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Latest results

Summary of new results that came out after the 4th LHCEFT General meeting on 23rd May 2022: Talk

o tH(77)g FCNC:
o tf charge (rapidity) asymmetry:

Higgs

EW

Top-quark LHC measurements in the SMEFT

Sketch from Rahul inspired by Ken Mimasu

o H — yy: STXS measurements:
 CERN-EP-2022-094 (SMEFTsim + SMEFT@NLO)

(o Electroweak Z(v7)yjj production and limits on anomalous

i quartic gauge couplings: arxiv:2208.12741 {

(" TFiret ATLAS Global combimation (Higge EW-EWFO

ATL-PHYS-PUB-2022-03F - (SMEFTsim + SMEFT@NLO)

Focus on results including dim-6 terms and CP-even operators.
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https://arxiv.org/abs/2207.00348
https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf
https://indico.cern.ch/event/1136803/contributions/4849616/attachments/2448980/4196679/LHC_general_ER.pdf
https://arxiv.org/pdf/1802.07237.pdf
https://arxiv.org/pdf/2208.11415.pdf
https://arxiv.org/abs/2208.12095
https://arxiv.org/pdf/2208.12741.pdf

EFT: theoretical framework

SM SM / dim-6 interference
“linear”: (vIN?, (E/N)?
§ 2 2 °
OSMEFT " | T aRe * A
e Warsaw basis, assuming A = 1 TeV.
e SMEFTsim + SMEFT@NLO + TopFCNC.
¢ Results are usually provided for linear model ( + linear- models).
e SMEFTsim: different flavour symmetries used to reduce the number of Wilson
coefficients.
("U@B) flavour symmetry",“topU31”): (H — yy, ATLAS Global combination)
U(3)° flavour symmetry topU3l flavour symmetry top flavour symmetry
\ .
U(3)qXU(3)u XU(3)dXU(3)l XU(3)6 M “U(Z)q X U(Z)u X U(Z)d|>< i\J(?))l X U(g)e Relax leptons E@)q X U(2)u X U(2)d % U(l)e X U(l)# X U(l) fiz
All quark All lepton First two quark — All lepton First two quark 72 -'.—/- r
generations generations generations generations generations U(3)5 topU3! top
treated similarly  treated similarly treated similarly — treated similarly treated similarly # of CP-even d=6 operators

Sketch from Andrea Visibile
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tgH(7z7) FCINC

EW

e Search for tgH vertex focusing on H — 77 in this analysis, where the

remaining top decays into a W boson and a b quark - Production & decay mode.
* BDT trained to separate signal and background processes.
e BDT output used in a profile-likelihood fit to extract limits on the FCNC

signal processes.

e The FCNC coupling parametnsedusmg dim-6 operators:

lIl_¢ 7 . — C ~" s g o ..:;‘
RUDICRIES < GRIGTTE

decay mode

e Hi/ 2

§ Lerr =

e The coefficient ¢, can be extractedaccordmg to the Madgraph Calculation using TopFCNC UFO.

* Improvements of factor 2 in limits on BRs compared to partial Run2 analysis.
x107°
2

f1 2 g
= i ATLAS Expected limit © 1.8
T 4L Vs=13TeV, 139 b
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https://arxiv.org/pdf/2208.11415.pdf

«_ FEvidence for the charge asymmetry in pp — 17

EW

e Inclusive and differential full Run2 measurements of the top—antitop (¢f) charge asymmetry A" and the
leptonic asymmetry AZ%

. : : : : ATLAS /s =13 TeV, 139 fb”
* Differential measurements are performed as a function of th? invariant | i U8 6 qc + Lo EW

mass, transverse momentum and longitudinal boost of the tf system. m, interval S50 CL

-2 -4 — 68%
e Combined results are interpreted in the SMEFT framework. — ﬁ-z A - 35% Gl
— « Best-fit value
® 14 four-fermion operators + 1 operator for top—gluon interaction. c1s00Gey -
. ) . ¢ G R R I R S T S R RS e g N 1000 - 1500 GeV P _.:.__

e Large improvement comparing with {LHC 8TeV /Tevatron results,
e Interplay between sensitivity, which increases rapidly at higher m,;, 750 - 1000 GeV =

and uncertainty, which grows from 0.2%-0.3% in the lowest mass bin 500 - 750 GeV —tee

to 2.9% in the highestbin. .

0-500GevV = Lol — e,

e For the linear fit, the tightest limit is obtained in the mass bin

from 1 to 1.5 TeV.

o Constraint from the {g ehil ‘— more than{a factor 2;

¢ differential

o R e B O O B Ry : '."
g S el .
 LHC 8 TeV combination "o o——— -
% pp, 8 TeV, JHEP 1804 (2018) 033 - - -——i- -

stronger than the one from inclusive measurement
(increase in sensitivity with higher m;).

# Tevatron combinaton ~  ----- —- e
& pp, 1.96 TeV, PRL 120 (2018) 042001

| IS I N S I | | I S A I |

=20 -15 10 -5 0 5 10

_ 8 /A2 -2
The combined inclusive charge asymmetry is measured to be A”’= 00068 + 00015, Cr, /A" [TeV7]

which differs from zero by 4.7 standard deviations.
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https://arxiv.org/abs/2208.12095

«_ FEvidence for the charge asymmetry in pp — 17

EW

e Due to the extra jet in t#j production, the QCD structure of the energy asymmetry is not the same as
for the charge asymmetry in #f production, so the two asymmetries probe different directions in
chiral and colour space.

e For colour-octet operators with the same chirality scenarios the shapes of the bounds look very
different: the charge asymmetry (dashed /solid red lines) leaves a blind direction which is broken
by the energy asymmetry (dashed/solid blue lines) due to operator interference with the QCD

amplitude.
= |ATLAS = |[ATLAS —— A: 68% CL
% 4tVs =13TeV, 139fb~* % 41Vs =13TeV, 139fb~! ——==- Ar 95% ClI
;'_73 - jb gi (‘:l' blind direction for ;E
! T rapidity S oo
asymmetry broken
using "
energy asymmetry
measurement
, -2 )
A" 68% CL
-4 |
------ Al 95% CI
Bounds on color-octet =4 =5 0 5 4
Cé(;3 (TeV/A)? Qperators Cé,? (TeV/A)?

other 2D scans Lin baclevq:
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https://arxiv.org/abs/2208.12095

% Higgs + EW: interpretation workflow

cross-sectlon
measurements

T T T
ATLAS Vs=13 TeV, 139 fb’!
H—-yy m, = 125.09 GeV IyHI<2.5

Fe-Obs + Tot. Unc. [ Syst.unc. | SM+Theo.unc.  p-value =93%

Tot. Stat. Syst.
g8-9H, O, <10 067 *92 (02

9g-+H, 04eL 10 5% <200
99-+H, e, il <60
9gH, et 80 5p/' < 120
g0-oH, 1el, 120 £/ <200
9g-H, 221, m, <350, < 120
99-3H, 221ets,m <380, 120 </} <200
9g-H, 221ets,m, 2 350,11 < 200
G9-H,200 < <300
a9H, 300 <1< 450
04,0l 2450
qq'—Haq', <1-jet and VH-Veto
qq—Hqq', 22-jets, VH-had
ac-Had, 24ets, 350 <m, <700, <200
ad->Had! 224ets 700 <m, <1000,/ <200
ag—Hag’ 224ets, m, > 1000, <200
a->Had, 27ets, 350 < m, <1000, 2 200
aqHag, 224ets, m, > 1000, > 200
aaHv, Y <150
agoH,pY 2 150
po-Hilv, Y < 150
PRk, B! > 150
<80
.60 <pr<120
1,120 < <200
1, 200 < <300
. p2 300

8 10
(©8, (o8B ),
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% Higgs + EW: interpretation workflow

STXS X BR i “‘5 "
Likelthood/Differential | {

ire-parameterisation §

Tree-level insertion, eg, NLO-QCD
EFT ¢ gq — Hgq gg = ZH

’, ’ 9 r505600) Z
Likelthood . \
7 Q90000) - H

® Dimension-six operator effects are calculated:

cross-sectlon

measurements

T T T T T T T
ATLAS Vs=13 TeV, 139 fb™!
H- vy m, = 125.09 GeV IyHI<2.5

[e- Obs + Tot. Unc. Syst.unc. | SM+Theo.unc.  pvalue =93%

- at tree level using SMEFTsim 3.0.

- for loop-induced processes (e.g ggH, ggZH): SMEFTatNLO.
- Analytic formulas for H — yy including NLO EW

——i|
1

—

—_—
—

-

—
—
I —
——

corrections and LEP observables.

)

)

)

)
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)

)
aia)
i
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55)
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)

)

)

)

)

)

® Acceptance corrections to account for kinematic differences
— between SM and SMEFT in Higgs boson decays.

Parawmeterisation e Effects of width changes of intermediate particles (“propagator
T corrections”) included.

8 10
(GIB"/'!)/(G'BW)SM 3

Parameterise EFT dependence at §
fthe level of STXS and BR,|
differential cross sectlons.

v3.0
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https://arxiv.org/abs/2012.11343

% Higgs + EW: interpretation workflow

STXS X BR |
Likelthood/Differential
cross-sectlon

measurements

. Expected Vs =13 TeV, 1391b "
5 ATLAS Internal My = 125,09 GeV. [y} <25
z - 1 =

T T T T T T T
ATLAS Vs=13 TeV, 139 fb™!
H- vy m, = 125.09 GeV IyHI<2.5

Obs + Tot. Un¢ Syst.unc. | SM+Theo.unc.  pvalue =93%

* Parameterise EFT olepewdewce at j
fthe level of STXS and BR, |}

differential cross sections. i
L ~Analytical Expression in term §§
i o-f the wilson cw{-ﬁoiew’cs. it

v30
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% Higgs + EW: interpretation workflow

STXS X BR

, , , , - sensitive directions
Likelihood/Differential |
cross-sectlon
measurements SR

o | Re-functioned }

AT}.AS | | | @;13 TeIV, 139Ifb“ el LXZ&:E?;;&]S;;V‘VJE;Z‘ | E' '
H—-yy mH=125.09 GeV IyHI<2.5 . ; ; :
Likelihood ]

B} Fit
‘4

L
6

Results ‘

* Parameterise EFT depewdewce at
fthe level of STXS and BR,|
differential cross sections. ,'
 ~Analytical Expression in term ‘, |
i o-f the wilson Coe{-ﬁciew’cs. it
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EW

Decay channel Target Production Modes

H — yy
e Constraints on individual WCs (one at the time).

ooF, VBF, WH, ZH, tiH, tH

L [fb™1
139

H - yy: individual WCs constraints

CERN-EP-2022-094

e All values compatible with the SM within measurement uncertainties.
e When the sensitivity on one parameter is driven by inclusive event yields, linear and

linear+quadratic parameterisations provide similar results.
e Operators with sensitivity to high-p;’ bins show(smaller confidence intervals) for the

»

TN

Parameter value

[\

| HC EFT WG: 5th General Meeting - 02/12/2022

E/(W(*//( /\LH(

linear+quadratic case.
ATLAS Vs=13 TeV, 139 fb
H- vy m, = 125.09 GeV IyHI<2.5
|- Obs + Tot. Unc. Syst. unc. I SM + Theo. unc. p-value = 93%
Tot. Stat. Syst.
gg—>H, O-et, pf <10 [a— 0.67 joze( oz +0.1 3)
. H +0.18 ( +0.15
° V/4 5 174 gg—H, Ojet, 10 < pif < 200 =i 1.23 ‘o1 (70.15 7009)
SMEFTsim: "U(3)° flavour symmetry — o 82 (8
99-H, 1-jet, 60 < plf < 120 "—i._' 111 Do (tobo r016)
ggaH,1-|et,1205p:<200 | S S— 1.0 jO‘S tO.S j
B T T T T T T T T T T T T T T T T T T 1 ] st sz, <380, < 12 R oo 4 (a8 3
- ATLAS [ ] Llnear best'flt (ObS.) — 680/0 (ObS) -- 950/0 (Obs) 1 gg—)H,ZZ-jets,m”<350,1205p:<200 —— 1.3 igg (t§: tos)
i i H —H, >2-jets, m > 350, p" < 200 o +09 (+08 +
— 1 Linear+quadratic best-fit (obs.) 68% (obs.) 95% (obs.)— e g i ' e E:S.S :82;
: E = 13TeV, 139 fb _ ggaH,3005p£‘<450 [ S SS— 0.2 Egé (E%% E§1 )
B ] oot 0 21 ()
| H%’YY, m = 125.09 GeV, A=1TeV ] qq'->Hag’, 1-jet and VH-Veto I — 0.9 55 (755 *53)
H - - qq'>Hqq', 22-jets, VH-had [ — 0.2 jg:Z (fg; jg )
| : 1 : ] aq'>Haq’, 224ets, 350 < m <700, pl <200 e — 12 fgjg (tg[g tgi)
- : : : ; ] qa'—Hag, 22-ets, 700 < m, <1000, pl' < 200 i — 14 108 (07 <04
B 1 [] 1 : 7 qq'—Hqq', =2-jets, m“ >1000, p;‘<200 [ — 1.19 jg-;g (+g.§g jg g)
— : a T\ ! — qq'=>Hqa, 22-jets, 350 <m, <1000, p}' > 200 —— 02 07 (fg:; w01 )
- ; 1 1 1 1 ] qq'—>qu',22-jets,m“21000,p$2200 16 tgg (tgg tos)
B e 1 i T a1 — 18 g (70 0r)
| ! l I_ 1 l 4 I — qa—Hlv, p¥ > 150 [ S S —— 1.6 j(‘):; (j;:; jgl)
1-34+ FF-HH-1t- I ++t-1-11- §-24--e- | --------- -1 1H RN B A Da— 06 08 (733 w01
1 1 i : 1 " pp—>Hilvv, pY 2 150 ! 04 i3 (f:)[; w02 )
: ! ' ! — ttH, ! <60 — 0.8 08 (ro8 +01)
! H +0.6 +0.6 +0
™ 1 — ttH, 60 < ! < 120 ——t—i 08 ¢ (705 * )
|- , ' ! 1 L J — tH, 120 < pf' < 200 ———y 06 28 (798 fg )
— ! 1 — ttH, 200 < pf <300 —t————y 12 708 (08 +o1)
B : - —_— w8 )
— — [ i N Ll P I [
I A Y T N MY N N N NN B N I N T N B S e S
B) (1) A3 (3) AB) A(1) &7 (8) ~(8) ~(8) ' . 2 4
CHwCHBCHWBCHGCw Ca  Cuw Cu CuGCuH CaH CpyCryq Cry CHu CHd CHOCHD Cqq Cqq Caq € Cuu Cqu C4q Cug " | | : . | | 3| (3 " )
x100 x100x100 x100x10 x10 x10 x10 x10 x0.1 x0.1 x0.1 x0.1 2 2 4
(GB )(6 B"IY)SM



https://arxiv.org/abs/2207.00348
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Decay channel

H — yy

Target Production Modes
ggF, VBF, WH,ZH,ttH,tH

L [fb1]
139

e Cannot constraints simultaneously all the WCs the STXS

measurements are affected by (34).

e Operators grouped according to the eigenvectors of the
information matrix of the measurement.

e Inclusion of{p

) has been tested.

e Both linear and linear+quadratic results are provided.

e All results are in agreement with SM expectations.

Of [ T 1 1 71 I T 1 1 71 I T 1 1 71 I T 1 1 71 l 1 17T I T T: E
of ATLAS E =
. s =13 TeV, 139 fb"; Hoyy 1 A
8 my = 125.09 GeV, IyHI<2.5; SMEFT3
E_ Linear (obs) _—
7: Lin + quad (obs) ]
6 EY 1 | e Linear (exp) B
F Lin + quad (exp) ]
5 =
F 95% CL ]
.................. 6 8%CL*:
Levaa | | | |
0.05 0.1 0.15 0.2

10 : T T T T I T T T T I T T T T I T T T
of ATLAS
- (s=13TeV, 139 fb™; Hoyy
8~ m,=125.09 GeV, IyHI<2.5; SMEFT
s Linear (obs)
7 ' Lin + quad (obs)
- 1 enane Linear (exp)
6 B Lin + quad (exp)
5F

| HC EFT WG: 5th General Meeting - 02/12/2022

ATLAS
Vs =13 TeV, 139 fb™; H-yy
my = 125.09 GeV, |y, |<2.5; SMEFT

Linear (obs)
Linear + prop (obs)
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EV1

EV2

EV3

EV4

EV5

EV6

y V7

V8

L V9
12 V10

§ Vi

V12

H — yy: constraints on sensitive directions

CERN-EP-2022-094

12 directions

ATLAS {s=13 TeV 139fb"; H—yy; SMEFT Interpretation; A=1 TeV

== Linear 68% CL

*~@ + Linear 95% CL Linear Lin+Quad
Lin+Quad. 68% CL
. [ ] -0.0008'0'0017 0.0043‘0'0057
Lin+Quad. 95% CL 00018 00005
[ ] 1000589 +0.0084
0.0004 ) o -0.0061 o
...... e O +0.095 +0.11
. 0.089, 0.035, o
PR S S N S (A U SRS S B S |
0.4 0.2 0 0.2 0.4 0.6 0.8
e Ll 025 4029
-0.035,,, -0.079 .
...... —_————— e " +0.59 +0.3
0‘22-0.52 0'29-0.69
........ —— nan e X .
0197 ootf))
s ———r nna 1.0 1.2
. 17 o0 -0.91.053
| - L L | [ P
-4 3 2 1 0 1 2 3 4
3.5 +2.5
R S———— 065, 121,
/ +25 4
....... _._// 7 5_5 X 1756
87 4046
s 048, 042,
......................... +9.4 40.47
® 564, 0.045 1
................ +120 +081
: e 2'6-13.0 1210
| | P L Ll Ll
20 10 0 10 20 30
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First ATLLAS Global combination

Decay channel Target Production Modes  L1[fo™] ATLAS Higgs boson data (2021 combination?q
H=yy geF. VBE, WH, ZH, 1H,tH 139 * Higgs boson production and decay combined
H—zz geF, VBE, WH, ZH, 1tH(40) - 139 measurements in STXS bins
H — WW* ooF, VBE 139
H— 17 geF, VBF, WH, ZH, ttH (ThaqThaa) 139 Hiogs Combination

WH,ZH 139
H — bb VBF 126

g ttH 139 j

WW,WZ,4l, Z +2jets combination

Process Important phase space requirements Observable L [fb7!]
pp — efvutv  mepe > 55GeV, pjTet < 35GeV plTead' lep. 36
pp — v~ mye € (81,101) GeV m¥VZ 36
pp — L mye > 180GeV mz» 139
pp > ] m;; > 1000GeV, mee € (81,101) GeV  Ag¢;; 139
— Precistow Blectroweale Measurements
¢ Observable Measurement Prediction Ratio
own the Z Resonance
'y [MeV] 24952 + 2.3 2495.7 + 1 0.9998 + 0.0010 Elect Kk . . b bl d
RY 20767 £0.025 20758 +0.008  1.0004 + 0.0013 eclroweak precision observables measure
RY 0.1721 £0.0030  0.17223 +0.00003  0.999 +0.017  at LEP and SLC
0 . -
R8 . 0.21629 + 0.00066 0.21586 + 0.00003  1.0020 + 0.0031 Elght pseudo observables descrlbmg the
Agia 0.0171 £ 0.0010  0.01718 = 0.00037 0.995 + 0.062 hvi h ]
A 00707 £0.0035 0075800012  0932+0048  Physics at the Z-pole are interpreted.
b : . e .
AFB 0.0992 + 0.0016 0.1062 = 0.0016 0.935 + 0.021 o Measurement probed Wlth hlgh SQHSlthIty
O-l(l)ad [pb] 41488 + 6 41489 + 5 0.99998 + 0.00019

; O(1 - 0.01 %) ]
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http://cds.cern.ch/record/2789544/files/ATLAS-CONF-2021-053.pdf
https://cds.cern.ch/record/2776648/files/ATL-PHYS-PUB-2021-022.pdf
https://arxiv.org/abs/hep-ex/0509008
https://arxiv.org/abs/hep-ex/0509008

First ATLAS Global combination

Hiogs Combination

D hannel Target Production Mod fb~! : L
M arget Production Modes £ | * ATLAS Higgs boson data (2021 combination)
H— yy ooF, VBF, WH, ZH, tiH,tH 139

i * Higgs boson production and decay combined
H— 277" ooF, VBF, WH, ZH, tfH(4¢) 139 ts in STXS bi
H — WW ooF. VBF 139 measurements in ins [ o

H— 11 gelF, VBF, WH,ZH, U_H(Thad’l'had) 139 150

75

WH,ZH 139 , et

U(3)5 topU3I top

H — b]; VBF 126 # of CP-even d=6 operators
ttH 139 SMEFTsim: “topU31” flavour symmetry”

ATLAS Preliminary Tolal Sl Syst 1
, Ys=13TeV, 139 fb
Vs =13 TeV, 139 fb" 8,/B.; 100 101 (1012 Logs) ATl A P I i S ev,
0.28 023 +0.16
my=125.09GeV, |y, [ <25 BBz 7 078 "5 (“ote s o re I Inary
m m,, =125.09 GeV, ly | <2.5
psM=92% Bypy/Bzz ——— 1.06 513 (0100 “o0s H — . e 3 < .
B../By,. l-_+ 086 ‘018 (02, o H
—— N . . 014\ -0.10 " -0.09
Total Stat. 0jet, p¥ <10 GeV [focz 007 011 005 052 001 00 00 001 610 604 0051063 607 68 002 007 012 015 0191009 607 T 0081001 011 0.10 0321005 0.06 007 0.08 002 00106370345 1 <
=== Syst. 1 SM 0 0.5 T T P q b o H
0-jet, 10 < P! < 200 GeV [o.cz [JEJ o 18028 0.18-007-0040.12 0.14 0C2 028 014 0.114002008 000 011 .10 0:20 020 026:0.12 7 009 @11 011 003
Total Stat. Syst. 1-jet, p¥ <60 GeV o7 -a1g 0.26-0.19.0.02 -0.010.08 0.02 0.11 Q.08 0.0650.35 004 Q.02 0.02 0.04 0.05 0.06 0.05,0.01 0.02 0.02 0.02 0.00 08-0.03-0.03-0.04 -
O-jet, pt < 10 GeV - 089 '022( 1019 w0l 1-jet, 60 < p¥ < 120 GeV [o.11 028 021 JJEJ0M 001022005 007 000 828 018 6095058006 606 010 0.11 014 .14 0.15:0.07 G.06 C.09 008 G.06:0.00 0.09 0.08 001033 0.5 0.05 005 002 0 25.012.023.029 ><
04et, 10 < p < 200 GeV 114 005 ( s012,100%) 1-jel, 120 < plf < 200 GeV oos 018 025 044 06004 002 023 Q17 0.0750800.04 Q.06 007 0.08 011 0.08 0 203 0.05 0.05 0041201 0.05 0.05 00120.02 0.03 0.03 0.03 0.1 14-007-009-0. 0.8 o
7 . 0.14 N M . v E
1-jet, p* < 60 GeV 057 =028 ( 'ggf,:om) T i 2-jel m\<35OGeY €,<GOGe 0.0z -0.07-0.49-0.01 0.010.07 -0.06 .00 Q.04 0.04 0 3-023.007 001 020 000 000 00010.00-001-0010, 001000 001 0.00 0.01 0.0 0.03)
T = To -jet, m; < 350 GeV, 60 < p! < 120 GeV oot -acs o 6000 0.13 010 0.05:0.02 040-0.180.02 -0 0 0.00 0.00 .00 0.0010.00 -0.01 0.0 0 .00 G0t 0.0 0.00 0.01-0.01 001
1-jet, 60 < p* < 120 GeV o 1.06 vnzs( +0.25 +0.13 2 9 T
.60 < p7 - 4 027 ( L0245 012 X 22el, m; <350 GeV, 120 = p¥ <200 GeV foca 012 corace 20007 3 003 0.03 0.03 002,001 0.03 0.03 00170.02 0.03 0.02 0.04 001 030100030 14-004-007-0.11 |
1-et, 120 < p < 200 GeV it 066 038 ( 'O38. 1010 1, 350 < m, < 700 GeV, p* <200 GeV [z s 7 05 s , iz
gg—Hx B g =pP7 l . 039 ( 035017 jet, smy< eV, pii< eV foce 0.14 003 0.07 0.0¢ 008 0.550.09 0.0 0.42 0.1 0.6 0.08 0.07 0.05/0.00 0.0 0.07 © 3 0.05 0.08 0.07 0.02 23.0.10-0.14-0.1 .
2z 2 2-jet, m;, < 350 GeV, p* < 60 GeV 0.47 ':gg( 098 ¢°47) = 2+jet, m; 2700 GeV, p! <200 GeV [oo1 acz 00z 0a 0.02 000 028 0.00 0.0 -0.53-0.28-0.20 0.01 10.02 001 0.00 0.0 0.00. 2 0.02 0.03 0.02 0.0 04-0010.00 -0.0
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http://cds.cern.ch/record/2789544/files/ATLAS-CONF-2021-053.pdf

First ATLLAS Global combination

WW, WZ,, 4L, Z,+;2|ets combination

— ey - — AP =
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L(x|c,0) = exp (——AxT (c,0) V'Ax (e, 0)) S Eoe e 1 3
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https://cds.cern.ch/record/2776648/files/ATL-PHYS-PUB-2021-022.pdf

First ATLLAS Global combination

Precision Electroweak Measuremewts
on the Z, Resonanc (50 p0 p0 40,
€ RE € FZ \ R R R

Hadronic pole cross section
Ratio of partial decay widths Forward-backward asymmetry

e Tight limit provided by LEP-> only sensitive to a limited number of parameters.
e Parametrisation of EW pole observables only in the linear approximations:
- Two different fit setups: Higgs+EW and Higgs+EW+EWPO

e The likelihood is modelled as a multivariate Gaussian, both theoretical and experimental
uncertainties are included in the covariance matrix.

EWPD in the SMEFT to dimension eight

I(Observable Measurement Prediction Ratio .. \\!
* Electroweak precision observables measured
[z [MeV] 24952 +23 2495.7 + 1 0.9998 + 0.0010
RY 20767 £0.025 207580008  1.0004+00013 af LEP and SLC
RO 0.1721 £ 0.0030  0.17223 = 0.00003 0.999 +0.017 e Elght pseudo observables descrlblng the
R% 021629 £0.00066 021586 £0.00003 10020 £0.0031 4 o (b
EB" 0.0171£0.0010 001718 £0.00037 0995 +0062 P preted.
SB 0.0707 £0.0035  0.0758 £0.0012  0932+0.048 e Measurement probed with high sensitivity
0.0992+0.0016  0.1062+0.0016  0935£0021 (31 _()01 %)
ol [pb] 41488 +6 41489 + 5 0.99998 + 0.00019

-~
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https://arxiv.org/pdf/2102.02819.pdf
https://arxiv.org/abs/hep-ex/0509008
https://arxiv.org/abs/hep-ex/0509008
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ATLAS Global combination: one at a time

Vs =13 TeV, 36.1-139 fb™
SMEFT A =1 TeV; one-at-a-time

EW
— Higgs

' I
ATLAS Preliminary

— EWPO
— EW+Higgs+EWPO

WZ

Zjj

4y bl

(oo lo

09.258° ¢

ORI
P

)
0 @5 0
Q %7

0 00 L0 0
O S e Y
PN %

® One parameter at a time scans to compare sensitivity to an

ATL-PHYS-PUB-2022-03F

operator across the 3 measurement groups;

¢ all remaining Wilson coefficients fixed to zero;

e correlations between operators are neglected.
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J
E. /c M d
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ATLAS Preliminary

/s =13 TeV, 36.1-139 fb™

SMEFT A =1 TeV; one-at-a-time

EW

— Higgs — EW+Higgs+EWPO



https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf

ATLAS Global combination

HIGGS+

ATL-P HYS-PUB-2022-03F

" ATLAS Preliminary

® Best Fit

|
M Higgs

(54{‘//(*/‘/{ A Q&U(

Parameter Value
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he fi gl quadratic CL gt o s
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. tH —
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https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf

ATLAS Global combination

HIGGS+! "W+EWPO

® C(Constraining 6 individual and 22
linear combinations of Wilson
coetficients.

e Several constraints driven by both
ATLAS and LEP/SLD.

¢ (Complementary information.

e Linear fits agree with the SM
expectation for most fitted
parameters, except for:

s o4

Ly v > €XCess driven by a well-

. . O’b
known discrepancy in A7’ from

the SM expectation.
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ATLAS Global combination: simplified likelihood

ATL-PHYS-PUB-2022-03F

e Simplified likelihood model: ATLAS Prelmmen 2o
J/s=13TeV, 36.1-139 ' 95 % OL
SMEFT A =1 TeV — Full likelihood
Linear parameterisation —— Simplified likelihood
- format to deliver results for re-interpretation; , oo
Crvv,vit
Clsvv,wf
. o e . . 3
- signal strength modifier + correlation matrix. v |
HVV, Vif |
C/va,wf

® Results from the full likelihood fit compared to those "
using a simplified likelihood following a multi-variate di

. Cw
Gaussian approach: b v
Cm/v, vif

)
HVV, Vit

- minimal differences between the two methods; o

!

- the simplified model is nuisance parameter free, as the

3
2q21

. . . . . [9]
effect of all uncertainties is encoded in the covariance  Gyw

CH\1/V, Vit

matrix-> computationally inexpensive. Chyur

Chvv, vir
Cic

!
Ciop

CuH,dH,Ho

e Signal strength modifiers + correlation matrix available, g

2q2/
2]

preparing shared parameterisation. Cag

[13]
Chyv, vir
cia

HVV, Vif

CeH

CtH

Parameter value
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https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf

What’s next

o First global ATLAS EFT interpretation available, also
providing a simplified likelihood model for re-interpretation.

e Well established framework used to perform the ATLAS Global ’
combination.

e Combination with additional Top + EW analyses ongoing->
provide complementary sensitivity.

e Ongoing Higgs interpretation of STXS results from Nature Paper (Link)->
improvement expected coming from the inclusion of new inputs such as:
- boosted-Hbb, H — Zy, H — cc, H — upu.
- “Top" flavour scheme to fully exploit all the channels included in the combination.
e Ongoing studies on the inclusion of dimension 8 terms and mapping EFT and UV theories.

e ATLAS + CMS: ongoing exercise to include few channels and test the combination using consistent
parameterisations and assumptions-> developing tools for EFT parameterisation
(further details in Fabian’s talk)

Stay tuned for many nteresting results to comell
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https://www.nature.com/articles/s41586-022-04893-w
https://indico.cern.ch/event/1201401/contributions/5145470/

Thanks for your

attention!




«_ FEvidence for the charge asymmetry in pp — 17

EW

e Inclusive and differential full Run2 measurements of the top-antitop (¢7) charge asymmetry A” and the
leptonic asymmetry AZ ‘

e Differential measurements are performed as a function of the invariant
mass, transverse momentum and longitudinal boost of the t7 system.

e Combined results are interpreted in the SMEFT framework.

* 14 four-fermion operators + 1 operator for top—gluon interaction.

ATLAS aTiAs 0.08l — NNLOQCD +NLOEW  ATLAS _
—— NLO QCD + NLO EW —— NLO QCD + NLO EW - s 1
. ——- _ /S = 1
0.010f vs=13TeV, 139fo"' 4  unfolded A" ] 0.04] Vs=13TeV, 13910, | nioided A7 Ci, =05 vs=13TeV,1391b
. 0.06;f —— Ci,=1.0
0.03 L
0.008 4 combination
e 0.02} ! _ 0.04 single-lepton ‘
'TO < = :
< < -+ dilepton {
o N { =T
0.004 : 0.00 -
0.01}
: . 0.02}
0.002 ] <200  [200,300] [300,400] > 400
Inclusive m;; [GeV] 0.04 _ . ‘ ‘ v |
< 0.5 [0.5,0.75][0.75,1.0] [1.0,1.5] = 1.5
my; [TeV]

The combined inclusive charge asymmetry is measured to be A= 00068 + 00015,
which differs from zero by 4.7 standard deviations.
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https://arxiv.org/abs/2208.12095

«_ FEvidence for the charge asymmetry in pp — 17

EW

e Inclusive and differential full Run2 measurements of the top—antitop (t7) charge asymmetry A” and the

leptonic asymmetry A? ¢

, ) , ) , . ATLAS Vs =13 TeV, 139 fb
e Differential measurements are performed as a function of the invariant AT vs. NNLO QCD + NLO EW
mass, transverse momentum and longitudinal boost of the tf system.  Differential m,,
e Combined results are interpreted in the SMEFT framework. ] —ﬁ:z + A" _ggegt :éittvalue
* 14 four-fermion operators + 1 operator for top—gluon interaction. Co |- e
e Large improvement comparing with{LHC 8TeV/Tevatron results., ol S
e Interplay between sensitivity, which increases rapidly at higher m,;, Coq -
and uncertainty, which grows from 0.2%-0.3% in the lowest mass bin C}L N _:_—
to 2.9% in the highest bin. g;“ R ;_ _
e For the linear fit, the tightest limit is obtained in the mass bin Cz}: B —
from1to15TeV. ey G [T
e Constraint from theldifferential /m,; measurementimore tharfa factor 2} ¢4, - e
stronger than the one from inclusive measurement Czu N *“’;
(increase in sensitivity with higher m,;). g:d T I
t
Ll
Cod [ = -
The combined inclusive charge asymmetry is measured to be A= 00068 + 00015, oo boondboon bons b b b e
which differs from zero by 4.7 standard deviations. -2 -1 0 1 2 3 4 5 6
CIA? [TeV?]

Individual 68% (solid line) and 95% (dashed line) CL limits on the Wilson coefficient
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https://arxiv.org/abs/2208.12095

«_ FEvidence for the charge asymmetry in pp — 17

EW

e Due to the extra jet in t#j production, the QCD structure of the energy asymmetry is not the same as
for the charge asymmetry in #7 production, so the two asymmetries probe different directions in
chiral and colour space.

e For colour-singlet operators with different quark chiralities (top row), the two asymmetries probe
similar areasin the parameter space.

’2‘<~ S, ATLAS 7<~ ATLAS —— A 68% CL
S 4 T Vs =13TeV,139fb™" S 4ivVs =13TeV,139fb™! ——-- Ag 95% CL
é N N P g
-3 -3
S S,
0 0 :l/é‘";:.\\‘.
AN N
=2t -2
_af —— Ag 68% CL 4 —— A 68% Cl
Ag 95% CL “~! & 1 - Al 95% CI
A A | P "
-4 -2 0 2 4 -4 -2 0 2 4
Coa (TeVIA)? Coa (TeV/A)?
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https://arxiv.org/abs/2208.12095

«_ FEvidence for the charge asymmetry in pp — 17

EW

e Due to the extra jet in t#j production, the QCD structure of the energy asymmetry is not the same as
for the charge asymmetry in ¢f production, so the two asymmetries probe different directions in
chiral and colour space.

e The bottom row shows. Here, the different shapes of the bounds are due to the different colour-
singletand colour-octet contributions to ¢f and t#j production, which is probed with high sensitivity
by the asymmetries.

"“2 ATLAS —— Ar68%CL % ATLAS —— Ag 68% CL
% 4tVs =13TeV, 139fb ! -e== Ar 95% CL S 4iVs=13TeV,139fb! ====- Ag 95% CL 1
< >
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O ot '-K‘JQ 2

.
4
- ——
a —”-—-v‘-""\_p
. I rESes
I" oy
- —
Venm ooy ™  \
- ~ /1
> - ’ ra
- ’
\ ‘ =4 ’
-~ - — =L

2} -2 A
—— A 68% Cl AY 68% CL
_4> ! " . —4 ot ]
o Afeswer| | e AlT 959% CL

3 =5 0 2 4 4 2 0 2 4
C., (TeV/A)? Coy (TeVIN)?

colour-singlet versus colour-octet operators with the same quark chiralities
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New SMEFTsim v3.0

general U35 MFV top topU3l
all P |all P | all P | all P | all CP

cV | a4 2 |4 2 |2 - |4 2] a4 2
£ |3 - 13 - 3 - | 3 - |3 -
£ | 8 4 |8 4 4 - | 8 4 | 8 4
c® | 54 27 |6 3 |7 - |14 7 |10 5
£ | 144 72 |16 8 |20 - |36 18 | 28 14
c” | 81 30 |9 1 |14 - |21 2 |15 2
c®) | 297 126 |8 - |10 - |3 - |16 -
c®) | 450 195 |9 - |19 - |40 2 |21 2
c®) | 648 288 | 8 - | 28 - |54 4 |31 4
c8) | 810 405 |14 7 |13 - |64 32| 40 20
tot | 2499 1149 |85 25 |120 - |275 71 | 182 53

From llaria’s talk
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SMEFT parameterisation

The impact of dim-6 CP-even operators is estimated using both MC truth and analytical

predictions for all the Wilson coefficients that have numerically relevant contributions (62).

Tree-level insertion, eg, NLO-QCD
. . . q - H - ZH
e Dimension-six operator effects are calculated: worn s oy :
v - H A
- at tree level using SMEFTsim 3.0. E -

- for processes that are loop-induced in the SM, thus ggH and ggZH production, Higgs
boson decays into gluons -> SMEFTatNLO.

- Analytic formulas for H — yy including NLO EW corrections
and LEP observables.

® Theory uncertainties on SM predictions, no additional uncertainties on SMEFT.

® Acceptance corrections to account for kinematic differences between SM and SMEFT in
Higgs boson decays on both linear and linear+quadratic terms.

e Effects of width changes of intermediate particles (“propagator corrections”) included.

SMEFTSf SMEFT@NLO

v3.0

7
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https://arxiv.org/abs/2012.11343

SMEFT interpretation workflow

Parameterisation

CERN-EP-2022-094

ATLAS Simulation ys=13Tev 139 H— yy,m =125.09 GeV, A =1 TeV
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https://arxiv.org/abs/2207.00348

H — yy: constraints on sensitive directions

CERN-EP-2022-094

e Operators grouped according to the eigenvectors of the information matrix of the measurement.

e All results are in agreement with SM expectations.
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https://arxiv.org/abs/2207.00348

Electroweak precision observables

® Electroweak precision observables (EWPO) measured e.g. at LEP and SLC, including 8
observables in our fit.

® Constraints obtained from the interpretation of these observables are typically more precise
than LHC constraints but only a limited number of directions in parameter space can be
constrained.

® The tight EWPO constraints provided on operators affecting weak-boson—fermion couplings
allow to disentangle their effect from those affecting only Higgs or weak-boson self couplings,
which cannot be constrained with Z-pole data.

e The precision observables agree very well with the SM expectation, with the exception of A%’
and Agg for which deviations of more than three and more than one standard deviations,

respectively, are found.

® Linear only parameterisation.

s ™
Observable Measurement Prediction Ratio
Example Of linear parameterisation fOI' EWPO Observables ', [MeV] 24952 + 2.3 24957 + 1 0.9998 + 0.0010
4 r 31 R 20.767 + 0.025 20.758 + 0.008 1.0004 + 0.0013
z (1 B B B (1 3) RO 0.1721 £0.003  0.17223 + 0.00003  0.999 + 0.017
T o =1+0.059¢;," = 0.004cyp — 0.004cp — 0.007cyya — 0.011cy; — 0.081cyy; — 0.0 lep, R‘é 0.21629 + 0.00066 0.21586 + 0.00003  1.0020 % 0.0031
’ o 0 3) 3) AL 0.0171 + 0.0010  0.01718 + 0.00037  0.995 + 0.062
+0.007¢cy, +0.021cy, +0.075¢y, +0.021c; , +0.014cq, +0.027chw B Aes 0.0707 + 0.0035  0.07583 £ 0.00117  0.932 + 0.048
N <1 AR 0.0992 + 0.0016  0.10615 + 0.00162  0.935 + 0.021
o [pb] 41488 + 6 41489 + 5 0.99998 + 0.00019
had
% w,
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ATLAS Global combination: acceptance

e EFT parameterisation is affected by analysis level selections used to

reconstruct SM Higgs.

e Acceptance effect can be considerable when the shape of EFT

distribution is different from the SM distribution.

e Assuming SM-like acceptance not always possible-> modifications for
H — ZZ (ggH production - valid for all) and H — WW are considered.

e Example: shape of the invariant mass distribution of the secondary
lepton pair in H — 4l decays for various values of the Wilson coefficients

Cw and cyp.

e Acceptance parameterisation is a ratio of polynomials, linearised using

Taylor expansion.
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For one coupling, the acceptance can be approximated using
a Taylor expansion:

1+ afqc; + bfz'dcg
ASM 1+ agpici + bioy c?

ABSM

: ~ 1+ (afid — atot)Ci + (bfia — brot — Apidator + afot)c,? + ...

7/ _
E /c MMM /Q& J1.(

| HC EFT WG: 5th General Meeting - 02/12/2022



ATLAS Global combination: statistical combination

¢ Overlapping categories:

- regions of the inclusive 47 analysis that target m,, < 180 GeV are excluded (small impact on SMEFT).

{ the 0-jet WIW control region from HWW is excluded; WIW normalisation is correlated with WW signal
normalisation.

¢ A multivariate Gaussian model is used for the interpretation of both LHC EW measurements and EWPO.
e Systematic uncertainties modelled with common nuisance parameter:

- for unfolded SM measurements: experimental nuisance parameter shift unfolded results;
- same nuisance parameter shift reco-level prediction for Higgs measurements.

e For EWPO the model contains no nuisance parameters and
both theoretical and experimental uncertainties are included
in the covariance matrix.

Correlated Uncertainty Source Parameters

Luminosity (correlated part)

Luminosity 2015/16
e Limits on WCs extracted using combined likelihood (product of Luminosity 2017/18
individual likelihood) . Pile-up modelling

Pile-up jet suppression

Jet energy scale (pile-up modelling)

LY S I S S e O S

Jet energy scale n-inter-calibration

Jet energy resolution 12
B-tagging efficiency (WW and H — WW™) |
WW modelling (WW and H — WW¥) 2

/ :
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ATLAS Global combination

of linear SMEFT parameterisation shown for bins along with corresponding measurement(uncertainty)

e Relative impact of linear SMEFT terms with Wilson coefficients ¢y, ¢y, ¢, Cpp, € and ¢, on the Higgs

STXS cross sections and branching ratios.
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https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf

ATLAS Global combination

e Additional sensitivity coming from EW measurements and EWPO, e.g. ¢W that cannot

be disentangled using just H — yy decay.
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ATLAS Global combination

Impact of linear SMEFT parameterisation shown for bins along with corresponding measurement uncertainty
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ATLAS Global combination

e SMEFT impact on measurements shown in Warsaw basis and fit basis-> allows to
understand the impact of the different fit directions on measurements.
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ATLAS Global combination: sensitivity studies

e Principal Component Analysis to reduce the dimensionality of the fit. ATL-PHYS-PUB-2022-037

e A simultaneous measurement of the signal strengths in each measurement bin is performed
using a maximum likelihood fit exploiting a signal strength parameter y,:

e The Hessian matrix Hy at the minimum of the negative log likelihood of the y;, measurement

is reparameterised in terms of Wilson coefficients using the linear parameterisation matrix P.

e Hgy o, can be obtained from the Hessian matrix H,, in y;, space:

e P: matrix that gives the
parametrisation of the
observables as a function of the
Wilson coefficients;

b. .
° Ai’ . factors obtained from the
simulation.

7/ _
E /c MMM /Q& J1.(

Flat direction:

EvIx x*c, - y*c,

Sensitive directior
Evl = x*c, + y*c,
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ATLAS Global combination: sensitivity studies

e PCA considering all operators: directions ordered by increasing uncertainties, keeping ¢ < 5;
e Wilson coefficients expected to be at most order 1, new physics scale A expected to be at least
1 TeV -> directions with ¢ > 5 have very little impact on the measurement.

Eigenvectors from PCA, corresponding eigenvalues

ATLAS Preliminary /s=13TeV, 36.1-139 fo~"
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ATLAS Global combination: sensitivity studies

ATL-PHYS-PUB-2022-03F

e PCA considering all operators: directions ordered by increasing uncertainties, keeping ¢ < 5;

e Fit basis defined by grouping operators of similar physics impact together.

ATLAS Preliminary /s=13TeV, 36.1-139 fo~"

1
0.1487 cW
0.0525 Co 0.9
1.4962 Coy
0.8
0.0118 cue
0.7
0.4007 cg
3.3245 cy 1 0.6
1.4800  Cyr,ah o 1 m
0.5
0.0325 Cégz, EEN —0.37 —0.21 —0.11 —0.13 0.04 0.03
0.3783 cﬁz, 0.44 0.56. 001 034 -0.1 001 0.4
(3]
1.1017 Cogal 0.15 —0.51 0.34 —0.36 0.12 —0.06 0.3
4.5588 cggz, 0.04 —0.28 0.27 .70.1570.22 ~0.39
09762 cl 0.2
. Ciop 061 044 044 028 016 012 012 004 003 002 0.02 —0.01
[1]
0.0601 Caq (CE 0.2 022 0.11 0.1
4.8986 c‘[ﬁ; 0.27 JOfEN 023 0.2 —0.2 0.1 ~0.08 —0.03 ~0.02 —0.02 0.01 0.01
0
[1]
0.0010 Chyy v ~0.45 0.02 001 —0.23 03 001 002 —0.02-0.04 -0.06 0.01 —0.06
[2] _
0.0044 ¢y i —0.01 (N —0.47 0.27 ~0.01 0.01 —0.01 0.04 002 0.1
0.0068 Cmv Vit EWPO ggH VBF VH ttH,tH BR 029 -0.2 0.09 0.15 0.03 0.61 —0.55 0.35 —0.05 0.05 0.11 0.2 —0.02 0.12 0.2
’ S ] ;01 -
S 10 o
0.0099 c4, 5 1%L = 023 051 024 047 008 089 0.1 021 —0.05-0.01 001 003 002 0.03 0.01 001
s 3
10, F 05
N —-0.
0.0162 cﬁ,v Vit }34_ 0.02 -0.02 —0.06 —0.09 0.01 —~0.03/0.56 0.24 —0.17 —0.03 0.03 0.05 —0.54 0.09 —0.54 0.3
[6] r
0.0252  ciyyy vy (% % 1 CE\]/v.wf=0.1 | 0.32-024 017 032 004 001 —0.13 03 0.01 —0.14 0.04 —0.14 0.01 0.4
= X
0.0447 ¢y v T 1k T osk C:\]/v,vtf=0.01 -0.11-0.13 -0.08 ~0.08 0.09 —0.1 048 0.59|—0.04 0.09 —0.16 —0.15 0.39 —0.06  0.39
' L<L|1 101 F w ll ¢ nwyi =0.05 —0.5
0.1078 Cﬁ/v Vit - < 2 i 2 -0.01-0.01 0.01 —0.03 0.03 0.07 —0.03 70.02m70.31 0.05 0.05 0.01
’ 102 ]
0.2410 Cmv vit 103 _os5F 006 0.2 —0.06 -0.08 0.06 —0.14-0.03 021 0.05 —0.18 0.26 01 012 01 —-0.03-0.01 -0.6
104
0.3362 CE,S]V Vit 1B L | B BN BN B ~02 04 003 043 .70.01 ~0.06 ~0.1 ~0.41-0.05 0.02 0.1 -0.01-0.05-0.01-0.02 07
' > aA°ALT R, R,R 0'0 %, %, %, Yo, %, %}/ %)/ % */ 900 000&;& SRR YRR R %3/1153/ é’&e& % % <K ) 900 ‘900'?3 % &\4 /s'\, &\ &\ &\4 e
0.3679 CE:/]V vif APfrs 2 00T g Yos" 7 f0y' e, /@;"of’s;‘ zé,s‘of‘ﬁg “‘2;730 Y o, o S /°’,,) 0 % B2 B R T Y, %, Y, Yo, B G ey > 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 ~0.02 -0.01
: "0 R 2, 07 vy %1 %) % O e, B e e e R R e T, % 0.8
2 0% -, 2 0, % % Yy A % v, o % 0 0 e
0.6538 CE‘Z,]V vif 2 % 2 "5,:900 2 w7 ,Ofv"? %, %%, % %  0.01-0.03 003 006 001 —0.05 ~0.05-0.05 0.34 —0.02 —0.05 0.06 0.06 0.05 0.01
> “ Ty, 4 D U, s, N
o o 0 20,2 % Yo, %,
1.1302 CE\?;]V,fo ° V%v@;r\% G 011 023 0.14 024 001 —0.47 70.01. 0.04 0.1 —0.05 0.3 —0.05 0.1 09
2.1139 Cm]v Vi -0.15 -0.29 —0.16 —0.28 70.01. ~0.05 0.02 055 0.1 0.23 ~0.14 ~0.02 0.08 0.04
: L
I\ N C R C P SR T SR | S ORI R G o P R B¢ ¢ I B N QR B R R R T S S S N R S N S N BN B S O N N ST C I SR T\ BV N S N N N I S LT QR S\ SR\
OV o o o Y Y & oY o & o8 O ox ¢ oo 00&\ e 006 00& 00& o 00& o o8 006 00& 00& G<\§ 00&\ o o o o o o of of o o X o 0{\\* o 0\>\0 x [V RS o 0\*6 o 0\(\@ ot ¥ X

Warsaw Basis, Wilson coefficients



https://cds.cern.ch/record/2816369/files/ATL-PHYS-PUB-2022-037.pdf

