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SMEFT in processes with tops

Rich phenomenology:

pair production :::(
single K

associated production §§@m< ::E
top loops ) oo 5

E.Vryonidou




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)

+four-fermion operators
+Nnon-top operators (Mixing)

Operators entering various processes: Global approach needed
E.Vryonidou



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
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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
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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¢

7 pr(t), Mg, |vel
1.96 Mg

-

1.96 1‘[‘(.171'(!)- |ytl

Charge asymmetries:

ATLAS
CMS
CDF
D¢

Top widths:
D¢
CDF

1.96 Ty
1.96 Ty

W-boson helicity fractions:

ATLAS
CDF
CMS
D¢

Run II data
CMS

1.96

1.96

13 tf (dilepton)

7 pr(t), Mg, v, v
8 pr(t), Mg, v, wi

Ag (inclusive+ My, yg)
Ag (inclusive+ My, yg)
Arg (inclusive4 M, yer)
App (inclusive+ My, )

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
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Tevatron and LHC data
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The need for NLO

Impact of NLO corrections in the light of global fits:

* Accuracy and precision: NLO corrections modify the
central value and come with reduced theoretical
uncertainties compared to LO

* |Impact on the distributions - non-flat K-factors different
between operators and different from the SM

e Better control on

RG and operator mixing effects - new

operators entering at NLO
e Effort to match SM precision in the light of more sensitive

measurements a

nd in the context of global EFT fits where

Orecision IS neec
coefficients
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ed to extract maximal information on the



SMEFT@NLO

e SMEFT@NLO ingredients:
* Mixing between operators: anomalous dimension
matrix: Alonso et al. arxiv:1312.2014
* Additional operators at NLO

Automation within MadGraph5_aMC@NLO
R2+UV counterterms for the NLO computation:
NLOCT Degrande (arxiv:1406.3030)

Progress in top quark processes in this framework:

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

* single top production: C. Zhang (arxiv:1601.06163)

o ttZ/y: O. Bylund, F. Maltoni, |. Tsinikos, EV, C. Zhang (arXiv:1601.08193)
* ttH: F. Maltoni, EV, C. Zhang (arXiv:1607.05330)

* FCNC Degrande et al (arXiv:1412.5594),Durieux et al (arXiv:1412.716606)

E.Vryonidou 6




First example: top-pair production
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/Zhang and Franzosi arXiv:1503.08841
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single top production
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NLO corrections:
* |mpact on distributions
* Impact on limits

* Accuracy+precision



Top-pair+Z/y

13TeV O o) Oyt Oy
oo 286.71352%  78.3+104% 51.6740-1% —0.20(3)F55.0%
oi N Lo 3105557 906170y 5751gay L7255
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ofiLo 258.5% 304 28160y 29()1g T 20. 9*'33‘??
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Small contribution from Ow and Ois
at O(1/A2) but large at O(1/A4)

How should we treat O(4) terms?

EFT condition satisfied
To be checked on a case-by-case basis
E.Vryonidou Bylund et al arXiv:1601.08193 9
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Differential distributions for tt+V
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Large contribution at O(1/A%) Using SM k-factors is not enough
rising with energy

arXiv:1601.08193
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A sensitivity study
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LHC measurements of ttV processes can
set constraints on the Wilson coefficients
See also: Schulze et al. arXiv:1404.1005,
1501.05939, 1603.08911 in the anomalous

coupling framework
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Top-operators in non-top final states

> ] H m
Z

Gluon-fusion contribution to HZ production
affected by the operators changing gtt, ttZ
and ttH =i Additional information

[fb] SM O 0%
o EHG sl

(2) +39.2% o5+40.2%
o5 6.0975¢ 1%  0.18275¢%%

7 34.3%
13TeV | 93.6153 3%

(1) s ~010.7% +1.6%
o; 'Josma 0370154y  0.0631° %

(2), (1)
i /9

~+2.9% +2.8%
0.176729%  0.0300125%

No contributions from the electroweak
dipole operators due to charge
conjugation invariance
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See also:
Englert et al arXiv:1603.05304
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ttH In the EFT

\ thb = v, (¢T¢) (Q_t)qz;
y{‘_ O =4} (#') GG
O = 119s(Qa* T1) G,
/ At NLO in this talk

4-fermion
_ - operators

Not in this talk, work in progress
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ttH@NLO

(Ot, Ogcz, Or7)

O =3¢ (#'9) (@) 4 Cil)  a (<2 16 8 )
0w =it (s10) Ghamw  dlogp  m W =0 7212
\ 0 0 1/3)

Oiq = ytgs(QU#VTAt)JDG;‘U

Alonso et al. arxiv:1312.2014
dm-6 dim-5 dim-4

Ot Opc Oty Higher-dimension
operators mix into lower-
dimension ones
. 2 ‘ 4
llow 1'TeV 1'TeV
Setp allows —; _ o 4 ™20 o+ Y — -Gy
computation of: —~ A —~ A
() 1]
interference interference between
with SM operators, squared

E.Vryonidou contributions
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Cross-section results (1)

13 TeV o NLO K
osm  0.507+0-03040.00040.007 1.09 * Different K-factors for different
Ces —0.062+0:006-40.0014.0.001 1.13 operators, different from the SM
o4 | 0.87270:1814+0.03740.013 1.39 * Large 1/A\* contribution for the
o 0.503+0-025+0.001+0.007 1.07 chromomagnetic operator
G135 ]0.0019+9:000140.000140.0000 | 4 7 * Constraints from top pair production:
04G.6c |1.02179:204+0.096-+0.024 1.58 cic=[-0.42,0.30] Franzosi and Zhang
o:g.tc | 0-6741 0 02 s O 007 0 o1o 1.04 arxiv:1503.08841
Cro.6G | —0.053+0:008+0.003+0.001 1.42 * Global approach needed to
OepiG | —0.031+0-008+0.00040.000 1.10 consistently extract information on
04G.cG |0.859+0:13740.02140.017 1.37 coefficients within the SMEFT
; ) framework
0 = 0OsM + 11;;32\/ Cioi + %Cicjaij'
i i<j
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Cross-section results (2)

13TeV o NLO o/osm NLO K

osm 05071003 0000 000 1.000700001 000070000  1.09 First systematic study of uncertainties:

o1 —0.06 oazaggoonieoe 49 ¢ 1) Scale and PDF uncertainties:
Similar to SM

oo 087251 gom ooe 172200 0nes000s 139 o Radyced scale and PDF
o 0.503+00%+0.00140.007 () 991 +0.004+0.003+0.000 4 o7 uncertainties in the ratio over the SM
Cioss  0.001910.000L+00001+00000 o goz7+0000rs000aca0 137 ¢ 2) EFT scale uncertainties
cacea LOAGRLILELILEL so1peNe0n s Cilkoin) = Lk po)os(k)
Gicac O.6TAIIEHO00LI008 | og4001L10008100M g4 O (105 1) = Tri(pey o) Ui (e p0) i (1)
ciec  —0.053 0000000  —0.105700051 000510000 142 L'ij(, po) = exp (_—02 log %%j)
wpec  —0.03155 00 0000 o000 —0-06150500 0001 o000 1110 Cross-sections evaluated at a different
cocic 08501QITHOOIIO0NT g gor+uTioonions 37 SCale (Ho/2, 2Ho) evolved back to Lo taking
3) C//N\2 expansion INto account operator mixing and running
' dimé6 ~dim6
1 G s O(A~5).

i (A/1TeV)4 7 Needs dim-8 operators (Not included here)
<4— But it can be estimated using a cut-off

E_Vryonidou Contino et al arXiv:1604.0644 16




A study of RG effects

T || RG corrections not a good
= U 96 NLOY | gpproximation to the NLO
= 161_ _. result, underestimate the
| - NLO corrections
T 14 T lo
S - QuNLO. Milder EFT scale
S VlQelo Tl 0. xio] | dependence at NLO, when
S === 1 Imixing effects also taken into
OO - o account
150 200 300 500 700 1000 1500 2000

perr[GeV]

Comparison of exact NLO with LO
improved by 1-loop RG running
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Differential distributions for ttH
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= NLO: smaller uncertainties, Different shapes for different
non-flat K-factors operators for the squared terms

| Maltoni, EV, Zhang arXiv:1607.05330
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Top and Higgs
O = v () (Q1) ¢ o] < Em{ :D’ :ﬁm Z}}
Zf: zi;( (ij)*j{ut()j; 3—; % % %m %
T N A

See also T
Degrande et al. arxXiv:1205.1065 .
Grojean et al. arXiv:1312.3317 ttH H, H+j, HH

Azatov et al arXiv:1608.00977

Use with 1) ttH and 2) H, H+] to break degeneracy between
operators and extract maximal information on these operators

E.Vryonidou Maltoni, EV, Zhang: arXiv:1607.05330 19



SMEFT in H+]
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Harder tails from dim-6 operators: Boosted analysis
E.Vryonidou Maltoni, EV, Zhang: arXiv:1607.05330

MadGraph5_ aMCE@NLO
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SMEFT in HH

O = v (40 (Q1) ¢
Ogc = v (4'0) Gt G4
O = Y19s (QU #UTAt)§EGﬁu

Chromomagnetic
operator computed
for the first time
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—11.83_ ) 41177
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To be investigated: the impact of the chromomagnetic operator in EFT
analyses that focus on the extraction of the triple Higgs coupling A

E.Vryonidou

(e.g. arXiv:1502.00539 and arXiv:1410.3471)
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http://arxiv.org/abs/arXiv:1502.00539

Constraints on the Wilson coefficients

O = 13 (¢f¢) (Qt) ¢ Toy xé fit for illustrative purposes using:

Oic = 4195 (Qa* TH1)p G,

Run | and Run |l results

Impact of the 3 operators also included in

Cic/A? [TeV~2] -0.68,0.62] -1.8,1.6]

Iggs decays
Individual Marginalised Cio fixed
Cig/A? [TeV 7] -3.9,4.0] -14,31] -12,20] 05% o |
Cya/A? [TeV™2] [-0.0072,-0.0063] [-0.021,0.054] |[-0.022,0.031] o

typically Cig=0 in

 Individual limit on Cic comparable to the one

ttH measurement in run |l

much more space to the other two operators

from top pair production-room to improve with

* Including the chromomagnetic operator leaves

Higgs analyses

» Need for
global analysis

E.Vryonidou
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Constraints using two-operator fits
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Current limits
using LHC
measurements

O = v (4'¢) (Q1) ¢

O¢G — yt2 (¢f¢> GA GApz/

pv

Oz = y19s(Qot* T4 1) 9 G,

14TeV projection
3000 fpb-T

Maltoni, EV, Zhang
arXiv:1607.05330
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How to extract maximal information?

O =4; (910) (Q1) ¢

Osc = ¢ (910) G, A

Combination:
* Inclusive H
* boosted Higgs
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* off-shell Higgs
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Azatov et al arXiv:1608.00977
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Outlook

« SMEFT a consistent way to look for new interactions
* Higher-order corrections needed to match SM precision

* Progress in

and experimental accuracy

top-quark processes: pair production,

single top, tt+V, tt+H as well as loop-induced processes
 QCD corrections important both for total cross-sections
and distributions: SM k-tactors are not enough
* (Global fits results already available: important to include
NLO predictions where available to extract maximal and

more reliab
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n of Higgs and top results is crucial for a
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Thank you for your attention



