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Introduction

 Automatic Calculation System in the world

 Automatic System is very important
 May processes
 Many particles
 Many loop



What can be done by GRACE

 Event generation  in framework of GR@PPA 
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GRACE for SUSY Processes
 Tree Level System:   GRACE/SUSY

 1-Loop Level System:   GRACE/SUSY/loop



 Non-linear Gauge Fixing



 Numerical Check of the Amplitude



Infra-red finiteness check



 Comparison with FeynArt/FeynCalc



 e+e- → χ0
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3554 loop diagrams
9 tree diagrams



Three body decay diagrams



Three body decay of   χ0
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Production and decay of  χ0
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Structure of Proton-Proton Scattering



NLO Cross sections

σ NLO=σ tree+σ loop+σ R

δ V  : Virtual (loop) correction

δ s/c : Soft/Collinear correction

=σ tree(1 + δ V + δ s/c ) + σ vis



σ NLO=[σ tree(1 + δ V + δ s/c )+σ vis]  ⊗ PDF/PS

Double Counting

P(x) : Splitting function Space/time dimension : d=4+2ε IR

PDF/Parton Shower

1/ε 2
IR,1/ε IR 

cancellation

Double Counting 1 st category

No colored parton in final state at tree level.



Phase space limitation

κ
0
< κ 1 < κ 2 <  κ 3  < κ 4   

  
κ j:virtualityκ j:virtuality

Matrix Element

κ 0
ME=0



κ
0
< κ 1 < κ 2 <  κ 3  < κ 4   

  
κ j:virtualityκ j:virtuality

κ 0
ME=0

Matrix Element

Virtuality ordering
        κ 3 < κ 1

ME  

Phase space limitation



• Process :
  uu→µ +µ −(+gluon)
    in pp collision
•Cuts:
   √sµ µ >40GeV
    kT

g> 1 GeV
:[µ µ g(ME)]⊗PS

* :[µ µ +g(PS)]

○　:[µ µ g(ME)-LL]⊗PS

w/o virtuality ordering

Test for phase space limitation



σ NLO=[σ tree(1 + δ V + δ s/c )+σ vis]⊗ PDF/PS
   
      

Double Counting

Double Counting

= σ tree⊗ PDF/PS  +σ vis ⊗ PDF/PS

→ [σ tree                            +σ vis]⊗ PDF/PS 
Tree level cross section

2nd category



Subtraction method (MC@NLO, GRACE)
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Phase space slicing

: Collinear (Leading Log) Approx.

: Exact Matrix Elements



  

: Collinear (Leading Log) Approx.

: Exact Matrix Elements

Limited Leading Log Subtraction



Result of Subtraction Method



uu→WWg   



hep-ph/0702138
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Test process:PP→W+jet
√s=14 TeV
PDF: CTEQ5L
Cuts: p

T
W>20GeV, p

T
g>20GeV

μ
F
=μ

R
=m

W
=80.2GeV

σ
tree

=3.56•104 pb (W/O double counting rejection)

σ
tree

=4.26•104 pb (W/    double counting rejection)
double counting effect is 20%!

IR cancellation
1/ε

IR
2 ,1/ε

IR
       O(10-10)



Transverse momentum distribution of W-jet

PW
T
>20GeV σ

NLO
=7.06•104 pb

Full correction

Tree+Virtual 

correction

Real radiation

(LL subtraction)



Test process:PP→γγ
√s=14 TeV
PDF: CTEQ5L
Cuts: E

γ
>10GeV,10o<θ

γ
<170o,θ

γγ
>10o

μ
F
=μ

R
=s

0

IR cancellation

1/ε
IR

2 ,1/ε
IR

       O(10-10)

σ
tree              

=7.35•102 pb

σ
tree+virtual  

=1.32•103 pb

σ
real radiation

=9.32•102 pb



Transverse momentum distribution of γγ

Full correctionFull correction

Tree+Virtual correction

Real radiation

(LL subtraction)

σ
NLO

=2.25•103 pb





GR@PPA event generator

 QCD jets (2~4 jets)
 V+ 0~4 Jets
 VV+ 0~2 Jets
 tt+jet

Integrated system of hadronic event 
generators for PP and PP-bar.

NLO event generators will be 
implemented into GR@PPA

mailto:GR@PPA


Proccess list in GR@PPA
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Summary

1. GRACE/SUSY and GRACE/SUSY/loop
2. NLO-QCD event generators in GRACE
3. NLO event generators in GR@PPA 
    framework
5. Tool development (talks in Wednesday)

mailto:GR@PPA
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