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The SMEFT

fundamental assumptions: > new physics nearly decoupled: A > (v, E)

> at the accessible scale: SM fields + symmetries

@ 3 Taylor expansion in canonical dimensions (6 = v/A or E/N):
1 1 1 1
Lsmert = Lsm + Kﬁ‘r’ + ﬁﬁe + F& + Fﬁg +...

L,=Y,GCO=" C; free parameters ( Wilson coefficients )

O; invariant operators that form
a complete, non redundant basis
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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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Run 1 Run 2 Run 3
Lst [Evers] Ls2 14Tev
13 TeV. 13 - 14 TeV. —— N GY
Diodes 5lo7.5x
splice consolidation LU Installation i 4 nominal
7Tev 8TeV button collimators fnlsacton RELUD luminosity
TR R2E project P711 T dip. coll. regions installation
Civil Eng. P1-P5
(o T I R >
ATLAS - CMS Tadiation
experiment upgrade phase 1 damage ATLAS - CMS
beam pipes 2 xnom. luminosity HLupgrade

nominalluminosty " """} ALICE - LHCb 2x nominal luminosity
nominal e Y

luminosity

B 2000 (ultimate)

HL-LHC TECHNICAL EQUIPMENT:

DESIGN STUDY PROTOTYPES CONSTRUCTION INSTALLATION & COMM. Il PHYSICS

HL-LHC CIVIL ENGINEERING:

DEFINITION EXCAVATION/ BUILDINGS
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Run 1 Run 2 | Run 3
Lst [Evers] Ls2 14Tev
13 TeV. 13- 14 TeV. —————cnergy
Diodes 5to7. 5Ix
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HL-LHC TECHNICAL EQUIPMENT:

DESIGN STUDY PROTOTYPES I CONSTRUCTION INSTALLATION & COMM. Il PHYSICS

HL-LHC CIVIL ENGINEERING:

WE ARE HERE ™™
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LHC / HL-LHC Plan

Ls1

13 TeV. 13- 14 TeV

Diodes
splice consolidation LU Installation

cryolimit
7Tev 8TeV button collimators inferacton HELHD \ummus»(y
T— R2E project P71 dip coll region: installation
Civil Eng.
ATLAS [oms ,m‘m
experiment upgradefase 1
beam pipes 2xnom. kuminosity

nominal luminosity
Rl

luminosity

B 2000 (ultimate)
HL-LHC TECHNICAL EQUIPMENT:
s sty T o roToTvpEs Il CONSTAUCTION | NSTALLATIO & Coun- | PAYSCS |

damage ATLAS -CMS
st s, x| oo 2038
e i el
wpgre o

HL-LHC CIVIL ENGINEERING:

WE ARE HERE ™™
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Ls1 [Evers]

13 TeV.

13 - 14 TeV.

Diodes
LU Installation

splice consolidation
button collimators
R2E project

v STV

P7 11 T dip. coll.
Civil Eng. P1-PS

ATLAS {=Ms
experiment upgrade k. ase 1
beam pipes 2xnom. luminosit
e nominalluminosity Xnom. hmine®Y  ALice-fiHc
nomina
luminosity b 1

HL-LHC TECHNICAL EQUIPMENT:

pom, e bl
g installation e SR
toe

2025 | 2026
.___/
radiation
Gamage ATLAS - CMS

HL upgrade 2 0 3 8

2 x nominal luminosity
—_—

B 3000 fb-1
BRI 2000 (ultimate)

DESIGN STUDY PROTOTYPES [l CONSTRUCTION gy, gum

HL-LHC CIVIL ENGINEERING:

statistics will increase

DEFINITION
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LS3 14 TeV

LS1 EYETS: [
13 TeV. 13- 14 TeV e energy
Diodes St075x
splice consolidation LIU Installation cryolimit 4 nominal
7Tev 87TeV button collimators m'kmam RELUD juminosity
— R2E project P7 11 Tdip. coll installation
Civil Eng. P1-P5.
ATLAS [oms -
experiment upgrade & ase 1 damage ATLAS - CMS 2 0 3 8
BRND NS 2 x nominal luminosity HLupgrade

| 2xnom bmioosy (WALIGE -Bich L
upgre b

75% nominal luminosity
nominal

Juminosity /—
umir iy P

EXxs
HL-LHC TECHNICAL EQUIPMENT:
[ “oesiovsruov | prororees || consTRucion S g
statistics will increase

HL-LHC CIVIL ENGINEERING:
- *alot *

WE ARE HERE

worth having

there's much room for improvement in precision — a systematic program
for indirect searches

3/22
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The SMEFT is a powerful tool for this

I'= full QFT with its own regularization/renormalization schemes
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The SMEFT is a powerful tool for this

I'= full QFT with its own regularization/renormalization schemes

I'= calculations are done order by order in (E,v)/A
— rationale for expected size of contributions: power counting

— systematically improvable
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The SMEFT is a powerful tool for this

I'= full QFT with its own regularization/renormalization schemes
I'= calculations are done order by order in (E,v)/A
— rationale for expected size of contributions: power counting

— systematically improvable

I'= allows compute matrix elements without knowing the UV

[works with non-perturbative UV too]
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The SMEFT is a powerful tool for this

full QFT with its own regularization /renormalization schemes

>

I’ calculations are done order by order in (E,v)/A
— rationale for expected size of contributions: power counting
— systematically improvable

I'= allows compute matrix elements without knowing the UV

[works with non-perturbative UV too]

I’ model independent, within low-energy assumption

1= systematic classification of all effects compatible with low-E assumptions
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The SMEFT is a powerful tool for this

full QFT with its own regularization /renormalization schemes

>

I’ calculations are done order by order in (E,v)/A
— rationale for expected size of contributions: power counting

— systematically improvable

I'= allows compute matrix elements without knowing the UV

[works with non-perturbative UV too]

I’ model independent, within low-energy assumption

1= systematic classification of all effects compatible with low-E assumptions

I’ a universal language for interpretation of measurements
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SMEFT @ LHC: how many parameters?

Depends
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SMEFT @ LHC: how many parameters?

Depends on choices of low energy symmetries. e.g. flavor
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SMEFT @ LHC: how many parameters?

Depends on choices of low energy symmetries. e.g. flavor

observables, including/excluding quadratic terms

Focusing on interference Asy A¢ only
Selection due to SM kinematics / symmetries in the presence of:

> resonances in SM

» FCNCs op. 1* operators generally suppressed
) ] wrt. “pole operators” by

» dipole op. (interf. ~ my)

. <rB'2"B)n ~1/300  (ZW)
v 1/10° (h)

| 2

If quadratic terms |Ag|* are included, more operators contribute

llaria Brivio (ITP Heidelberg) Top, Higgs and EFT 5/22



SMEFT @ LHC: how many parameters?

Depends on choices of low energy symmetries. e.g. flavor
observables, including/excluding quadratic terms

EFT calculation accuracy

E hoees Chw, Cug, CHwas
< y
o
§ w* . wE , S 5 ! ) + CW, CHDY CeWY
- W he-e- heee- £ bk i Ces, Cuw, Cug, Caw,
w T wH ’ 7 ki & CdB ’ CeHy Ctu CdH

Hartmann, Trott 1505.02646,1507.03568
Ghezzi,Gomez-Ambrosio,Passarino,Uccirati 1505.03706
Dedes, Paraskevas, Rosiek, Suxho, Trifyllis 1805.00302

+ dimension 8 + ...

EFT
order
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SMEFT @ LHC: how many parameters?

Depends on choices of low energy symmetries. e.g. flavor
observables, including/excluding quadratic terms

EFT calculation accuracy

For reference:

| total Nr =3 unsuppressed interf.*

general 2499 ~ 46
MFV ~ 108 ~ 30
U(3)° ~ 70 ~ 24

Brivio,Jiang, Trott 1709.06492

* parameters entering H/Z /W resonance-dominated processes, interference only.
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Global SMEFT analyses

ultimate goal: measure as many SMEFT parameters as possible
fitting predictions that include all relevant terms

ttH VH/VBF
VBS
t+H/Zly
Ken Mimasu ®
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Higgs and EW fit

» U(3)° flavor symmetry
» all relevant interactions included
» tree-level, interference only

Brivio,Hays,Smith,Trott,zemaityté in preparation

@ relevant operators

also: Ellis,Murphy,Sanz,You 1803.03252 20

Z,W couplings Bhabha scattering
o) = (/HTD H)(Ty /) Qee = (E7"€)(E7"e)
Qe = (iHT'D ,H)(Ey"e) Qie = (Iy*1)(&y"e)
affy (iHTﬁuH)(éV"q) Q= (lpy"lp) (Iy"lr)
Qg = (H'D ,H)(3o'"r"q) Qtibox = (HTH) o (HTH) z
QHu = (iH'D uH) (v u) Qne = (H'H)GZ, G =
Qna = (iHT'D ,H)(dy"d) O = (HfH)B,WBW =
Quw = (HTH)W,, Wirv E
Qup = (D, H'H)(H'D* H) Qun = (HTH)(qHu) a
Opwe = (H‘rgiH)Wi BHv Qan = (HTH)(gHd)

QeH - (HTH)(IHG)
QG - EachsyGlf’pG;H
Que = (ao.uu TaI:IU)G:V

QH/ = (’HT D, H)(/U 1)
Q) = (lp7”/ )(Ir’Y“/ )
input quantities

Ow = e Wir Wip Whe H processes
TGC pee
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Higgs and EW fit: main features

Brivio,Hays, Smith, Trott, Zemaityté in preparation

» U(3)° flavor symmetry
> all relevant interactions included
> tree-level, interference only
» analytic predictions (as much as possible)
> Better control on possible divergences / phase space integration

> Control on different diagram contributions
(e.g. y-mediated in h — 4f)

> Cancellation effects are reproduced exactly

> All EFT contributions can be linearized out
(relevant for propagator corrections)
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Higgs and EW fit: main features

Brivio,Hays, Smith, Trott, Zemaityté in preparation

v

U(3) flavor symmetry
> all relevant interactions included

> tree-level, interference only
» analytic predictions (as much as possible)

> EW observables: all well known at tree level
> doubly-resonant WW production computed in Berthier,Bjgrn, Trott 1606.06693
> for Higgs we want to use STXS LesHouches 2015 1605.0469

LHCHXSWG 1610.0792
Berger et al. 1906.0275

~~ see talk by André
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Brivio,Hays, Smith, Trott, Zemaityté in preparation

v

U(3) flavor symmetry
> all relevant interactions included

> tree-level, interference only
» analytic predictions (as much as possible)

> EW observables: all well known at tree level
> doubly-resonant WW production computed in Berthier,Bjgrn, Trott 1606.06693

> for Higgs we want to use STXS LesHouches 2015 1605.0469

LHCHXSWG 1610.0792
Berger et al. 1906.0275

~~ see talk by André

nk = Ly 2 ¢(0 - B)ir(e - Air
lumi —1 l L> acceptance

prod xs i — h
decay BR h — f efficiency

Global fit to nk  — (o - B)jr for defined i, f categories.
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v

U(3) flavor symmetry
> all relevant interactions included

> tree-level, interference only
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Higgs and EW fit: main features

Brivio,Hays, Smith, Trott, Zemaityté in preparation

v

U(3) flavor symmetry

v

all relevant interactions included

v

tree-level, interference only
» analytic predictions (as much as possible)

> EW observables: all well known at tree level

> doubly-resonant WW production computed in Berthier,Bjgrn, Trott 1606.06693

> for Higgs we want to use STXS LesHouches 2015 1605.0469

LHCHXSWG 1610.0792
Berger et al. 1906.0275

~~ see talk by André
nk—EkZ,fa B,f E A
prod xs i — h
decay BR h — efficiency
Brivio, Corbett, Trott 1906.06949

Global fit to nk  — (o - B)jr for defined i, f categories.
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H — 4f in the SMEFT

Improved h — 4f results » removing narrow width approx on Z, W

Brivio, Corbett, Trott 1906.06949 » including Z, W propagator corrections
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H — 4f in the SMEFT

Improved h — 4f results » removing narrow width approx on Z, W

Brivio, Corbett, Trott 1906.06949 » including Z, W propagator corrections

@ corrections to SM diagrams

—imzol 7 + (2mz = I'rz)(smz
p?— m% + il zmz

o guv (SM-like) 8L, 08r
€ guvP - q — Puqu (ZuZ"" h)

hard to extract from MC
simulation!
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H — 4f in the SMEFT

Improved h — 4f results » removing narrow width approx on Z, W

Brivio, Corbett, Trott 1906.06949 » including Z, W propagator corrections

@ corrections to SM diagrams
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Estimating JI' /I sy, analytically

Brivio, Corbett, Trott 1906.06949
fully analytical treatment. automated with general decomposition:

A : Al

Va k Va
!

AA" ~ gnviv, gHv, v, ZT(”)
n

ij, Vi ij, V- ki, V. ki, V4 .
T(n) = ’C(n) (gll_Jle’gtl,R3’gL,R ngL,R4) ‘F\(/';)\/2V3V4 (Pa, ma) , a= {1717 kv l}

for m, = 0 there are only 8 independent Fv,v,v,v,. For each {V} set:
> numerical integration of phase space: Vegas in Mathematica T. Hahn 0404043
> cross-check: RAMBO + 2 independent parameterizations of phase space
Kleiss,Stirling,Ellis
Comput.Phys.Commun.40(1986)359
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Analytic results for the total Higgs width

Brivio,Corbett, Trott 1906.06949

» full inclusive calculation including h — v+, gg, bb, c&, 7t 7=, Z~,4f
> tree-level, interference only

» U(3)® flavor symmetry

with {my/, mz, G} inputs, C = C(v/N)?:

SMEFT
5rh full

roi— = 1150 Chg — 1.21 Cuw + 1.21 Crwe + 50.6 Crg
h

+1.83 Cpo — 0.43 Cpp + 1.17 G
—7.85YuReCuy — 485 Yy ReCany — 12.3 Y4 ReCen
cc bb TT

+0.002 €3 +0.06 € +0.001 Cpyy — 0.0007 Crg
—0.0009 ) —2.32 € — 0.0006 e

partial inclusive widths and {aem, mz, G} input scheme also available.
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Higgs production and acceptance corrections

Production Brivio,Hays,Smith, Trott,Zemaityté in preparation
> gg—h
> qq — qqh (VBF/VH)

> qq/gg — h///h/l/ (VH)
» gg — tth
> qq — thj
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Higgs production and acceptance corrections

Production Brivio,Hays, Smith, Trott, Zemaityté in preparation
> Manohar,Wise 0601212
gg - h I known to NLO SMEFT Deutschmann,Duhr,Maltoni,Vryonidou
1708.00460
» qq — qqh (VBF/VH) Grazzini,lInicka,Spira 1806.08832
> qq/gg — hll/hlv (VH) parton level inferred from h — 4/ via crossing sym.
> gg — tfh in progress Maltoni,Vryonidou,Zhang 1607.05330
> qq — thj Degrande, Maltoni,Mimasu,Vryonidou,

Zhang 1804.07773
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Higgs production and acceptance corrections

Production Brivio,Hays, Smith, Trott, Zemaityté in preparation
> Manohar,Wise 0601212
gg - h I known to NLO SMEFT Deutschmann,Duhr,Maltoni,Vryonidou
1708.00460
» qq — qqh (VBF/VH) Grazzini,lInicka,Spira 1806.08832
> qq/gg — hll/hlv (VH) parton level inferred from h — 4/ via crossing sym.
> 88 — tt_'h in progress Maltoni,Vryonidou,Zhang 1607.05330
> qq — thj Degrande, Maltoni,Mimasu, Vryonidou,

Zhang 1804.07773

Acceptance
N g .
A = “Hneuts o ocimed to be SM-like in STXS extraction
Ntot
» SMEFT terms with non-SM Lorentz structure (hV,., V#, hVuidyiep...)

modify distributions — AA
» AA calculable for cuts in Lorentz-invariants, requires MC for arbitrary cuts

» AA depends most on decay channel, less on production [ preliminary |
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Top sector fit

Brivio, Bruggisser, Maltoni,Moutafis, Plehn,

> U(2) X U(2) X U(2)d Vryonidou,Westhoff,Zhang 1910.03606
q u
» top interactions only for now @relevant operators
> Up to NLO QCD ! quadratlc SMEFT also: Hartland,Maltoni,Nocera,Rojo,
predicitons: SMEFT@NLO Slade,Vryonidou,Zhang 1901.05965 34
tZ
ttZ, ttW
Qs = (QHo"t)B,,
single t Qne = (I’HT DMH)(E’)““I‘)
_ Qpw = (QHo"”o*b) W:,,
tt Qi = (QHo" TAt) G, Qnip = (iDL H)(Ey*b)
Oby = (Qu@(@y'e)  Q, = (QuuTAQ)(@y" T"u) Qo= (fH*‘B’LH)(Oa"wQ)
ba = <cmo>(dvud) Qg = (@ T Q)(dr" T4d) ho = (H'D uH)(@1"Q)
iu = (Bypt)(@y'u) Q= (B, TAt) (7" TAu) Quw = (QHo" o t) Wk,
2y = (Bt )dytd) Q% = (B, T t)(dy" TAd) TR TV YT
05, = (Q1.Q)(@1"q) Qg, = (A1 TAQ)(G7* T4q) Qg = (Qu0*TAQ)(@r"o* Tq)
Q, = (But)(@r*q) Q% = (P, TA8)(@ TAq) Qo = (Quuo* TAQ)(§y"0* TAq)
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A typical issue: flat directions

e.g. qq — tt at LO:

q t q t

t

S
Sl
=y

Cc 8 terms: 2 xq X 2x: X 2 color contractions
+ singlet/triplet isospin for LL currents

!

10 operators for each initial state (u/d)
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A typical issue: flat directions

e.g. qq — tt at LO:
q t -
notation:

color
CX qXt

B2 =1—4mi/s
¢t = cosO(p;, Pg) in c.m. frame

<
Sl

s

. 2
Aoittoc| B+ Cl + Rt G| (1+ B2+ 22) + [l + G - [Cha= R | 28t
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A typical issue: flat directions

e.g. qq — tt at LO:

q t n
notation:
color
CXth
B2 =1—4m?/s
. ; ¢t = cos (P, Pg) in c.m. frame

s

. 2
Aoittoc| B+ Cl + Rt G| (1+ B2+ 22) + [l + G - [Cha= R | 28t

LO, interference only can never distinguish LL <> RR or LR < RL

— breaking: NLO QCD
(GiG) terms
other processes in the fit (e.g. single-top)
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A typical issue: flat directions

e.g. qq — tt at LO:

q t n
notation:
color
CXth
B2 =1—4m?/s
. ; ¢t = cos (P, Pg) in c.m. frame

. 2
Aoittoc| B+ Cl + Rt G| (1+ B2+ 22) + [l + G - [Cha= R | 28t

s

LO, interference only can never distinguish LL <> RR or LR < RL

— breaking: NLO QCD
(GiG) terms
other processes in the fit (e.g. single-top)

LO, interference only can distinguish (LL + RR) <~ (LR + RL)
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Same vs. different chiralities in tt

2m?

Aot or [CEL LGl 4+ ChlaCh ] (1+ﬁt e ) " [ca LGl - Chl ol ]wfcf

10.0

likelihood contours:

In(Lmax/L) = 1/2 ——
2 - —10.0

(~ Ax? = 1,4 in Gaussian limit)
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Same vs. different chiralities in tt

2mt

Aol o [CEL +Chr + Clr +Chi ] 1+ Bici +

i [CEL LGl - Chl ol ]wfa

o+ + myg dist 75

likelihood contours:

In(Lmax/L) = 1/2 ——
2 - —10.0

(~ Ax? = 1,4 in Gaussian limit)
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Same vs. different chiralities in tf
Aot or [CEL LGl 4+ ChlaCh ] 14 g+ 2 [CEL LGl - Chl ol ]Izﬁfcf

o+ + myg dist

charge asymmetry
Ac

likelihood contours:
In(Lmax/L) = 1/2 ——
2

(~ Ax? = 1,4 in Gaussian limit)
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uii vs dd initial state in tf

Singlet vs triplet SU(2) contractions:
Qs = (QuT*Q)(@" T a) Qb = (R T Q) (g To*q)

R=() a=(().0)

u,d identical at parton level 20

only difference: PDF < x

r(x) = [uE]/[dc?] 104

L (r+1)Coy + (r — 1)C3 constrained
(r—1)Cgqy — (r +1)C3 blind

Coro (TeV/A)?

—10

—20
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uii vs dd initial state in tf

Singlet vs triplet SU(2) contractions:
Qs = (QuT*Q)(@" T a) Qb = (R T Q) (g To*q)

R=() a=(().0)

u,d identical at parton level 20

only difference: PDF < x

r(x) = [uE]/[dc?] 104

L (r+1)Coy + (r — 1)C3 constrained
(r—1)Cgqy — (r +1)C3 blind

Coro (TeV/A)?

—10

ot + mes dist
bulk kin. region

—920 ;
r~2 W
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uii vs dd initial state in tf

Singlet vs triplet SU(2) contractions:

Qe = (QuT Q)@ Tai)  Qgg = (AT 0" Q) (G T o"a)

R=() a=(().0)

u,d identical at parton level
only difference: PDF < x

r(x) = [ud]/[dd]
L (r+1)Coy + (r — 1)C3 constrained
(r—1)Cgqy — (r +1)C3 blind

last bins of pr dist
in high-pt regime
r~3

CX (TeV/A)?

ot + mes dist
bulk kin. region

—920 ;
r~2 W

llaria Brivio (ITP Heidelberg) Top, Higgs and EFT




uii vs dd initial state in tf

Singlet vs triplet SU(2) contractions:

Qe = (QuT Q)@ Tai)  Qgg = (AT 0" Q) (G T o"a)

u,d identical at parton level 20

only difference: PDF < x

r(x) = [uE]/[dc?] 104

L (r+1)Coy + (r — 1)C3 constrained
(r—1)Cgqy — (r +1)C3 blind

Coro (TeV/A)?

further breaking: —101
ttW, ttZ

=
05
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Impact of quadratic SMEFT contributions

|Asmert|? = |Asm + As|*> = |Asm|® + Re [ASMAg] + |Ag|?
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Impact of quadratic SMEFT contributions

|Asmert|? = |Asm + Asl? = |Asm|? + Re [AsMAg] @
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Impact of quadratic SMEFT contributions

|Asmert|? = |Asm + Asl? = |Asm|? + Re [ASMAE] @

> [Ag|* ~ 1/A
— when SMEFT expansion holds: |As|? « AsyAl « |Asm|?

— |Ag|? same size as SMEFT uncertainties :

ASMAS ASMAg insertions ASMAg,sq
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Impact of quadratic SMEFT contributions

|Asmert|? = |Asm + Asl? = |Asm|? + Re [AsmAé] @

> [Ag|* ~ 1/A
— when SMEFT expansion holds: |Ag|? « AsmAl « |Asu|?

— |Ag|? same size as SMEFT uncertainties :
AsmAs ASMAg insertions ASMAg,sq

» whenever precision is not enough (C;)? dominate the fit:

constraining C; < O(1) requires (E/N)? ~ O(5 — 10)%

> often included as a cross check of convergence.
» quadratics improve bounds via geometric effects
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Impact of quadratic SMEFT contributions

Dot [(CBU (G + (CLel? +(CB? + 3 ((Ch? + (G + (Gl + (Ch?) | 1+ B2
+ (G2 H(CBRI? — (CBa (G + 5 ((CL + (GheP = (Gl - (GH?) | 281

9
+ |l +CBaCh + 5 (CluCln + ChaChy) | 4
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Impact of quadratic SMEFT contributions

Dot [(CBU (e + (Chel? +(CB? + 3 ((Ch? + (G2 + (Gl + () [+ 5D

+ (2 H(CBRI? — (CBa (R + 5 ((CL + (GheP - (Cla? - (B o5

9
[CLLCLR +CRrCRL + 5 (CLLCLR+CRRCRL> 4mz/s

interf. + quad.

0 2
(1 TeV/A)?
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Impact of quadratic SMEFT contributions

Dot [(CBU (e + (Chel? +(CB? + 3 ((Ch? + (G2 + (Gl + () [+ 5D

+ (2 H(CBRI? — (CBa (R + 5 ((CL + (GheP - (Cla? - (B o5

9
[CLLCLR +CRrCRL + 5 (CLLCLR+CRRCRL> 4mz/s

10.0
\\ A/ /l //
75 M
N N Ca)
=25 N )y .-o?lttel'
= P
p‘o 0.0 \\ 4 -
~ N 4 S
& —2.5
~5.0
)/, l// - . N
—75) 4 reminder:
Yy interference only
—10.074
—10 -5 0 5 10

Cﬁt (TeV/A)?
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Impact of quadratic SMEFT contributions

Dot [(CBU (e + (Chel? +(CB? + 3 ((Ch? + (G2 + (Gl + () [+ 5D

+ (2 H(CBRI? — (CBa (R + 5 ((CL + (GheP - (Cla? - (B o5

9
[CLLCLR +CRrCRL + 5 (CLLCLR+CRRCRL> 4mz/s

Quadratic terms modify 4
the geometry of the fit
T 9
= O ’ r:’
% O Fitter
= o L
&
i
0Q

interf. + quad.

0 2
(1 TeV/A)?

08

tu
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Impact of quadratic SMEFT contributions

Dot [(CBU (e + (Chel? +(CB? + 3 ((Ch? + (G2 + (Gl + () [+ 5D

+ (G2 H(CBRI? — (CBa (G + 5 ((CL + (GheP = (Gl - (GH?) | 281

9
[CLLCLR +CRrCRL + 5 (CLLCLR+CRRCRL> 4mz/s

Quadratic terms modify 4
the geometry of the fit
typical measurements ~ Y., + C7 = R
= radial constraint = 0
! =)
n-dimensional fit space compact e 5
already with 1 measurement N
! | 7 £ d
angular flat directions remain 7 [ilfh 22 GET:

0 2
08 (1 TeV/A)?

tu
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Global fit to top processes: results

. o o = . .. . Brivio, Bruggisser, Maltoni,Moutafis, Plehn,
fit to tt, ttZ, ttW, single-t, W helicity in t decays Vryonidou, Westhoff, Zhang 1910.03606

Run II, ATLAS+CMS, 68% and 95% C.L.

3 | Global fit
[ Clobal fit 6,,/2

2 0.7
1
= 15 %
= 4 jnn il I g JVI 5
g7 HETET INIRL T .
S =
-2 0.7
-3

—4 @im” 0.5

O, O O OO O O O O Op O O, O, Cx eNeNeloNeN el
R S A A AR A
) (/R
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Top vs EW+Higgs results

EWPD + LHC Run I + II, 95% C.L.

3 BRoy < 3% | Global Fit Higgs + EWPD + diboson [1812.07587]
| Global Fit Top sector [1910.03606]

2o FO.7
e 10—
: z
= =
e 15
"‘(: 0 { l T 1 I ] l I [2:5 {g}
K RARRARRARNARNGE

1.5
=il 1.0
=21 r0.7
2% LPeeBeBt B ER 2825 %5
Z ]
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Top+EW+Higgs: next step

EW

Q%; Qg; Qéd Qbu Q%q Qit Qtld
Q6y 6q Loa ou 2y A
Q4: Q4o 0w iy
Qor Qoo v A

< 50 parameters

@ LO interference
Top

llaria Brivio (ITP Heidelberg) Top, Higgs and EFT 21/22



Recap & take-home

» Indirect searches of BSM physics @LHC will become more and more
important in the next runs

v

The SMEFT is a well-defined QFT framework to do this systematically:
go beyond SM stress-test!

» 20-30 parameters for the basic scenario in a Higgs/EW /top analysis

> 'Higgs + EW analyis — good analytic control . ..and improving
— EFT effects beyond signal being addressed

> top analysis — precision approaching interesting region!
— NLO QCD important
— care required to break large degeneracies

— quadratic terms have strong impact through geometry
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EW 4+ Higgs fit — observables [preliminary]

118 observables included so far

> 8 near_Z_pole EWPO: er Réoc i Af__’;’bv 0'2 LEPI combination hep-ex/0509008
» 21 distribution bins for bhabha scattering at LEPII LEPI combination 1302.3415

» 74 dist. bins for W W™ production at LEPIl 3. hep-ex/0400016
OPAL: 0708.1311
ALEPH: Eur.Phys.J. C38 (2004) 147
differential combined: 1302.3415

» 15 inclusive obs. for Higgs measurements in H — v+ and H — 4/ at LHC

» ATLAS (36 fb~!) ATLAS-CONF-2017-047
» CMS (36 tb™!)  cwms pas HiG-17-031
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Top fit — observables

pp — tt

> 5 0,7 measurements at 8 and 13 TeV

> 5 Ac measurements at 8 and 13 TeV

> 2 do/dm; dist. at 8 and 13 TeV (15 bins tot)

» 4 do/dpt(p}, pht) dist. at 8 and 13 TeV (30 bins tot)

> 1 d?0/dmyzdt,; dist at 8 TeV (16 bins)

> 2 dist in high-pr region (p%, mz) at 8 and 13 TeV (13 bins tot)
pp — ttZ,pp — ttW

> 2 o,y measurements for each V at 8 and 13 TeV
Single-top

> 6 04 g Measurements in t-channel at 7, 8, 13 TeV

> 3 045 7, Measurements in s-channel at 7, 8 TeV

> 6 oy ;i measurements in tW channel at 7, 8, 13 TeV

> 1 0174 measurement in tZq at 13 TeV
Top decays

> 4 measurements of W helicity at 7, 8, 13 TeV
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