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Introduction

* Higgs Boson: a key piece of the SM and a portal to BSM physics at the LHC
e Higgs couplings to SM particles are well predicted from mass

measurements

* Any deviations in Higgs couplings implies new physics that couples to the

Higgs boson

* | will leave out Higgs self coupling results from this presentation

. Multitude of HHH and HH results with CMS and ATLAS dedicated plenaries
e | will summarize the most recent 2024 results from both ATLAS and CMS

. . . . . . ,
. Detailed discussion of SMEFT interpretations saved for Ken Mimasu’s talk
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* Amplitude of gqqg —» qqW (— lv)H(—> bB) proportional to (k,,k,) at tree-level with
enhancement at high pr for negative Ay, [5-6]



* Two different analysis tuned for each scenario (similar selection):
 SM: sign(Ayz) =1
* Observable: Yield in Signal Region (2 orthogonal SR used)
* BSM: sign(Ay,z) unconstrainted
* Observable: Yield in signal region
* All backgrounds in SR: normalized with respect to best fit in control region
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* Two different analysis tuned for each scenario (similar selection):
« SM: sign(Ayz) =1
* Observable: BDT score (SM VBS WH vs Bkg)
* BSM: Ay 7 unconstrainted
* Observable: Yield in signal region
e Background estimated from orthogonal regions
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3¢ SM pred. A (#1,51)

VBF WH Higgs comb.

@ Best Fit O Best Fit

W 1cobs. -- 1o exp. --1c obs.
[ 2c0bs. - 20 exp. --20 obs.

' Bgobs. 5cexp. --5c obs.

TeV, 140 fb'

13 TeV, 36.1-138 " [6]
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Both measurements consistent with each other and the SV



Anomalous Couplings in H = WIWon CI\/IS

*Dedicated analysis targeting HVV couplings with full Run-2
dataset using the H - WW channel

e Full detector simulation of anomalous couplings
* Optimized observables for each targeted coupling

*Results presented using amplitude formalism
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* Measure effective fractional cross sections ! > i
* Many systematics cancel ! i ‘ J; . a; \i
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e ggH+2jet analysis targeting ag?,g

* Note: a; can be related to Wilson coefficients in SMEFT basis
* a; strongly correlated to Eigenvectors in global EFT fits

* Three separate analysis strategies i P a-IZZ, i
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Data/Expected

. . . Variable Selection
Constrain Anomalous HVV couplings in H -» WW Number of leptons 2 (et of opposite charge)
All H - WW candidates use common selection Py >25GeV
2
° i Pt >13GeV (10 GeV for 2016 data)
FS and my; cuts orthogonal to 2[2v ar_1a|y5|s " 12762 eV o 1062 eV
Candidates further categorized by production mode o ~30GeV
Ex: Observables for f,, (Scheme 2) T »20Gev
.« m D D mIEI >30GeV
1, Pver, Po+ mT 60125 GeV
First constraints on f,; in H - WW channel (Run-2) Njet (b jets) 0
All results consistent with the SV Va“?\“;leets) gl VDF Resolved VH BOOS;egVH
. . . ]et
Ready for combination with other channels! Nt (AKdjets) 0&1 2 2 —
I ___=__>120GeV  60120GeV_ i
______ 6 I\Tlg___T/ESI_:,_[_);:_O?__1§ng“(1_3_;<9_\/_) CMS e 138 b (13 TeV) CM§ 138 fb”! (13TeV)
N AAPASARAARSSpRR RS ARRRAR: | SN 1 Consistent with SM | Consistent with SM
toan [se D5 N0 Uon oy — Observed, fix others
180 I H — ww [ Muttiboson .DY DNonprompt I Observed
160 ww tWand s T E el S PO Expected, fix others

Dygr < 0.75

m, <45 GeV H m, > 45 GeV
L

140 Dygr > 0.75

120
100

1
L]
m,<45GeV 1 m >45GeV
n
:

}

W‘\I‘III|III|\I\l\\\‘\\l‘lll‘l\l‘l\_

NN YOO e 0O NN O Ra ST AN YTNOEeRS T AN TR0 e0S

0 0o o000 0000000000000000000000G000aCoOOToa

fa2

0204 06 08 1

SCHEME 1

-1-0.806-0402 002 0 002

— Observed, float others

Expected, float others

o L o L L L
-1 -08-06-04-02-01 0 0102 04 06 08

SCHEME 2

faz




* Constraints on anomalous Higgs-gluon couplings

* Same Selection as before Variable geH 2-et ggH
* New Categorization (2-jet ggH vs others
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vH Production at the LHC

CMS Simulation 13 TeV

0.1

SM-Tree Level

c Extremely small
- cross section
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* Non-Zero Wilson coefficients greatly enhance Dim-6 EFT 4-Point
high pr region

 Signal: Higgs with associated high pr photon

Well constrained by
precision EW data
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* Combined channels Y Y STV T ety

T i e Z+y
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Evidence for H — Zy at the LHC |

/( . ]
i el

* Leading order H = Zy single loop in SM

* Rarest H decay to vector bosons FH_,ZY ~0.0015%
. Only observable in Z — I

* Enhancement of H — Zy signal of BSM physics
. Higgs is Composite,Singlet, pseudo Nambu—Goldstone?
. Heavy,charged BSM particles in the loop ?
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* Evidence for H » Zy at 3.40 with signal strengthu = 2.2 £ 0.7
* Interpret signal strength in terms of coupling strength modifier
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ATLAS published the first Run-3 cross section measurements of H>ZZ and
H->yy (13.6 TeV)

* Analysis Strategy: Fit to m,,,, or 1my,
Results: Fiducial cross section (assumes SM BR and Selection Efficiency)
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* CMS recently published their first Run-3 cross section measurements of H>ZZ
and H-yy (13.6 TeV)

* Analysis Strategy: Fit to m,,,, or 1my,
* Results: Fiducial cross section (assumes SM BR and Selection Efficiency)
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Conclusion

* Presented recent couplings measurements from ATLAS and CMS
* Relative 5|gn —~ on ATLAS (published) and CMS (PAS)

. Az = —1 excluded with significance > 5o
* First evidence for H = Zy on ATLAS and CMS
. Currently at 3.40 awaiting more in Run 3

* Dedicated anomalous coupling with H - WIWon CMS
. Most precise direct-HWW coupling constraints in Run 2 on CMS

* YH cross section measurement on CMS
. First constraints on anomalous Hyy, HZy from this production mode

* First Run 3 results from both CMS and ATLAS
. First fiducial cross-section measurements at 13.6 TeV using H>ZZ + H—y y

* Expect to see more results in the future!
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