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Motivation

» Prediction of the Standard Model.

» Better understanding of non-abelian gauge theories.

» Could be useful in understanding the QCD background.
» Related to the vacuum structure of the Standard Model.

» Also important in BSM theories such as SUSY.
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The QCD vacuum

By looking at the form of the QCD field strength tensor, one can
show that there are multiple degenerate vacua.

After Wick rotating we get maps from S® to SU(3) which are
characterised by M3 (S®) ~ Z. The instanton is the tunneling

solution between adjacent vacua

QCD Instantons at Colliders Durham University



Motivation Calculation Phenomenology Summary
o] 0e000 0000 o]

The Instanton process

The main instanton process is

Ny
g+9g-Y (k+a) + g
i=1

The number of fermions is determined by the Adler-Bell-Jackiw

anomaly.
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Numerical results

The instanton cross section can be calculated through the use
of the optical theorem

1
o = EImM (b1, P2, —p1, —P2)

This is given by
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Virtuality form factor

If any of the gluons entering the instanton vertex has a virtuality
then we must include in the integral the factor, e~ .

E[GeV] | (ng) | 5(9g9 — ) [pb]
20 7.81 | 2.01 x 108
40 9.67 | 1.25x10°
60 10.89 | 1.38 x 10*
80 11.67 | 2.36 x 108
100 12.10 | 5.44 x 102
120 12.77 | 1.53 x 102
140 13.25 | 4.99 x 10!
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Shape variables

Instanton events produce many jets and so will not stand out
from the QCD background.

We want to exploit the lack of angular dependence to search for
the instanton signal so we define the transverse sphericity

tensor: 5
Saﬁ — Zi plqpi
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Looking for instantons with LHC data

» ATLAS and CMS triggers are not sensitive to instantons,
requiring single jets of Er > 360 GeV or six jets of Er > 45
GeV.

» However there is a potential search strategy using
minimum bias data.

» We found that by examining events with 6 jets with pr > 10
GeV and 7 > 0.2, we could obtain s/ﬁ ~ 50, using the
full 337 pb~' dataset.

» There is also the potential to discover the instanton in
existing Tevatron analyses.
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Instantons with Large Rapidity Gaps

» Demanding the presence of large rapidity gaps is a useful
way of searching for instantons as it suppresses the QCD
background due to factors of (S?)".

» We examined low mass instantons, M, > 20 GeV.

» We found that by demanding:

> S Er > 15GeV
> Ny > 20
> a veto on the presence of charged particles with high pr

We could obtain a set of events where signal exceeded
background by a factor of 8.
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Summary

» Instanton processes are a good further test of the standard
model.

» Instantons cannot be constrained by any existing analyses.

» We must search for instantons in minimum bias data as
triggers are not sensitive.

» There are good kinematic regions existing in both usual
searches and events with Large Rapidity Gaps where we
have good sensitivity.
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