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The Art of Pert.QCD

• Many detailed theoretical predictions in 
literatures: LO, NLO, NNLO,…
for cross sections,  shape parameters, 
distribution functions, …

• The required stage is to construct event 
generators(EG) which are consistent with 
these predictions.

• EG: {4-vectors, weights}



parton shower (PS)

• old wisdom of QCD
Konishi Ukawa Veneziano (1979)
Odorico (1980)

• systematic summation of large log’s
in physical gauge (e.g. axial gauge)
interference diagrams = subdominant
→ stochastic (classical) branching 

• naturally connect large/small Q2



Proposed Strategy in PS-NLL

To construct EG, we are to go beyond the 
exact prediction of pert.QCD.

• Keep the prediction of pert.QCD.
• Matching with NLO matrix element
• Positiveness of branching (if possible)
• LL>NLL (if possible)



Example(1) PDF, NS
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3 levels of MC

• Simple MC to solve DGLAP-eq.
• MC as branching process
• realistic MC as EG for incoming parton



MC to solve DGLAP  
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MC to solve DGLAP 

• step.1 choose x0 by initial distribution 
f(x,Q0

2)
• step.2 determine branch  -K2 by Π (Q2 ,Q0

2), 
xj by P(x), repeat until  -K2 > Qmax

2

• step.3 register x=x0×x1×x2×…
as the x at Q2

• This should agree with exact PDF Q2-dep.



MC to solve DGLAP
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2422 GeV10GeV25 →=QMRS99(mode-1) u-valence

(simple)

NLL-
PS



MC with branching 
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MC with branching
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By this, f(x,Q2) receives some modification. 



MC with branching 

New correction term appears to 
keep the pert.QCD prediction.
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moments of the SF

PS with K2

dependent 
cut

PS with 
small cut

T.MunehisaT.Munehisa,   LL (α=0.05) 



MC as EG 

required items
• determine 4-vectors from (-K2,x)
φ chosen at random
→ change ‘direction of parton’ ?

• What is the observed xBj ?
(Off-shell partons enter the collision.)

more correction terms 



moments of the SF

PS for xBj
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Example(2) PDF, siglet
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siglet, xf(x) evolution
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gluon 
(GRV98)

23212 GeV10,10,10=Q

(simple)
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singlet quark 
(GRV98)
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Example(3) DY process

PS

PS

1x

2x

2q
21

2

xxs

q
z

τ
==

S

q2

=τ

∫= ),(),(),(1)( 22
2

2
1

21
210 qzCqxDqxD

xx
dxdxS

d

d σ
τ
στ



)()( 2
0

1

0
qFCDDS

d

d
d nnnn

n ==∫ στ
τ
στ

nn BC
π
α
4

1+=







−= ∫

)(

)( /)(
)(

2
exp

Q
n

nn
g

d
AD

α

µα αβ
αγ

α
α




















−+
−

+







= 2

0

)1(
1

0

)1(
0

2/

0
2
0

2

2
2

2
2

4
)()(1

)(
)(

)(
)( 0

)0(

β
γβ

β
γ

π
αα

α
α

βγ

nn
n

n

n B
qq

q

q

qF

qF
n

0

)1()1()1( '''
β

γγγ BB
BB

−
+=→⇒→“scheme”

dependence



Hard ME
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Modify    (to avoid double counting)

also modify P

shower 
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(intermediate) conclusion

• NLO generator with NLL-PS
• Connection to NLO-ME
• Technical study and test

continue to the next talk….
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