INTERFERENCE EFFECTS IN VECTOR-LIKE QUARKS PRODUCTION
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OBJECTIVES

Vector-like quarks (VLQ) are a particular kind of quarks
that are predicted by many models beyond the Standard
Model (SM). If several VLQs with close masses exist, the
contribution of interference effects in processes of pair
production of VLQs can be relevant: bounds coming from
current experimental studies should be rescaled. Our goal
is to compute analytically the value of these interferences
and check the obtained results with Monte-Carlo simula-
tions for different parameters.

PRODUCTION, DECAY & INTERFERENCES

We consider the production of a VLQ T'. The probability
of production is proportional to e* for the electromagnetic
interaction, to g% for the strong interaction and to g3, for
the weak interaction, but since |e|] < ¢gs and gy < gg,
we can consider that the production by electromagnetic
and weak interaction is suppressed. Therefore the pair

production cross section only depends on the mass of
the VLOQ.
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Figure 1: The three possibilities of production
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We now consider a model with two VLQs 737 and T5. Let
us consider the decay of a TyT} pairina Wb W—b. It is
clear that the 757, can decay in the same final state so if
we detect a Wb Wb final state, we cannot know if these
particles come from a 71T} or a T>T5 pair. The amplitude
for the production of a final state Wb Wb from a T, T;
pair 1s

ATi X (K%)QVTitVﬁt — (%%)2 ‘VTit ’

where ;; is the coupling strength, and Vr,; is the mixing

between T; and ¢. The cross section of this event will be
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interference term
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INTRODUCTION

A VLQ is a quark whose left- and right-handed chiralities
belong to the same representation of the symmetry group
G of the underlying theory. For the SM, G = SU(3)¢ ®
SU2)L @ U(1)y.

VLQs have never been observed but are predicted by
many scenarios beyond the SM (extra dimensions, com-
posite Higgs, SUSY...) in different numbers and types.
Moreover, since a minimal SM extension with a 4th chiral
generation is excluded with high confidence level, experi-
mental searches for VLQs have acquired high priority.

NARROW-WIDTH APPROXIMATION

The Narrow-Width Approximation (NWA) allows us to
simplity the computation of complex processes by fac-
torising the whole process into the on-shell production
and the subsequent decay.
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The matrix element of the full process is
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so the squared matrix element is
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and with the NWA I' < M, we find|o ~ op - BR|where
BR=Tp/T.
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Figure 2: Diagrams 2 to 4 considered

In the case of the 2 to 4 processes that we consider (Fig. 2),
the previous formula can be generalized in

oc~op-BR, -BR_

With this formula we can compute o, and o4, but not ojnt.
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ANSATZ AND SIMULATIONS

Ansatz We study Fi2 = ;7 (which we numerically

compute using MadGraph) as a function of
) 2
201+91-92+92— Re { (f (12%739773*> }

, 2 3 2
62,97 (S SLPIPY) + 63,3 (f SLPIPE)

the normalized quotient of the product of the couplings
times the integrals of the propagators which only depend

on the masses M; and on the couplings g;+ of the VLQ:s.
This ansatz is easily computable analytically.
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Influence of the difference of mass We check that the dif-

ference of mass suppresses the interferences.
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CONCLUSION

Finally, we found a way to compute analytically the value
of the interferences for the pair-production of VLQs, in a
model-independent way. We observed through numerical
simulation that the value of interferences rate is very well
described by our ansatz:

e it allows us to get the value of the total cross section
for a specitied process involving VLQs,

e it also allows us to obtain the differential distribu-

tions including the interferences by a simple rescal-

mng.

Furthermore, we showed using numerical simulations
that the value of the interferences only depend on the rel-
ative mass splitting and on the value of couplings of the
VLQs considered. We also saw that our ansatz describe
well the interference in the limit of the NWA.
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Differential distributions The scalar sum of transverse
momentum and missing transverse energy including in-
terference can be obtained by a rescaling of the differential
distributions for production of the VLQs using (1+x12) for
the rescaling factor.
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Limits of our ansatz Since our ansatz is based on the
NWA, the quotient I'/M must not be too important so that
our ansatz remains valid.
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Remark The ansatz also only works when the mass and
width eigenstates are not misaligned (i.e. when loop ef-
fects are not too strong).

FURTHER RESEARCH

To improve the accuracy of our results, several subleading
etfects have to be taken in account, e.g.:

¢ inclusion of loop effects in pair production:

e inclusion of chain decays between VLQs:
Ty — 2 Is5.

Yet, those effects are model-dependent which make them
more difficult to take in account.

We also want to study other possible phenomenologies of
VLQs like single production processes and VLQs decay-
ing into Dark Matter particles:
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