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Lectures plan

» Effective Field Theories: motivation and intuitive idea
» SMEFT generalities

» SMEFT at d = 6: Warsaw basis

» Basics of SMEFT predictions at LO

» EWSB, Field and couplings redefinitions

> Flavor structure

> EW input parameter schemes

» SMEFT corrections in propagators

» A concrete example: h — ptv,vee™

» Automation of SMEFT predictions

> Higher orders
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Useful references

> |. Brivio, M. Trott. “The Standard Model as an effective field theory”
arXiv: 1706.08945

> G. Isidori, F. Wilsch, D. Wyler.
“The Standard Model effective field theory at work”. arXiv: 2303.16922

> |. Brivio. “SMEFTsim 3.0 - a practical guide”
arXiv: 2012.11343

> J. Rojo. "“The Standard Model Effective Theory: towards a pedagogical primer”
juanrojocom.files.wordpress.com/2020/02/smeft-drstp-2.pdf

> A. Manohar, “Effective Field Theories”
arXiv: 9508245

> A. Manohar. “Introduction to effective Field Theories”
arXiv: 1804.05863

> T. Cohen. "“As scales become separated: lectures on Effective Field Theory”
arXiv: 1903.03622

more refs in a separate pdf
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The Warsaw basis

Grzadkowski, Iskrzynski,Misiak,Rosiek 1008.4884
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The Warsaw basis

Grzadkowski, Iskrzynski,Misiak,Rosiek 1008.4884
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SMEFT: number of independent parameters
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SMEFT: number of independent parameters
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A very large flavorful parameter space

Classification within Warsaw basis
Grzadkowski,Iskrzynski, Misiak,Rosiek 1008.4884

Class CP P | Total > most parameters from fermionic terms
3
X z 2 > 7 flavor has dramatic impact on counting
Sret? | 3 - | 3
P2 X? 4 4 8 Examples:
2q)? 27 27 54 _
Y B (G0 dj) 9+9

X2 72 72 | 144

@Dy? | 51 30 | 81 (01D up) (@ u) 6+ 3
(LL)(LL) | 171 126 | 297 (Tl Ty 1) 27 + 18
(IfR)(t?R) 255 195 | 450 (G () .

LL)(RR) | 360 288 | 648
(LR)(RL) | 81 81 | 162 (T &) (dka}) 81 + 81
(LR)(LR) | 324 324 | 648
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SMEFT corrections to LHC processes

Jd¢ JPDFS |Asmert|> — shower/hadr. —> detector —> obs.
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SMEFT corrections to LHC processes

Jd¢ JPDFS |Asmert|> — shower/hadr. —> detector —> obs.

!

e- A
acceptances for SM and SMEFT
differ if Lorentz structure changes

could PDF fits absorb SMEFT away?

» SMEFT effects within unc. for Run |-l
» can be sizeable for HL-LHC pred.
Carrazza et al 1905.05215

Greljo et al. 2104.02723 ATLAS 2004.03447
Iranipour,Ubiali 2201.07240 ATLAS-CONF-2020-053
Hammou et al 2307.10370 ATL-PHYS-PUB-2022-037

EFT impact can depend on jet def.
Haisch et al 2204.00663

ME-PS matching has to include

FATLA'S Prefiminary Y
H E : —Cp=-3
soft/collinear em. from EFT 02 S el

Goldouzian et al 2012.06872
Haisch et al 2204.00663

T

Normalised to unit area

ATL-PHYS-PUB-2022-037
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SMEFT corrections to LHC processes

Jd¢ JPDFS |Asmert|° — shower/hadr. —> detector —> obs.

AsverT = Asm + D; (C((i)//\2 >“< >"<

(ASMAT) Z 7|A AT|

i

|Asmert [ = |Asml® + Z

. (SM K-factor) interference/linear

» Asmert typically computed up to 1-loop in QCD / EW

> qu) SPDFS |ASMEFT|2
can be computed with Monte Carlo gen. up to 1-loop in QCD
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SMEFT Lagrangian after first redefinitions

after expanding around the true vacuum v7 and requesting:
canonical h and gauge kinetic terms + diagonal gauge boson masses

the relevant Lagrangian terms in unitary gauge are

Ch
/DN

V(h) = A [1+ Am2 | + B vy [1 " gAmg

_ o
]+h4)‘[1+2A —QC”]—§”C”.

2 4 vr

2,2 2,2 2
1% 1% +
ZLgauge mass = W; wtH % +Z,zZ M (1 + Am22>
and a covariant derivative is

A
Dy = 0+ iQ—EEW_ 4, [H_a]

&+ &hy
; Aa &Q g, Aa
2 2 1 w
+i\/ 82 + g2 Zu [T3<1——2 )—72 ~(1-=F )|+

gi + 8y 81
with
CHD 3 =
Aky = Cyo — 22 Am? =2Aky — — C
H Ho 4 h H o H
2 ~ G 2 -
Am = 2gwgl2 Cows + HD Ao — — 2gwg12C
8y t 81 2 &y 181
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Parameter counting with flavor symmetries

Example operator | fl. general U@3)s U(2)3 x U(3)2
B (Gio* dj)yp 9+9 1+1(y) 2+ 2(y,1)
(1D )@ ) | 6+3 1 2
(Fyvuli) (™ 1) 27 + 18 2 2
(&iyuey) Ty ur) 45 + 36 1 2
(I'ej)(dkaf) 81+81 | 1+1(y2) | 2+2(y2y)

UB)® = UB)q x UB)y x U3)g x UB) x U(3)e

U(2)3 x U()? = U(2)g x UQ2)y x U(2)g x UB); x UB)e Verkm =1
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Propagator corrections
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SMEFT effects in h — v, v.e”
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SMEFT effects in h — v, v.e”
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SMEFT effects in h — v, v.e”
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SMEFT effects: rescaling vs. shape change

Bellan,Boldrini,Brambilla,IB et al 2108.03199

parton level simulation of pp — et vepu™ 7, with {mw, mz, G¢} inputs
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Predictions to higher orders




One loop corrections

SMEFT operators run and mix (Alonso),Jenkins,Manohar, Trott '13
— bounds are put on C(pp) defined at a certain scale .

— residual scale dependence present, depends on process and operator
— typically smaller in (absolute) size for NLO calculations

h — bb Cullen,Pecjak,Scott 1904.06358
I—LO m =(£)\2
Sf\ziléFT( H) _ ALO(myy, my) = (14 0.08) + (v2 ) {
Csw (me) Axp

(3.74 £ 0.36)Crrw s + (2.00 £ 0.21)Co — (1.41 £ 0. 07) ch +(1.24+0.14)Cxp

+0.35Cxc £ 0.190Y) +0.18C, £0.11C%)

50 a C
+0.08 ()thgbi003ﬁﬂ:003(CHW+CtH) }
my,

[uncertainties from x2 variations of both SM and C scales. C defined at pio = mp]
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One loop corrections

SMEFT operators run and mix (Alonso),Jenkins,Manohar, Trott '13
— bounds are put on C(pp) defined at a certain scale .

— residual scale dependence present, depends on process and operator
— typically smaller in (absolute) size for NLO calculations

h — bb

Cullen,Pecjak,Scott 1904.06358

ANLO(

—(0))2
v ~ ~
i, i) = 113798 + <A%I 13 { (4.16%3%%) Caws + (2.4013%) Crro
50
v = = =
+ (1752988 2 G-+ (L38498) Curp +(2.75288) o
my,
Y ~(3 ! ~ y ~(1
+(~0.122388) &%) + (—0.08%5%) Oy + (0.067552) &)
50 & )
0.02y Y (1) 0.07y “tG 0.01
+ (0.03%5,07) —o %t T (0.00%5:07) 7 + (=0.03%5:01) Cimr
mb S
+ (00388 Carw + (00138 G + .. |

[uncertainties from x2 variations of both SM and C scales. C defined at pio = mp]

llaria Brivio (UniBO & INFN) SMEFT predictions for the LHC

13/37



Impact of RG running and mixing

Aoude,Maltoni,Mattelaer,Severi,Vryonidou 2212.05067

pp — tt OLHC. G;(2TeV) =1, A =2TeV

Running of cgfl

Running of ¢

1.0 LOF
—c 0.8}
050 tG .
Cty 0.6 i C( )
0.0= c Qu
— CoG 04F ] O
—0.5F — CtwW 0.2} ] Qu
—1.0t —&Z oot ‘ ‘ ‘ ]
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ulGeV] ulGeV]
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Impact of RG running and mixing

Aoude,Maltoni,Mattelaer,Severi,Vryonidou 2212.05067

pp — tt OLHC. G;(2TeV) =1, A = 2TeV
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Automation of SMEFT predictions



Most used: MadGraph5_aMC@NLO

« maximal flexibility in terms of processes

« interaction orders syntax facilitates morphing

« offers an integrated reweighting module Gainer et al. 1404.7129, Mattelaer 1607.00763
« supports polarized matrix elements Buarque-Franzosi, Mattelaer,Ruiz, Shil 1912.01725
« recent updates (from 2.9.0) Mattelaer, Ostrolenk 2102.00773

optimized phase space integrator + new algorithm for amplitude evaluation

— faster and more agile for EFT, when several diagrams are 0
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Morphing of EFT signal

@ LHC one is typically interested in kinematic distributions
— final shape is a superposition of SMEFT effects depending on Ci

SMEFT - SM

— =1+ Cp=05

the parameterization has to be polynomial in Cy in each bin:
n'(C,G) = ngy +Cay +Cab (+CE by +C3 by +CG b, )

— morphing = determine n,,, aj, (b}, bj,) for each bin i

— for N coeff. requires: (14 N) event generations for SM + interferences
N(N + 1)/2 for quadratics

much more efficient than evaluating n; on N-dimensional grid!
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Reweighting procedure

1. simulate a process in a certain setup (A) — unweighted events

2. “convert” to a different model/parameter space point (B)
by scaling weight W event by event

_ |Asl?

W
B a2 A

« re-use event samples: much faster than re-generating
« relation between Wg from W, has arbitrary numerical precision
« smaller stat. uncertainties in ratios/sums/diffs of SM(EFT) components

two indep. sim. - o [2((:?;] = \/d [n(B)]* + o [n(A)]?
n(B) from rwgt of n(A) - o [2((:?;] = [fully correlated]

essentially recycling phase-space integration, re-evaluating only matrix element
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Reweighting procedure — caveats

phase space sampling has to be adequate for both A and B

too small statistics in a given bin can lead to large over/under-estimations

gg interfering with SM
[ ]
107 ¢
= ]
o
@ X
g 10t ) =
E original sample: . @
£ £
£ 4 sm ' 2
3] * 3
100 f%) | 2
=
¢ fww $
103 2% 10% 3x10° 4 x10°
mwmH [GEV]

— SM sample missing statistics in 3 highest bins
— statistics is important to integrate properly over non-shown variables

MGS5 uses dynamical phase sp. integration: adapts to process, doesn't “factorize”
dependence reduced with large # events (smaller stat error)
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UFO models for SMEFT

most used:

SMEFTsim B Jiang Trott 1709.06492, 1B 2012.11343 €
» only tree level
» full Warsaw basis (incl £P) in various flavor version
» full dependence on my, CKM, leading spurions

SMEFT@NLO Degrande, Durieux,Maltoni,Mimasu, Vryonidou,Zhang 2008.11743 @
» up to 1-loop QCD
» full Warsaw basis with CP and U(3)q x U(2), x U(2)q x U(1)3,.
» 5-flavor scheme (mp = 0 = yj, Viekm = 1)

dim6top Durieux,Zhang 1802.07237 @
» only tree level, same flavor sym as in SMEFTONLO + expl. breakings
» only top operators, including FCNC

more with alternative operator sets/bases (also dim8) in FeynRules database @

validation protocol Durieux et al 1906.12310

based on dedicated MG5 module that performs single-event comparisons
— extensive cross-comparisons performed for SMEFTsim, SMEFT@NLO, dim6top
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http://smeftsim.github.io/
http://feynrules.irmp.ucl.ac.be/wiki/SMEFTatNLO
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SMEFTsim



Simulations with other Monte Carlo generators

~+ more talks at indico.cern.ch/event/971724/

> Sherpa
supports UFO and interaction order Specifications Hoche,Kuttimalai,Schumann,Siegert 1412.6478

> POWHEG-BOX

hard-coded matrix elements. some processes available in SMEFT NLO QCD:

e EW Higgs production Mimasu,Sanz, Williams 1512.02572
Baglio,Dawson, (Homiller,Lewis) 1812.00214, 1909.11576

e diboson ] Alioli,Dekens, Girard, Mereghetti 1804.07407
e /¢ Drell Yan up to dim 8 Alioli,Boughezal, Mereghetti, Petriello 2003.11615
o HH Heinrich,Jang,Scyboz 2204.13045
MG5 — POWHEG-BOX interface Nason,Oleari,Rocco, Zaro 2008.06364

ME produced by MG up to NLO QCD — run in POWHEG

g Gritsan,Roskes,Sarica,Schulze
> . _ . g : , b
JHUGen: H production + H — 4¢, 77, on- and off-shell 77~/ " 020000

anomalous couplings mapped to SMEFT: Warsaw, Higgs b. (via JHUGenLexicon)
LO, reweighting possible (via MELA)

> VBFNLO
hard-coded matrix elements. EW+QCD diboson, triboson, VBS, VBF for H,Z, W,y

anomalous couplings mapped to SMEFT: HISZ basis dim 6 + Eboli basis dim 8

Hagiwara et al PRD48(1993)2182, Eboli et al hep-ph/0009262
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What is SMEFTsim?

» Purpose: enable MC event generation in SMEFT, with a general tool that
automates theory manipulations and implements all Lg in Warsaw basis

» Scope: complete tree-level O(A~2) predictions, in unitary gauge
» consists of FeynRules model 4+ 10 UFOs (pre-exported)

general MFV U35 top topU3l
X

{aemam27 GF} {mW7m27GF}
> original version: I8 Jiang, Trott 1700.06492

> since 2020, version 3.x.x 1B 2012.11343

> new features: propagator corrections, more flavors. ..
*> a dedicated github website and repository © snetsin.githun.io
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http://smeftsim.github.io/

Flavor in SMEFTsim

> all operators defined in the up basis
Yo=YV v, =Y, v=v?
» CKM implemented using Wolfenstein parameterization

> symmetries can be imposed: ¥ much fewer free parameters

Bordone, Cat3, Feldmann 1910.02641 « LHC cannot distinguish all quark flavors anyway
Faroughy,Isidori,Wilsch, Yamamoto 2005.05366 a
Greljo,Palavri¢, Thomsen 2203.09561 v FV/FUV/FCNC are not a primary target

« implement a possible “flavor power counting”

— directly hard-coded into 5 alternative SMEFTsim versions

general no symmetry —
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SMEFTsim flavor structures: parameter counting

general U35 MFV top topU31

all CP [all €P | all CP | all CP | all £P
20| a 2 |4 2|2 - |4 2|4 2
£ | 3 -3 - |3 - |3 - |3 -
ZW | 8 4 |8 4 | 4 - |8 4|8 4
Z® | 'sa 216 3 |7 - |1 7|10 5
2 | 144 72 |16 8 |20 - |36 18|28 14
ZP |81 30 |9 1 |14 - |21 2 |15 2
2% | 207 126 |8 - |10 - |31 - |16 -
2B | 450 195 |9 - |19 - |40 2 |27 2
Z8) | 648 288 |8 - |28 - |54 4 |31
28 | 810 405 |14 7 |13 - | 64 32|40 20

| tot | 2499 1149 | 85 25 | 120 | 275 71 | 182 53 |
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Propagator corrections in SMEFTsim

Az s E [1 imz 5Ty ] +0(512)

@ —m2+imzlz ¢ — m% + imzM G2 — m% + imz[M

Lo r

z _ zZ’' _

Dummy fields W', Z’, ', t' are added whose propagator is the pure linearized shift

Grober,Mattelaer,Mimasu — Les Houches 2017 1803.10379

Insertions controlled by interaction order NPprop in dummy vertices
— e.g. interference piece NPprop<=2 NPprop~2==2
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Loop-generated SM Higgs couplings

SMEFTsim is a purely LO UFO model. cannot do gg — h,h — vvy... in SM
— cannot compute interference terms?!

— implemented as point-vertices in m; — oo limit [ok for Higgs prod-+decay]

e? o ml e’ w2 m md
7 $:87r2f7'7(4miw’4m?)0 42fZ’Y<m7 ) aAm2? mi)OZ’Y
two relevant d = 5 operators:
h h
(1) _ MY (1) _ pv °
Oy = AwA , Oz, =ZwA ,
v v
2
m) m) m) m? m -2 -6
b (4'"%\/’ ﬁ) , fzy (4m” ,4'1;’2, 4mz ) computed to order m; =, m;/.
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Loop-generated SM Higgs couplings

SMEFTsim is a purely LO UFO model. cannot do gg — h,h — vvy... in SM
— cannot compute interference terms?!

— implemented as point-vertices in m; — oo limit [ok for Higgs prod-+decay]

1
30m?

2
_ & W__ T »®., & »HO @, 3 50
G 2= 48;2 [Ogg - 60m%0gg + 5m%0gg + Oge + 5mgogg
Neill 0908.1573

complete basis of HG operators up to d = 7: “top-EFT" Harlander, Neumann 1309.2225
Dawson, Lewis,Zeng 1409.6299
h

1 v
0 = 66"y,
o uh v ~bo h
O = D, G, DTG~ OF) = fure G 67 GV —,

> <

h
4 ov 5 v o
O = D"G},D,G*™—, OF = G*D,D"Gj,—.

v
— complete basis for hg?, hg3, hg* vertices at O(m;?)

— full momentum dependence: Higgs can be off-shell
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Loop-generated SM Higgs couplings

top-EFT / SM top-EFT / SM

2.0
1.8 pp— hjj
pp — hj 1.6
1.4

—— SMEFTsim v3

f —— SMEFTsim v2

—— 0O only

1.2
1.0

2.0
1.8

99 = hgg

e

99 — hg

/ M

Y I R iy SN NN N LN S S S

99 = haq |
1.2

1.0

L6
14

49— hg 12
L0
058 :
06 99— hgg |

l.G - #
1.‘2
qq — hg 1 _J"' 2.0
_L'_'-L\—\_‘_,_I’l 99— hqq 16
12

0.8
50 100 150 200 250 300 350 50 100 150 200 250 300 350

pr(h) [GeV] pr(h) [GeV]

99 — hqg 1.

=00 DO 0DEDI0 DIV DRSNS Divik o0

ESwo

> hG vertices ok for h+ 2j production up to pr(h) < 250 GeV
> hZ~, hyy ok for h decays
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Interactive Feynman rules database

» download from Notebook Archive

notebookarchive.org/smeftsim-interactive-feynman-rules-database--2022-01-5jz62qa/

notebook + working material (zip folder)

> 2 tools to get immediately FR by operator or by vertex

Flavor setup: U35 MFV | top | topu3l | general
Feynman Rules by Vertex | choose vertex: H.ttbar 4

EW input SCheme:  my,, mz, Gr | e, . Gr | generic

Output options. Simplifications
P conserving only Omit operators of class:
SM value only cKM=1 (bosonic L m

display output in InputForm

& : o0 @remions | | 5 [ | 6

Formatting: (e default (| by EFT param.  simplify all e e ] B[] 85! [ 8c L] 8d
. pr— 3

t 3 V2 LambdasMEFT?

Wilson coefficients contributing: (cHbox, cHOD, cH13, clll, cuIm, cubRe

2 more tools to visualize vertices!
» SMEFTviz by R. Balasubramanian and S. Swatman @
» SMEFTsimFeyn by G. Boldrini ©
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https://notebookarchive.org/smeftsim-interactive-feynman-rules-database--2022-01-5jz62qa/
https://rahulb.web.cern.ch/SMEFTviz.html
https://github.com/GiacomoBoldrini/SMEFTsimFeyn

Pheno and Global Fits



SMEFT for EW and Higgs sectors

leading Warsaw basis operators in Higgs and EW processes: ~ 20

Quwn Qu Qup Qﬁ}

input parameters

diboson Higgs production

+ CP odd + flavor indices + others entering through loop corrections ...
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SMEFT in Higgs production

VBF
w/z

ggF VH ttH
w/z .
\ t
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SMEFT in Higgs production

VBF
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Simplified Template Cross Sections (STXS)

from: ATLAS H10 2207.00348 (stage 1.2)

< et > 2jets

# < 200GeV
o | [
m; < 350 GeV m,>3sncv
P <200GeV p;'>znuG vV

:H
[ppﬁ!H+X
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Operators affecting top quark interactions

up to ~ 60 invariants in Warsaw basis. relevant operators: much less!

# depends on - flavor Symmetry + scheme top WG 1802.07237, Aguilar-Saavedra 0811.3842

— processes considered (Willenbrock),Zhang 1404.1264,1601.06163,1008.3869,
. . Englert et al 1506.08845,1512.03360,1607.04304
- mterference/q uadratics Maltoni et al 1601.08193,1804.07773,1901.05965,
_ 2008.11743, de Beurs et al 1807.03576
LO/NLO QCD Brivio et al 1910.03606
, Z/y/
= Z/y ~
ttV }mﬂ Z/y ij}g Z/y
NS b
/ \\ w
ot
~_ _—
j@z ¥ ¥ X
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Interplay of top and Higgs + EW

1. top operators — Higgs / EW processes

2. non-top operators — top processes
I Pl
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Interplay of top and Higgs + EW

1. top operators — Higgs / EW processes

2. non-top operators — top processes

~ 10 extra operators (un-suppressed, SU(2)4 x SU(3); x SU(3)., Warsaw b.)

o (¢ < multi-jet
A=
o GChe
° CSZ,) * , .
(1 + Chws, Cup, C” from EW inputs!
Chg+ Crus Ca - W
CHb *

e Cw < VWV, VBFZ/W, VBS
c,C?. Cue (QQLLop.) H — EWPO, VH, VBF, h— 4, VV, VBS ...
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Top + EW + Higgs: global results

Ellis,Madigan,Mimasu,Sanz,You 2012.02779

2.5
W SU(3)°: EWPO+Diboson+Higgs o (1TeV)?
2.0 m SU(2)? x SU(3)*: EWPO+Diboson+Higgs+top 95%CL marginalised; C; *=—5—
1.5 Top operators: EWPO+top (incl ttH)
1.0
0.5 H | \ \
. i f o }
0.0 LA (] 1] g o i \
-0.5
-1.0
-1.5
-2.0
5 EWPO Bosonic Yukawa op 2F Top 4F
=2.5
QD Q SH=0= YmREST R 3 x5 Q Q © I T I Tao50 % QO 2 Vol o3 ol
$SUBTITT I E33S8S93S33VVSS S SPPUTTTTT
S §) Toaoa o o o i
S 795 ERCRCIEIS 5 o TTLLooo
5 R 1 =1 — SSSSHHH
S

34 param, linear, LO + ggH
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0
=
-
0
(]
b=
©
Q2
2
o0

Top + EW +

Ethier,Maltoni,Mantani,Nocera,Rojo 2105.00006

- — ]
“—m "T-"-Il T 4
T : j
Q& —————— HE——
NLD ——— L
L2 |
= v “0' B
- >3
S 3 ———— ]
Eg —_— 5
= >
+ o+
noom #
% %
20 20 —
T = [
—_—
+ + i
|
——————— 4
- L ——— E
—_—— J
|
—_— 4
—_——t 4
|
———— 4
4 J
— 4
. =4 1
—t——— J
o — ° 1
—_.-— J
! ]
— 4
i J
L J
4 J
i ]
n n . . T . . n "
S o = = =) - ~ o o
s - S = | T =
|

(;-A®L) ;V/%

bbygo
8100

1002

49 param, linear+quadratic, NLO QCD
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Top + EW + Higgs: global results

Linear bounds Ethier,Maltoni,Mantani,Nocera,Rojo 2105.00006
10°
BN EFT Global .
= EFT Individual C) MEFiT
102}
&
> o e
5]
=
Z 10!
z
m
g 100
-
<
2
£107!
3
e}
3
PN
10
58z2x 55552255 o) zNz-aaoo = S53%88R0
LA AR EE EE A LR i S R 1 LI R I EE A S e T
4

49 param, linear+quadratic, NLO QCD
llaria Brivio (UniBO & INFN) SMEFT predictions for the LHC 33/37



Top + EW + Higgs: correlation map

Bosonic

+s8[+29

l+6.3{+0.8+2.5+10q
+7.0+18}+ 100+2.]

ss.elea  [+14.497] +11/+104+18]+0.9

13 v13[sag +21 + B oiinfogee

2.6+22+2.20+1.0 +2.0+1.90+0.3 +11 42

+0.5[+39] +43) 1] +38[+10

tol17)+6 +11l+6.6+6.3+08+02 4 0] 104r49]  +03
PRIy e +0.8+11[+12  +10q+4.0+2[+9.3 428
+04l+04 |+0.2]

13[+9.4l49.6+14] sedsasiiod  +12rog+10

4[+3.1] +98+08 03f+01fr01

,W;Eodunu e 4 +o+0al+o

141 +5.3/+0.6+11

7432 |+a0+10d

<

[3o3a[+13]  +3.0[+1.7+39]

+0.7]+0.6+0.5

74+13 al+1a[+39]

o

10q
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Principal Component Analysis

0 Comio 1
20 bound on A;, ajc;=1 ‘ Relative constraining power (%)
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Fisher information

Ethier,Maltoni,Mantani,Nocera, Rojo,Slade, Vryonidou,Zhang 2105.00006

llaria Brivio (UniBO & INFN)

cQQ1
cQQ8
cQtt
cQts
cttl
c81qq
cllqq
¢83qq
c13qq
c8qt
ciqt
c8ut
clut
c8qu
clqu
c8dt
cidt
c8qd
clqd
ctp
ctG
cbp
cep
ctap
ctw
otz
c3pQ3
cpQM

cpG
cpB
cpW
cpd
cwww
cpWB
cpD

linear

Hrun2

Hrunt
Hdiff
Vv

quadratic
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Fisher information

ciqt
c8ut

clut
c8qu
clqu
c8dt
cidt
c8qd
clod
ctp
ctG
cop
ccp}
ctan
ctw
otz
c3pQ3
cpQM
cpt
cpa
cpB
cpW
cpd
cwww
cpWB
cpD

Ethier,Maltoni,Mantani,Nocera, Rojo,Slade, Vryonidou,Zhang 2105.00006
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y W

linear

LB

;- "

quadratic
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N

=0
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C;c mostly constrained by tt

ttV op. constrained by
h — ~7, single-t, ttV
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SMEFT combined analyses in ATLAS and CMS

LHC experiments gearing up to do dedicated combination

important in order to use the full experimental information:

- - - —— Others profiled (2¢) 41 5 fb‘ 13 TeV
better uncertainty and correlation estimates Gt ot (137eV)
0y Others fixed to SM (20) | = CMS
G [ Others fixed to SM (1)
ultimate goal: G2
a cross-experiment cross-sector combined study
T — T T L —— 0 S —
ATLAS Preliminary * BestFit MW Higgs s}
VE=13TeV, 36.1-139 fb " 68 % CL. = EWPO o)
SMEFT A =1TeV 95% CL EW o
Linear parameterisation ¢
P
CHG R S
10 iy 1y e o2
e - ~ !
rg“/v,w o
A e 3 @
| T — S %o
—0.04 -0.02 0 0.02 0.04 ﬂ Cow o
S S
Y & cax2
16] o x 3 Cpq + 2|
L T S e
by, - 5 S
a4, ——- — ]
Cont ——- < o P
. TE—— ] ‘e -
—04 02 0 0.2 04 0 02 04 06 08 1 = o
Parameter value expected fractional o ow m—
contribution E NN NN NN RN RN
] -20 -15 -10 -5 0 5 10 15 20

Wilson coefficient Cl ¢ A% [TeV?]
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