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FeynRules

Input : model.fr}

Output : vertices


http://model.fr
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UFO

® Generator independent output with full
model information

® Contains the list of particles, parameters,
vertices, decays (1to &), coupling orders

® vertices are split into Lorentz structures,
colours and couplings and all are included
in the model!

| igs Ti? '

® Used in MG5, Herwig, Gosam, Sherpa



Automated EFT in MC

® From FeynRules:

® All the Feynman rules from any effective operator

® Several sets of dim6/8 operators implemented
® Output readable by MC
® UFO with EFT

® MG5 (J. Alwall, M. Herquet, F. Maltoni, O.
Mattelaer and T. Stelzer,J HEP 1106(2011) 128)

® Sherpa (S. HoOche, S. Kuttimalai, S. Schumann and
F. Siegert, Eur. Phys. J. C 75 (2015) no.3, 1395)




Top EFT in MC

® Whizard :

® Interfaced with FeynRules

® UFO support in progress

® full Dim6 operators

® top “anomalous” interations

® Single top studies (F. Bach and T. Ohl, PRD86
(2012) 114026, PRD9O0O (2014) no.7, 074022)

® lepton colliders (M. Vos et al., arXiv:1604.08122)

® Other EFT in Herwig, ... but not for Top
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Top pair production
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Top pa,lr productmn
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Top pair production
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Top pair production
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Total cross-section

NNLO+NNLL, Czakon, Fiedler & Mitov, PRL110 25, 252004
CMS, 8TeV

3| JHEPOS (2016) 029
| 244.0+1.483+6.4pb

CMS, 7TeV :
: arXiv:1208.2671,
: 161.9+2.5+5.143.6pb! :

CMS, 18TeV
arXiv: 1611.04040,
792+8+37+21pbt

Tevatron 09/2012
Combination!
7.65+0.20+0.36pb
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FB asymmetry

AObS =0.162+£0.047 (CcDF:1211.1003) Cag = Cra ! Cia

A% = 0.066 + 0.007

1 TeV 2 !
5AFB_0047+331§CAQ( : ) » “



http://arxiv.org/abs/1211.1003

AObS =0.1624+0.047 (cDF:1211.1003)
AFB — 0.066 £ 0.007

1 TeV 2 !
MFBZOM#gg}f;‘CAa( : ) » “

2+(1) ggTeV_2



http://arxiv.org/abs/1211.1003
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Madgraphb aMC@NLO

Automated NLO computation
MGS

o Coiﬁputation of the 1 -

0 Computatlon of the Pea,l

T — 'm‘ |
| @ Computation of the loo -4|\‘

| —
o Matchmg W1th parton
shower ‘a la’ MC@NLO

y MadFKS (IR)




MadLoop

AT loor = N ", Box; + » ¢; Triangle; + » b; Bubble;
+ Z a; Tadpole, + R

® Box, Triangle, Bubble and Tadpole are
known scalar integrals

® [.oop computation = find the coefficients

® Tensor reduction (OPP)



To be provided : Rz
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Finite set of vertices that can be
computed once for all



Computed in

Due to the ¢ dimensional parts of the denominators

Like for the 4 dimensional part but with a different set
of integrals

& T >n (B pj)2

fogty =+ e @2ty
" e|2 o | 772

/d “BEE, 2 O\

" GF1 o | 772

/d "S5 65 = 6 O

Only R = R1+Rg is gauge i




Relations fixed by the Lagrangian (finite pa,rt)l

Finite set of vertices that can be
computed once for all



Renormalization

External para,metersl
Xo ! X+ "X,

1 !

#o ! (1+ QHZ” )# + RVATIN

‘Same for the conjugate "eld‘

Internal parameters are renormailised by replacing
the external parameters in their expressions

g9 (1+1Z49) TL
g9g (1+ 31" o+ 31Z44) TL '>Fixedby
gggg (1+!" s+21Zy) TL

NI




Renormalization

On-shell scheme (or complex ma.ss scheme):
Renormalized mass = Physical mass (no running)

Two-point function vanishes on-shell (No external
bubbles)
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Renormalization

On-shell scheme (or complex ma.ss scheme):
Renormalized mass = Physical mass (no running)

Two-point function vanishes on-shell (No external
bubbles)
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Renormalization

Zero momentum scheme available for the gauge couplings

\
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Renormalization

Zero momentum soheme available for the gauge couplings
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Top EFT at NLO in MC

® From FeynRules:

® gutomated computation of NLO CT
extended for EFT (Renor.!)

® UFO@NLO %OU ;mo<>

-

\,___,_ i
® MG5_aMC@NLO (J. Alwall et al., JHEP 1407 (2014) 079)

® Fermion loop with 4F Q =? @ or f+1 )

® Running (m; or MS)

® In progess in Sherpa

® Some Top EFT @ NLO already without 4F (See E.
Vryonidou, G.Durieux)

&2




Going to TopEFT @ NLO

® More operators

® all the singlet

T

® 4top and 4 light quarks

PO



Conclusion

® TopEFT available in MC

® Future : NLO
® Reduction of the errors
® mMore operators per process
® Which renormalization?

® in the fit



