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> In 2012 SUSY people were happy to say that h(125) can be
the first discovered SUSY particle



Events / 4 GeV

51" (7 TeV) + 19.7 fo' (8 TeV)
15.9 6" (13 TeV)

un 1 Hoyy
un1H-2ZZ-4l

un 1 Combined

== Total 'Stat, Only

Total (Stat. Only)
124.70 £ 0.34 (£ 0.31) GeV

125.59 + 0.46 ( +0.42) GeV
125.07 +0.28 ( +0.26) GeV
125.78 + 0.26 ( +0.18) GeV
125.26 +0.21 ( +0.19) GeV
125.46 +0.16 ( +0.13) GeV

125.38 £ 0.14 (£ 0.11) GeV

> Higgs mass: 125.38 V with 0.1% precision
»> Couplings to the SM particles: consistent with the SM predictions
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thithe most successuful SM,

- measured. -
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Neutrino oscillation between three generations

Evidence for Beyond SVl (BSM)
*  Dark matter, matter-antumatter asymmetry, neutrino: mass
* Naturalness
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Two-Higgs-Doublet models (2HDM) such as in SUSY: fivz rligys vusorns
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Find additional Higgs bosons
Find non-SM decay of h(125) particle
Precision measurements of h(125) particle
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Neutral Higgs Production Charged Higgs Production
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eanches for Heavy Neutral Higgs

rRecenimsuniziesultsiontdirect decays of H/A
> MostiyHecusedion VS Weneric 2HDM

ner-p»

| 2020
proca

AH—- 1T A— hZ — 11l

H — multilepton ATLAS

H/A — 11 CMS
A— up(+b) H — ZA — llbb VH/ttH — térT CMS
ttH/A — tttt
bb (¢ — bb) X —=WW — 212v / Iv2q FCNC # — g X
X — HH — WW(*)WW(*) A — mn A — ah — XXTT

A— Zh — Zbb ATLAS

_ H— WW — luviv CMS
X — Z/W/H — qqy/qqy/bby HIA - tt H—WW = evuv ATLAS
A — ZH — llbb A — Zh WH — WWW ATLAS
VH — ¢lhh/fvhh ATLAS

H—ZZ — 41/ llvv AH—T1T H — hh — bbvy~y CMS

H — hh — bbbb CMS

A — Zh — lIbb/vvbb A/H —bb H — ¢¢ — bbbb CMS

H— hh > WW/WWrr/rt77TT CMS

A - WW/WZ - Ivqq X —2ZZ — 4l 212q/212v H — hh — bbﬂ,.f‘{{...’/bbTT / CMS

X — YY



s

> ATL Un 2 result W|th 139 fb-1

72 Tep C N U had © hag Channels:
é-veto and b-tag category

> B distinguish jetfrom 7, or e/u from 7
(Improveditaulibiand optimization)

> Small excess opsServed at m=400 GeV:

2.20 (ggBR2.7.6 (bbH) at m=400 GeV
» But no excess from 16 CMS data (full results?)
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dN/dm.., (1/GeV)
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> Low /['High mass search:m__, m, ot
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» Limits are interp

pr,+et,, No b tag, p‘:> 200 GeV 138 b (13 TeV)
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I Bkg. unc.

—— 999 @ 5.8 pb (m,= 100 GeV)

Siexcess shown at 400 GeV, but two excesses:
GeV and 2.80 at1.2 TeV

din the MSSM scenarios and heavy Higgs boson
below 359@V excluded.
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138 b (13 TeV)

—e— (Observed
Expected

[ 68% expected
[ ] 95% expected
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B\ [o) signif‘icant

INggk aWBF production in a mass range:150-5000 GeV

e

»ew + MEJ;): updated to Run2 from 16 data

ver'SM predictions, exclusion limiton o x B

Largest excessﬁ.B 650 GeV. (only VBF) and 2.6 0 (ggF) at 950 GeV
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— Exp. for SM-like Higgs

Scenario: f,5.=1
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LS WW (—212v)

Searnch nel o@m d mass range: 200 — 6000 GeV
Slevente VrgoF(21); VBF (21+1ljet), VBF (21+ 2 jets)
> DominantbkgdsinittWt, WW
Seimass, myforsighaliextraction
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> Dominant bkgds: WW WZ, 27, ttZ,

> Discl “uu,,];g\ur : min M,, (low), max M, (high)

> Nosignificantexcessiover SM predictions

138 fb™ (13 TeV)
CMS Preliminary { Data -

We(uu) SR2Low Prompt —W¢p3(22 5)
3L 0B MislD  — Wgg (57.5)

0(W¢) B(¢p —pu) =10fb

t Data % Uncertainty
Prompt —Z¢pg (148.5)
MisID —Zps (308.5)

o(Z¢) B(¢p — ee) =10fb

Events/GeV

300 350 :
Max. Mee (GeV)

CMS-PAS-EXO-21-018



- W/HIttH (H—ll/~r)

~ i}‘?‘gn}ﬁcwrﬁ ExcessioversShipredictions
-’ ONEXCINSION imiton o x B

» Langestexcess 2.9 ati56/GeVin ee channel
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Searc Higgsidecaying to alight Higgs and SM
HIggshos MSSM:2HDM+S

Dominantbkgdsinitth, bbHvHets

nd MX variable to categories events
A parametric fi’;‘Ln the (m,;m;)

Nosignificant excessiover SM predictions
Largest exc%&s&B grat (my, m;)=(650, 90) GeV

YV VYV V VY
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AssHinidark matter decay channels with
Stwotauie

> Additionalipseudosscalar’singlet couples to DM candidate
(f% in 2HDM+S model
» Domi gds‘,‘ip v andimulti-jets

» Discriminating var“lagle: transverse mass m; ™ + m; ™

> No signiﬁca@cess over,SM predictions
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No Si SS @ SV predlctlons

et onim pendentlimiton ¢::<0.04~0.08 fb
itsinterpretediniZHDM*a'model scenario

jar singlets withmasses up to 300 GeV are excluded for

¥ o
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= Signalsin taniis excluded for m,=900 GeV
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vy (boosted)

'g@'ic sy resonance inthe mass range from 10 to 70

ecialltypeofieventswith pt(yy)>50 GeV. to reach down to 10 GeV
alyticiunction tomodel bkgds (low mass turn-on & falling region)
» Discrinm; miablesmi,

> Nosignificantexcessiover SM predictions

» Largest eaxc# .1 6rat 19.4 GeV shown
»> Observedilimitsiareinterpreted as a limit for axion-like-particle
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Searches for charged Higgs
wosingieichargediliggsin 2HDM
> Other models extend to Higg‘s’triplet: double charged Higgs

| 2023
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Sear seavy Higgsiin the region of 300-700 GeV
Useern %€ 0 o U had . W T hag C hagChannels
Hadronic toprdecays identified ' using NN-based tagger

Do) |an bKkgdsaun'tt; Vijets
Disenmnaungwaniableseliv s, - (BDT:MVA output), e/lut, 7T ,.4 (M7)

No significant Excessover SM predictions arXiv:2207.01046
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> Search fo

» This cha smore sensitive for mass < ~1 TeV
> SR selection: 31, MET;, 2 VBF jets, mjj>100 GeV, ANN>0.82
> Dischminatingvaniable: m(WZ)

» No signifi XCESSIOVEN ShMipredictions
» Largest excess 2.80 atﬁ75 GeV

ATLAS t Daa ATLAS

- _ -1
5 =13 Tev, 139 o x:@z (S=13TeV. 1397 } pam
Post-fit Post-fit WZ-QCD
VBF HE 375 GeV z VBF SR WZ-EWK
VBF H: 1 TeV B vvvaiy 7z

-
Q
™

ATLAS
s=13TeV, 139"
VBF SR

Events /0.05
Events / 50 GeV
R

5

HVT VBF W’ 375 GeV Fake/non-prompt
) I B vvvsiv
HVT VBF W 1.5 TeV Post-fit uncertainty Fakenon-promet

WZ-QCD VBF CR { VBF ..in 7 i Post-fit uncertainty
TEE VBF HZ 375 GeV x 0.5

o x B(H* — W2) [fb]

o : Z
VM”,*,,WW—V/%’ s ; HVT VBF W’ 600 GeV x 4
¥ i ‘ ; x
L) i '?*ri
H |

200 300 400 500

01 02 03 04 05 06 07 08 09 1
ANN score

arXiv:2207.03925
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Summary

» LEAG CNIS, ATILAS experiments he 2VE gone much better than
EXpectedinunaerstanding detector and analysis technigue

» S0 iar, No evidence ol BSVI HIggs In extensive and vigoerous
Searchnes.

> LEGstated new run, Run sirom Eeb 2022, with expected data
ofi 300fb

> ‘JV~ expect to have an another discovery aiter h,,s with

N, Run lilfand AL-LRG data

S0, Higgs potential Is still

-



