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Introduction



¥ Focus on automated BSM

¥ Focus on recent development
¥ No recasting (B. Fuks)

¥ No DM

This is the best country, we have the

best doctors, the best drugs,***
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¥ Algorithmic

¥ Less error prone
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Hadron colliders
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Approximate
Feynman diagram

Beam of partons
Radiation from incoming partons
Primary hard scatter

Radiation from outgoing partons
Hadronization

Multiple Inter. / Underlying event
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remaining of this talk
x FeynRules,LanHEP,E

4«— UFO,E
w MadGraph, SHERPA,E

matrix-element

4— StandAlone,E

- \1aaAarann — 2P A

hadronlzed events )¢ y=

Delphes,E

Detector events
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Little recap



Input : model.fr

Output : vertices
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FeynRules
outputs can be
used directly by
event generators

-

UFO : output with
the full information
used by several
generators
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Coupling
(function of the
parameters)

Predebned
basis for most
ME

Lorentz (Metric/Levi-
Civita tensors,
Momenta,Dirac

matrices)
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¥ Generic output with the full model information

¥ coupling_orders.py, parameters.py, particles.py,
write_param_card.py, __Init__.py,

¥ vertices.py, couplings.py, lorentz.py
7 No basis, all the lorentz
structures of the model

¥ CT vertices.py, CT_couplings.py (For NLO)

¥ decays.py

¥ Python module used in MadGraph, Herwig, Gosam, Sherpa
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NLO



Al loop _ di Box; + | ¢ Triangle; + | 0 Bubble;

+ a; Tadpole, + R
¥ Box, Triangle: Bubble and Tadpole are known scalar
iIntegrals
¥ Loop computation = find the coefficients
¥ Unitarity

¥ Multiple cuts

¥ Tensor reduction (OPP)
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1 | dd Iq(q)

= )2 2
(2! )4 e.flgolgl---lgmu’ =@y )t m

R(d) =

R, ! lim 14 dg N (8.9.7)
110 (21) DoD1...Dmi1 1

Finite set of vertices that can be computed once

for all
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@,=g+p= Q.+ 4
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B = (g+ p)° =
g, = (g+ )2 | Ot HooftVeltmar

2 scheme
(@ | € #o (B1+ me) #, (G2 + me) 4°
= € #(Qi+ Me)#(Q2+ Me)#
(@1 Me)#u(Qa" M)+ 168 #, " & ##h#
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Due to the! dimensional parts of the denominators

Like for the 4 dimensional part but with a different set «
Integrals

! 1 #

n qZ _ il 2 2 2 (pi—pj)z "
Togy = 5 Mrm-—3  +00).
|
. n qz _ ||2 "
Y eE, - 2 °0)
|
. n q-A — ||2 "
TS EEE - 6 Ol

Only R = R+R: Is gauge invariantE:> Check
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Relations Pxed by the Lagrangian (Pnite |

Finite set of vertices that can be computed once

for all
C. Degrande



External parametelf

\ Xg - X+ X,

1 S |
o — (1+ 552!! )+ =04 X

N 2

Same for the conjugate ID%

Internal parameters are renormalised by replacing th
external parameters in their expressions
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On-shell scheme (ocomplex masscheme):

Renormalized mass = Physical mass

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

. Lo LA L. " oW

i (p! my) + | fi}‘ D p_+fi}? D P++fijSL 0? —+fijSR 02,
RO e 15767, = O
R[fi7 (0°)mi+ £ @3], , = 0

R [z (7 7) + S5 02) mes F52 %)+ S 00)] + 2k 07) + B G|, = ©

Similar for the vectors and scalars
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On-shell scheme (ocomplex masscheme):

Renormalized mass = Physical mass

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

il (pt mi)+ i fy p® o pro+fF Pt e+ AP Pt o+ PR Py

/*/:f@‘lf(ﬁ)mi*fSR(pQ)ﬁ sy O
Hn @y me 15169, = 0
om 2 (5 07) + 15 @) i £ 0%)+ 80000+ 7 GF) + £207)] |, = 0

Similar for the vectors and scalars

C. Degrande



FeynRules
Renormalize the Lagrang
Mmaodael.moc

FeynArts
Write the amplitudes

NLOCT.m
Compute the NLO vertices
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¥ Madgraph QCD (2014) and EW (2018)
¥ Recola QCD+EW (2013)
¥ Wizard QCD (2020)

¥ SHERPA QCD+EW (2017)
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EFT @ NLO



¥ Renormalizable Lagrangian, maximum dimension of
the operators is 4

¥ Feynman Gauge
¥ {,y,ua 75} =0
¥ Ot Hooft-Veltman scheme

¥ On-shell scheme for the masses and wave
functions

¥ MS by default for everything else (zero-momentum
possible for fermion gauge boson interaction)
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In the loop: (01 )

same as SM | :
/@\ +axial anomalﬂl' iDy!) (g8,

FEGYGP G More momenta: higher rank
1 Gf, G of the integral numerator

Additional gamma

HTAY) GA
and colour algebra (@S T7UY Gy
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0-0-0

! " "
Evanescent operators: 0. = @74 & ,7

pI q p3 pPI q p3

! s

p2 P4 p2 P4

LR PR 11 1wPr = E+ (16! 4a#)! "Pr " ! PR
LR P 1l L PR=1E+[4! (12! 4a)#'"Pr " ! PR

Extra R2 (gauge invaria
Change the UV matchin
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SM:
R=0a=0a="0h="Gi=" G

SMEFT:
t " d " " b
Op# Oa# Ou# " Ou# " Ga# " O,
+ modification of quarks-gluon vertex (chromo)

m\ _ QQ.QQ$2><

>. ...... . $ #91p2" 1 2
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—_—

S SMEFT@ Lo 1 feany || —
7 gapy.

T s St

¥ C.D., G. Durieux, F. Maltoni, K.
Mimasu, E Vryonidou, C. Zhang,
2008.11743

C. Degrande


https://arxiv.org/abs/2008.11743
https://arxiv.org/abs/2008.11743

3 LO o' ?)
NLO o'
8
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0.08;
= SM/1000 ~ c./10
0.06: e, —_
é o —c
] . QQ
0.04-
8
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O(' I 2) O(I ! 4)

Ci LO NLO K LO NLO K
8 +61% +8% +53% +3%

Coo 0.126,°% 0.089/°% ~ 0.71]0.170,°% 0.1657°% ~ 0.97
8 +63% +9% +52% +15%

coy 0.4217°3% 0.295/°° ~ 0.70|0.498/°2  0.333/°0  0.67
1 +62% +23% +53% +3%
Coo 0.373/°2% 0.20(1) ;%% 0.53|1.513°°  1.407°% ~ 0.93
1 +88% +83% +53% +3%

coe |1 0.007(1) 520 1 0.14(3) [0 21 (2.061°70  1.897°%  0.92
cy | 0.741° 0  0.42(3)')0, 0.57|6.087°° 56577  0.93
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Summary



¥ Automated FR & ME for BSM

¥ What next?
¥ More pheno
¥ More validation (Comparison of EFT@NLO MG/Recola)
¥ Include running for BSM
¥ ?
¥ | did not discuss :

¥ The Feynman rules for the SMEFT in the background field gauge, Corbet,
2010.15852

¥ E
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https://arxiv.org/abs/2010.15852
https://arxiv.org/abs/2010.15852
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Thank you
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