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Higgs boson physics

Discovery of a unique scalar particle at the LHC in 2012
opened a new path to resolving some of the key open questions in the Standard Model. .

Why is the electroweak interaction so much stronger than gravity? Why is there a large range of fermion masses?

Higgs production and decay rates; coupling strengths to vector bosons and fermions.

What is the origin of dark matter? Are there new particles interacting with the Higgs boson?

Higgs portal to dark sector or to other new particles, probed via total Higgs decay width or exotic decays.

What is the exact structure of the Higgs potential? Is there a connection to the evolution of the Universe?

Higgs mass, Higgs self-interaction in Higgs pair production or via loop effects in single-Higgs production.

What is the origin of matter-antimatter asymmetry? Are there any extensions of the Higgs sector?

Anomalous Higgs couplings (e.g. CP violation), affecting also

Complementary to Higgs boson property measurements: direct searches for new (Higgs) particles.




- Current state-of-the-art results



Higgs boson mass
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Mass measurement precision: < 1% .
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Higgs boson production and decays
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Main production and decay processes observed, measured with 10% - 20% precision.
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-001/index.html

Higgs boson production and decays
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Main production and decay processes observed, measured with 10% - 20% precision.


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-23/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-001/index.html

Higgs boson coupling strengths
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-23/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-001/index.html

Spotlight on Higgs interactions with fermions



ATLAS final Run 2 ttH(bb) production measurement

b ATLAS: arXiv:2407.10904, submitted to EPJC
o Access to the top-Yukawa coupling at tree-level.
; Complex final state:
. 4 b-jets and 2 W bosons (T1or 2 charged leptons).
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Most precise ttH cross-section measurement in a single decay channel.
CMS results with similar sensitivity: y,; = 0.33 £ 0.26 (arXiv:2407.10896, submitted to JHEP)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-24/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-011/index.html

First search for the bbH production (CMS)
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CMS: arXiv:2408.01344, submitted to PLB

NnH — zrand H - WW decays.

und compared to the ttH search.

Destructive interference to bbH from top-quark loops:

correlated measurement of top- and b-quark couplings.
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Observed (expected) upper limit on the signal strength at 95% CL: 3.7 (6.1) times the SM.
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-23-003/index.html

ATLAS final Run 2 VH(bb, cc) measurement
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VH is the most sensitive production mode to access the H - bb and H — cc decays.

Final states with O, T or 2 charged leptons from vector boson decays;
considering both the resolved and merged Higgs decay topologies.  resoived merged

ATLAS re-analysis of previous VH(bb) and VH(cc) measurements:

 Dbetter reconstruction and calibration of leptons and jets
« improved flavor tagging, combining b- and c-jet identification
« optimized multivariate discriminants; used for the first time also for H — cc searches
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-010/

ATLAS Final Run 2 VH(bb) measurement
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Results compatible with the SM.
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More granularp{? spectrum, up to 600 GeV.

Most precise VH(bb) measurement to date, uncertainties reduced by up to 20%.

CMS results with similar sensitivity:
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observed VH signal significance: 6.3c
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-001/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-010/

ATLAS & CMS VH(cc) measurements

ATLAS: ATLAS-CONF-2024-010, CMS: PRL 131 (2023) 041801, PRL 131 (2023) 061801

Including both the resolved and the merged H — cc decay topologies.

Best measurement sensitivity. Best limit to date.
Factor 2.5 improvement w.r.t. previous ATLAS limit.
Hyheo < 14 @ 95 % CL (7.6 expected) Hyheo < 11.3 @ 95 % CL (10.4 expected)
1.1 <|k,|<55@95%CL k.| <42 @ 95%CL
e 13816T(13TeV) o . .
§ 1000 CMS +ores mwe 1 Validation via VZ, Z — cc diboson processes.
§ ol e Dy I | | | .
2 S0 simweighed  [lvies  EEwed CMS: First observation of Z — cc decays in hadron collisions.
o) B , £ B uncertainty | . . ————————
; 600__ i ] A LAS Z —> CC ObServathﬂ COﬂﬂrmed ATLASPreliminary vz, z— bb/ct, Vs=13 TeV, 140.0 fb”
% 400; # * _f —Total =Stat. Tot. ( Stat., Syst.)
o T Wz et e 9 (3,55
C - 1 - EE
B By I
o= S 77,7 cT| H—o—id 0.71 02 (047, 70%)
100
50_ """""""""""""""""""""""""""""""""""
J - Comb. VZ, Z-> ¢ A AR 0.97 %% (043, %%)
080 80 100 120 140 160 180 200 0s 1 E T2 T 5E 3 358 71
Higgs boson candidate mass [GeV] MCC
VZ

13


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-010/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-012/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-008/index.html

Going differential in search for anomalies



Effective Field Theory interpretations of STXS measurements
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-17/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-23/
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ATLAS re-analysis of full Run 2 H — r7 data:
Most precise single measurement of VBF: pygp = 0.93+0.17
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-07/

CMS combination of Run 2 differential measurements

Combining differential distributions measured in four decay channels: yy, ZZ, WW, 7.

Observables: p?, vy, Njets, pj;, m;, | Anjj B Agbjj, ng “Interpretation within the kappa and SMEFT frameworks.

CMS Preliminary 138 fb~! (13 TeV)

’>'\ - | | | | | | | | | | | | | | | | | | ]

S el T ‘

O 102 f =

S T :

T 101} Pla s _

I | ﬂTl_; E

S 10°k - -
< e

107 E =

H — aMC@NLO, NNLOPS .

[| B Combination, Syst. unc. i

1 0—2 | aMC@NLO B

H — Powheg :

L ¢ Combination -

B | | | | | — | | | | | | | | | | | | ]

| | |
| R L e
——%A@—f;f bttt I e VY FIIIIIIY: ,;,L;,”,n,n-,n/////é I I v
T l T * _‘;:T Y ‘ | | +- :
|

N
T

=

Ratio to prediction
—h
HE—F—i
|
|
—-—

o
T

=

E.g. powerful
constraints on
inear combinations
of CP-even SMEFT
Wilson coefficients.

1 1 1 | |
= Dominant vertex:
== Combination expected 95% CL
EVy x109|| 3 oo oot s HVV
EV, x10-2 - 2 Hgg
EV, x10~ __—..‘___: Hff
EVg x10-" STIIIIiiE % et A i §
EV, b Vff
EVs b o Vff
EV, —=-oIoo ~ ooz VFff
EV, x10 o HVV
EVg x10 S V§f
EVq x10 —et—-- Vff
| | | | | | | | | | | | | | | | | | | | | |
-15 -10 -5 5 10 15
Paramet alue

138 fb~! (13 TeV)

CMS Preliminary
 GombinatonssnoL |

Probed energy
scale, A

~1 TeV

~0.5 TeV

17


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-013/index.html

CMS Run 3 differential cross-section measurements
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-013/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-014/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-12/

" Higgs self-interaction



Higgs self-interactions

Processes with Higgs self-interactions can probe the structure/stability of the Higgs potential.

An alternative @ingle-Higgs production (ggH, VBF, VH, ttH) \
potential 9 000D
tR
Standard Model
potential 900000
q >
V (@)
q -

Higgs field value

. . Single-Hiqgs production (vector boson scatterin
in our Universe g ggsp ( g)

0 qi 1 q

Current \% W

W +

experimental
' knowledge @ ) )
: W= W
0 1 T T
¢ qu 7, 72 % J
ﬁliggs pair production (gluon fusion) Higgs pair production (VBF) \

9 9909099999999 H g 9999999999999 —@---------- H
\\ ,//, N
A destructive A \

/ H // interference
er H g 9999999999999 <« @---------- H
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Combination of HH and single-Higgs analyses

1 CMS 138 b (13 TeV)
< O I I I I I I I I I I I I I I I I I I I I j 6_ T T T T T T T T T T T T | T T T T | ]
- - ATLAS ~ ;6 | Observed — single-H comb., 5.8
~ | Vs=13TeV, 126—139 fb"’ — HKyonly ) o [ MExEky =l o
QA - s=13TeV, 126—139 b - < i — HH comb., 1.0
| Observed m— HH K onIy N 5 1.5 _|
8 __ SeIVe - HH + H K, only __ I single-H and HH comb., 3.1j’3'-30'O |
- HH + H K only: HH + H Kk, generic - 4:
5 95%: K € [-0.4,6.3] B ;
. HH + H K, generic: - I
- 95%: K € [-1.4,6.1] - 31 -
4=\ Ny 95% —
i _ e -
20 B i ;
oL |
_5 15
K

With free-floating single-Higgs couplings (ky, &, Ky, K.) :

—14 <k, <6.1 @ 95 % CL observed —14 <k, <7.8 @ 95 % CL observed
(=22 <k, <777 @ 95 % CL expected) (—23 <k, <7.7T @ 95 % CL expected)

21


https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-23-006/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2022-03/

ATLAS combined Run 2 HH search

-

Combination of results from bbbb, bbyy, bbrz, bb£Z + EI{EHSS & multilepton decay channels.

—e— Observed limit (95% CL)
AlLAS Expected limit (95% CL)
Vs =13 TeV, 126—140 fb™’ (HHH =0 hypothesis)
SM [ Expected limit £10
HH)=32.8 f
Oggr+ ver(M1H) =32.8 Tb Expected limit +20
Obs. Exp
bbg + Emiss |- } 10 14
Multilepton— * 17 11
bbbb|- * 53 8.1
pbrtT- | * 59 3.3
Combined|— } 2.9 2.4
] | Ll I I I | I L1 1 | I | I | I | I | I I I | I I I | I I I | I ]
0 ) 10 15 20 25 30 35 40

95% CL upper limit on HH signal strength gy

—-1.2 <k, <7.2 @ 95 % CL observed
(—1.6 <k, <7.2 @ 95 % CL expected)

Currently best expected sensitivity from HH.

~ ' I | | T T T ] T T T
N 8 — Combined —— bb ]
x | ATLAS bBZE §
i — Multilepton —— i

Vs =13 TeV, 126—140 fb? _ | _
- L — bbll + ET'® bbT* T~ -
6 __HH combination _
I —— Obs. 95% CL + Bestfit (4.3,0.92) _
- — == Exp. (SM) 95% CL % SM prediction T
4 - T T —_—
_______ 7_/:_____‘:::::— ~~“~\\\ ~ -
i I// J ’___:__—_—_-_-_—_::::“-—--: ______ :

I' II 7T Tl N T e
| S~ N T =al L —_
s . S ]
n (\ \ ‘\\ I\\ ‘, * = \ \-\ ~~~~~~~ B
i \\“v~-__\\\ AN + \ \\ ) _
LSS S ! VY-
OF=-_ S~< TS (S —
~~~~~~~~~~~~~~~~ : l ]
_______________ I _- I
e T - y 1
n « TTmEmee__TTTTT / / .
S T ——— -
B ~~o 7 T m————_ —_
~~~~~~~~~ ' /

_2 - TN T —_

| | | | | | | | |\~~|~~"|“'|"'|"'"T/|’ | | | | | |

-5 0 5 10 15

KA
0.6 <Ky < 1.5 @ 95%CL observed
(04 <1y < 1.6 @ 95 % CL expected)

Boosted VBF HH — bbbb channel most sensitive.

Comparable CMS results:

Current best constraint on k,y,
0.67 < K,y < 1.38 @ 95 % CL observed
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-18/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-23-006/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-23-006/index.html

CMS: Additional measurements constraining &,y

ighly energetic Higgs production via
iggs pair production vector boson scattering
with merged also sensitive to Kyy .

decay topologies.

Final state with

Employing a new boosted H — bb decays.

H - VV — qgqqq tagging.

=.
CMS Preliminary 138 b (13 TeV) = 10*c CMS —e— Observed
S il cmnmnnt | Lomes | et - S Poimnay __ Expoctd
= ; ~— Theory prediction 888 68% expected : ; g [ =to Expected
= ¥ SM prediction ~ ===-- 95% expected . . .. = 10°F +20 Expected 2 22l
= , . _ A
% 1 CMS-PAS-HIG-23-012 % CMS-PAS-HIG-24-001
X -
T = 102}
T O : )
' 2 : First VBS-based
s > K,y constraints.
o -
E : "
S B Possible improvements
2 ' by adding other final
> states.
107" e
e . Ky
:Current best E
—0.04 < K,y < 2.05 @ 95 % CL observed observed [imit ; —3.3 <Ky < 5.3 @ 95 % CL observed

0.05 < kyy < 1.98 @ 95 % CL expected 0.67 < Kkyy < 1.38. —2.4 <15y <44 @ 95 % CL expected .


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-012/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-001/index.html

Direct searches for Higgs sector extensions



Just a selection of recent summary plots..

May 2024
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[ gg/bb H/A, HIA — Tt
139 fb™
Phys. Rev. Lett. 125 (2020) 051801
t(b) H", H" — v, 36.1 fb™
JHEP 09 (2018) 139
[ b(b) H/A, H/A — bb
27.8 fb™
Phys. Rev. D 102 (2020) 032004
[ H—ZZ — 4l/ivv, 139 fb”
Eur. Phys. J. C 81 (2021) 332
A — Zh, h — bb, 139 fb™
JHEP 06 (2023) 016
[ t(b) H', H" —tb, 139 fb™
JHEP 06 (2021) 145
T H—> WW — vlv, 139 fb”

ATLAS Preliminary
hMSSM, 95% CL limits

ATLAS-CONF-2022-066

.CMS Preliminary
s 2HDM+S
type |

107"

TS

\\\m

) S :

4 - , Run 2, Vs =13 TeV | I1-|2;-h1h3; flj'?/bbwblott > |

3 fe-- / ‘l‘v — Observed I . ;r)géj:;:n;;ii Ko K] " Observed exclusion 95% CL ?

) : \ --- Expected ) 36.1 - 139 o 103 ——— Expected exclusion 95% CL _
S SER S ‘."‘;"“ B I :trgl/\/:f'z/ﬁ‘szzﬂ’ 139 fb” lF—’lL; 33672!5?;;* 131 EL_B> 380721(:)1115)135087 %
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..and a few , Analysis Reference Energy range
individual measurements: |ATLAS |h — aa — bbrr arXiv:2407.01335 ma: 12- 60 GeV
ATLAS |HT — cs arXiv:2407.10096 Mmu+. 60- 160 GeV

ATLAS | Combined charged Higgs search arxXiv:2407.10798 Mu+em) . 200 - 1000 GeV

CMS H—- 77 - 4¢ CMS-PAS-HIG-24-002 my: 130 - 3000 GeV

CMS A — Zh(r7) CMS-PAS-HIG-22-004 ma:. 225- 800 GeV

CMS ¢ — bb CMS-PAS-SUS-24-001 Me . 125-1800 GeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-008/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2020-11/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2023-19/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-24-001/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Summary2HDMSRun2
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryResultsHIG#NEW_Summary_of_MSSM_Higgs_Boson

Summary

Extensive Higgs physics program performed by ATLAS and CMS.

Many \egacy'resu\ts with the Run 2 data, with improved analysis techniques.

8 Mass measurerrem Drecision: betterthan 1%,
$ Coupling strengths to vector bosons: 5-10% precision.

& Coupling strer

@
(O

460
(@)

gths to third-generation fermions: 10-20% precision.

8 SGarcheS for anomalous couplings probing energy scales of up to 10 TeV.
8 Higgs pair production measurement approaching the SM sensitivity

Run 2 analyses finishing. ATLAS+CMS combinations for the final
-ocus is now shifting to Run 3 data.

un 2 legacy.
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Higgs boson mass measurement by ATLAS

T I L L
ATLAS e+ Total Stat. only | Combination
Run1: \/s=7-8TeV,25fb~', Run 2: \/s = 13 TeV, 140 fb!

Total (Stat. only)

Run1 H — vy F——e———1 126.02 + 0.51 (+ 0.43) GeV
Run1 H — 4/ ———eo— | 124.51 + 0.52 (+ 0.52) GeV
Run2 H — v e 125.17 + 0.14 (+ 0.11) GeV
Run 2 H — 4/ |—o—|| 124.99 + 0.19 (+ 0.18) GeV
Run 142 H — 125.22 + 0.14 (+ 0.11) GeV
Run 1+2 H — 4/ 124.94 + 0.18 (£ 0.17) GeV
Run 1 Combined —e——1 125.38 + 0.41 (+ 0.37) GeV
Run 2 Combined I—Ol-i 125.10 = 0.11 (= 0.09) GeV
Run 1+2 Combined }-LI 125.11 + 0.11 (£ 0.09) GeV
o e Py I IR T TR R B R

123 124 125 126 127 128

my [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-20/

Higgs boson mass measurement by CMS

CMS CMS Preliminary
Run 1:5.1 b7 (7 TeV) + 19.7 fb™' (8 TeV) == Total Stat. Only Run 2: 138 fb™' (13 TeV) - Total Stat. Only
] Run 1: 5.1 fb" (7 TeV) + 19.7 b (8 TeV)
2016: 35.9 fb' (13 TeV) ’ ° ° Total (Stat. Only)
Total (Stat. Only) 4 _.‘ 124.907F (1) GeV
+ +
Run 1 H-yy f— i 124.70 £ 0.34 ( £ 0.31) GeV 2 ___u 124701955 (f_ff) GoV
Run 1 H—- ZZ— 4l S 125.59 £ 0.46 ( £ 0.42) GeV 2e2) —— 125.507)5; (o) GeV
212 —— 125.20%)2 (*"2") GeV
Run 2 bt 125.04,; (') GeV
+ +
2016 H—yy T 125.78 £ 0.26 ( £ 0.18) GeV Run - 125.601046 1?-:13) GeV
2016 H— ZZ— 4l -—-—l- 125.26 £ 0.21 (£ 0.19) GeV Run 1 + Run 2 i 125.087); (') GeV
| | | | ] ] | | ] | I ] | | | | | | |
2016 Combined T—l 125.46 £ 0.16 ( £ 0.13) GeV 122 124 126 128 (-l(';mV)
m, (Ge
Run 1+ 2016 l-i-l 125.38 £ 0.14 ( £ 0.11) GeV
II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

122 123 124 125 126 127 128 129
m, (GeV)
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http://PLB%20805%20(2020)%20135425
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-019/index.html

Evidence for the H — Zy decay

Weighted events / GeV
ol
-

ATLAS and CMS

Data — Bkg
o

RREREG | USRI AR RARRN RARRN A

LHC Run 2 ¢ Data

In(1 +S/B) weighted —— Signal + background
T e g ---- Background
|||||||||||||||||||||||||||||

—
—
@)

Observed (expected) signal significance: 3.4 ¢ (1.6 o).

120 125 130 135 140

31


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-22/

Backup
Spotlight on H|ggs interactions with ferrmons



First search for H + ¢ production (ATLAS, CMS)

Production sensitive to k..,
out with a large background of other non-k. processes.

H — yy decay channel employed to minimize the background.

| | CMS Pre//m/nary 138 fo' (13TeV)
> :llllllllll llllllllllll SLNLILALAN LI L L L L B - > ,,,,,,,,,,,,,,,, LA LA AL N L N L
o — | | = ~ 2500 — _.186 * 139 S/(S+B) weighted_
o 4005 + TP — T + ¢ + = & - Fon 161 ¢ Data ]
— - + """ SRR 8 i = S S+B fit ]
@ 350¢ W D 20000 e Continuous background—
S = = - — S fit compoment :
® 300 — 2 B
= .-~ Signal (pre-fitx5) = Q - — B-component
L = = £ 1500
250 ----Resonant background (pre-fit) — [=) B
- ATLAS ----Non-resonant background (pre-fit) = g 1000:
200 Vs=13TeV, 140fb"  — Total background (post-f) = — -
150F- °12 signal region  — Total signal+background (post-fit) 3 o
- Uncertainty = O 500
100 ¢ Data . p) E
— E 0
50— e —
e _ 100
O _._.I.L..I.h.l:.:l.:.l;'r.r.'l-h--l-: { 1-|--|--| -l-.l-l--l‘l--l-|-l- I 'T-I-i'l"l:i--l--’:M 80
g’ S — 60 a
1.1F E 40 ¢
2 SR SR YN TR 3
(@) s N BT S T, S R R Tt (Y TR PR SR — 0R:
7 ot +++ AR AR =
© _ B TV E
=T S 60
0o

120 121 122 123 124 125 126 127 128 129 130 100
my, [GeV]

ATLAS measures the inclusive H + ¢ production: oy, < 10.4 pb @ 95 % CL (8.6 expected) ; 0H+C =2.9 pb
CMS measures the k.-dependent part: p.y < 243 @ 95 % CL (355 expected) ; |x.| <38.1 @ 95% CL (72.5 exp.)
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Higgs width constraints from the 4-top-quark production

-xperimental Higgs mass resolution is 30 times worse than the SM decay width prediction of 4.1 MeV.
Decay width constrained by combining on-shell and off-shell Higgs production measurements:

on—shell Assumin
Oge—ti—zz & Hgght! Myl ) } yonshell _ M%ff—shell ATLAS ZZ®): Ty < 10.2 MeV @ 95 % CL  PLB 846 (2023) 138223
ggH — PegH :
agog_jgﬂlzz o ,uggH/(m%Z) and similar for pyg, CMSZZ®): Ty < 7.9 MeV @ 95%CL  CMS-PASHIG-21-019

Recent complementary approach (ATLAS): & o5 [ —

top-quark-induced on-shell and off-shell Higgs production. - 68% Gl -

. ATLAS: arXiv:2407.10631, submitted to PLB R 95% CL _

2 -

1.5 - —

g i Z

Gon;shell x K2/ Goff;shell x f(1<2) ] ;"5& ““““ B

o e | - e (s =13 TeV, 36.1 - 140 fb™ -

Assumption: e + Best fit XSM -

top-Yukawa coupling is the same in on-shell and off-shell processes. 0oL '1 1'0 | '1'(')2 —

Other couplings constrained by combined on-shell Higgs measurement. T TSM
H - H

['; <450 MeV (exp. 75 MeV) @ 95% CL. Larger observed due to observed excess in pp — tttt.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-32/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-019/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-22/
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ATLAS: PCA-based SMEFT eigenvector decomposition (STXS

ATLAS /s=13TeV, 139 b
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-17/
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CMS: PCA-based SMEFT eigenvector decomposition (differential)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-013/index.html

Backup:.' _
Higgs self-interaction



Searches for Higgs pair production
H->bb

Summary compiled by N.Berger, ICHEP 2024

H->bb
(58%)

H->Ttt
(6.3%)

[ Diboson

bbbbbbbbb

IIIII

HH->bbVV (25%)

U < 14 (CMS)

H->Ttt

vy

)

V.
aeaea<$E éeGeé@BE G e eaeaeaaEeeeE @G eae e e éagd &a&d &

HH-> Tttt

HH->ttyy

HHowvv

H->vy

HOWW | ZZ

e

HH->multileptons
U< 17 (ATLAS)

Z

gHH2>vyvy

Best current 95% CL observed upper limits on pLare shown

HH->yyVV HH-VVVV


https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-005/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-010/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-18
https://cds.cern.ch/record/2853597
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-18
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ATLAS: Recent summary plots

60 May2024
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Recent summary plots: ATLAS & CMS comparison
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