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O u t l i n eO u t l i n e

                                     Today's  Lecture

Introduction

Why   we   need   event   generators.

Ingredients   of   EG   and   its   structure 

perturbative  part: 

matrix element, parton shower, parton distribution 
function (PDF), matching, ...

non-perturb.   part:

 hardonization,   proton remnant, ... 
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O u t l i n eO u t l i n e

                   Tomorrow's  exercise
Topics/Exercises

Generation  of  random  numbers   w/ 
arbitrary distribution

       

                                   Event Generation
Solve   an   integral   equation   by   the  MC   method

                                              Parton Shower
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Announcement
&

Home Work
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For 'MC Generation' exerciseFor 'MC Generation' exercise

Please  install  “MAXIMA”    (& 'Gnuplot' if 
necessary)  into  your  PC.

Maxima   is  a  Computer Algebra  System
Platform  free

Windows,   MacOS X,   Linux,...
free  to  use

If  you  have  “Mathematica”   or  any other  
utility (C,  FORTRAN, root...),   it   is   OK!
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Related URL's

Official web page:
http://maxima.sourceforge.net/

Download page
http://maxima.sourceforge.net/download.html

Manual page:
http://maxima.sourceforge.net/documentation.html
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Example
F=m

d 2 x
dt 2

F=k x
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Example
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Introduction
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Why we need Event Generator?

Theory/Model

Detector

Real data

Physics Results
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Why we need Event Generator?

Theory/Model Cross section 
calculation

Detector

Event Generator

Physics Results

Real data
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Why we need Event Generator?

Theory/Model Cross section 
calculation

Detector

Event Generator

Physics Results

Real data

EG data is as important 
as real data!
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Why we need Event Generator?

Theory/Model Cross section 
calculation

Detector

Event Generator

Physics Results

Real data

EG data is as important 
as real data!
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EG  Structure
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EG  Structure:
Hard  

Scattering
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ME/Cross section calculationsME/Cross section calculations

L a g r a n g e a n  ( S M / B S M )
↓

F e y n m a n  r u l e
↓

M a t r i x  E l e m e n t
↓

N u m e r i c a l  
I n t e g r a t i o n

↓
C r o s s  s e c t i o n

kinematics Loop library

Automatic system
(fig)

QFT
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ME/Cross section calculationsME/Cross section calculations

L a g r a n g e a n ( S M / B S M )
↓

F e y n m a n  r u l e
↓

M a t r i x  E l e m e n t
↓

N u m e r i c a l  
I n t e g r a t i o n

↓
C r o s s  s e c t i o n

kinematics Loop library

QFT
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F e y n m a n  R u l e  ( Q C D )
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Feynman diagram:qq→WWg

153 diagrams
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Feynman diagram:qq→WWg

153 diagrams

Long  and  Hard  CalculationLong  and  Hard  Calculation
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ME/Cross section calculationsME/Cross section calculations

L a g r a n g e a n ( S M / B S M )
↓

F e y n m a n  r u l e
↓

M a t r i x  E l e m e n t
↓

N u m e r i c a l  
I n t e g r a t i o n

↓
C r o s s  s e c t i o n

kinematics Loop library

QFT
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M a t r i x  E l e m e n t s  ( G e n e r a l  S t r u c t u r e )

σNLO=σtree+σloop+σR

V       : Virtual (loop) correction

s/c : Soft/Collinear correction

=σtree(1 + δV + δs/c ) + σvis

vis : Visible jet cross section 
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M a t r i x  E l e m e n t s  ( I R  S t r u c t u r e )

σNLO=[σtree(1 + δV + δs/c )+σvis]⊗ PDF/PS

No colored  parton   in  final  state  at  tree  level.

No IR-divergence
after UV-div.  renormalized



28

M a t r i x  E l e m e n t s  ( I R  S t r u c t u r e )

σNLO=[σtree(1 + δV + δs/c )+σvis]⊗ PDF/PS

No colored  parton   in  final  state  at  tree  level.

No IR-divergence

1/ε2
IR, 1/εIR 

cancellation

Space/time dimension : d=4+2εIR

after UV-div.  renormalized
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M a t r i x  E l e m e n t s  ( I R  S t r u c t u r e )

p
q

p
g

q2

∝

0 : Soft  divergence

0 : Colinear  divergence
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M a t r i x  E l e m e n t s  ( I R  S t r u c t u r e )

Dimensional  Regularization

Divergent at x=0 IR  safe  if ε>0

1/ε poleIR safe



31

M a t r i x  E l e m e n t s  ( I R  S t r u c t u r e )

σNLO=[σtree(1 + δV + δs/c )+σvis]⊗ PDF/PS

No colored  parton   in  final  state  at  tree  level.

No IR-divergence

1/ε2
IR, 1/εIR 

cancellation

Space/time dimension : d=4+2εIR
P(x) : Splitting function
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M a t r i x  E l e m e n t s  ( I R  S t r u c t u r e )

σNLO=[σtree(1 + δV + δs/c )+σvis]⊗ PDF/PS

No colored  parton   in  final  state  at  tree  level.

No IR-divergence

1/ε2
IR, 1/εIR 

cancellation

Space/time dimension : d=4+2εIR

PDF/Parton Shower

P(x) : Splitting function

after UV-div.  renormalized
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M a t r i x  E l e m e n t s ( L o o p  w /  M S )
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Soft/Collinear correction (final color) 

Two types of div.
● Collinear div.
● Soft div.

Lorentz inv./Process indep. 
● Phase space slicing
● Subtraction
● Slicing/LLL-Subtraction 
    hybrid
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Soft/Collinear correction (final color) 

RI
M0

W

Collinear Part



36

Soft/Collinear correction (final color) 

Soft Part

R
soft

M0
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Soft/Collinear correction (final color) 

Collinear Part:

Soft Part:
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Soft/Collinear correction (final color) 

Examples

Virtual 
correction:

Result:
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Soft/Collinear correction (final color) 

Examples

Virtual 
correction:

Result:

+ Hard Corr.
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ME/Cross section calculationsME/Cross section calculations

↓
M a t r i x  E l e m e n t

↓
N u m e r i c a l  

I n t e g r a t i o n
↓

C r o s s  s e c t i o n
↓

E v e n t  G e n e r a t i o n

kinematics Loop library

Automatic system
(fig)

Probability density
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What is event generation?

Prepared by S. Kawabata (KEK)

{x i , x2, , xn} {1,2, ,n}

Flat distribution  →  according to f(x)

set of random # :
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Random # generation w/ arbitrary dist.

Prepared by S. Kawabata (KEK)
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Random # generation w/ arbitrary dist.

Flat random
 num

ber

Distribution needed
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Random # generation w/ arbitrary dist.

Flat random
 num

ber

Distribution needed
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R a n d o m  #  g e n e r a t i o n  w /  a r b i t r a r y  d i s t .

 Analytically   integrable   & 
analytically   invertible

↓
directory   convertible

 otherwise  
↓

prepare   numerical   table
Exercise #1
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EG  Structure:
Soft  Part(1)

Parton  Shower
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Parton Shower

DGLAP Equation

Sudakov Factor

Splitting function  pQCD←

non-branch provability
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PS  PDF↔

Initial parton distribution @ Low Q2

fitting

Parton distribution @ High Q2

Ex. dataQ
2

 evolution

PS(MC)
or

PDF(analy)
DGLAP Eq.
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PS  PDF↔

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

●PS:
● Initial distribution: from PDF
● Q2 evolution: MC method to solve DGLAP Eq.
● generate Pt distribution
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P a r t o n  S h o w e r

DGLAP Eq.  (Integral-differential equation)

d D x ,Q 2


d log Q 2
=



2
∫0

x dy
y
P x / y D y ,Q 2



P x = 1 x
2

1−x 1−− x−1−x ∫0

1−
dy P  yq q+g :→

d D

d K2
K2



2
c D=



2
P⊗D

c=∫0

1−
dz p  z 
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P a r t o n  S h o w e r ( e x p o n e n s i a t i o n )

...

3!

2

. . .
. . .

exp(                )
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Parton Shower

Inhomogeneous Eq.
d D

d K 2 K
2




2
c D=



2
P⊗D

D x , K2= D x , K 2
K 2,Q2

d

d K2
K2



2
c=0

homogeneous Eq.

d D

d K2
K2=



2
P⊗ D

D=


2
∫P⊗ D

d K 2

K2
c

Sudakov form factor
↓

non-branching prob.
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Parton Shower

D x ,Q2=Q2,Q s
2
Dx ,Q s

2



2

P⊗Dx , K 2

d K2

K2

Q1,
2 Q0

2
=−exp∫Q0

2

Q1
2



2
d K2

K2
∫0
1−

dx P x 
Method of successive substitution

Integral equation

x= f x∫a
x
K  x , y  ydy

0x = f x 

1 x= f  x∫a
x
K  x , y 0 ydy

2x= f x∫a
x
K  x , y1 ydy

Equation

oth  approx.

1st

2nd
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Parton Shower

Method of successive substitution

2= f x ∫a

x
K x , y  y dy


2∫y1

x
dy∫a

y1
dy1 K x , y1 y1K  y1, y y 

No emission 1 parton emission

2 parton  emission
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Parton Shower

Method of successive substitution
 x= f  x∫a

x
K x , y  ydy

2= f x ∫a

x
K x , y  y dy


2∫y1

x
dy∫a

y1
dy1 K x , y1 y1K  y1, y y 

nx = f x ∑l=1

n

l∫a

x
K l x , y  f  y dy

K l x , y=∫⋯∫ dy1⋯dy K  x , y1⋯K  y l−1 , y
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ME/PS  Matching
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M E / P S   M a t c h i n g

κ
0
< κ1 <... < κ4     

Kj:virtuality=-q
j

2

Matrix Element

κ0
ME=0
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M E / P S   M a t c h i n g

κ
0
< κ1 <... < κ4     

Kj:virtuality=-q
j

2

Matrix Element

κ0
ME=0
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M E / P S   M a t c h i n g  ( p h a s e  s p a c e  s e p a r a t i o n )

κ
0
< κ1 <... < κ4     

Kj:virtuality=-q
j

2

Matrix Element

κ0
ME=0

Stop PS here

P
t

PS<P
t

ME
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M E / P S   M a t c h i n g ( S u b t r a c t i o n )

Matrix Element
Subtract
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EG  Structure:
Soft  Part(2)

Hadronization
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H a d r o n i z a t i o n  ( S t r i n g  M o d e l )  

quark, gluon → color line 
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H a d r o n i z a t i o n  ( S t r i n g  M o d e l )  

quark, gluon → color line 
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H a d r o n i z a t i o n  ( S t r i n g  M o d e l )
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H a d r o n i z a t i o n  ( C l u s t e r  M o d e l )  

quark, gluon → color line 
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H a d r o n i z a t i o n  ( C l u s t e r  M o d e l )  

quark, gluon → color line 
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H a d r o n i z a t i o n  ( C l u s t e r  M o d e l )
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EG  Structure:
Summary

&
Home  Work
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S u m m a r y

What  is  a “must”  for  EG  at  LHC-era?

σ
tree 

x (K-factor)  →  NLO  ME

ME/PS  Matching

Fast & Stable  Numerical  Calculation 

High  Generation  Efficiency

Fully  Exclusive

Non-p  Effects  if  necessary

LHA-Compliant  Interface
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Exercise

Exe. 1: Generate random numbers according to 
following distributions

Exe. 2: Solve following integral equation by a MC 
method

1 f  x=
1

1−a x
, a=0.9,−1x1

2 f x=
1
x
,  x1 ,=0.001

3 f x =
1

x2−m22m22
,m=90,=2,m−5xm5

 x= f  x∫a

x
K x , y  ydy

f x =x 1− x , K x , y =exp−x− y  ,=0.5


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71

