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High order corrections

Infra red behavior

Jets

NLO correction to éé ox

now we know that for

large q the hadron Xeec

can be well approximated

by PQCD calculation withpartons
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Leading order
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obtained using optical theorem before

can also be calculated by phase spare Integration
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NLO correction
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All UV poles have been cancelled

here bei are IR poles they
cancel between Virtual and real

KLN Theorem

depends on the scale choice.IE
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sketch of the calculation

Virtual
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regulate both UV IR divergence
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real xx

1 d in reg d 4 it to

regulate IR divergence

21 parameterite the phase space

Isolate the 112 poles perform
the phase space lategration

results contain Rp let

finite terms

Detailed calculation isgiven below

but it is more interesting to
understand the origin of the

IR poles



Virtual correction
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Using Feyn Parameteritation the

denominator can bewritten as
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now we use
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In the last step we have used
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Therefore we have
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add up everything
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Real correction
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Integrate over the phase spare
we find the real correction

be
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Derivation of des
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Therefore the phasespace canbe
written as
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Soft collinear limit

how we aim to understand the

origin of the IR poles This
can be achieved by examing
either the virtual LandauEgn
and real correction the latter
is more intuitive

IR poles would occur when the

matrix element has singularities

In our case
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it is when
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divergence soft collinear
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phase spare
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IR singularities enhanced

an event is a point in the
phasespace with weight IMI



So 2 jet event 3 parton is enhanced

by CR singularities compared with

3 jet event 3 parton

the same reason explains the jet like
events at the LHC Cio linear soft
singularities chanced configuration

fend to
clustered

to



Inthe soft Collinear limit thematrix
is dramatically simplified
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And we try to understand the

general IR feature now
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but if the singularities are

pitched or end points then

there will be a pole associated

can not avoid
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singularities
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More intuitively by real
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eikonal approximation
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Therefore one finds

if w̅

a



what happens to soft quarks
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α Px

stppressed by Poo in the numerator

does a t lead to leading singularities

one can then get to leading
soft contribution using eikonal

approxiation w ogoing through

the full calculation



For instance
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collinear factorization
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Jets IR safe

di jet event constrain
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In this region we have

a 2 parton contribution
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b 3 Parton contribution
dominated by soft Collinear

Instead of using full 1mn
we use sift toll approximation
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Collinear contribution
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IR safety
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usually we stick to

IR safe quantities as

required by fixed order

calculation
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the fixed order calculation

is no longer valid
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The logs are usually induced

by scale heive ily Here

hard scale a

Jet scale QSs Q Sc

In this case the heirchy
is indured by phase span
cut other examples including

W Z Higgs it distribution
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where 1nF will invalidate
the fixed order calculating

the plane space limitation
leads to incompletecancellation

of IR singularities that gives

large logs



one needs to resum these

large loge to all orders
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the radiation with same patterns

in the soft collinear limit
to all orders This can be

achieved by parton shower

or other analytic Technique
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Inother case there are intrinsic

Keneracy i the process for

instance in ep Pp ellipine
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