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Introduction

Effective field theory allows to consistently extend Standard Model and probe for

deformation arising from a large class of heavy New Physics scenarios

Large number of parameters need to be measured - calls for a global approach
making use of measurements from different physics sectors and experiments

1o uncover deviations In data

This talk,
First global fit from the ATLAS collaboration

and Electroweak measurements based on ATLAS data and electroweak precision
observables from LEP & SLD

ATL-PHYS-PUB-2022-037

Interface between theory and experiment for (re)interpretation

Simplified likelihood function as a statistical proxy to the full experimental likelihood function

Towards the next global fit
a peek into the updated SMEFT fit of combined (ATLAS-CONF-2023-052) measurements



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-052/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/

Effective Field Theory Lagrangian
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- Effective field theory captures SM as low-energy approx. of a more fundamental (UV) theory at higher energy,
EFT results can be translated to dedicated UV models — matching

- Operators bullt from SM fields, all allowed local interactions respecting symmetries
- Corresponding Wilson coefficients (¢i) new measurable parameters, capture deformations from a large class of UV theories

- Some measurements serve as input parameters to SMEFT to make predictions for observable : {mw, mz, G} scheme used



CP and flavour considerations

- 2499 operators at d=6 : additional flavour symmetry in SMEFT dictated by experimental considerations, allow to scale down

complexity of operators !

- For combined fits: mainly CP-even observables are considered — CP-even operators leading contribution

10.1007/]HEP 04 (2021) 073 Brivio
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- Constraints in top scheme carry least flavour symmetry — dedicated operators in top and lepton sectors

- Concerted effort to update to top scheme - Global EFT fit based on topU3l whereas updated Higgs combination based on top


https://doi.org/10.1007/JHEP04(2021)073

Inbut measurements to the global fit

Decay channel Target Production Modes L [fb~1] . . p. . . .
- o - Simplified template cross-sections from 5 major Higgs decay channels
H — yy ggF, VBE,WH, ZH, 1iH, tH
H— 77 ggF, VBF, WH, ZH, tfH(4¢) 139 - Higgs boson separated out by production mode further split into bins
H— WW* ggF, VBF 139
H— 11 ggF, VBF, WH, ZH, t1H (ThaaThaa) 139 based on kinematic splitting & event info. (pr¥ prH mj; Njets)
WH,ZH 139 . . L .
o bi VBE 126 - Measurement uncertainties O(10%) in bulk of distribution to O(100%) in talls
ttH 139
-1 , Coe
Process Observable L [fb™ | - One observable considered for each EW process, chosen by sensitivity
+ T lead. lep.
pp — evu'y T 36 .
pp — vt mV? 36 to SMEFT variations
+ p— p+ p— o« Lo : : - - : ;

pp = UL mz, 139 - Measurement uncertainties O(10%) in bulk of distributions to O(30%) In tails

pp =7 A 139
Observable Measurement Prediction Ratio o o

- Electroweak precision observables measured at LEP & SLC
Fg [MeV] 24952 +2.3 24957 £ 1 0.9998 + 0.0010
R 20.767 + 0.025 20.758 + 0.008 1.0004 = 0.0013 _ 7. ARV _ ' 0
R 0.1721 £ 0.0030  0.17223 £ 0.00003  0.999 + 0.017 Z-pole observables: Z-width (1'7), 3-ratio parameters (RY),
RY 0.21629 + 0.00066 0.21586 + 0.00003  1.0020 + 0.0031 : : - 0
_ 0 _

Al 00171 200010 0.01718 £ 0.00037  0.995 + 0.062 3-forward back asymmetries (ArsY), and hadronic pole cross-section (Gha c/)
Agisc 0.0707 £ 0.0035 0.0758 £ 0.0012 0.932 + 0.048 | | o
Apy 00992 +0.0016  0.1062+0.0016  0.935 = 0.021 - Measurement probed with high sensitivity, uncertainties O(l - 0.01 %)

o | [pb] 41488 + 6 41489 £ 5 0.99998 + 0.00019




From Lagrangian to Observables

Continuous signal modelling of observable cross-section in terms of Wilson coefficients
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(cross-sections, decay widths)J Weights from the matrix elements



Modelling Observables in SMEFT

Continuous signal model: OSMEFT = OSM (1 T Zj Aqci + Zij bij Cicj)

Weights primarily estimated from Monte-Carlo simulations

using SMEFT models with Madgraph + Pythia

- SMEFTsim is used for processes with SM-tree diagrams at LO

- SMEFTatNLO used for process with SM-loop diagrams at
O (gg — H gg - ZH H — gg)

Analytical calculations also employed in particular cases:
NLO-EW corrections to BR(H—=yy)
Predictions for EWPO in SMEFT derived from

calculations 10.1007/|HEP 06 (2021) 076 Corbett et al

All Wilson coefficients that affect the relevant signal process

are considered, background are not reparameterised

SMEF T sim SMEFT@NLO

qé—level insertion q

NLO-QCD
9 : t/b/c z

t/b/c

10.1103/Phys. Rev. D 98, 095005

Dawson, Giardino



https://doi.org/10.1103/PhysRevD.98.095005
https://doi.org/10.1007/JHEP06(2021)076

Impact of Experimental Acceptance

SMEFT parameterisation can be affected by analysis selections involved in Higgs boson reconstruction

0.25

. . qv) — T ——TT T
Oyp = cyp H'o'H W, B < - ATLAS Preliminary Y -
i B : —Ca="-3
5 0.2 M, i = 12GeV c:§=-1 il
o i ’ Cg=1 °
.C_E 0.15_: E ]
S - i -
> ;’"'--l-- : i
< o1 HLi o .
- 2N |
' ' 0.05 - 7
, Invariant mass of : 5 -
sub-leading lepton pair e Ny
g 1ep p % "0 12030 20 5 60 70
H m,, [GeV]

SMEFT mz; distribution SM mz; distribution

-or instance, in H — 41, cuw, cHws, cHB introduce photon-mediated diagrams in SMEFT — sensitive to mzz selection

Minimal iImpact expected on global fit as operators better constrained in H — yy decay

mpact of analysis selections in H — 41 and H — [vlv accounted in SMEFT parameterisation



Operators affecting measurements : 4 fermion operators
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2q2t

LEP/SLD ATLAS ATLAS
EWPO Higgs electroweak

el (@) v
i) (vt v
Ceu (éypue) (iy*u) v
Ced  (eyue)(dy"d) WW, // v
Clu (Tyul) (ity*u) v
Cld (Iyul)(dy*d) v
Cqe (Gyuq)(éyte) v

(1 Vo @raa)@ria) v

(1 D (@) Teyrg) v

éi,” (Go'yuq)(Go'y*q) v

2348) (G TYuq) (o' T y*q) v
i Gy @y /
) @y @ray) v
c%;% () @y d) Zjj 7
C g (dT%y,d)(dTy*d) v
¢ Gy (dyra) 7
c®@reyuydraya) V4
Célu) (qyuq) (@y*u) v
co @)@y v
cy @) drhd) v
6?2 (aT“y,ua) (AT*y"d) Y

“ 00 arte) v

“ 8) (OT“y,0)(GTy"q) v

(3 D (00iy,0)(doivq) v

ng) (00 Ty, 0) (G0 T*y*q) v
ey ayu V4
Con (@ru0)(artu) v
Con  (OTQ) T ) v

%2“ (07,0)(dy"d) Y

S (0T9,0)(dTeyrd) v

E;) (d7,0) (1) S/

S @y Ty %

Leading operators
within groups shown

WZ Zij WW 77
8' 0.4 F ATLAS Preliminary
> [
0.2
[ v
2 [
U) __ C ™) =0.1
= 04 4q - operators 292l - operators, |°.
L n _— c =0.2
LLI 02 '_ Ceu @1 =0.2
0: C (1,8 =1 .0
—02F [ gq:1 .0
: Ct () =1 -0
- q
— — 1,8 =1 .0
0.4 : 1 | 1 1 1 Qq
D 07 s 8, 2, /Ogo “ /%/%/00/0@/0/0 % (9)/09 /e) &Q/a) 45»0/»0/@049?/;0/;, /6/; /&00 005 5% 6{5\ /6»@?@5%/ {iz /;6{;@/; @%@,&
5% % Ty, 03 o 2sa? Y % e s, "% % 5% %" 5% 0" %,
g "‘%‘9 7%y
2/
0
m_ [GeV] Ap [ 0" [GeV] m_, [GeV]
T j T Z2
EWPO ggH VBF VH ttH,tH BR
g ! G 7
% 10, [T -
10,F >
1041 - 05
102 |
10 'k
2 -
(% CD 1 C C o =0.1
= o - Iq
= - - c =0.2
h h 05 L Ceu @1 =0.2
< < N qaq
10_1 0 q t - Ope rato rs c w=1.0
s c9%=1.0
_05 [ C G(a) =1 -0
: tq 1,8 =1 0
1 _1 — 1 1 1 1 1 1 1 1 1 1 | | 1 1 1 1 1 1 1 | | 1 1 1 1 1 1 1 ! ! 1 1 1 ! Qq q
0 e Q. 2 2 2 0 2 \%390‘900&~ X VRV VR b4, 4, 4, <x, <x <x < o&zzeeo/g, &&&&’9
AFB AFBAFB FZ R R R . hag /Gfo ff ’o/@/o 29/6’0/6/ {3/@,0 /@fob/@’ 7/&’ f“f&o‘\g/:;%‘o v%,/@{‘ 6,/6’{ o ,/@’ ,;@’ » &0/ &’6‘0&%‘0&70% &’6‘ &‘3&5‘0&’0 “ 6’;)0 Ofo Ofo of %f %, \'66 b 2 \@; 2 \ée
"% ff & "z Of\%/’\ % ‘73/;3%&,“9;&0 %\0 Ov,))/f" N 6,6\% OOV 000;"4/ S v’::»‘0 Yo, %, Yo, % Y. Y. G, T, Y W,
% Y % % v\\);oo/\ ‘2300) » ‘w 0//]0; K4 ” % ‘5@0 )\0‘5\} Vyo) \\%\0 VVOO ©c v v o
" 2, 0, 9, 700 v
A 6\0// VL%\OO /? 7 ,?/y Q,O&OQ,O \y 900 (300
VO?S\VQOO} vﬂoo &Veo
2



Operators

entering global fit : Y?H2D
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Identifying sensitive directions within parameter space

Fitted parameters defined based on sensitivity of measurements using Fisher information to identify sensitive directions In
SMEFT parameter space (directions with expected unc. < 5 considered)
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[1]
Chvv vir

[2]
Chvv vir

[3]
Chvv vir

[4]
Chvv vir

[5]
Chvv, vif

[6]
Chvv vir

[7]
Chvv vir

[8]
Chvv vir

[9]
Chvv vir

[10]
Chvv vir

[11]
Chvv vir

[12]
Chvv, vif

[13]
Chvv vir

[14]
Chvv vir

[1]
Ctop

0.01 -0.23 0.3 0.01

s oo
0.01—0.47 0.27

029 -0.2 0.09 0.15 0.03

—-0.01 0.01 -0.01

0.23 0.51 0.24 0.47 0.08

. 0.11 0.21 —-0.05-0.01
—0.02 -0.02 —0.06 —0.09 0.01
-0.32 -0.24 0.17 0.32 0.04 0.01 —-0.13 0.3 .
—0.11 —-0.13 —0.08 —0.08 0.09
—0.01 —0.01 0.01
0.06 0.12 —0.06 —0.08 0.06

—-0.2 -04 0.03 043

—0.01 —0.03 0.03 0.06 0.01 —0.05
0.11 023 0.14 0.24 0.01 -0.47

—0.15 -0.29 -0.16 —0.28 —0.01 .

—0.05 0.02 ' 0.55

0.01

—-0.01 -0.06 —0.1 —0.41 —0.05 0.02 0.1

0.11

0.23

0.02 -0.02 —-0.04 —0.06 0.01 —0.06

.—0.55 0.35 -0.05 0.05 0.11 0.12 -0.02 0.12

0.01

0.03 0.02 0.03

-0.03/0.56 0.24 -0.17 -0.03 0.03 0.05 —-0.54 0.09 —-0.54

—0.14 0.04 -0.14

—0.1 1 0.48 .0.04 0.09 -0.16 —0.15 0.39 —0.06 0.39

—0.03 0.03 0.07 —-0.03 0.020.31 0.05

-0.14 -0.03 0.21 0.05 —-0.18 0.26 0.1 0.12 0.1 —-0.03 —0.01

0.05 0.01

—0.01 —0.05 —-0.01 —0.02

0.17 0.34 -0.38 —0.29.—0.01 —0.05 -0.02 0.33 0.06 —0.03 -0.15-0.05 0.03 —0.05

—0.05 -0.05 0.84 —-0.02 —-0.05 0.06 0.06 0.05 0.01

0.01. 0.04 0.11 -0.05 -0.3 -0.05 0.1

—0.14 —0.02

0.04 0.02

—0.02 —-0.01

0.08 0.04

[1]
Cogol

[2]
Cogol

[3]
Cogol

[4]

—0.37 —-0.21 -0.11 -0.13 0.04 0.03
0.44 0.56.0.01 0.34 —-0.1 0.01
0.15 .—0.51 0.34 -0.36 0.12 —-0.06

N d W O

D \00\
0\3\0 o 0\3\0

Cogol

0.04 —-0.28 0.27 .—0.16 —0.22 —0.39
NS

S g OV o 0@6 o®

!0.44 0.44 028 0.16 0.12 0.12 0.04 0.03 0.02 0.02 —0.01

N
P

& @

‘b\\ (gb\ x N
N N N N
o o o o oF

0.27 BeEE —-0.23 —0.2 —-0.2 —-0.1 —0.08 —0.03 —0.02 —0.02 0.01

RN —0.2 0.22 0.11

0.01

)

SIS

o&@ oo§ o&@ oo&b\ o\>°@ o&\\\ o\@@ 06&\\ oég

Warsaw basis
(6/6)

Higgs normalisation
(1/3)

292l group
(4/7)

4q group
(2/14)

11



Statistical combination

Overlapping categories between ATLAS measurements,

- off-shell region from pp — 41 analysis excluded to avoid
overlap with control region used in H — 4l \

- WW-0jet control region in H - WW* — [vlv is excluded
due to overlap with pp - WW — [vlv and WW signal

normalisation 1s used instead

Common sources of systematic uncertainties treated as correlated

between ATLAS measurements

For EWPO, experimental & theoretical uncertainties captured in

a single covariance matrix

Combined global likelihood obtained as a product of

individual likelihhood function
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Global fit results

Simultaneous fit to 28 parameters based on

linear parameterisation in general, good agreement with
the Standard Model

Sensitivity to deviations across a large energy-scale
~500 GeV to ~ [0 TeV

mpact of quadratic terms checked In fit to
Higgs + Electroweak measurements and quite substantial
for some operators (backup)
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Global fit results

Electroweak precision observables
- sensitivity to / parameters with 4 out 6 most precise parameters

- Large pull in Arg®® reflected in parameter Cyyy vy

Higgs boson measurements

- 8 parameters only constrained by the Higgs sector
- loop-induced SM process gg—H and H—yy provide

tightest constraints of O(0.01)

- Remaining operator sensitivity range from O(0.| - 5)

- constraint 8 parameters

- direct constraint to weak boson self-coupling ¢y,

- sensitivity to four-fermion operators (
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Interface between theory & experiment

Experimental likelihood function captures all relevant statistical information of measurement (calibration, theory uncertainties, etc)

& corresponding SMEFT parameterisation

Multivariate
Gaussian

Simplified likelihood

Ease of usage

Approximate Likelihoods

Full Experimental
Likelihood

Validity of approximation

Multivariate Gaussian approximation of the signal-strength measurements — best-fit + covariance matrix

signal-strength parameterisation captured by polynomial functions: u(c) = 1 + ZAi i+ + Z By, . cicq

J J.k=>j

1
J @) det (v,

L(u)=

ex

L(c) = L(u(c))

2

1 -1
Ap™v, Au)

<«

Mpins

n Poisson (Nb ’N};red (c, 0))
b

1 1
X exp |-=AxT (c,0) V' !Ax (c, 6)
\ (27)™ins det (V) ( 2

1
* 20 det (V)

exp (—%AxT (¢) ViAx (c))

Plexp syst

l—.[ fl (Gexp syst,i )

l

Rtheo syst

X l—[ fl (gtheo syst,i) X
i

)

Higgs analyses
categories

EWPO
constraints

Constraint
term of systematic

effects 15



Interface between theory & experiment

Simplified likelihood provides a good approximation of overall constraint,
but no additional information on systematic uncertainties!

Avallable on public page of ATLAS publication note ATL-PHYS-PUB-2022-037
. best-fit + covariance matrix of |28 signal-strength measurements

I. Linear parameterisation for relevant parameters

il definrtion of fit-basis directions

Expected to provide all above ingredients on HEPdata for upcoming ATLAS paper
on global EFT fit

- Quadratic terms — large complexity from cross-terms (5;)) not an issue for
digrtal format
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multivariate Gaussian provides

a reliable approximation !
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/

Towards the next global fit

Input measurements to the global fit

ATLAS global fit to grow more with additional inputs :

Decay channel Target Production Modes L [fb N

Hoyy eeF. VBE. WH. ZH.iiH.tH 139 - Simplified template cross-sections from 5 major Higgs decay channels . ' .
13 ERWEWLILIG 1 g oson separated ot by procucton mode, exch poducton mode . top sector : challenging measurements due to composite phase space of
e geF. VBF, WH, Z”"'_”(‘:f;;’;*l’; :32 further split into bins based on kinematic splitting & event info. (prV.pr* mj, Niets)
H > bb ‘:f’; :ig - Measurement uncertainties O(10%) in the bulk of distributions to O(100%) in tails 't Yo ‘t ' ' 't ‘t ‘t
op-processes, see Kirlll's talk earlier for challenges in the top sector.
Process ijf‘“b'* L7 - One observable considered from each EW process, chosen by sensitive .,
— e*vuty S 36 T
nlie e to SMEFT aritions I. Electroweak sector : currently only a couple of full Run-2 analyses, expect
ﬁg - g?jf v i;g - Measurement uncertainties O(10%) in the bulk of distributions to O(30%) in tails
updated analyses and new analyses such as Drell-Yan, etc

:’”’T:’ ‘ :::" — u:‘_ — Ow:‘zmw - Electroweak precision observables measured at LEP & SLC
' S aiy aion ok - Z-pole observables: Z-width (I",), 3-ratio parameters (RY), cra . . . ' .
G I EENE SR 5o backaymmetries (o) and haconic ple crosssection (a0, . Higgs sector : Updated SMEFT interpretation of combined Higgs measurements
4‘_ 0.0707 = 0.0035 0758 £ 0.0012 0932 £ 0.048
:;’ e e T e oo - Measurement probed with high sensitivity, uncertainties O(I - 0.01 %)

(remaining part of the talk)

Currently only d=6 operators considered, important d=8 predictions for relevant process emerging
- For Instance, ggH variations | 1.1 103/Phys. Rev. D 105, 076004 Martin, Trott

Simplified likelihood combination ATLAS+CMS effort ongoing within the LHCEFTWG, useful for harmonising and working
towards ATLAS + CMS global EFT fits. (See Fabian’s talk at the previous LHCEFTWG meeting)



https://doi.org/10.1103/PhysRevD.105.076004
https://indico.cern.ch/event/1201401/contributions/5145470/

Updated HiggS SMEFT interpretation (NEW) ATLAS-CONF-2023-052

ATLAS Preliminary
V5 =13 TeV, 139 fo™ mH=125OQGeV SMEFT A =1 TeV

o o = : : : .H—>77
0.8 . 1 HS zy
§ 06 |- | BH - wwr = i
c 3 ; | | CH—ZZr — 4l
= 04 | | | 1 OH - b
- : : : —
o] : : :
= 02| |V HH =
§ DH—>uu
: : : : 0.8 |- E : : =
Detailed look into SMEFT constraints from Higgs sector 35 EVVVB:
w5 06| | 5 | | :
: : S 5 5 5 [ zH
including analyses rare decay modes (H — Zy, H = uu) S o4l e
o : : :
0.2| A g.tHl .
KK - Inclusive
- 10° . mmm Linear (obs)E | . : 10-32 =
Parameterisation based on top scheme O f Linear (exp.) | =
> —~
' T 1 0 = : O 1 S
— dedicated treatment of leptons s >
S i =
8 B (O]
5 1071 13.2
3 Z
5 .l 3
. o ' o -2 - o]
|9 parameters in total based on a sensitivity study with e 197 R
E *
< ® *
expected unc. <10 0 I I 14
E 4 i B Linear (obs. ) | | : Psy = 4 5% E
S - Llnear (exp ) - | | o |
3= | o 1
o § - J 4 T e Best Fit
= 2 : ; : 68 % CL
>3 0 ‘* ‘* * } g + I 95 % CL
20 i S ]
o N i : 1 . :
g -g —2 N : . T E : : 8
T E | o ' 1
U>)\ B 1 i
Y | | |
) o o oga O/, @/@' Q/, Q% @/@' O, Q, O, O | O/, Q0 @/@' @/}. @/;7
S0 WKW B XYY WY 4 ¥ 18
:e )e )e



Updated Higgs SMEFT interpretation

ATLAS Preliminary

Vs =13TeV, 139 fb—1, my = 125.09 GeV SMEFT A=1TeV
— : HH- Yy
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Updated Higgs SMEFT interpretation

ATLAS Preliminary

Vs =13TeV, 139 fb—1, my = 125.09 GeV SMEFT A=1TeV
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Updated Higgs SMEFT interpretation

ATLAS Preliminary

V§=13TeV, 139 fo—1, my = 125.09 GeV SMEFT A =1 TeV
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Updated Higgs SMEFT interpretation

ATLAS Preliminary

Vvs=13TeV, 139 fb~1, my = 125.09 GeV SMEFT A =1 TeV
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Updated Higgs SMEFT interpretation

ATLAS Preliminary
Vs =13 TeV, 139 fb—', my, = 125.09 GeV SMEFT A =1 TeV
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Updated Higgs SMEFT interpretation

ATLAS Preliminary
Vs =13 TeV, 139 fb—', my, = 125.09 GeV SMEFT A =1 TeV
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Uncertainty breakdown of SMEFT parameters

Uncertainty breakdowns inform about leading source of uncertainty and are important for guiding improvements for future results !

SMEFT parameters uncertainties

mainly
i | ATLAS Preliminary
| 40% systematic | /s =13 TeV, 139 b ' my = = 125.09/GeV SMEFT A =1 TeV
| . . | 1 : : : [ systematic
contribution to 0 statistioal
unc. of c £
o121 ,[1.2] S
ggF “ttH o
> W
Hﬁa"’a’z——ﬁ | = M bkg. theory
. 50% systematic | = [sig. theory
‘\ . ' | CCJ = [ experimental
contribution to S £ e
unc. of >

) 1] [1]
Cer 331 € slob and eszzz

- - - [1] 1] 21 ,[1.2]
leading source of systematic uncertainty for these parameters are <egg|: glob> background theory (eggF, h )

and (Cerr 22 €Hitl)
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Impact of Quadratic terms

2 2
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: : Matchi lati
MatCh’ng SM EFT ConStra’nts tO ZHDM 10.1 IO3/Phy: Ise\llné rle();] L)OSr;S()]I(gorgawson et al

]
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Coupling dependence in backup


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.055012

Summary & Conclusions

Global EFT fit from ATLAS
- First global fit from ATLAS constraints 28 parameters making use of measurements from Higgs boson and
Electroweak ATLAS measurements with electroweak precision observables

(Re)interpretation
- Simplified likelihood based on multivariate Gaussian serves as a good proxy to full experimental likelihood function

Jowards the next global fit

- Presented latest update on combined Higgs boson interpretation

- Lot of developments anticipated in next global fit from ATLAS
(more inputs, detailed studies of the constraints, matching to UV model)

of()oking f()’zwa’za/ to fu’zt/ze’z c[eve[Opments (n 6/0501[ EW
SMETT interpretation in the futu’ze /

28
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MEFT fit correlations
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0.5 CooF
[2] 4—0.03 0.02 0.01 0.14 —0.33|[-0.23 —0.02 —0.03| 0.22 0.05 0.08 0.05 .0.11 —0.01|[ 0.14 |—0.02
CooF
[3] 0.11 —0.04 —-0.05 -0.10 . 0.03 —0.01}|-0.54 —0.26 —0.20 —0.24||—0.23 —0.09 0.01 || 0.03 || 0.06
€qgF
9[1] 4—0.02 0.31 0.08 0.35 | 0.34 —0.23. 0.07 —-0.21{|—0.13 -0.01 0.27 0.26 ||—0.10 —0.06 0.04 || 0.27 [|—0.24
Hy~y,Z
9[2] 1—-0.21 0.19 0.05 0.07 |-0.03 —0.02 0.03 0.23 ||—-0.03 —0.18 —0.02 —0.04|| 0.02 0.00 —0.08|—0.09(—0.19
> Hr~y,Zy
_O O - 9[3] 4-=0.50 0.07 0.00 —-0.14|—0.06 —0.03 —0.01{—0.21 0.23 —0.32 —0.60 —0.39 —-0.40|, 0.04 0.00 —0.11{[—0.37(|—0.16
: > Hvy~,Z~
N
QU [1] 41—0.30 0.28 0.08 0.22 |—-0.09 0.22 —-0.54|—0.13 —0.03 —0.32 0.37 0.49 052 | 0.20 0.05 —0.03| 0.03 ||—0.01
€71
[Zzl]—l 0.31 —-0.01 0.02 0.06 || 0.12 0.05 —-0.26|—-0.01 —0.18 —0.60| 0.37 0.37 || 0.05 0.04 0.05| 0.04 || 0.25
[3] 4-0.16 0.35 0.11 0.38 | 0.07 0.08 —0.20| 0.27 —0.02 —0.39| 0.49 0.28 0.10 0.01 —-0.03| 0.23 ||—0.06
z1
[4] 4—0.20 0.26 0.12 0.37 || 0.15 0.05 —-0.24| 0.26 —0.04 —0.40|| 0.52 0.37 0.06 0.02 0.00 || 0.26 ||—0.01
€z
__05 [1] 1—0.04 0.16 0.02 0.09 —0.07.—0.23 —0.10 0.02 0.04 | 0.20 0.05 0.10 0.06 0.10 —0.05|—-0.10(—0.01
€itH
[2&' 0.00 0.03 0.01 0.01 |—-0.05 0.11 —0.09||—0.06 0.00 0.00 | 0.05 0.04 0.01 0.02 —0.01|f 0.02
it
[3] 0.08 -0.28 -0.04 —0.01} 0.18 —0.01 0.01 || 0.04 —-0.08 —0.11|—-0.03 0.05 —-0.03 0.00
€htH
eglob——0.06—0.25 0.05 0.41 |-0.10 0.14 0.03 | 0.27 —0.09 —0.37|| 0.03 0.04 0.23 0.26 |-0.10 —-0.01 0.16
[1] 0.19 -0.19 -0.12 —-0.37|—-0.05 —-0.02 0.06 |[—0.24 —0.19 —0.16{|—-0.01 0.25 —-0.06 —0.01{|—-0.01 0.02 -0.02
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2HDM relations

Coupling Type 1 Type 11 Lepton-specific Flipped
u, ¢, t Sg—a + Ca_o/ tan 3
d, s, b Sg—a t Co_o/tanfB  sg_o —cpg_o Xtanf  sg_, +cg_o/tanf sz, —cg_, X tan
e, L, T  Sg_qt+cCg_o/tanfB sz, —csz_o XtanfB sg_, —cs_o X tanpB sz, +cg_,/tanf
W, Z SB—a
H o0+ (3 zﬂ;) ¢ 0S5_a + 2cot (28) (1 gf) &,
SMEFT parameters Type 1 Type 1l Lepton-specific Flipped
2
—3H ~Yicp-aftanB  —Yicp_oftanf  -Yicg_o/tanf  —Yicp_o/tanf
2
e IC\IZ’H —YbCﬁ a/tan,B YbCﬁ_a tan 8 —chﬁ_a/tan,B YbC'B o tan g
—sra ~Y cp-oftanB  =Y,cp-_otanpf Y, Cp—qtanf ~Y,cp-q/tan B
— ~Ycg-oftanB  —Yicg_otanfB Y:Cp-qtan B ~Y:cg-qo/tanf
vie 2 2 2 7,,2 2 2 7,,2 2
AzH c'B_QM cﬂ_aMA/v cﬁ_aMA/v cB_aM




