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Introduction to EFTs & operators relevant to the Higgs-boson sector

Steps towards global EFT efforts

| ATLAS-CONF-2021-053

I
1

* The Higgs big picture: ATLAS combined EFT interpretation of production & deca

3i

d ATL-PHYS-PUB-2021-010

e ATLAS combination of H—WW*+jets & non-resonant WW measurements

| HIGG-2019-13 |

ATLAS differential & inclusive H—yy: EFT interpretatio

| HIG-21-013

CMS off-shell Higgs production evidence: BSM scenarios for the on/off-shell interplay

| HIG-20-007

I
|

| HIG-19-009
Higgs anomalous couplings by CMS in the H—»ZZ*—4¢ & H—1T decay channels
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EFTs & Higgs Sector: the Theoretical Framework

No New Physics (NP) beyond SM
+ Higgs boson at the LHC,
increasing focus on indirect
exploration

Effective Field Theories (EFTs):
probe indirect signals of NP in an
agnostic & systematic way
(“model-independent”), see
CAVEATs in J. Rojo's talk

e Assumption: NP degrees of
freedom can be integrated out,
Higgs is SM-like & NP can
manifest itself through higher-
dim effective interactions
among SM fields

Non-redundant set of operators
generally used by ATLAS & CMS
to extract results: Warsaw basis
(59+h.c. dim-6 operators)

Indirect sensitivity to NP effects
enhanced on tails (~Q2/A2) as
compared to bulk (~v2/A2)
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EFT Interpretation of ATLAS Higgs STXS Combination

i

\ Cross-section results from STXS regio

e STXS framework: fiducial bins to measure kinematic

-
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Last “preliminary” result by CMS:
CMS-PAS-HIG-19-005
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EFT Interpretation of ATLAS Higgs STXS Combination

e SMEFT dependence parameterised as

polynomials in Wilson coefficients

* Only linear dependence considered for

current result

e SMEFTSim (SMEFTatNLO) for tree-level

EFT contributions (loop-induced QCD

processes)

e Relative impact of most relevant operators wrt

SM

e Strong effects in the H—yy decay BR

* Many operators lead to similar modifications:
not enough info in measurements to constrain

them all

e -> Principal Component Analysis
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When Information is Not Enough... PCA

* What if we really wanted to constrain many operators at the same

= 1
time? =
L
* Many operators tend to have similar impact @ 0.5
. . : )
* Not enough information in measurements to constrain all EFT 3 .
parameters
.. . . . : -0.5
* Principal Component Analysis (PCA) of Fisher information to
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EFT Interpretation of ATLAS Higgs STXS Combination |

e Limits obtained from simultaneously measuring ATLAS Prelminary  — egonoL
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Towards a Global EFT: H-oWW* & WW Combination

ATLPHYS.
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Towards a Global EFT: H-oWW* & WW Combination

* PCA exploited

* Simultaneously probe 8 mutually orthogonal directions in SMEFT
parameter space using the H=>WW* + WW inputs

* Proof-of-concept towards more global EFT combinations!

* Next step: perform EFT fit simultaneously on all combined Higgs
STXS & all combined EW data (work in progress)
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Off-Shell Evidence & BSM Scenarios

e Measurement of Higgs width

* Null width <& no SM H contribution , large width <

increased do / dmoysoy

e Off-shell Higgs production in H=ZZ*—2£2v is very sensitive to

CP-violating couplings

e 3.60 exclusion of no off-shell (ho-width) scenario, first

evidence for off-shell production of the Higgs boson !

* The combination of 2/2v off-shell analysis with 4£ analyses

has significant sensitivity to HVV CP contributions
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| HIG-21-013

Off-Shell Evidence & BSM Scenarios

* Effect of HVV couplings on the Higgs width tested

e Parameterisation of anomalous HVV contributions: a2 CP-conserving, az CP-violating & /11 first-order
term in the expansion of SM-like tensor structure with dipole form factor in invariant masses of the 2 Z

bosons
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1

G) (f) B arrw-ig
(D iy @) (2 punirn A i) approximation

FH : S— -
. gatios of couplings can be expressed through fractional contributions faj of the couplings @i to xsec of a given
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Comprehensive study: CP-violation, anomalous couplings & tensor
structure of Higgs interactions in H—+ZZ*—4¢ decay

Detector-level matrix-element based observables defined using kinematic
properties of particles in production & decay

Parameterisation of production & decay based on scattering amplitude
then connected to SMEFT formulation

e (CP-even/odd Higgs-gluon effective & top-quark Yukawa couplings

constrained by ggH & ttH ~0.02 —0-0(; 0
g9
e Impose SUR2)xU(1) symmetry to relate parameters to SMEFT ,CMS 137 fb” (13 TeV) e 10
9
e Operator basis chosen as couplings of mass eigenstates: translation of Ig
SMEFT results to bosonic dim-6 operators in Warsaw basis R = —7
—6 -
Channels Coupling Observed Expected 1 oS | S| 5 %
‘,‘.,A = _ __ _ - - B 4 !
~ Assumption: only 1/3 § CHO 0-04f8f£ 0.0070%3 3
parameters in (Chw, CHws, |  CHD —0.737957  0.007;% -1 (o )
___Crg)isindependent | cyyy 0.01;%%2 O‘OO%% 1
VBF & VH &H — 4¢  CHWB 0.01Z07s  0.0005 2 : i 1 0
cus  0.00°0% 00070 T
caw  —023T55  0.005, |
cuwp  —0.257926  0.00712] Similar CP-odd/even k results
Chii ~0.06751>  0.00703 in ATLAS-CONF-2022-016
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|

Constraints on Anomalous Higgs Couplings using H—4¢ | t6-19-00s

i

* Diff cross-sections parameterised

e a;=real couplings describing HVV, Hff or Hgg vertex

e Signal strength parameters unconstrained in all cases

e Measured signal strengths: pggH=0.86+0-13_9 11, PvH+ver=1.10+0-30_9 42 ; Psy=0.17+0-70_g 17
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Constraints on Anomalous Higgs Couplings using H— 1T

e Study of anomalous interactions of the H boson with vector
bosons, including CP violation in the H— 1T decay channel

produced through ggH & VBF+VH

-2AInL

e Use 4 most sensitive channels: ThaaThad , UThad, €Thad, EU

* Matrix-element variables used to separate anomalous couplings

from SM
e Combination with 4£€ & yy to constrain anomalous couplings

* Anomalous CP-even/odd couplings translated into EFT

parameters in addition to ks & K's :

-2AInL
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Conclusion

 Several Higgs EFT studies produced by the ATLAS & CMS Collaborations
* No significant deviations from the Standard Model observed (so far!)

* Innovative techniques & growing pool of EFT combinations to overcome limited info/
sensitivity from “single” inputs

* Use of basis rotation to extract maximum information
* Tests of combinations of measurements from Higgs & other sectors
 (Clear roadmap ahead: combine Higgs with EW & top measurements

* Combined EW interpretation available already, see talk by E. Soldatov

Stay tuned for more & more stringent EFT results to comel!
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EFTs & Higgs Sector: List of dim-6 Operators

Wilson coefficients c; & corresponding dimension-6 SMEFT operators O/ used in ATLAS-CONF-2021-053

Wilson coeflicient Operator Wilson coeflicient Operator

CHO (H'HYo(H'H) CuG (Gpo™ T u,)H G2,

CHDD (H'D*H) (H'D,H) Cuw (Gpo* u,)T' H WL,
CHG H'H G;‘VGA”" CuB (ci,,O"“"ur)ﬁ B,
CHB H'H B, B" ¢/ (Lpyul) (Ly* L)
CHW H'H WZVW[MV c(q])q (GpYud:)(Gry"qs)

CHWB H't"H W[, B+ o (GpYuT 4 ) (Gsy" 7" qr)
CeH (H'H)(Ipe, H) Caa (GpYud:) (@ry*qs)
Cut (H'H)(gpuy H) oo (GpYut’ 40 Gy T )
Can (H'H)(Gpd,H) Cuu (il Yyt ) (i y 1)
c (H'i'D , H)(I,y"1,) e, (it Y ety (it Y )
o (H*‘@”,H)(ipr’wm e, (@p Y ) iy us)
CHe (H'iD  H)(épy"e,) ¥ (itp Y Tuy ) (dsy* T4 dy)
ch (H'i' D\ H)(Gpy"qr) o (d@pYuT A qr) iy Tuy )
CHa (H'i' DL H) (3,7 v"q,) Co (GpyuT*qr)(dsy*TAd,)
CHu (H'i'D , H)py*uy) cw KWW wEe
CHd (H'i'D ,H)(d,y"d,) G FABCGAYGEPGEH
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EFT Interpretation of ATLAS Higgs STXS Combination |

ATLAS Preliminary T o Sml Syt
Vs=13TeV, 139 fb B,,/Bz. e 109 To5 (1017, +008)
my, =125.09 GeV, |y, | < 2.5 B5/Bzz H—— 0.78 08 (*od, toid)
p,,, = 92% Buw/Bzz: — 106 "0 (“o10 “o0s )
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EFT Interpretation of ATLAS Higgs STXS Combination

| SMEFT calculations |

e (Calculations for most Higgs production and decay modes have been performed at LO
accuracy in QCD with SMEFTSIim

e Assumption of a U(3)5 flavour symmetry, providing the Fermi constant, and the Z and W boson

masses as inputs

* Exceptions are:

* ggH, gg->ZH and H->gg calculations, performed at NLO accuracy in QCD with
SMEFTatNLO

e (Calculations for SMEFT-SM interference terms in H->yy, performed at NLO accuracy in
QED (Phys. Rev. D 98, 095005)

* SMEFT modifications to background processes neglected
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EFT Interpretation of ATLAS Higgs STXS Combination

SM expected covariance
matr/x F/sher /nfo matrlx v

-1 -1
SMEFT — P(z X)—(j) YSTXS Pix)-(j)

~ P x)-() = Aj + Aj — Aj

T ATLAS- |
ﬂ CONF-2020-053 s?

ﬁ Rotatlon matr/x 2

,,,,,,, 0- .
LU Z A7 C;
o, - J
SM
H-X
Lt B Z AFH—>XC. —
TH-X — Jj J gL(near }i
SM j
H
h — Z AFHC
rH o j ~J
SM j
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?{Observed & Expected meas
| parameters with the SMEFT linearized
models

ent of ¢ |

e

Model Parameter Observed

(A=1TeV) Best-fit 68% CI
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el 0.15 [-0.18,0.5]

CONF-2021-053 |

!
|

| ﬁ Correlation from the Iinearisd SEFT
i model for the observed data
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2]
Clabig” py [0-03 0.02 0.02 043 -0.11-0.72 027 0.08 000 —0
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Inclusive & Diff Fiducial Cross-Sections in H—yy: EFT

Coeflicient 95% CL, interference-only terms |, 95% CL, interference and quadratic terms

CHG [-6.1,11.0] x 1073 [-6.5,10.2] x 1073
€ [-0.12,0.23] [-3.1,3.5] x 1072

C i [-10.2,5.2] [-7.3,7.3] x 1072
CHB [-5.8,2.8] x 1073 [-5.5,3.0] x 102 U [8.4,9.3] x 1072
CuR [-21.8,5.7] x 107 [-2.3,2.3] x 1072
CHW B [-5.2,10.7] x 1073 [-0.17,-0.15] U [-5.5,9.8] x 1073
Civp [-2.5,4.0] x 107 [-4.0,4.0] x 1072

I
I
I
I
I
I
I
I
I
CHW [-1.9,0.9] x 1072 : [-1.8,1.0] x 1072 U [0.28,0.30]
I
I
I
I
I
I
|
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' Including quadratic
dimension-6 terms |
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Off-Shell Evidence & BSM Scenarios

— ————————————m—————— CMS__ <1381b7(13TeV)
' Ratios of the post-fit number of events in each 2¢2v | & | | | | -
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;ﬂ S g _ i = ¢ Observed 4|
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o ®
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Constraints on Anomalous Higgs Couplings using H= 1T | Hic-20007]
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