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Introduction

« Effective field theories (EFTs) can capture effects of heavy BSM states as perturbation around the Standard Model

> different approaches possible: SM ¢ SMEFT c HEFT (see arxiv:1706.08945 for a review)

energy
« Standard Model Effective Field Theory (SMEFT) A
G e BSM 1
> °(ZSMEFT =3SM+ZF@Z~_ +...
- expand SM with additional SUQ3). x SU(2), x U(1)y invariant interactions BSM 2
A
- expansion parameter A interpreted as mass scale of new physics
» different flavor symmetry assumptions possible: e.g. U(3)’, UQ2),xUQ2),xU@B);xU@B),xU®),
v
> Wilson coefficients (free parameters) ¢; are correlated gy SMEFT

BSM models could leave imprints at
accessible energy scales, measured
via Wilson coefficients

* Higgs Effective Field Theory (HEFT)
» non-linearly realized electroweak symmetry with Higgs boson + independent Goldstone bosons

* more general than SMEFT, no correlations between free parameters

*“ odd-dimensional operators vanish with lepton and baryon number conservation
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Overview of recent ATLAS Higgs EFT results

* HEFT

> Di-Higgs bbr7 + bbyy HEFT interpretation (March 2022, ATL-PHYS-PUB-2022-019)

* SMEFT
» H — yy differential cross-section (Feb 2022, |JHEP 08 (2022) 027)

» H — yy STXS with EFT interpretation (July 2022, HIGG-2020-16)

combinations with
increasing number of | * STXS Higgs combination with EFT interpretation (Nov 2021, ATLAS-CONF-2021-053)

input analyses

> Higgs + EW + precision observables SMEFT global fit (July 2022, ATL-PHYS-PUB-2022-037)
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more H H results:
Zhe Yang's talk

Oggr(HH) [fb]
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Di-Higgs bbrt + bbyy HEFT interpretation

« HEFT interpretation of di-Higgs* in bbz7 and bbyy final states + combination

104
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> bbrr: template fit to NN and BDT, by y: unbinned fit to m,, across multiple categories
> my,, based reweighting of SM HH sample, limits also set on 7 HEFT benchmark models (backup)
> limits on HEFT Wilson coefficients ¢

- ATLAS-CONF-2021-052: ¢,,, obs. (exp.) limit: =1.0 < ¢,,, < 6.6 (=12 < ¢;,, < 7.2)

gghh and
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“see arXiv:1806.05162 for details about the model
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more H — yy results:

H — yy differential cross-section

HEP 08 (2022) 027

* SMEFT interpretation of H — yy differential cross-section measurement

> simultaneous fit to five measured differential distributions: pI7, Ny, m;;, A®;, (covariance matrix via bootstrapping)

» 8 Wilson coefficients measured (one at a time) in Warsaw basis

> Cuer Cuc Scale gaF, cywr cpr ¢ (+ CP-odd versions) affect mostly H — yy rate and VBF, VH

CP-even operator effects CP-odd operator effects
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H — yy differential cross-section
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HIGG-2020-16

H — yy STXS interpretation

ATLAS Simulation (s=13Tev 139" H— vy, m_ =125.09GeV, A =1 TeV
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HIGG-2020-16

H — yy STXS interpretation

* SMEFT measurement results (one Wilson coefficient at a time)
> difference between linear and linear+quadratic parameterization indicate potential impact of higher-order terms
- especially for parameters sensitive to high p# in ttH / ggF (e.g. ¢;) and high p) in VH (e.g. c“))

> simultaneous fit of 12 linear combinations of Wilson coefficients also performed (backup)
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more combination results: ATLAS-CONF-2021-053

Higgs combination STXS interpretation
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Higgs combination STXS interpretation

* Principal component analysis to identify linear combinations of Wilson coefficients to which analysis is sensitive

> 3 coefficients and 10 linear combinations measured simultaneously (pg,, =59 %) results (usmg |mear model)
— ‘
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ATL-PHYS-PUB-2022-037

Global SMEFT fit: Higgs + EW + EWPO

LEP/SLC EWPO:

0 0 40,
Iz, %had Rf’ AFB

* First ATLAS global EFT interpretation

» ATLAS Higgs STXS measurement (ATLAS-CONF-2021-053) Rz? RO A0.b 40,
> ¢ FB’ " FB
» ATLAS differential cross-section measurements of weak boson production (ATL-PHYS-PUB-2021-022) IV;‘thF .
G0 = 12%_ee had
- unfolded fiducial cross-sections: WW (py'), WZ (m}'%), 4¢ (m,), VBF Z (A®,)) 2 had = 23
0_ Thaa ,0_ Taq
» LEP + SLC electroweak precision observables (EWPOQ) (Phys. Rept. 427 (2006) 257), 8 observables included ~ ®7=7T, %=1, -
Ann = VF—NB
FB = N + Np

projection from Warsaw basis to fit basis

« Measurement setup g e e e
> overlap removed between ATLAS Higgs and EW inputs § o .-n. -
Q. ass oy 06
> assuming flavor symmetry between first two quark g "n- ;
generations and all three lepton generations é

* PCA to identify 28 linear combinations of ¢;

> combination also with only ATLAS inputs (backup)

.
R T

Wilson coefficients
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ATL-PHYS-PUB-2022-037

Global SMEFT fit: Higgs + EW + EWPO

« Measurement performed for 6 Wilson coefficients + 22 linear combinations (linear parameterization)
» fractional contribution of measurements with uncertainty ¢, calculated as O'i_z/ZjO'J-_Z

> simplified multivariate Gaussian likelihood model available, which reproduces results well

» largest deviation from SM: ¢[}l . from known A?, A%« discrepancies
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Summary

* Growing number of Higgs EFT interpretations performed by ATLAS
» examples shown in both HEFT and SMEFT frameworks

» results consistent with the Standard Model observed so far

« Combinations of measurements allow probing increasingly large number of operators simultaneously

* rotations performed from Warsaw basis to linear combinations of operators with sensitivity

* First global ATLAS EFT interpretation of ATLAS Higgs + EW results + precision observables

» includes simultaneous measurement of 28 linear combinations of Wilson coefficients
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ATL-PHYS-PUB-2022-019

Di-Higgs bbrt + bbyy HEFT interpretation

* Definition and results for seven benchmark models

Bench k model .. .
enchmark wodel | i Cun__ Cyon_ Coonn__ Counn expected limits assume no ggF HH production
SM 1 1 0 O O 3 T I L I L I L I L I L I L I L I LI
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H — yy differential cross-section

Coeflicient 95% CL, interference-only terms  95% CL, interference and quadratic terms
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. . . caw [-1.9,0.9] x 1072 [-1.8,1.0] x 1072 U [0.28,0.30]
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H — yy differential cross-section

* 68% and 95% confidence level limits for combinations of two Wilson coefficients
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H — yy differential cross-section

« Statistical correlations obtained via bootstrapping
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HIGG-2020-16

H — yy STXS interpretation

» Simultaneous measurement of 12 linear combinations of Wilson coefficients

. . f . . . . . -~ . . o A
> identified via PCA (linear model + Gaussian approximation) ATLAS Vs=13 TeV 1391b"; H--yy; SMEFT Interpretation; A=1 TeV
; —@— Linear 68% CL EVs sensitive to:
ATLAS Vs=13 TeV 139fb™"; H—yy --@ - Linear 95% CL Linear LinsQuad
EVi2 2.=0.0067 =@~ Lin+Quad. 68% CL 00017 +0.0067 |
K vent r.
EV11 1.=0.0108 Evi = =@ - Lin+Quad. 95% CL - ‘ 0.0008 5 0515 00043 5 4005 total event rates
EVio »=0.027 Evo : 00004095 0 00610905 difference between ggF and
Evo 720038 - 00058 0,008 other production modes
EV8 2.=0.075
Ev7 720,89 EV3 00307 0085, high p¥ in VH
EVe 2=178 1 1 | 1 1 1 1
04 02 0 0.2 0.4 0.6 0.8
EVS 3.=2.87
Ev4 =202
EV3 2.=106
B2 »=od73 Ev4 | . ok vty 003507 .0.079%°% high pttH
EV1 : : : : B : B B : B B B : B B : ). =346827
% Cu Our O O O Ow O % 60 O oo O 6 O One o) Ome o % ol o o¥ 60 %w S o® o o o o Car Cun ; ; .
e S Cur S O S s o 100 Crone o) O O o) S o) o o) o o) < o o o d Evs N 0220 022 high py ttH
linear parametrization linear + quadratic parametrization " o VEBF rate
ATLAS (5=13 TeV, 139 b, H -y ATLAS Vs =13TeV, 139 b Hyy EVe 0197 0011
m, =125.00 GeV, ly | <2.5; SMEFT my, =125.00 GeV, ly | <2.5; SMEFT
1~ 1~
s = : ;
EV1 08% eV 08X Ev7 NTow 09T high p7’in VH
EV2 = EV2 < 1 Il Il Il Il Il Il Il ) 1
EV3 06 EV3 0.6 ) 3 2 -1 0 1 2 3 4
EV4 0.4 EV4 |0.110.04 004 0.4
EV5 [0.020.00 0.010.07 02 EV5 }0.14-0.18-0.030.03 02
EV6 0.0+0.040.06 0.00 0.02 o EV6 -0.44 0.210.03 0.05 o Evs s s difference between ggF and
EV?7 [0.07-0.110.18 0.03 0.010.02 EV?7 £0.330.51-0.15-0.20-0.20-0.01 0655, 1210 other production modes
EV8 [0.06 0.08 0.03 0.00 0.05 0.07 0.00 -0.2 EV8 l0.260.21 o.11.-o.aoo.22 0.15 -0.2 Evo 25 e
EVO }0.060.12 0.05-0.07-0.04-0.15-0.02-0.0 -0.4 EV9 [0.41 0.05 0.08 0.16-0.1 Y 0.4 7552 1746
EV10 |0.03-0.030.00-0.05-0.06-0.050.00 0.06-0.0¢ 06 EV10 [0.53-0.510.08-0.02-0.180.04-0.340.26 0.34 06 EV10 e - 0487 0420
EV/1 1{0.02-0.06-0.03-0.06-0.050.03 0.02-0.08-0.04-0.0: 08 EV11[0.09-0.050.04-0.05-0.110.09-0.240.05 0.29 0.21 08 $ 7 e "o
EV/12 |0.00-0.08-0.080.08 0.03 0.01 0.04 0.04-0.15-0.040.04 EV12(0:4500840.03 0.15 0.16-0.09f888} 0.1} 7040 0.28 P EVA  |eeeeereasanes PY e EETRTPRTTTRR s 00us
cggzgecegocy seezgeereaocy
z T Tz . 8. Y +12.0 +0.81
wmmmmmmmmami U-'uJLIJLIJLIJLIJLlJLUUJEU_,E EVi2 = 7 26, 127
non-zero off-diagonal values due to difference between non-zero off-diagonal values due to quadratic = o o 70 2 3
observed/expected data and Gaussian approximation terms not being considered in PCA

Alexander Held


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-16/

HIGG-2020-16

H — yy STXS interpretation

* Profile likelihood scans over individual EVs

» two degenerate minima for EV1, partly lifted for observed data due to small differences to SM expectation
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HIGG-2020-16

H — yy STXS interpretation

* Full set of results for Wilson coefficients within |¢;| < 20 validity range
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ATLAS-CONF-2021-053

Higgs combination STXS interpretation

* Observed correlations between linear combinations of Wilson coefficients & list of coefficients and operators

* ¢y acts as normalization in all bins and is thus excluded from fit
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Global SMEFT fit: Higgs + EW + EWPO

* Higgs + EW + EWPO: correlations and simplified likelihood model
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Global SMEFT fit: Higgs + EW + EWPO
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Examples of operators and diagrams

* Examples of processes modified per Wilson coefficient, taken from ATLAS-CONF-2020-053

Coefficient Operator Example process
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