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¢ SMEFT for top quark physics =mcret

SMEFT VS Anomalous couplings
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Top-quark operators and how to look for them
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see for example: Aguilar-Saavedra (arXiv:0811.3842)
Zhang and Willenbrock (arXiv:1008.3869)
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& Going beyond LO ~Mcnet

 Need NLO to match the SM precision and experimental
accuracy: SMEFT@NLO
* Mixing between operators: anomalous dimension
matrix: Alonso et al. arxiv:1312.2014
e Additional operators at NLO: e.g. chromomagnetic

dipole In single top

Recent progress:
* top pair production: Franzosi and Zhang (arxiv:1503.08841)

e single top production: C. Zhang (arxiv:1601.06163)
e ttZ/y: O. Bylund, F. Maltoni, |. Tsinikos, EV, C. Zhang (arXiv:1601.08193)

e ttH: k. Maltoni, EV, C. Zhang work in progress

All within MadGraph5_aMC@NLO
R2+UV counterterms: NLOCT Degrande (arxiv:1406.3030)
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First example: top-pair production
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MadGraphS_aMC@NLO
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Top-pair+Z/y
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Differential distributions for tt+V ~Mcnet
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LHC measurements of ttV processes can
set constraints on the Wilson coefficients
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coupling framework
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Chromomagnetic operator
affecting all processes In
the same way
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& single top production 7 uene
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Top-operators in non-top final states
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Gluon-fusion contribution to HZ production ) U S EPPS BT B B PR A

affected by the operators changing gtt, ttZ gf 3l ]

[} ' ' 0 ~
and ttH =i Additional information Y
Z 3L [
— © I
[fb] SM O O R S ————— '
ol 346732 5911304% 200 300 400 500 600 700 800 900 1000
+39.9% o +40.25% HZ) [GeV
s | oserman | o%  SOURIR 08RG m(HZ) [GeV]
alt‘l’ Josy 0370 18;7?: 0.06317F 1&;
oD ot 0176129%  0.0300128% LO but loop-induced
Event generation possible in
No contributions from the electroweak MG5 aMC@NLO
dipole operators due to charge Hirschi and Mattelaer (arxiv:
conjugation invariance 1507.00020)
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Top pair+H

preliminary

O = v (¢ (Q1) ¢

Ogc = v (o'0) Gl G

Oic = ytgs(QU""TAt)ngﬁu - %%22’ e
o« PN
1 :
2a, [ 0 U ttH H, H+]
V= 4 -1 4
T\l o0 I See also
Degrande et al. arXiv:1205.1065
+four fermion operators Grojean et al. arXiv:1312.3317

Use with 1) ttH and 2) H+| to break degeneracy between
operators

F.Maltoni, EV, C. Zhang in preparation
E.Vryonidou 12
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preliminary
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Top operators In ttH and H+|

ttH

do, ttH production
0.006 ap,[H) LHC13, §NLO
0.005 —-0,,(LO) —O,,(NLO)
— —-0,4(LO}—0,, (NLO)|
—-0,,(L0)—0(NLO)
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0.001E |
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0'5.1 Illllllll l;lllllllllllllllllllllll9
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1355:2ZIIIIZZiIIIZIZIiZIIIIIZIII:IIIZIII:Z:IIII...,.E:::::::::,:::mg
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[ |
0'5lllllllllllllllllllllllllllllllllllllll
2t 0, ke [Oueo
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0O 50 100 150 200 250 300 350 400

p,(H)

Different operators

= different shapes

NLO smaller uncertainties,
non-flat K-factors

1/odo /dpl
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H+]

SM ——
L Ot¢ J
. O
01} = Qs .
L :l:|
=
=8
=EI:
0.01 ¢ ]
- pp — Hj LHC13 :DD:&E,;L
0.001 | | | | | L
100 150 200 250 300 350 400 450

pi [GeV]

Harder tails from dim-6 operators

F.Maltoni, EV, C. Zhang in preparation

—MCnet
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Towards global fits

EFT only makes sense if we follow a global approach
First work towards global fits:

Buckley et al arxiv:1506.08845 and 1512.03360

(N)NLO SM + LO EFT

Dataset

Vs (TeV)

Measurements

arXiv ref. || Dataset

V= (TeV)

Measurements

arXiv ref.

Top pair production
Total eross-sections:

ATLAS 7
ATLAS 7
ATLAS 7
ATLAS 7
ATLAS 7
ATLAS 7
ATLAS 7
ATLAS 8
CMS 7
CMS 7
CMS 7
CMS 7
CMS 7
CMS 8
CDF + D¢ 1.96

Single top production
ATLAS

CDF 1.
CMS

CMS

D¢ 1.
D¢ 1.
Associated production
ATLAS

ATLAS

CMS

EEow &

-1

oo oo

lepton+-jets
dilepton
lepton4-tau
lepton w /o b jets
lepton w/ b jets
tautjets

tt, Z~, WW
dilepton

all hadronie
dilepton
lepton+-jets
lepton+-tau
tautjets
dilepton
Combined world average

t-channel (differential)
s-channel (total)
¢-channel (total)
t-channel (total)
s-channel (total)
¢-channel (total)

i~
tZ
tZ

1406.5375
1202.4892
1205.3067
1201.1889
1406.5375
1211.7205
1407.0573
1202.4892
1302.0508
1208.2761
1212.6682
1203.6810
1301.5755
1312.7582
1309.7570

1406.7844
1402.0484
1406.7844
1406.7844
0907.4259
1105.2788

1502.00586
1509.0527
1406.7830

Differential cross-sections:

ATLAS
CDF
CMS
CMS
D¢

[

1.96
[
3

1.96

Charge asymmetries:

ATLAS
CMS
CDF
D¢

Top widths:
D¢
CDF

1.96
1.96

pr(t), Mg, |uel
Mg

pr(t). Mg, v wi
pr(t), M, ve, i
M. pr(t), |w|

Ac (inclusive4 My, vy)
Ag (inclusive4 My, yi)
Arg (inclusive+ M, yer)
App (inclusive+ My, )

Iﬂtop
rlup

W-boson helicity fractions:

ATLAS
CDF
CMS
D¢

Run II data
CMS

1.96

1.96

13

tt (dilepton)

1407.0371
0903.2850
1211.2220

P

1505.04480
1401.5785

1311.6742
1402.3803
1211.1003
1405.0421

1308.4050
1201.4156

1205.2484
1211.4523
1308.3879
1011.6549

1510.05302

E.Vryonidou

Tevatron and LHC data

1
individual —s—

I

Cgq rim marginalized —e—

— 33 :
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é 5 ——e—
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ez - |

~33
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C't o

i
C3, .
A

Syl i .
C.n .
Cdyu -
Cla —

-0. 0 0.5

Cross-sections and distributions
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Outlook

« SMEFT a consistent way to look for new interactions

e Higher-order corrections needed to match SM precision

and experimental accuracy

* Progress in top-quark processes: pair production,
single top, tt+V, tt+H

 QCD corrections important both for total cross-sections
and distributions: SM k-factors are not enough

e (Global fits results already available: important to include
NLO predictions

E.Vryonidou 15
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