Discussion on:

“H(125) BSM aspects and searches for new scalar bosons”

Sven Heinemeyer, IFT (CSIC, Madrid)

Paris, 09/2026

Talks:

— Edson Carquin Lopez (ATLAS)
— Georgia Karapostol (CMS)
— Livia Soffi (LHC BSM WG)

= just a few (personally biased) examples . ..

Hopefully slightly provocative ... :-)
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Let's start with the (sadly) only SUSY result:
ATLAS hMSSM overview:

October 2025
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— call it 2HDM type II (has hardly anything to do with SUSY)
= some real SUSY analysis would be interesting ...
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From lower to higher masses: CMS: H — aa — 4b
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— broad excess - compatible with 4b final state?!
— corresponding ATLAS result?
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From lower to higher masses: CMS: H — aa — 4b

1 CMS Preliminary 138 b~ (13 TeV)
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— broad excess - compatible with 4b final state?!

— corresponding ATLAS result?

= always say (in one line) what the other experiment sees!
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From lower to higher masses: hgg is discussed again! :-)
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— middle plot: sensitivity, but relevant region not tested

— right plot: no sensitivity
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From lower to higher masses: hgg is discussed again! :-)

. . . —
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— left plot: known
— middle plot: sensitivity, but relevant region not tested
— right plot: no sensitivity = ARGH!
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From lower to higher masses: hgg is discussed again! :-)
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— middle plot: sensitivity, but relevant region not tested
— right plot: no sensitivity = ARGH! Wait! What does ATLAS say~?
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From lower to higher masses: hgs ATLAS analysis?
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= stops where it could become interesting

= ARGH!
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From lower to higher masses: resonant search for my > 250 GeV

Mediated by this diagram:
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From lower to higher masses: resonant search for my > 250 GeV

Mediated by this diagram:

= and incorrectly(!) by this diagram only . ..
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From lower to higher masses: resonant search for my > 250 GeV

CMS Preliminary March 2026 138 tb ' (13 TeV)
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= limits below mpy < 800...1000 GeV questionable
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From lower to higher masses: resonant search for my > 1000 GeV

CMS Preliminary March 2026 138 b ' (13 TeV)
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= limits above my 2 1000 GeV reliable

= excesses? Compatible with “‘combined exclusion” 7
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From lower to higher masses: my = 900...4000 GeV
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How is it statistically possible that NO (one?) 2o excess is found?
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Going in the right direction: LHC BSM WG :-)

I was very happy to see this!

Tl % 11 ""IIII\-JIIII\-JII\J A |

I\J L}

I %o 1 1 1 1

~ " ATLAS & CMS

Categories containing at least one
retained feature (> 2.4 sigma local**)

Final states with a retained
feature

% Light scalar resonances

YY, T

% Heavy neutral / scalar pairs

vy, VV, 11, bb, tt/tb, e/u, merged
jets

% Charged Higgs / LFV

e, et/ut, cb and WZ/WW

% A—XH cascades

Zbb, ZWW, Ztt and Zhh—Z4b

% X—YH/HH

yybb, yy1T, 4b/bbTT, VV and 41

% Exotic H125 decays

Zyy, 41, yutT, 4b/6b and bbuu

= finally a well ordered overview of excesses
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LHC BSM WG:

— asking the right questions:

1 2 3 zl 5
Global context Internal Independent Physics Independent
stability test coherence new data
How much does Does the feature Can the other Do other final Does new data
the look- persist across experiment test states imply (e.g. Run 3)
elsewhere effect years, the same mass compatible rates reproduce the
reduce the local categories, and point and signal and quantum feature with a
feature? reconstruction hypothesis? numbers? predefined
choices? strategy?
Physics cases € > Scientific questions
95 GeV vy and 1T Mulfi-channel and cross-experiment
light scalars consistency
650-700 GeV YYbb, WW, vy, Difference between true replication and
multiple final stat inci
heavy states ultiple 1inai starés maqss coincidence

= 95 GeV |looks most consistent?!

Sven Heinemeyer, HiggsHunting 2026, 17.09.2026

11



One important comment on 77

CMS: tth with h — 777~ ST
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= For scalar: pu,r <0.5 = Excludes the 777~ excess at about 20

For pseudoscalar: p,r < 4.0 = No constraints

Sven Heinemeyer, HiggsHunting 2026, 17.09.2026 12



LHC BSM WG: nice ¢gg overview

The 95 GeV region

ATLAS & CMS

20-120 GeV window HOW THE RESULTS RELATE
954 2.8 (1.3)0
cms HIG-20-002 . 4
The two experiments test the same mass in yy.
Yy ATLAS finds a smaller 1.70 local fluctuation at 95.4 GeV.
ATLAS arxiv:2407 07546 O
95 2.6(2.3)%0
cms HIG-21-001 H—
100 - 31 (27)e

The ATLAS searches end at 90 and 85 GeV.
T ATLAS arXiv:2400.20381 They probe neighbouring 11 signatures, not the CMS 95-100 GeV
maxima directly.

ATLAS arXiv:2607.28484
LEP =98 - 230 i i inci in ete-
i hep-ex/0306033 A historical mass coincidence in e’e’—ZH.
ZH The fitted rate is much smaller than the SM Higgs expectation.
e ATLAS coverage / marker e CMS coverage / marker — LEP coverage | marker . >2 40 local maximum O <2 de|ncal feature ntumbers: lacal (global) ¢

e Some relevant questions: CMS cross-channel consistency, ATLAS direct or neighbouring
tests, and whether the LEP mass coincidence adds physics coherence.

= we urgently need the 1/2 Run3 analysis!!
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LHC BSM WG: nice ¢gg overview

The 95 GeV region

ATLAS & CMS

20-120 GeV window HOW THE RESULTS RELATE
(1.3)0
cms HIG-20-002 @
The two experiments test the same mass in yy.
Yy _— ATLAS finds a smaller 1.70 local fluctuation at 9.4 GeV.
ATLAS arXiv.2407 07546 O
95 2.6 (2.3)0
cms HIG-21-001 H
100 -31(27)e

The ATLAS searches end at 90 and 85 GeV.
They probe neighbouring 77 signatures, not the CMS 95-100 GeV

T ATLAS arxiv:2409.20381
maxima directly.
ATLAS arXiv:2607.28484
LEP =98 - 230 i 1 i i i *ar.
b A A h:s!orlcal mass coincidence in e*e™—ZH. _
ZH The fitted rate is much smaller than the SM Higgs expectation.
m— ATLAS coverage | marker — CMS coverage / marker — LEP coverage | marker . >2 45 [ocal maximum O <2 4o |ncal feature numbers: lacal (global) ¢

e Some relevant questions: CMS cross-channel consistency, ATLAS direct or neighbouring
tests, and whether the LEP mass coincidence adds physics coherence.

= we urgently need the 1/2 Run3 analysis!!
= Wait! There are some Run2 ¢& Run3 analyses!
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Finally: now we start to have Run2 & Run3 results

rved
.9 %

Run 2 ZH channel
Run 2 VBF channel
Run 2 combined

Run 3 ggF channel

Run 2 + Run 3 combined

ATLAS
Vs =13TeV, 139 fb!
Vs =13.6 TeV, 135 fb!

H=yyq

—8— Observed limit (95% CL)
---- Expected limit (95% CL)
B Expected limit +10
1 Expected limit £20

Obs. Exp

23 2.8

1.8 1.7

1.3 15

1.4 1.2

This result

0.9 0.9
II!iIIIIIII[IlIIIltIIIIiIIIII
3 5 6 7

95% CL upper limit on By, [%]

= but why THIS channel? Why not the really interesting ones?
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