

with the same passion (for BSM Higgs physics),

and that we will have many interesting(?) papers together,

and that we would go on honeymoon together (but that’s another story)
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The earliest photo that I found: RadCor 1998 (Barcelona)
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Now for the two papers:

Inspire: a weiglein and heinemeyer → 249 (131) results

Very old and quite recent, a theme that connects us for a long2 time:

(and all of todays speakers are co-authors! :-)

They have more in common than one may think . . .
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First the first paper: (the second paper comes in the end)

⇒ note the arXiv number!

⇒ the second paper in the new millenium (modulo 2000 vs. 2001)
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BSM Higgs Physics and GW
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BSM Higgs Physics and GW (large part of our work since ∼2020)
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BSM Higgs Physics and GW (large part of our work since ∼2020)

⇒ 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 Waves!
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GW observatory: LISA [NASA]

Approved launch date: ∼ 2035
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BSM Higgs sectors can (should) behave very different from SM Higgs

[K. Radchenko ’24 ]

⇒ much more complicated structure, very2 little known . . .
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⇒ FOEWPT in the 2HDM type II? ⇒ parameter scan ⇒ ScannerS

tanβ = 3, cβ−α = 0, m2
12 = m2

Hsβcβ
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 sufficiently long-lived ⇒ Evade

• Higgs searches at LEP, Tevatron, LHC ⇒ HiggsBounds

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

⇒ χ2
125 (with χ2

SM,125 = 84.4)

• Flavor physics (mainly BR(Bs → Xsγ), ∆MBs) ⇒ SuperIso bounds

• Electroweak precision data (T and S) ⇒ ScannerS
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GWs in the 2HDM: ξc := vc/Tc >∼ 1

[T. Biekötter, S.H., J. No, O. Olea, G. Weiglein ’22 ]

⇒ large ξc found in the 2HDM ⇒ strong GW signal?
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GWs in the 2HDM: ξn := vn/Tn >
∼ 1

[T. Biekötter, S.H., J. No, O. Olea, G. Weiglein ’22 ]

⇒ Thanks to Georg there are less GWs: forbidden by vacuum trapping
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Intermezzo I: first workshop photos (DESY Theory WS 1998, my flat)
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Intermezzo I: first workshop photos (LCWS 1999, Sitges)
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Intermezzo I: KUTS
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Intermezzo I: KUTS ⇒ why KUTS? ⇒ summer school Zakopane 1996
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BSM Higgs physics and GW II: [T. Biekötter, S.H., J. No, O. Olea, G. Weiglein ’22 ]

Smoking gun signature: gap between mA and mH ⇒ pp → A → ZH → Ztt̄

⇒ GW zone can be covered at the HL-LHC
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Finally: experimental results from 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 tanβ = 1.5

[T. Biekötter, S.H., J. No, O. Olea, K. Radchenko, G. Weiglein ’23 ]

⇒ excess in the sweet spot
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Smoking gun signature: highest excess for tanβ = 1.5

[T. Biekötter, S.H., J. No, O. Olea, K. Radchenko, G. Weiglein ’23 ]

⇒ excess in the sweet spot ⇒ not confirmed by CMS Run 2 analysis :-(
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Smoking gun signature: GW signal at LISA?

[T. Biekötter, S.H., J. No, O. Olea, K. Radchenko, G. Weiglein ’23 ]

⇒ Again Georg demonstrated that a GW signal is very difficult!
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Intermezzo II: Life in Karlsruhe & our Phys. Rep.

PhD party in Karlsruhe, Georg opens the beer barrel:
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Intermezzo II: Life in Karlsruhe & our Phys. Rep.

At the ITP everybody worked super hard, until the very end:
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Intermezzo II: Life in Karlsruhe & our Phys. Rep.: EWPO in the MSSM

deadline: 12/99. Hand in: 12/04. Party: 05/06 (Santander, Spain) [400+ cit.]
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BSM Higgs physics and GW III:

Georg’s (only?) chance to win the Nobel Prize?
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BSM Higgs physics and GW III:

Georg’s (only?) chance to win the Nobel Prize?

ATLAS results for low-mass search in pp → φ → γγ:

⇒ higest “excess” at 95.4 GeV
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Full Run 2 results from CMS: excess at 95.4 GeV [CMS ’23]

µCMS
γγ = [σ(gg → h95)×BR(h95 → γγ)]exp/SM = 0.33+0.19

−0.12 (2.9σ)

µATLAS
γγ = 0.18± 0.10 (1.7σ)
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New CMS/ATLAS comparison: [T. Biekötter, S.H., G. Weiglein ’23]

⇒ agreement between ATLAS and CMS!
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New CMS/ATLAS comparison: [T. Biekötter, S.H., G. Weiglein ’23]

⇒ agreement between ATLAS and CMS! µγγ = 0.24+0.09
−0.08 (3.1σ)
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Road to discovery: [T. Biekötter, S.H., G. Weiglein ’23]

⇒ note the reduction of µγγ over time!
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LEP: e+e− → Zφ → Zb̄b (2σ) CMS: pp → φ → τ+τ− (2.4σ)

µexpbb = 0.117± 0.057, µexpττ = 1.2± 0.5

⇒ no LEE (as theorist I am allowed to add naively) ⇒ note: ttφ, Zφ with φ → ττ

⇒ ∼ 3.7 (4.6) σ
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Possible model interpretation

[K. Radchenko]

Georg (plus various groups of collaborators) showed

that the h95 can be naturally/easily described by:

− N2HDM (type II/IV)

− S2HDM (type II/IV)

− Georgi-Machacek (GM) Model

− minimally extended Georgi-Machacek (meGM) Model

− what about SUSY?
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The Happy Higgs Family:
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Intermezzo III: Xmas party in Karlsruhe with a special ritual
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SUSY realizations

What about SUSY??
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SUSY realizations

What about SUSY??

⇒ type II is needed for SUSY

⇒ ττ excess most strongly in contradiction with other measurements

⇒ leave ττ excess out for a moment . . .

⇒ models with an additional singlet??

− NMSSM

− µνSSM

− . . .

Q: Can the models fit the excesses despite the additional SUSY

constraints on the Higgs sector ???
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What about the NMSSM? [F. Domingo, S.H., S. Passehr, G. Weiglein ’18]

Parameters:

λ = 0.6, κ = 0.035, tanβ = 2, µeff = (397 + 15x) GeV, MH± = 1 TeV,

Aκ = −325 GeV, MSUSY = 1 TeV, At = Ab = 0

⇒ both excesses can be fitted simultaneously well with new µγγ!
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Why does SUSY prefer the new µγγ?

[T. Biekötter, S.H., C. Muñoz ’19]

⇒ SUSY enforces strong correlation!

⇒ LEP excess enforces µγγ <
∼ 0.35 – as found in the data now :-)
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And very finally: a photo from SUSY’09 with two previous speakers . . .

. . . that introduces the second paper
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Howie and Marcela as a model for the poster of the KUTS workshop series:
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The KUTS workshop series: Georg’s idea for the title! :-)
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KUTS: Georg’s idea for the title! ⇒ based on the ITP motto!
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The final KUTS report: (with topical overlap with the first paper ;-)

In 2020 we got it out juuuuust in time :-)
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Happy 29th Birthday, Georg!!

One down, five to go!
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Happy 29th Birthday, Georg!! (for the 32nd time!)

One down, five to go!
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As promised: a little quiz: spot Georg! (It is possible . . . )
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