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SMEFT

New particles
e BSM?

New Interactions of SM particles
RORY
A2
59 operators at dlm—é Buchmuller, Wyler Nucl.Phys. B268 (1986) 621-653

Grzadkowski et al arxiv:1008.4884
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SMEFT for top quark physics

SMEFT VS Anomalous couplings
O%zzgut( A D) (@vr'Q)
0 =izt (¢ Tre) (@rQ)
()cpt Iil/t (Y‘Tﬁ

(
Ow = UtQu(QU# T f)v” )
OB = gy (Qo" )¢ By,

e SMEFT:
Gauge invariant v/

* Higher-order corrections: renormalisable order
by order in 1/A v

O(as)+0(/:2)+0(/\2) e

Complete description-respecting SM symmetries v/
 Model Independent v

1ot qy,

Lirz = eu(py) [’}“ (CEyv +75C10) + (CFy + 5’7'5(722,14)] v(pg) 2,

ty*t) my
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SMEFT in processes with tops

Rich phenomenology:

pair production :::(
single K

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

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

Operators entering various processes: Global approach needed
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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¢

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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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 8




INn practice

FeynRules+NLOCT
=» NLO UFO model including UV and R2 counterterms

MG5_DIR>./bin/mg5_aMC
MG5_aMC>import model TEFT
MG5_aMC>generate pp > tt~ ZEFT=1 [QCD]

MG5_aMC>output some_DIR
MG5_aMC>launch

NLO code: Results:

e Fixed-Order NLO e SM

e NLO+PS with aMC@NLO e« Interference of dim-6 with SM
* Squared terms-Interference

| between operators
E.Vryonidou 9



Top-pair+Z/y

13TeV O o5 Oyt Ouv
(1) 38.2% 0+40.4% 40.1% 88.0% ,-
;i LO 286-7i25.5§c. 78'3t26.6% 51‘6i26.4% _0'20(3)330.0% Z
(1) 5.4% 7.1% 5.8% 31.3%
O NLO 310.5157%  90.677%, 5751 A —1.7(2) e % :
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(2) ) +4.2% +13.2% ; +13.8% +6.2%
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v A
o HV Oic = yt9s(Qa™'T t)s&/Guy,
1ot q,, ,
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z _ L ® ., ) _ my .
=3 (et myn,  coupling approach
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Cip=0
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Differential distributions for tt+V

tty, LHC13 pr(y) > 20 GeV ooy —— tiZ, LHC13 OSMNLO ——

- NLO, p=m;, CtB=4’ A=1TeV - +Co(1) [ p=my, Cig=1, A=1 TeV SsmLO ~—— ]
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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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Top-operators in non-top final states

t.b . H QQQQo——T1-----
o Sgc:HZ, U(-:IC113A 1 TeV T
' =m ' = I, — e -
u=y, g SearsCol!) :
Z

(1) ~2 _(2) .
cop+Co' '+Cc
0.01 SM

0.001

“lnq T T TTTI] T llnlll]

do/dm [pb/bin]
MadGraphi_aMC @NLO

Gluon-fusion contribution to HZ production  0.0001
affected by the operators changing gtt, ttZ

I I I I lllllll LI

25 =
P ' . © -
and ttH =i Additional information < 3 =
>y % o 1 1 C i 1 i
)] SM O oL > R ;,;
D elm  sards N i
g - e S WV W W VW
o | ssersan | % SOURIR 018G 200 300 400 500 600 700 800 900 1000
T | e os 0370197%  0.0631116% m(HZ) [GeV]
i oy 0.176739%  0.03097357
Uses loop-induced event generation See also:

arXiv:1507.00020
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ttH In the EFT

\ Ot¢> = v, (¢f¢) (Qt)q;
I e
b 0w = Y195 (Qo*™ T )9G5,
/ At NLO in this talk

4-fermion
_ - operators

Not in this talk, NLO implementation: work in progress
E.Vryonidou P PIOY 13
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Cross-section results

13 TeV o NLO K
osm 05077 et 0 000" 0.008 1.09
= —0.062+0-006+0.001.+0.001 1.13 * Different K-factors for different
04 | 0.872%0-15140.03740.013 1.39 operators, different from the SM
_ 0.5037+0-025+.0.001-+0.007 1.07 * Large 1/A% contribution for the
Gedes ]0.0019+0:0001+0.0001+0.0000 | 4 17 chromomagnetic operator
c6G.6G |1.021+0-204+0.096-+0.024 1.58 * Constraints from top pair production:
0rG.eG | 0.674+0:036+0.004+0.016 1.04 cic=[-0.42,0.30] Franzosi and Zhang
oro.6G | —0.053+0-008+0.003+0.001 1.42 arxiv:1503.08841
OepiG | —0.031+0-008+0.00040.000 1.10 e Systematic study of theoretical
064G ¢q |0.850+0-12740.02140.017 1.37 uncertainties: scale, PDF, EFT scale
2 4
o = osM + 11;;/ Cio; + %CiCjaij.
i i<j

interference interference between
with SM operators, squared

contributions 4
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Differential distributions for ttH

L L do_ ]
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0.002f 0.002F

0.001E

0.001
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1.5¢ O] O]
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p,(H) [GeV] p,(H) [GeV]

= 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 16
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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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+1.39+1.42
—11.83_ ) 41177

+0.00023840.064
—0.340_ 5 600438 —0.047

~420.83420.7
147.5 15 86—31.4

To be investigated: the impact of the chromomagnetic operator in EFT
analyses that focus on the extraction of the triple Higgs coupling A
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(e.g. arXiv:1502.00539 and arXiv:1410.3471)
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http://arxiv.org/abs/arXiv:1502.00539

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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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
e Combinatio

global EFT f

E.Vryonidou

e Information

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



