
 

QCD at Colliders

Next we turn to collide processes

At first sight it looks impossible to

compute anything since the end result are

wondrous non perturbative relativistic band

stetes of quarks gluons

hadrons

ex
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Also scattering processes are something

deeply trinkowskian and it is unclear

how to simulate them in Lettice QCD



Things are even worse at high collisions

energies Q2 To numerically compute themwould

require a very fine lattice
and a largevolume

The key to analyze high energy
collisions

is factorization One should separate the

physics associated with Q2 from the

low energy physics at A e
n m Idro GeV

if this is successful we can evaluate the

high energy part in perturbation theory

The second important simplification is to

compute observables that are insensitive

to the low energy
bowel stele dynamics

i e suitably inclusive cross sections



et e hadrons the R ratio

The simplest inclusive process we can consider

is ete X where X is any hedronic

final Aek The high energy part of this

process is

e Ip 91ps
Is the c

gunny
corrections

etfp 91pie

Intuitively we expect Thet hedronisation

effects should play a small role at large

Q2 since all the produced quarks and

shows will end up in hadrons but our



observable is completely insensitive to

the type and the arrangement of them

we will later show that wowperturbetive effects

are suppressed by A 10,4 and up

to these one can compute the cross

section in perturbation theory

So let us compute the diagram shows above

The scattering amplitude for
an intermediate

je is obtained as you
shell wave

function renormalization

im TEY IFE J Zi 1 at lower
order
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where g pTtpz pi t p f and
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P
does not contribute

because phi ul pi miWpi

Fivepi miVlpi

To get the cross section we need

EE I IMI

to compute this one uses

udp m uIp m pl t m

Vs pom ftp.m pl m



after which the squared amplitude

reduces to a product of two traces

Neglecting the smell electron mess one

obtains exercise
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working in the center of mess true we

were
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f Spins 1Mt etej fit 7 t p cos 0

And for 2 2 scattering with measles initiel

state particles one hes

do Is Sd I f prats s intr PsPH

hut

Is yfdrfdk.su 8f2E 2Etmgi 1m12
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Including the spin sums we thus have

di
pde uit r

p
IMI

p fi moi t p cos 0
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fdr adds 2 dossoddin IgkIp it 7 t

q tgasei F.li fig
we have computed the cross section for the

production of an individual quark To

get the total
cross section we should sum

over colors and all queries that
are



tight enough to be produced

Ttot Ne Tg

To compare to experiment it is nice to

divide by a fete rt which

is driven by the same leading order

diagram as ete Is
et I

p Grete 59 e Ha

J fete htt et et

Ipe

in fact neglecting the messes we

can immediately write down the

result for R
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sum runs over quarks with 2mgCsf

For is a 2M R 3
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To compare to experiment at higher energies

we should also include the Z boson

contribution

See slides for a comparison

with experimental measurements


