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New physics at a distance

Mass
[GeV] t
L =177 —<
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Focus on effective interactions with top quarks.



Effective top interactions

Higgs gauge bosons light quarks
L Con Y Cw Y Cw LOEN
Ois = (Qt ) (o' 0) Four = (Qot)Tlo W],  O0F, = (T4 (@i T w;)

Top sector of Standard Model Effective Field Theory:

tlavor symmetry U(2), x U(2), x U(2)4
O(20) dim-6 operators with tops
observables computed at NLO QCD:

C;C,;
U—USM+Z—Uz Tj@:j
t,]

analysis framework (LHC Top WGQG): Aguilar Saavedra et al. 2018



Global analysis of top LHC data

4 |  Global Fit Run IT ATLAS+CMS 68% and 95% C.L. 0.5
|  Top pair Fit
Single Top Fit
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Brivio, Bruggisser, Maltoni, Moutafis, Plehn, Vryonidou, Westhoff, Zhang 2019
other global top fits: Englert et al. 2016+; Hartland et al. 2019; Durieux et al. 2019



Global analysis of top LHC data

4 |  Global Fit Run [T ATLAS+CMS 68% and 95% C.L. 0.5
|  Top pair Fit
Single Top Fit

7 e e e [ e 0.7
G 1 TR T TR A Ui s
< ! | ffffff | R I ffffff | [ \ ffffffff I 1| s
g gauge structure | I £

flavor structure .
.

0.4

O\/cP OUD OdJ CZ}dD O\/\/

oF oY L v O 2 ey o B o S T D
e ‘2 e Q/\/OQ /0/\/0\/0

(TeV]

ANIC]



Top chirality
08 (@™ TAC]@)(t%LTAt) ~ LR

N
OGq = (QuuTAQ) (@7 T ;) ~ LL 17 N

S|

linear Wilson contributions O(C/A?)

top-antitop cross section:

Oy = OSM + Ovvy (CQq + C?q)

charge asymmetry:
1,8
UéLXM +0a4 (CQq — qu)

Ot

ly| —

Brivio et al. 2019 6



Top chirality
Oy, = (V"1 q) (v, T4)  ~ LR

\ /
0L = (91, T4Q)(G"T*q;) ~ LL i O\

Qq

S|

quadratic Wilson contributions O(C?/A*%)

top-antitop cross section:

Oy = OSM + Ovvy (CQq + C?q)

+ovea(|Cg, 1> + |CE ) + ov_a Cg, Ch

tq

charge asymmetry:
1,8
UéLXM +0a4 (CQq — qu)

Ot

? — ‘qu‘2)/0-tt_

ly| —

+ovvaa(|Cy,

Brivio et al. 2019 7



Resolving blind directions
j
Oy, = (@ Tq:) (v, T)  ~ LR t

~
i~ O\

|

OGq = (QuuTAQ) (@7 T ;) ~ LL

bounds from LHC Run-2 data

mm 68%CL | J-
ofo oL || measured:
rapidity asymmetry A, (¢)

projected:

,_?q[TeV‘z]

energy asymmetry Ag (ttj)

measurement In progress

Basan, Berta, Masetti (ATLAS), Vryonidou, Westhoff 2020
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Gauge structure: weak isospin

0G5, = (QuT4Q) @V T ¢:) Key: up vs. down in proton

08 = (@I Q)@ Ty @) = F s

linear Wilson contributions O(C//A?)
20

top-antitop cross section:
10-

o~ (r+ )CQq + (r — 1)02275

N 1,8 3,8
~ SCQq + CQq

Co (TeV/A)?

- ttW associated production:

THEw ™ égj(%u + 0da) +

Brivio et al. 2019

CQq Oud
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Gauge structure: weak isospin

0o = QT Q) (@ T q;) Key: up vs. down in proton
, ~ _ L fu(x)fﬂ(S/(ZCS))
Ogq = (@uT'7'Q)an" T4 (@) = fa(x) fa(s/(zS5))

quadratic Wilson contributions O(C?/A%)

All Wilson coefficients bounded.
Remaining blind directions in fit.

Brivio et al. 2019 10



Flavor structure

mass

t
[GeV] G < J flavor structure

t

q——1

100 w
) el S §
flavor-sensitive
1 Lo
N\, )

Hewett, Rizzo 1993; Grzadkowski, Misiak 2008; Fox et al. 2008

Brod et al. 2014, Cirigliano et al. 2016
Bissmann et al. 2019; Aoude et al. 2020 work in progress with Bruggisser, Cata, van Dyk, Schaefer 11



Summary

I~

Y Search for heavy new physics with top-quarks:

Probe indirect effects with precise observables.

Use kinematics to decipher gauge and chiral structure.

New observables resolve blind directions.

Combine top and flavor for new insights.

Thank you!
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Backup
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Top production at the LHC in SMEFT

N, 1
" N

LL,RR

N, A
" N

LR, RL

N Lk
o

parameter tt single t tW tZ t decay ttZ W
Coa A2 = - - - A2 A2
Coa A2 A4 AT A4 A A4 [A] A2 A2
Cp.r Cry A2 - - - - A2 -
Clq ATHIAT - - - — ATHAT A AT
Coa A4 A A2 - A2 A2 A4 A2 A4 A2
Cpur Cog | ATH[AT?] - - - - ATH[ATT

C3,.C3y A2 - - - - A2 -
cy A2 = - - - A2 A2
Chy Chy | ATH[ATY - - - - A AT -
cl A A2 - - - — A AT AT AT
Cso - — - A2 -~ A2 -
C3g - A™2 A2 A2 A2 - -
Clyy - - — A2 - A2 -
Cotb - A4 A4 A4 A4 _ _
Ciz - - — A2 - A2 -
Ciw — A2 A2 A2 A2 _ _
Cow - A%t At A A4 _ N
Cic A2 A™2] A2 - [A2] A2 A2

Brivio, Bruggisser, Maltoni, Moutafis, Plehn, Vryonidou, Westhoff, Zhang 2019
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