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1 Introduction

This MadGraphb [1] model is the implementation of the top effective field theory described in [2].
All the four-fermion operators are flavor diagonal and universal for the two lightest generations. The
model has not been used so far for a full study and can thus not be considered as fully tested. However,
we have performed some strong tests first on the FeynRules [3] model from which this UFO[4] model
has been automatically extracted. We have computed with FeynArts [5] and FormCalc [6] the analytic
amplitudes squared for the top decay and both the single top and the top pair productions and found
them in agreement with the results in ref. [2]. We have also check the gauge and Lorentz invariance
for all these processes in MG5 using ALOHA[7]. We have also compared the MG5 results (from the
madeventh branch) for the top pair production cross-section with those obtained in [8] with MG4. For
the remaining operators and processes, we have only checked that qualitatively the shapes for the new
physics contributions compared with the SM one are constistent with the expectations from [2].

The four-fermion operators have been implemented using heavy vectors since they are not yet avail-
able in MadGraph5. In consequence, the model should not be used for other processes than the top
decay and single top and top pair productions because it can contain extra operators. For example, a
heavy vector coupled to tf and dd will induce a ttdd vertex as well as a 4-top one.

MadGraph5 is only able to compute squared amplitude so far. We can only compute
Msar + My = [Msar|? + 2R (MsarMi_2) + [Mp—2|? (1)

where Mg is the SM amplitude and M, 2 is the O(A~2) amplitude of all the diagrams with one new
vertex. It contains also partially the O(A~*) contribution in addition to the SM amplitude squared and
the interference (that were computed in [2]). In principle, it should not make a huge difference since
A should be large enough such that the expansion in % remains valid, i.e. the O(A~*) contributions

are much smaller than the O(A~2) ones. This condition can be checked by computing those O(A™%)
contributions (|MA72|2> and [Mgar|? to get the interference. It should be noted that this condition

depends also on the cuts. The expansion makes sense only if the energy of the process is small compared
to A.

2 In practice

The TopEffTh directory should be put into the models directory of MadGraph. The model can then
be loaded in MG5 using the command import model TopEffTh. The only particularity to generate



a process is the possibility to specify the order NP (which stand for New Physics) in addition to the
usual QED and QCD order. NP is the maximum order in %, so in our case NP=2. It should be noted
that the new vertices can also have an order in QCD or in QED. Our rule is that the vertex with the
lowest number of legs is NP=2 QED=0 QCD=0 for each operator. Then, consistently, QED or QCD
are increased by one unit each time an additional leg is added. For example, the ttg vertex coming from
the operator Qg is NP=2 QED=0 QCD=0, the ttgh vertex is NP=2 QED=1 QCD=0, the ttgg vertex
is NP=2 QED=0 QCD=1 and ttggh vertex is NP=2 QED=1 QCD=1. This rule allows to remove the
SM contribution if needed.

The param_card contains three blocks related to the new physics:

e APPROX contains the parameters that controle the approximation for the four-fermion operators.
The mass of each heavy vector is given by one of the parameters of this block times A. The mass
of the vector for Og}jg) is given by K A, for 032’3) by K1A, for all the operators involving the
right-handed top by K2 A and for all the remaining operators involving the left-handed top by

K3A.

e DIMG6 contains A and all the coefficients of the operators that are not four-fermion operators.
The coefficients are named similarly than in [2]: C followed by the numbers in exponent and by
the letters in indices. The coefficient is split into its real (starting with an "R”) and imaginary

part (starting with a ”I”) if the coefficient is complex. For example, C’é?;) = RC3phiq + 7 IC3phiq.

e FOURFERMION contains all the coefficients of the four-fermion operators. The couplings of the
heavy vectors to the fermions are computed internally such that they give the right coefficients
for the operators whatever the values in the block APPROX are. These values can thus be used
to check that the vector are heavy enough to be approximated by four-fermion operators.

3 Some results and comments

Here are some results for the three processes mentioned earlier at the Tevatron with a factorization and
renormalization scale fixed at m; = 174.3 GeV. For top the decay, all the outputs from ME are written
as if they were in pb but we think it is due only to a display problem and that pb should simply be
replaced by GeV. If such is the case,
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The higher order corrections are quite small for A ~ 1 TeV and C; ~ 1 : the squared amplitude for the
diagram with a new vertex coming from Oy (O((;;)) are 1.9 MeV C%;, (2 TeV) (0.6 MeV C( )? (2 T\e\/)ﬁl

respectively). For the single top production in the s-channel, the hierarchy between the A 2 and A%
is clearly smaller. The O (Afz) cross-section is
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and the squared amplitudes of the new physics diagrams are 21 fb CfW (1 TBV) 1fb C (3) (1 aev)4 and

2
323 fb Cé;’?’) (%)4. It suggests clearly that Cgé’g) should be taken well below one. The cross-section



for the tW associated production is
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and the squared amplitudes of the new physics diagrams are 0.52 fb C,5? (%)4, 0.31 fb C’fW (1 T\ev)4
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and 0.073 fb C’f;) (1 Ff\ev)zl. Finally, the cross-section for the top pair production is
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where my = 120 GeV. The squared amplitudes of the new physics diagrams are 404 fb C’ (
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(1 Tev) 49.3 b Cq (M) and 0.493 fb C¢GQ (M) The effect of Og is dominated by its O (A )
contribution for A ~ 1 TeV. However, the effect of this operator is qulte small. The contribution of

04 depends on the Higgs mass. For example, it is 5.6 fb Cyq (1 Tev) if my, = 180 GeV.

All the O (A*4) corrections have been computed for one operator at a time. Consequently, the
interferences between the differents operators do not appear.
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