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Accepted: 23 May 2022 The standard model of particle physics' * describes the known fundamental particles

and forces that make up our Universe, with the exception of gravity. One of the central
features of the standard modelis a field that permeates all of space and interacts with
particles® °. The quantum excitation of this field, known as the Higgs
field, manifestsitselfas the Higgs boson, the only fundamental particle with no spin.
In 2012, a particle with properties consistent with the Higgs boson of the standard
model was observed by the ATLAS and CMS experiments at the Large Hadron Collider
at CERN'®!, Since then, more than 30 timesas many Higgs bosons have been recorded
by the ATLAS experiment, enabling much more precise measurements and new tests
of thetheory. Here, on the basis of this larger dataset, we combine an unprecedented
number of production and decay processes of the Higgs boson to scrutinize its
interactions with elementary particles. Interactions with gluons, photons, and Wand
Zbosons—the carriers of the strong, electromagnetic and weak forces—are studied in
detail. Interactions with three third-generation matter particles (bottom (b) and top
(¢) quarks, and tauleptons (7)) are well measured and indications of interactions witha
second-generation particle (muons, pz) are emerging. These tests reveal that the Higgs
boson discovered ten yearsago is remarkably consistent with the predictions of the
theory and provide stringent constraints on many models of new phenomenabeyond
the standard model.
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S M E I:T method O ‘ Ogy Jay Sandesara ("EFT interpretations using Higgs boson at ATLAS")

Victor Miralles (“Higgs global fits")

SMEFT Lagrangian Angela Talierciolk (“Higgs boson anomalous couplings and EFT at CMS")
(6)

C,.
Lsverr = Lsy + Z Ok + O(A™%)
M= Mgy + Mpsu

. C ,(66)- Wilson coefficients (WC)

* First term kept in the expansion of the SM
lagrangian is Dim=6.

« Dim-5 (7, ...) terms — violate baryonic and
leptonic numbers

» Impact of dim-8 terms might be crucial
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STXS: Principle Component analysis

Simultaneous WC measurement not feasible. |dentify sensitive directions from information matrix

ATLAS Preliminary /s=13TeV, 139 b~
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STXS: Principle Component analysis

Simultaneous WC measurement not feasible. |dentify sensitive directions from information matrix
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STXS: Principle Component analysis: fit basis

« Not “full” rotation, but in groups of same “physics”

ATLAS Preliminary /s=13TeV, 139 fb~"
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STXS: Principle Component analysis: fit basis

Not “full” rotation, but in groups of same “physics”

ATLAS Preliminary /s=13TeV, 139 fb~"

-0.11

0.25 -0.47 -0.02 -0.01

—0.49.—0.49 —0.02,
E.. il i

1

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

—0.35 -0.27 0.02 -0.02
0.21 —0.39 0.19 -0.05

—0.32 -0.34 -0.58 —0.02

0.22  0.08 . -0.02

-0.01
-0.08 -0.06/ 0.03
—-0.08 -0.06/ 0.02

—-0.03 -0.02 ‘ -0.4

—0.1
-0.2
-0.3

046 0.17 045 027 027 0.16 0.16 0.14 0.06 0.05 0.03  0.02 -0.01 —-0.5
-0.6

-0.34 -0.23 —-0.29 -0.16/-0.15-0.05 -0.06/ —0.2 |-0.11/-0.03-0.02 -0.01
-0.7

-0.8
~0.48 -0.48 0.36

I — -0.9
-039-0.39 027 —0.14-013

0.08 015—013 —0.08 -0.08/ -0.03 —-0.03 —0.17 —0.04 —0.02|-0.01/-0.01

IR
®?
e
0

1

%@o@%@%@o@ 00000@%%2@ Q5 On © %%o@%

c“?) < % “ v
S Qr Qr e ¢ @ % e ’@.}“ﬁ,, Ya % fa % %

Wilson Coefficients (Warsaw basis)

&‘3
&

oW

&0

o2

)

98



Fit basis coefficients

STXS: Principle Component analysis: fit basis
« Not “full” rotation, but in groups of same “physics”
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Fit basis coefficients

STXS: Principle Component analysis: fit basis
« Not “full” rotation, but in groups of same “physics”
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STXS: Principle Component analysis: fit basis

« Not “full” rotation, but in groups of same “physics”
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Not “full” rotation, but in groups of same “physics”
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Differential XS EFT interpretation

(and comparison to STXS)
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o Overview

*  Hyy & H4l (parametrised independently) combined for final results
« Observable: p#!

o cHG => Higgs-gluon direct coupling

o ctH => Yukawa top-like

o ctG => top-gluon coupling modifier

d—aocaxBRxA

dp7 ‘ |

Acceptance
> X

analytical expression efficiency

1 SMEFT(C) SM
O bin

Hbin — S~ o5M Z SMEFT(C 0) X O} bin

icprod i,bin iEpT‘Od z bin \

To benefit from accurate SM computations



a7 - Principal Component Analysis

Define eigenvectors to absorb all correlations for the differential cross-section measurement.
Apply the same “rotation” to the STXS (Hyy + H4l) results.
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13

a7 PCA sensitivity (profiled case)

Compare performance of STXS and Diff XS => similar conditions required:

« same dataset yy + 4
* same basis: Differential cross-section basis applied both to diff XS and STXS

ATLAS Preliminary e BestFit

ATLAS Preliminary e BestFit

13TeV, 13901 oo CL Vs=13TeV, 1391 S0 %CL
Vs =13TeV, Differential H — vy + H —» 41 ; Differential H — vy + H — 4/
SMEFT A =1 TeV ———STXS H — 77+ H — 4l SMEFT A =1 TeV ——STXS H = yy+H — 4l

3-parameter fit (Expected) 3-parameter fit (Observed)

1000 x ev!!] ' 1000 x ev!!]
{ Expected Observed [
evl?] T evil -"—
evtl - evidl i —»
-6 -4 2 0 2 4 6 —6 —4 —2 0 2 4 6

Parameter Value Parameter Value

Comparable STXS and Differential performance for ev_01 (mainly constrained by ggH production mode)

Much better STXS performance for ev_02 and ev_03 coming from the remaining production modes which
can be probed separately in the STXS framework
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* New linear & linear + quadratic results provided
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Conclusion: results

* New SMEFT interpretation of the combined Higgs dataset
* New channels included (Zy, mumu)
* New linear & linear + quadratic results provided

« Comparison of the STXS and diff XS results (over Hyy + H4l)
STXS is more sensitive

 No deviations wrt SM
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Back-up
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total

Uncertainty breakdown

systematic
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Break-down of uncertainties
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