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Introduction

@ SM, hierarchy problem and TeV-scale physics.

@ Models of Extra-Dimensions (in particular ADD model) attempt to
solve the hierarchy problem by proposing fundamental scale of
gravity in TeV range.

@ In ADD model, SM particles live in 4-dim while gravity propagtes
in full 4 4+ §-dim. for simplicity we assume that these extra spatial
dimensions are compactified on a torus with common scale R.

= Mp=M?R (1)
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Introduction

@ The 4 + 6-dimensional Graviton corresponds to a tower of massive
Kaluza-Klein (KK) modes in 4 dimensions with masses given by

o _ T
n

(@)

@ The interaction of spin-2 KK modes with the SM particles is given
by an effective theory

1 ~
Lint ~ VPZ / d*x hD)(x) TH(x). (3)
i

@ For the production of single KK-Graviton, the cross-section is
proportional to 7z
P
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Introduction

@ The inclusive cross-section is obtained by summing over all
accessible KK-modes. In the contunumm limit the cross-section is
Mz
enhanced by a factor of M Thus the overall suppression factor
S

is only W'

@ If Mg is near the TeV-scale, Graviton production can thus be
probed at present and future high-energy colliders.

@ Direct graviton production gives rise to missing energy signals.
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@ We are interested in gluonic contribution to
p+p—/Z+ G(KK) (4)
at the LHC.

@ At LO, this process proceeds via quark loop diagrams and these
can be put into three classes (arXiv:hep-ph/9811350)

L
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Our Process

@ We work with five massless flavours of quarks.

@ Due to charge conjugation vector part of the amplitude does not
contribute.

— M(g + g9 — v+ G(KK)) = 0.

@ The amplitude being proportional to T3, receives contribution from
left-handed b-quarks only.
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Details of Calculation

@ Quark loop trace is calculated in FORM. The amplitude at this
stage involves tensor integrals, 4-tensor Box integral being the
most complicated one.

LA b
Buwps = / (@) NoN; NalNs ®)

@ Reduction of tensor integrals is done using methods of
Oldenborgh and Vermaseren (Z. Phys. C 46 (1990))

@ Scalar Integrals are evaluated analytically (upto Dy with two
massive legs) following ‘t Hooft and Veltman (Nucl. Phys. B 153,
365 (1979)).
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Details of Calculation

@ We regularize UV sing. in dimensional regularization while IR
sing. are regularized by giving small mass to quarks in the loop.

@ The general structure of the amplitude is

M=A Ei + B log?(m?) + C log(m?) + F (6)
uv
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Numerical Checks and Results

@ UV cancellation (A= 0)
@ /R? cancellation (B = 0)
@ /R cancellation (C = 0)

@ Gauge Invariance 77

@ for § = 2 and Ms = 5T7eV (with no cuts)
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@ Gluon initiated processes are important at the LHC.

@ Models with large extra space dimensions can be probed at the
colliders using an effective field theory approach.

@ The real Graviton emission gives rise to missing energy signals.

@ Searches for the process pp — Z + p™sS at the LHC will be able
to extend the sensitivity to the fundamental scale Mg into the
multi-TeV region.
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