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- Around “IR divergence”

IR divergence in QCD/KLN theorem
 foctorization

 DGLAPEQuation/PDR

GOAL :Understanding
(1) IRdivergence structure,
(2) whotis PDF.




IRdi verence/ STruw;e ' l

 for QED cose:

k=0 Soft or collinear K/ p
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IRdi verence/ STruw;e ' l
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IRdivergence/Structure ||
« for QED case:Bloch-Nordsieck Theorem

d Jvirt. ol d G.E-}{Z}ft real __ finite
Summing up all possible ¢rophs ond cuts,

This theorem is proved for all order of @ED./
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o for cose.massless quarks
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- R divergence/ STJCTUre

e fior cose: massless quarks
Final state radiation

Daritz Plot




- R divergence/ STJCTUre

e fior cose: massless quarks
Final state radiation Daritz Plot

Collinear divergence:1/ € |,
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- R divergence/ STJCTUre

e fior cose: massless quarks
Final state radiation Daritz Plot

Soft divergence:1/ €
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- R divergence/ STJCTUre

e fior cose: massless quarks
Final state radiation Daritz Plot

e R o -







IR dnvergence/ Example
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IRdivergence/ Example

Collinear Part:
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IRdivergence/KLN Theorem
e for = cose:massless Juarks
Kinoshito-Lee-Nauenber4 (KLN) Theorenm:

After summing up contributions from allpossible
degenerate stats, the s-matrix hos no IR-divergence,

some collinear divergence is still remaining.,

Parton Distribution Function /




IRdivergence/Initiol adiaﬁon

Factorization: Coll, Approx.
Motrix Element
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IRdivergence/ Iniﬁal?adiaﬁon

Factorization: Coll, Approx.

Splitting functions:

_1+:s:2 3




IRdivergence/Initial Radiotion |
Factorization: Coll, Approx.,
Cross Section
2 Je : ‘ 4 1 dxog(zs)P(x) ( i
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IRdivergence/ Im’TI’ Radiation

Factorization: Coll, Approx.
Cross Section

No IR-divergence
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IRdivergence/DGLAP Equation
DGLAP Equation Splitting function « pQCD
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IRdivergence/DGLAP Equa'riﬁ

f Initial parton distribution @ Low Q?
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Parton distribution @ High Q?




IRdivergence/DGLAP Equation

PDF:
Initial distribution: data fitting “
Q2 evolution: Analytic solution of DGLAP Eq. ||
No kinematical information q

PS:

Initial distribution: from PDF /
Q? evolution: MC method to solve DGLAP Eq.

generate Pt distribution




IRdivergence/DGLAP Equation

DGLAP Eq. (Integral-differential equation)




IRdivergence/DGLAP Equation

T Sudakov formfactor
dKZK ‘|‘;CH:O

non-bronching prob.
Inhomogeneous Eq.
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IRdivergence/DGLAP Equa’ri on I

Integral equation




| IRdivergence/DGLAP Equation

Method of successive substitution

Noemission 1portonemission

br=f (x)+N [ K (x,y)d(y)dy

N[ dy [ dv K (x, ) (r) K (5, 2) ()

7

2 barton emission
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IRdivergence/DGLAP Equation

Method of successive substitution
b(x)=f ()N K(x,y)d(y)dy

b= 1 (x)+N [ K(x,y)d(y)dy

N[ dy [ dv K (2, ) (r) K (7, 9)(y)

b, (x)=f (x)+>, N[ K(x,9)f(y)dy

K(x,p)=] ] dy,~dyK(x,y)K(y_,»)




IRdivergence/DGLAP Equation
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