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Introduction

5 * No direct BSM evidence : M(BSM) > O(1 — 40 TeV) while M(EW) ~ 0(100 MeV)
Lnature = Lsm | > See summaries ATLAS : SUSY-link, Exotic-link; CMS : SUSY-link, Exotic-link
[ => Effective Field Theory ] A O(TeV)
©) ®) basis assumptions BSWM | BSw
Leff — LSM + Z C/l\_201(6) + z 6‘11\_401(8) » (Warsaw’ HISZ’ (global Sym, » M ~ EFT resounant
; : SILH, Higgs, ...) U(@3)>,...) —
~MNASS

More concepts In , EW sector importance

« Implementation in ATLAS and CMS analyses :

u(c™)

1) EFT re-parametrization : L(data | ) —— L(data |c™) 2) Dedicated measurements :
Fully reproducible, can be done at any “combination stage” Full sim SM and cl-(n) => direct fit to data
Can handle many operators in t < oo Expect best sensitivity, fully parametrize acceptances

This talk : EW + Higgs

. Top + Higgs
2 Thomas CALVET, SM@LHC, 30/04/2021


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-007/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-009/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS/index.html
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV
https://indico.cern.ch/event/986604/timetable/#75-recent-eft-developments-wha
https://indico.cern.ch/event/986604/timetable/#77-the-global-impact-of-ewh-sm
https://indico.cern.ch/event/986604/timetable/#79-eft-measurements-in-the-top

Electro-Weak analyses part 1: HUV, VWV, Vff vertices

— dimension 6 EFT

Neglecting all contributions/uncertainties from higher-order

@ Thomas CALVET, SM@LHC, 30/04/2021



The dictionary

A hand full of results (several covered in this conference)

ATLAS - arXiv:2103.01918
A
e _ N
ATLAS - arXiv:2004.03447 CMS - EPJC 81 (2021) 200
CMS-PAS-HIG-19-009

q A

-
-

€+

ATL-PHYS-PUB-2021-010
A

r

A\

Phys. Rev. D 102 (2020) 092001

[ EW+H interface ] H-WW v q 1,74 /4 W
]
W+ q W

[ Higgs analyses with impact on EW sector ]

, VH(H - bb) p
' resolved Eur. Phys. J. C 81 (2021) 178
high pT Phys. Lett. B 816 (2021) 136204

Vv

Higgs combination :
ATLAS-CONF-2020-053 / CMS-PAS-HIG-19-005

@ Thomas CALVET, SM@LHC, 30/04/2021

WW +=1jet

ATLAS -
arXiv:2103.10319

[ EW analyses ]

EW Z + jj

q

ATLAS -
arXiv:2103.01918

Wz

CMS-PAS-SMP-20-014

CMS -
arXiv:2102.02283



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-51/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-52/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-002/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-014/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-30/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-001/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-009/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-30/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-010/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-18-004/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-34/

The dictionary

Caw Chp \"A'A"A

Constrain large variety of

Cey  HII < Cuw v/VIH operators
"""" couplings
Cur Can Hqq Cub Vqq fved pling

to fermions
Che iy ¢y M\Luc< HI < -V
CHu Cha Chg Cy Vaq . Had HVq

i (1)
4-fermions Cee Cp

A
C;1 Cjo C B @O B
Ll 'le I, qu Cuu Cud

Ceu Ceq Cqe 4] 1 .3 (8
C
C(l) C(B) Cii C llqq 4q 41 “aq_‘aq “qd
lq Cig° Cw Cla ORNC)

LCun CquCqu > Including some not directly related to EW sector
gluons+Higgs

x\ﬁqqg o Che
Cuc H
ggg g8

5 Thomas CALVET, SM@LHC, 30/04/2021
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The dictionary

Wilson coefficients in the Higgs and/or EW analyses Recent analyses relevant in the electro-weak sector
g , P pp—4l measurement

CHo Cyp Cawp HVV Cy
7777777777777 CHw Chp / |
/ \, H—4l (acc, opti, ...)
|
C HIl C : :
- O e “Full ” mapping in backup ( ) H-WW and WW EFT
Cyn Can Hqq CuB . I
B Read helpers In baCkup ( f,‘ WW+2>1jet measurement
CHe CI({l) 1(131) Vil Hll T+ W vmn CMS pp—WW
1) 3) :
o € g G R \ - VH(bb) resolved
|

Showcase how results contribute to

Ceu Ced Cqe _‘ _' ! difference aspects of EFT studies

1) 3
Clq Clq Clu Cid

Haqag Cc & -
. P HG & ..

CuG = EW Z+]j Wy WZ
ggg g8 7,

B Thomas CALVET, SM@LHC, 30/04/2021
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-30/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-18-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-002/index.html
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Electro-Weak analyses part 1: HUV, VWV, Vff vertices

— dimension 6 EFT

Higgs sector

E Thomas CALVET, SM@LHC, 30/04/2021



Higgs Simplified Template Cross-Sections

« STXS : simplified fiducial volume definition for differential measurement :
> split production phase spaces in truth-bins,
> mostly : pf (py in VH), N(jet), m;; (VBF and ggH)).

See yesterday

« STXS bin content dependence on EFT parameter from (truth-)MC :

B
C; XS . . 6 .
Legr = Ly +z 50,7 > Linear (in c*) assumption :
i Taylor expand at O(A™2)
: — [H-X  rpHoX . . .
oy x ( s S (N)LO) L+ pii=x + phiox 1) > Quadratic assumption : (1) with all
(XB)"" 2 =(aeXB) L +|— — — : —2 _4 .
SN obono — Tomourol/| 1+ i 4 T O(A™*) and O(A™") terms and ratios

» Re-express full likelihood to extract constraints :

L(N|u"*,0) = Poisson (Ni|s(1",68) + b (6))

@ Thomas CALVET, SM@LHC, 30/04/2021

T LT T exB)svmc smmc!?) X €


https://indico.cern.ch/event/986604/timetable/#70-stxs-vs-fully-fiducial-meas

Constraints from combined Higgs measurements

 July 2020 ATLAS Higgs combination : ATLAS-CONF-2020-053
> H-yy,VH(H - bb),H - 4l @ 139 fb 1,

» STXS merged stage 1.2 (backup-link),

» Warsaw basis, c; eigenvectors (backup-link), acceptance in

 Jan 2020 CMS Higgs combination : CMS-PAS-HIG-19-005
> H - 41 @ 137 fb~1, other channels with partial data,

» based on STXS stages 0, 1.0, and 1.1,

H->41 (slide 12 - link).

» HEL basis, no acceptance corrections.

35.9-137 fb' (13 TeV)

CMS  Zo o
ATLAS Preliminary —— 68 % CL Preliminary — 120 iZG(olhechJ:O)
VE=13TeV, 139 o1 wmeeeme 95 % CL P =89% :
M = 125.08 GeV, |y < 2.5 —0—II:Tnear srat \V{J—'f’# B
SMEFT A = 1 TeV inear + quadratic ] I . Cpgy X 10° -
n VH production i
cl uaumiop (x10) . o K / / © —c)x10° _Q__
8 ¢, x10 ——— _.g.._
- Chil 6,18, HED. W, 08 : \ I n H - -
< ' | g yy i
g —02 —0.1 0 0.1 0.2 \ ________ ‘L I deca Width C X 10 ——— +
% Cﬁv,m,Hwa,.Lm.uw.uB + /—LLLL\ y [
Lj:) Al I E— — \ ¢, x 10° +
=5 Hu,Hd Hg " |
@) 2l S S r'jrr . o 10}
> e N ~~ In HVV vertices *
(V)] -2 -15 -1 -05 0 05 1 1.5 2 < —
E‘ P R B B — (VBF/VVH prods) Tl -
= v o 20 15 10 5 0 5 10
g e Parameter value
© CE':‘F]B]J!' o . . . W ad . . —
= 0 s L Compatible with SM, significant contribution from O (A Y.
e b (<01 o ,
= s s 4 20 2 4 6 5 10 Important correlations observed.

D

Parameter Value

HIM constraints typically 0(10) times worse than HVff and Hyy.



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html

Towards EFT optimized analyses : ATLAS VH(bb) inclusive and boosted

« 2 VH(bb) analyses :

q . H(— bb)

« VH(bb) resolved : constraints

(3) ;

on ¢y IN Higgs combination

V(— lep)

ATLAS Preliminary —— 68 CL
V5=13TeV, 13911 sweeemn 95 % CL
my = 125.09 GeV, |yu| < 25 —*— Linear

SMEFT A =1TeV

(3)
Cla

ol
-
|
|

Linear + quadratic

-10 -8 -6 -4 -2 0 2 4
Parameter Value

6

10

0.4 P b
B hadron

A

@____ #

Resolved topology

> Inclusive analysis p;(V) > 75 GeV
» 30% uncertainty on pr (V) > 250 GeV
» Can not isolate higher bins above 250 GeV

Boosted topology

@----<—3

o A\
5 { |
| B hadron
1%

B .

b

& | I
< T
3 \ Bhadyon
- \ )
~

> Dedicated high py(V) > 250 GeV
> Low statistics : 60% uncertainty
» Can isolate pr(V) > 400 GeV

Eur. Phys. J. C 81 (2021) 178

"‘(,é4-5,“|““|"“"“"“\“"\“"\“"“"_
_F 4: ATLAS ----Linear (exp.)

< [ V§-13Tev,139fy!  — Linear(obs.) ]
2 Linear + quadratic (exp.) |

350 VH,H-bb,A=1TeV
[ Linear + quadratic (obs.) ]
3 ]

Same approach -
Only VH(bb)\ .

ok

>V

Only cig o
GE ! N A

v b by b b L L 1
-0.3-0.256 0.2 -0.15 -0.1-0.05 0 0.05

cff;
10 Thomas CALVET, SM@LHC, 30/04/2021

Phys. Lett. B 816 (2021) 136204

"‘(,é4-5,"“|""""\""\"|
_F 4; ATLAS -« linear (no split)
o FE-13Tev,130mp?  lnear(spit)
8 3,57 Boosted VH, H - bb lin. + quad. (no split)
" [ A=1TeV, Asimov fit lin. + quad. (split
3r
250 ._
* 400GeV:
15 — ;
: split
1=
0.5F
G:| | |



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-52/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-51/

Acceptance effects : ATLAS H->4l (arXiv:2004.03447)

« STXS is not fully fiducial : does not include all analysis selection observables (no decay !)
» acceptance parametrization difficult outside experiment.

In H-4l :

Normalised to unit area

Sub-leading
lepton pair mass

* Ways out :

04
0.35

0.3

0.25F1

0.2f
0.15[ 1.

012 imm:

- HoZZ* 4l M E

[ ve=13TeV HW 7

e Cw="0.8

L gg2H CHW=0-8 E

C GHW=3'0 E
Mgy > 12 GeV

[rrrrprT
- ATLAS

I\l\\l\‘l\
Simulation

0_055 s o T .

[T

Ll50

680 70
m,, [GeV]

Lower efficiency in

EFT hypothesis.

1) Patch STXS re-interpretability :

Public access to acceptance EFT
dependencies... ? Decay in STXS ?

ﬁll Thomas CALVET, SM@LHC, 30/04/2021

2)
ATL

+ ATLAS pp—4l : in a few slides and general

appr

g ‘37""|"“I""\““I""“II = 6g“‘\“‘\"'|“‘\“‘
£ | ATLAS Simulation £ | ATLAS Simulation

g 2 5; H—oZZ*—4l —0/0gy b .05) 5; HosZ7* 4| — oo, i
a = ] Vs =13 TeV < (o -B)/(o - B)sM a - {s=13TeV (o -B)/(c 'B)SM 1
% i gg2H-0j-p, , -High (o B.AVo B-A)] U§D - qu2Haqg-VBF (o B-Ao B A, ]
e 2r \ / - e 4 / 1
ol B \ ey i E
2 C \ // 3 - e
T 1.5 \ / . T L ]
E \ / E [ §
] \\ / ‘6 I i
< 4__SM=1.0 N4 = 3 :
0.5 - : 1
:I 111 I 111 | | 1111 ‘ L1l I 111 | 11 | 1111 I L1l \: i Il il ‘ il il il ‘ 1 1 1 I L Il ‘ Il Il ‘ 1 1 i
-4 -3 -2 -1 0 1 2 3 4 -6 -4 -2 0 2 4 6
Chw Chw

Highpr(H) :
. enhancement from change inc - B
. reduction from efficiency loss.

Opposite effects =>
reduced sensitivity.

Interpretable (unfolded) measurement :
AS H—4l : Eur. Phys. J. C 80 (2020) 942

3) EFT dedicated measurements in data
(hard to re-interpret, but opti constraints

and fully accounting acceptances) :
CMS H—4l : next slide

oach in SM analyses


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-29/

CMS H->4l (CMS-PAS-HIG-19-009) : EFT dedicated measurement

CMS
H—4l signal model based with anomalous couplings (HVV, Htt, ggH) : HV\;’HW ‘
data
> Full simulation => fully integrated acceptance/efficiency effects. = zzzr cMs  wrw'mTey
B9 2x 2ol HVV, Hodl, VBF-2et, D> 02 B
Ti‘f‘" V?ff_"HSM — Total | VBF+VH  17-05
A(HVYV) = 1 aVVv + K Gy 83 G + K3 (Gy1 +qva)? il it — I g I J
v 1 (A}’V)2 (AV")2 visvitva : o :f?j < 15? —
@ — o B :
P2 VoD pr @ 4 2 g4V ) praw, 2 0
>
Build optimal discriminants : -
» sig/bkg and SM/BSM using Matrix-Elements.
0—1 -0.5 0 0.5 1
2
U = %/, reay @nd fractional coupling contribution* In depth study of 99H loop VS ggH point like
via extended maximum likelihood fit Channels / Coupling Observed Expected Observed correlation

Cgg Ceg Kt Ky

R Al Cgg —0.0012100%%%  0.0000700%, 1 —0.050 —0.941 +40.029

i = — . Convert to Warsaw basis - ¢ —0.001715015%  0.0000 50138 1 +0.046 —0.568

L a¥V[? a5 tH &t & ggH o 10508 1 ggi0H 1 +0.168

3 —0.0110% 0.00+07} 1

§CZ Cyz CzOJ Czz

.. éc, —0.037598 0001097 1 +0.241 —0.060 —0.009

A priori most accurate strategy VBF QVH &1 o ar] 001011 0,00+02 1 —0.884 +0.058

but difficult to combine and re-interpret - o 002y 000 b

rpret. N\ Cra —0.11753] 0.0017%3 1

Y
Warsaw basis also studied
12 Thomas CALVET, SM@LHC, 30/04/2021


http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-009/index.html

Electro-Weak analyses part 1: HUV, VWV, Vff vertices

=> dimension 6 EFT

ElectroWeak - H interface

@ Thomas CALVET, SM@LHC, 30/04/2021



Unfolded measurements : ATLAS pp->4l (arxXiv:2103.01918)

Thomas CALVET, SM@LHC, 30/04/2021

 pp—4l inclusive (in my;) analysis of full Run 2 data (139 fb~1) :

2 o a Double differential :
g Ry m,; (separate channels)
IS ) X kinematic/angular observable (EFT/SM)
- . n )
* Re-interpretation (c(data|w ““2 L(data|c™)) : £=;exp[_1[5m_apmd (9] c- [*mm_gmd( )” ﬂg{g 0,1)
2

> demonstrate no bias from unfolding. ven*icl 7

ATLAS I Ghred|_ 5 SM o (l +¢; - GINT/FLOSM C’g . FBM /510 SM)
Vs=13 TeV, 139 fb™ Expected 95% CL === Observed 95% CL
g Vas Coeff. Observable Draw Scale Obs. 95% interval
Cha M ! = T X&) [-0.20,-0.033] L [-0.011,0.013]
Z*) - Cua  Ma — x5 | [-0.033,0.033]
-z, Co M SR R— [-0.62,0.29] I My X M3y OF My, alone
- Chwe  Mas —— [-0.29,0.13]
+ ( Cua Py ey, % 0.05 | [-2.6,84] B m, X
l Chu APy i ——— %0.05 | [-13.0,-6.9] U [-1.5,4.4] 41 pT,lZ
Coe AT [-0.70,0.20 ]
€— o e, — [-0.19,0.55] my; X ACD(Z,Z) or Aq)(ll,IZ)
c{:l) A, —— [-0.47,0.12] ~
(H‘; Myy x0.5| [-1.6,0.45] . .
o —— | Los0s2) 0 No deviations from SM
(¢, my — [-0.51,0.42] J
Cp My R — %0.01| [-33.0,41.0]
Cw My i [-0.14,022]
Gy My ——— [-0.41,037] 4 N
Ce My % 0.02 | [-21.0,26.0] . o [ . — . .
><<—« . oos | Lo00 3001 Significant impact of O(A™*) on several limits
o A, [-0.18,0.49 ] (] . , ..
@ . *2| (o0 0] (linear VS linear+quadratic in backup)
g m — x4 | [-0.064,0.080 ] )
" — %2 | [-0.16,0.20]
o %2 | [-0.11,0.14]

‘25
r
£ o
3 3

| & &
4

|

oL

&l

ol-
c_

[4)]

-


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-30/

WW and H->WW combination in ATLAS (ATL-PHYS-PUB-2021-010)

Towards combined EFT re-interpretation
N

- Challenge 1 : “combined”
+y, T
H—>WW—>:I alr,:jﬂv ;E s?Gr.iuzbr e(:h—vj i;ectltl-j;g?)t (()22121 :08) HIS@R@S WW SR C H->ww CR In Higgs : WW bkg constrained in CR
” X i J ya H->ww // In comb : use WW-SR instead and ensure
WW_)eive”$vu 361 fb (Eur. PhVS. J.C79 (2019) 884) P \ CO”S'Stent SyStematIC uncertalntIeS
veto jets, differential in piead?, _/ W S~
55 6]6\/ ATLAS Preliminary — 68 % CL
VV\G VE=13TeV, 36.1 fb~" s 95 % CL
# SMEFT A =1 TeV o Best Fit
Challenge 2 : multiple final state => can simultaneously constraint multiple operators ?
b ucum —e—-
» Linearized (interference terms) dim 6 EFT in Warsaw basis.
—0.04 —0.02 0 0.02 0.04
> Approximate the sub-space of the dim 6 EFT composed of measurable orthogonal directions :
Cma)‘”m I N—
Step 1 : group operators o s —
el
®3) (@ ®3) (@ Sl .1, Ho,Hat Hf
c CHG Cuc € Cr, C Cru Cry” €17 Cla ) .
il Il BRI Rt Stmultaneous fit in the e R N
@® .3 “« - . . »
CHB CHw CHwB | CaH CHDD CHO | CHA CHu CHq CHq b ezgen—directzons A
Step 2 : re-parametrize POI cov matrix for each group At o T
Step 3 : get eigenvectors Clug ig g piger | RO
Cl[j‘]fq‘a?‘lql‘l,,'d‘Hd,Hu,Hq“),qual o

ﬁs Thomas CALVET, SM@LHC, 30/04/2021
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Electro-Weak analyses part 1: HUV, VWV, Vff vertices

=> dimension 6 EFT

ElectroWeak sector

ﬁﬁ Thomas CALVET, SM@LHC, 30/04/2021



Overview

« Status of charged aTGC measurements in September 2020 : link
Sep 2020 ol M3s
Eeifle Do *
LER b $thgooel 5 1es0T Dhss01 {?Iécg b $rav
- y £ ; e
C. /A2 ) S— WW -2/1e+01, 1.86401 36.1 b 13 TeV
Most channels are titi ° T vy Qaeinh ataito Sify i3y
-9.4e , 8.0e BRiJ
competitive o WY (v 640101, 6.90+01 2% 10 77V
f"f‘f AN "-ir : : m IvJ ‘?‘geﬁll' glaewll 202 'h:: 8 TEV
... all are complementary . e — W {h Zhrontify e BB, 8lev
) . —e—| WV (ivJ -8.86+00. 8.56+00 359 b 13 TeV
I EW qqW.qqZ -4.5e+01, 4.6e+01 35.9 f" 13 TeV
JAZ — Wy 150101 906400 5o 770V
-1.2e , 9.0e X 3
Coww L— W 150101’ 140401 2o 7oV
— WW -4.6e+00, 4.6e+00 20.3 fb! 8TeV
H WwW -3.4e+00, 3.3e+00 36.1 1" 13 TeV
— WW 1.2e+01, 1.2e+01 491 7TeV
e | Ww -5.7e+00, 5.9e+00 19.4 b 8TeV
i o pEmime B Hie
. . . -l.le ' p.1e ; -_
W= lep) V (boosted jet) analysis leading H 2 Sasioh sa8igg sgn: Al
. H VIR N U
o -d.0e oL 08 . 3
> /7[(]'[/7[5 s fit m(WZ) — WY -5.30+00, 5.30+00 20.2 o' 8ToV
S ' i S i b EE
. . -9.2e , 7.3e+ 5.01b; eV
. H WV -2 7+00, 2.7+00 3 8 TeV
> CMS . 7Zt m(WZ) X m(]et) 9 o WY 7166400, 1.66400 2 P! 13 Tev
I | EW qq -3.6e+01, 3.2e+01 20.3 b’ 8TeV
— EW qq -1.3e+01, 9.0e+00 20.2 fb! 8TeV
H EW qqW.qqZ -2.3e+00, 2.5e+00 35.9 tq“ 13 TeV
o] DO Comb. -8.7€+00, 1.1e+01 861 1.96 TeV
i LEP Comb. -1.4e+01. 4.1e+00 0.7 1" 0.20 TeV
2 — WW -9.4e+00, 1.3e+01 461" 7 TeV
CW/A — WW -5.9e+00, 1.1e+01 20.3 b’ 8TeV
— ww 740400’ 410400 36.1 iy’ 13 Tev
— -2.3e+01, 2.3e+ 9
—— Ww -1.1e+01, 5.4e+00 ‘149941211“ 8 TgV
; H Wy 30101, 220101 i S X
3 . | E—— -1.4e+01, 2.2e+ 6
Next slides review what'’s o 7 W 350100, 732100 e 88Ty
- Wz -4.2¢+00, 8:0e+00 19.6 fb! 8 TeV
S @ RAAAAS L B wﬁ —?.ée-a-g?, jl';lﬁg? 35,91_1;" 13 TeV
new since then n ", — W i 540100, 116101 221 BTV
WV (Iv, -5.1e+00, 5.8e+00 20_2[p" 8TeV
WV (ivd -2.0e+00, 5.7e+00 19 fb° 8 TeV
. WV (ivJ -2.0e+00, 2.7e+00 359 b 13 TeV
, | EW qq -3.3e+01, 3.00401 202 fb” TeV
||_—.|_| EW qqW,qqZ -8.8e+00, 1.6e+01 35.9 ﬂ;" 13 TeV
DO Comb. -8.26+00, 2.06+01 861 1.96 TeV
| | | | e | | LEPQomb. , [-1.3e+01,5.1e+00], | 0.7 fo! 0.20 TeV

17 Thomas CALVET, SM@LHC, 30/04/2021 aC summary plots at: http://cern.ch/go/8ghC

aTGC Limits @95% C.L. [TeV?]


https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC

Full Run 2 WZ in CMS (CMS-PAS-SMP-20-014) and EFT validity

-1 q W q W
CMS : pp—»WZ-lllv full Run 2 (137 fb™)
W
» Exploit M(W2Z) differential information, !
» Re-parametrized in HISZ basis. g 7z g 7
Linear (O(A™2)) and quadratic (O(A™%)) terms Linear (O(A™2)) terms only
Parameter 95% CI, Exp. (TeV ) 95% CI, Obs. (TeV %) Best fit, Obs. (TeV ~) Parameter 95% CI, Exp. (TeV ?) 95% CI, Obs. (TeV ?) Best fit, Obs. (TeV ?)
o/ N2 [—2.05,1.27] [—2.52,0.33] -1.34 Cw/ A2 [—1.82,2.12] [—3.11,0.26] -1.59
Corwn/ N2 [—1.27,1.33] [—1.04,1.19] 0.15 La— [—8.55,8.46] [—4.20,14.25] 5.48
¢y /A2 [—86.0,125.0] [—42.7,113.0] 436 cp/ A2 [~197.1,183.3] 9.3,383.7] 201.3
Corww /N2 (—0.76,0.65] [—0.62,0.53] -0.03 Eww /A2 [—3.35,4.07] [—4.01,3.61] -0.59
&y /A2 [—46.1,46.1] [—45.9,45.9] 0.0 G/ A2 [—, -] [—, -] -
| nosensitivitytog, 2 Lmes better than [ Strong impact of O(A™*)=>EFT validity ? ]
Y106 previous analysis
0 (?MS IPreﬁminary : : 137.2 ‘fb" (13 TeVE
- = - L 40E —
Further testing : validity at high scales T

20F

» fix yields to SM above given scale (in a given m(W2Z) bin),
» re-evaluate limits.

0f =

e

- - Best fit, expected
- - 95% CL, expected

=> address cases where high scales beyond EFT model validity.

—a0f!

Best fit, observed

: 95% CL, observed ;
-60 500 1 OIOO 1 5100 20I00 25[00 3000
18 Thomas CALVET, SM@LHC, 30/04/2021 M(WZ) cut-off [GeV]



http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-014/index.html

Two ways to overcome interference suppression

SM-EFT interference suppression limiting factor in O(A™2) limits

. . q(i — VI}V;
In 2—2 di-boson production _
qq — Vr,

(in the SM) ,

(with Oz insertion) .

=> interference suppression

2 ways to regain sensitivity to linear terms and improve EFT validity (see arxiv:1707.08060)

2—3 di-boson + jet production

— AN

M | SM Helicity conflict
‘ B in gluon

ATLAS : W(v)W(lv)+>1jets full Run 2 (137 fb~1)

» New channel (complementary measurement),
» M(Il) fiducial measurement.

Vr,

arXiv:2103.10319
——————— T ——————
ATLAS —— 68% CL
(s=13TeV,139f6" = 95% CL

—— Linear
—— Linear + Quadratic

pp — e*vpiv j

Even with enhanced
interference O (A™%) are
significant

pi:* > 30 GeV

pE' > 200 GeV 1

R E— 0 2 4
cy/A? [Tev?
ﬁg Thomas CALVET, SM@LHC, 30/04/2021

q

i » L w ]A ........... 5

Interference resurrection :
* f, azimuthal angle

Boost in Wy rest frame

/

CMS : EW W(Iv)+y full Run 2 (137 fb~1)

CMS-PAS-S

MP-20-005

o - N ) B o N ~ €0,
B e R IEEREsms e

' cMs

I Preliminary

—— SM+int. only
«--o SM+int.+BSM

~eeEt 2D fiducial distributions : pr(y) and ¢

1 » Tighter selections than diff XS :
L pr(D) >80 GeV & pr(y) > 150 GeV

Linear [imits improved by a factor
10 with ¢ differential information.

O(A™*) still dominant.



https://arxiv.org/abs/1707.08060
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-34/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-005/index.html

ATLAS Electro-Weak Z+jj analysis : Eur. Phys. ). C 81 (2021) 163

ATLAS EW Z(Il)+jj full Run 2 (139 fb=1)

s ATLAS Simulation V5=13TeV, EW Zjj-Iijj
cg | Mg 2Re(MiyMas)  —|Mas|? + 2Re(MeyMas)
_:é 0.3 w2 =02Tev"?| : . O(A2
q q E&'EU E O(A )s_l— =—
) . : ) 0.0 T ! 4 =T o
> Main sensitivity to linear EFT in Ag;; o ;
Wy z (signed azimuthal angle between the 2 jets) .
> pr (1) dominated by O(A=)
“ ('rl) 4 - TT/7== e R R i ==
my [TeV] | Ayl pr.i [GeV] Agj;
EFT configuration :
> Fiducial Aff)jj distribution re-parametrisation, Wilson Includes 95% confidence interval [TeV~2] p-value (SM)
. . coefficient | Mgg|? Expected Observed
» Warsaw basis (HISZ also available). e -~ 030, 030] =010, 0.41] 5o
yes [-0.31, 0.29] [-0.19, 0.41] 43.2%
cw | A* no [-0.12, 0.12]  [-0.11, 0.14] 82.0%
yes [-0.12, 0.12] [-0.11, 0.14] 81.8%
Best limits for interference terms alone cawg/A* no [-2.45, 2.45]  [-3.78, 1.13] 29.0%
. —4 yes [-3.11, 2.10] [—-6.31, 1.01] 25.0%
Small impact from O (A™") chws/N2 nmo  [=1.06, 1.06]  [0.23. 2.34] 7%
yes [—1.06, 1.06] [0.23, 2.35] 1.6%

@ Thomas CALVET, SM@LHC, 30/04/2021


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-27/

anomalous Quartic Gauge Couplings (aQGC)
neutral Triple Gauge Couplings (nTGC)

=> dimension 8 EFT




anomalous Quartic Gauge Coupling contraints

Quartic couplings in dimension 8 EFTs (def in backup link ) :

X*, tensor (index T) operators 1 X2DZH?, index M operators
Previous result summary (incl ATLAS) : link
CMS Vyy full Run 2 analysis CMS Whjj with 35.9 fp~1 CMS pp—412j full Run 2 analysis
CMS-PAS-SMP-19-013 Phys. Lett. B 811 (2020) 135988 Phys. Lett. B 812 (2020) 135992
> First observation ! ; ! \11:2‘3
> EFT additional selections " e RN

m;; > 800 GeV, My > 120 GeV, ws 2 ¢ ' ¢
ok > 150 GV, | > 2 A
q q ' '

» Differential pr(yy) re-parametrization

0 » Differential my,,, re-parametrization :
» 95% CL wy e-p > 95% CL from a fit to my,
— — 0/ CL Parameters Obs. limit Exp. limit U, ,q
Wy (TeV %) Zyy (TeV %) > 95% = . —
Parameter  Expected Observed Expected Observed ;M 0;21 [[ 81;_ ?2(;] [[ 713' Zl(]] 12 J(fzm;lj)\llng Exli(;g;ver EXp(',g.I;per Obi'olzzler Obs(', ;gper Un1tar12fy4bound
fma/A*  [-57.3,57.1] [-39.9, 39.5] - L 7 = X =y g o 1'3 f?l)//\4 ~0.49 049 ~031 031 26
fus/AY [—91.8,92.6] [—63.8, 65.0] - Sm2 A 1444 T-a041 15 f/A —0.98 095 —0.63 0.59 25
fro/A*  [-1.86,1.86] [-1.30,1.30] [-4.86,4.66] [—5.70,5.46] ;MJ;N {:5'0’5'0} { 474, 7} 1'5 | fIs/A: —0.68 0.68 —0.43 0.43 1.8
Fra/A* [-2.38,2.38] [—1.70,1.66] [—4.86,4.66] [—5.70, 5.46] A (8383 [-7977 18 fro/A _— 1 092 092 18
fro/A*  [-5.16,5.16] [-3.64,3.64] [-9.72,9.32] [-11.4, 10.9] 7 - AT [—1'6’1.6] 7=15.15] o i . - ..
frs/AY [-076,084] [-0.52,060] |[-244, 252 [-2.92,2.92] Current fM"’ IV (2120 [-19.19] 13 Best constraint T8/9, statistically limited.
fre/A*  [-092,1.00] [-0.60,0.68 [-3.24,3.24] [-3.80, 3.88] fW JAY [-06,0.6) [-06,06] 14
fro/A* [-1.64,1.72] [-1.16,1.16] [—6.68, 6.60] [—7.88,7.72] best Ly '
fra/A* - - [—0.90, 0.94] [—1.06, 1.10) ;“;2 { (1)3 ?;} % (1)3 ?;} 1? o )
fro/ A} : . 154154 [-1s2.182 | constraints fI: IAY [-0505 [-0404 18 Restraining furtﬁer EFTs with
?‘6;% % gg g‘;{ % 82 gg{ }zl new and complementary results.
22 Thomas CALVET, SM@LHC, 30/04/2021 -



https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-19-013/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-008/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-001/index.html

neutral Triple Gauge Coupling contraints

CMS pp—ZZ-4l full Run 2 analysis : EPJC 81 (2021) 200

CMS __ L 137 b (13 TeV) .
5 ' ' ™ > Require both Z on-shell (60 — 120 GeV)
~ —e— Data E
% Ela-zz 1 » Constraints via fit to m 77 Expected 95% CL  Observed 95% CL
o =§i:’22]zts | aTGC parameter x10~% 9 |
| . .- Z
. - ZZZ modifiers fy, 8.8;8.3 6.6;6.0
- CTiHr=0,/7=0.0015 fiiy '28 ’ Zg ';g ’ ;?
- ' . -99;9. -7.8;7.
----------- L2y modifiers f 9.2;9.8 -6.8;7.5
______________ EFT parameter Tev* TevV*
o e - Opw = i H'B,,W"" {D,, D"} H, Cgow / A -3.1;33 -2.3;25
"""""""" 3 Oww = i HTWWWW’ {D,,D"} H, Cww /1\;1 -1.7 ;1.6 -14:12
| L e " Cay -1.8;1.9 -14;13
1000 1500 Opp=4 0B BB, IF } . Cap/ A 1.6;16 12512

m,, [GeV]

Most stringent constraints on ZZZ and ZZy couplings to date.
One loop EW correction checRed to have negligible impact (4-6% limit improvement)

Included in ATLAS/CMS summary : link
> Current best limits on ZyV parameters from ATLAS pp — Z(vv)y analysis with 36 fb~! of data

@3 Thomas CALVET, SM@LHC, 30/04/2021


http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-001/index.html
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC

Conclusions

 Very rich phenomenology in the EW sector :  Affected by various EFT contributions
> Multi-boson production (VV, VH), > VBF, VBS, W< ________ < c\\a‘%e ________ ﬁrﬁ / s

> EW V+ jets or photons, » HVV decays,

“a\
=> many ATLAS/CMS analyses in various final states < % ﬂ dim 8

 Improving constraints but no deviations from the SM vyet :
» Various dimension 6 basis in use — convergence on \Warsaw.
> Assumes flavor universality U(3)° ... sub-optimal when combining with top measurements.
» Need to be careful with acceptance and efficiencies :
> In SM analyses, unfolded measurement available in HEPdata form; more difficult in Higgs analyses
» EXxplored dedicated analyses : EFT optimized, accurate/realistic constraints.

 Validity of EFT without dim 8 in Higgs and TGC analyses ?
» Pure-BSM in dim 6 significant in most channels while higher order corrections/unc are neglected.
» Improving interference sensitivity with new analysis and methods : VV+jets, decay angles.

=> Towards more global (EFT parameters) and
combined (experimental inputs) fits !

Thomas CALVET, SM@LHC, 30/04/2021




Thank you for your attention




Thomas CALVET, SM@LHC, 30/04/2021

The dictionary

Wilson coefficients in the Higgs and/or EW analyses

CHo Cup Cywp HVV Cw
777777 O CHw CHD VA'AY
Weak+Higgs bosons interactions
ey HI Cuw yIVIH
"""" lin
Cutt Can Hag Cus y couplings
a4 HVad™ 16 fermions
Cre ¢ ¢ Vi HI
CHu CHd C,%q) CISBq) Vqq Hqq
4-fermions Cee )
Lu Cle cu, cc(l‘zl) c,gt) cgl)
Ceu Ceq Cqe 4] 1 .3 (8
1) (3 llqq 4q 499 Cqq €qq Cqad
Ciqg” Cig” Cu Cla Co Céi) Cc(li)

- Haag
pad

N
o))

gluons+Higgs

Cg
ng"?i

Recent analyses relevant in the electro-weak sector

pp—4l measurement
ATLAS (Higgs+SM) - arXiv:2103.01918
- I CMS (no Higgs) - EPJC 81 (2021) 200

a l H—4l (acc, opti, ...)

VBFprod I+ 4 I !
29

ggH prod - q P ATLAS - arXiv:2004.03447
q ot t CMS-PAS-HIG-19-009
H->WW and WW EFT
VBFprod W= g W W

ATL-PHYS-PUB-2021-010

WW+2>1jet measurement
ATLAS - arXiv:2103.10319

CMS pp-WW
Phys. Rev. D 102 (2020) 092001

l Z/y

ggH prod

wod W

q
VH(bb) resolved Eur. Phys. J. € 81 (2021) 178
and high pT (boosted) Phys. Lett. B 816 (2021) 136204

q V

Higgs combination (all but llgq ops) ATLAS-CONF-2020-053 / CMS-PAS-HIG-19-005

q q q 1% q W
N Z ) E:
4 (a) ! q Z q Z

EW Z+jj ATLAS -
arXiv:2103.01918

Wy cvis -

_ WZ CMS-PAS-SMP-20-014
arXiv:2102.02283



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-30/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-001/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-009/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-010/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-51/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-52/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-34/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-30/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-18-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-002/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-014/index.html

EFTs in the EW+Higgs sector : 4 Wilson coefficient groups

Typical EW+Higgs targets at LHC

Z[y Vv*

Parameters of interest (POIs) from direct
modification of SM (EW+H) vertices

@7 Thomas CALVET, SM@LHC, 30/04/2021

D) <

Weak/Higgs boson interactions : classes H4D2, X2H2, X3
» intermediate vertices in LHC processes

Cw
\A'AY

Couplings to fermions (but tops) psy2XH, psy2H2D
» production and decays of V/H at LHC

che ¢ ¢ VIl HII < HVI
Chu CHa Cy Cl Vaq Hqq HVq




EFTs in the EW+Higgs sector : 4 Wilson coefficient groups

POIs from other sources

4 fermions operators : _ More couplings to fermions : psy2H3
> new diagrams with same final states as SM processes > Higgs decay width, Hbb in VH
Cee Cl(ll) ! ARY i 4 l
Lu Ce Cu, 4 P illustrative l HIl
41 Ceu Ced Cqe Al example ! z Cen Cyn CdH qu
11 1 3 ()
u Cl(q) Cl(q) Ciu Clg | a o ot o l
(add-ons) Higgs combination :
-Haqg, . ’ s GO NORNG
Cl:j@« ________ : ED: o <§f e 4 " (11)“1 (3? ’ (8) ¢
H e -
5 / Y W 17 € caq Caq Cqa geg
® _(®
o Cuu Cqu Cqu




anomalous Quartic Gauge Coupling operators

Eboli model for aQGC couplings : see arxXiv:hep-ph/0606118

D*H* operators

T [(D,,(I))TD,}I)] X [(D“@)TD"@]

Lsi = [(D.2) D'®| x [(D,®)! D0

29 Thomas CALVET, SM@LHC, 30/04/2021

X?D?H? operators

Ir [W;WW”'/] X [(Dﬁé)‘f DB(D]
Tr W] x |(Ds9)' D ]
[BwB™] x |(Ds®)' D0
B, B") x [(Ds)' D @)
) (D,®) Wj, D"(ID} « B
(D,®)! 1775, D] x B

(D, @) W, 1 Do

_( DH (I)) 1 Wﬁu VV‘HM DY (I)]

Tr
Tr
i s
Tr
Ir
Tr
Ir

1T

X* operators

W, W | x Tt [WsWe?

W WHB| x Tt [ W, 5072

W, ] x T [ v
Wo W12 | x Bp,
:W,WW’“’- * BagB™

WaWH*?| x B,sB*

W, ,WH| x By, B"*

B . B/LUB( ( Bu/i
allain neutral
BQH,BMjBﬁ,,BVO


https://arxiv.org/pdf/hep-ph/0606118.pdf

Higgs Simplified Template Cross-Sections

Stage 1.2

py [0,200]

[
Pr
0
[ n 350] |
10
(1]
120

rn_u [JEO ] I

Prity 25

Stage 1.2

ATLAS EFT interpretation

@ Thomas CALVET, SM@LHC, 30/04/2021

pi [200, o]
H

(19§51

LT .
Eeu N — T
TOO
1000 p?{.’p.j."
1500

oo | Hif f‘K'.J

Merged STXS bins in 0

Stage 1.2 _ = VBF+V(—qq)H
[ 1
— O-et || = 1-jet
iy 350.3
m;;
0 i I [ F
| | [ » 10, 200] ]| P!
‘i’N.JiJ'
350
T00
1000
1500
o0
Stage 1.2 VH = V(— leptons)H
[
[ | |
) | a7 -wH | | eqg—zH | | 99—zH |
ro | |
o : : ] . :
3 N — : | |
] R
150 1 | !
250 L . |
wlbei]
o L

0-jet

1-jet = 2-jet O-jet  1-jet = 2-jet O-jet  1-jet = 2-jet



CMS H->4l (CMS-PAS-HIG-19-009) : direct EFT

. . CzO [+
Re-Interpretation 56, et K
dm6EFT |  smn .« 7 aa | ® x [ .
Higgs basis -
10CMS 137 fo' (13 TeV) 1OCMS 137 fo ' (13 TeV)
o T T T 7 T L BRI B . .
; : ; ; In depth g99H loop VS 99H point like
8 T Observed B 8 — Observed Channels / Coupling Observed Expected Observed correlation
I W Expected T 3 . B
B N S U Expected Cog Ceg Kt Kt
- 6
c & 4 2 cgg  —0.001219%02 00000100 T _0.050 —0.941 -+0.029
< i . ¢ —0.0017 001600 opo +U-0138 1 +0.046 —0.568
" tH & ttH & ooH 88 0.0130 0.0138
R e 4 o 58 i 105402 100403 1 +0.168
: 3 —0.0110% 0.00+07} 1
2; ; 5Cz Czz Cz] 522
T ssvct /] dc, —0.037598 0001097 1 +0.241 —0.060 —0.009
i +0.11 +0.22 -
oL : VBE & VH & H — 47 Cra 0'0118'%2 0'0018'62 1 —0.884 +40.058
-0.5 0 05 Cz0) —0.027 504 0.00" 590 1 +0.020
Czz L Crz —0.1119%) 0.0075%3 1

Warsaw basis also studied



http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-009/index.html

“Eigen-bases” : identifying flat (uncorrelated) directions
* In ATLAS Higgs combination : ATLAS-CONF-2020-053

 Linear combination of operators to define complete set of variations resolved by data
> propagate EFT parametrization to o; X BRy covariance matrix,
> eigenvector decomposition => retain sensitive directions (low eigenvalues < poorly constrained).

# M\  ATLAS Preliminary /s=13TeV, 139!

1 299310 -0.70 -0.23 0.39 -0.04 -0.02 0.55 0.02 -0.02
2 121830 -0.47 -0.15 0.26 -0.03 -0.83 -0.03
3 1960 . 0.10 0.03 -0.03 0.09 -0.05 -0.02 0.02
4 38 -0.11 0.09 0.15 0.02 -0.26.-0.41 0,02 -0.02 -0.06 0.04 0.08 0.02 0.03
5 19 0.10 -0.19 0.06 0.03 -0.02 -0.07 009 -0.13 0.10 0.02 -069 0.17 0.03 0.03 022 0.05  0.52 0.15 -0.08 003 0.02 0.23 0.07 0.06
6 10 0.08 -0.57 -0.34 -0.02 -0.02 0.08 -0.10 0.13 -0.13 0.54 -0.40 -0.04 0.02 0.04 -0.02 0.02 -0.20 -0.08
7 5.9 -0.07 -0.23. -0.03 -0.02 -0.03 -0.02 0.08 0.10 -0.15 0.44 -0.25 -0.13 0.08 0.09 0.02 022 0.06 0.10 -0.07 -0.11
8 1.1 -0.01 -0.02 0.08 -0.02 -0.02 0.04 -0.02 -0.01 0.02 0.08 -0.03 0.03 -0.68 -0.29 -0.03 -0.04 -0.24 -0.04 -0.52 -0.01 -0.15 -0.10 -0.03 -0.02 -0.25 0.04
9 0.3 -0.02 -041 0.09 -0.70 -0.02 -0.01 -0.12 0.01 -0.03 -0.36 0.16 -0.37 0.10 -0.05 0.03 0.06 0.06 -0.11 -0.01
10 0.16 0.09 -0.09 0.09 -0.04 -0.01 -0.04 0.10 0.31 0.29 -0.58 -0.26 -0.12 -0.07 0.02 -0.04 0.08 0.27 -0.52 -0.02 0.01
11 0.036 0.03 0.03 007 -0.01 0.04 0.19 -0.04 0.03 0.09 -0.06 -0.18 -0.07 0.01 -0.16 0.22 -0.01 0.01 -0.01 -0.10 -0.09 -0.02.-0.01 -0.02 -0.56 0.09 -0.02
12 0.023 -0.01 0.37 -0.01 -0.01 -0.03 -0.02 0.03 0.05 0.03 0.01 -0.05 0.03 -0.91 0.08 0.02 -0.02 0.03 0.09
é’\q& o® &*\ C{.\\?‘Q’ o (,S“\ &00 o RS ORI W o S S o S 8\;‘\ S S & o8 o S o &t



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/

“Eigen-bases” : identifying flat (uncorrelated) directions
* In ATLAS Higgs combination : ATLAS-CONF-2020-053

 Linear combination of operators to define complete set of variations resolved by data
> propagate EFT parametrization to o; X BRy covariance matrix,
> eigenvector decomposition => retain sensitive directions (low eigenvalues < poorly constrained).

« Identify groups of operators with similar behavior in sensitive directions :
> 10 final operators from eigenvector decompositions in each sub-spaces.

ATLAS Preliminary vs-13Tev, 130t Vlain sensitivity from:
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Using unfolded measurements : ATLAS pp->4l (arXiv:2103.01918)

 pp—4l inclusive (in my,;) analysis of full Run 2 data (139 fb~1) :

q Il -
Z(*)/'Y* Z(*)/,Y*

g -
. +
I3
- Y | &
B Z * *
q o /v -

(n)

 Re-interpreting (Lata | “23 Ldata ™)) Unfolded double differential measurement :
» my; (channel bins) x kinematic/angular observable,
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» demonstrate no bias in BSM measurements from unfolding.

ATLAS sim

No significant difference found => no bias

SM x BSM truth-MC

SM x BSM particle-MC

@ Thomas CALVET, SM@LHC, 30/04/2021

SM unfoldi
SM x BSM truth-unfolded et Pseudo-data <
procedure
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Using unfolded measurements : ATLAS pp->4l (arxXiv:2103.01918)

Constrain Wilson coefficients one at a time using optimal pair of observable

.

r
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WW and H->WW combination in ATLAS (ATL-PHYS-PUB-2021-010)

H-oWWo-etv,utv, @ 36.1 fb (Phys. Lett. B 789 (2019) 508) WW-etveutv, @ 36.1 fb (Eur. Phys. J. C 79 (2019) 884)
> “differential” in Higgs production : u(ggF) and u(VBF), > differential in leading lepton pi¢a@t,
> anti-top cuts (b-tag veto), m,, < 55 GeV. > anti-top cuts (jet vetos), m,, > 55 GeV.
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WW and H->WW combination in ATLAS (ATL-PHYS-PUB-2021-010)

« 1D (one parameter at a time) constraints on Wilson coefficients

[ Generally good compatibility with SM (20 or better) ]

ATLAS Preliminary —— HWW-+SMWW
V5 =13 TeV, 36.1 fb~! HWW

—— SMWW
SMEFT A =1 TeV
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Introduction

10 years pushing the energy frontier with data at the LHC [ But SM does not describe all of nature’s ]

> precisely described with the Standard Model content and phenomena

* No direct BSM evidence at “low” (1.e. EW) scales : M(BSM) > O(1 — 40 TeV) while M(EW) ~ 0(100 MeV)
» See BSM summary plots (ATLAS : SUSY-link, Exotic-link; CMS : SUSY-link, Exotic-link

[ => Effective q:ie[([q“ﬁeo,y] Now : SM as an EFT of ???

ATL PHYS PUB 2019 042

- ATLAS Slmulatlon Prellmlnary
In 1933 : Fermi’s 4-point as EFT of the SM
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