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O u t l i n e

Introduction : What  is  GRACE  ?

Recent Developments:

GRACE for SUSY Processes

LO/NLO  QCD Event-Generators  for LHC

Multi-Loop  Calculation

Summary
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What  is  GRACE  ?
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W h a t  i s  G R A C E ?  :  S t r u c t u r e

M. Jimbo,  LCWS2011
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W h a t  i s  G R A C E ?  :  I n p u t  F i l e

Name of model file

Order of α

Order of α
s

loop order tree order

initial state particles

final state particles

kinematics number
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W h a t  i s  G R A C E ?  :  

Diagrams
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W h a t  i s  G R A C E ?  :  

FORTRAN Code
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W h a t  i s  G R A C E ?  :  I n t e g r a t i o n

Integration  Result  (pb) Accuracy  (%)

Integration  Result  of  BASES
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W h a t  i s  G R A C E ?  :  D i s t r i b u t i o n s

Energy  Distribution

Simple  Histo.   by  ASCII  Char.

GNU  Plot



11

W h a t  i s  G R A C E ?  :  E v e n t  G e n e r a t i o n

Numerical  Integration  by  BASES

Probability  Density  Matrix

Event  Generation 

  w/ unit  Weight

LH Accord  Interface

S.  Kwabata
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GRACE  for  SUSY
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G R A C E   f o r   S U S Y  :  G a u g e  F i x i n g

Full  Lagrangean  of  MSSM
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G R A C E   f o r   S U S Y  :  S y s t e m  C h e c k

Non-linear  Gauge Check  (One  Phase  Point)

Ex.  for                                   One-Loop

NLG Parameters  :

  Case 1 : (0,0,0,0,0,0,0)
  Ans =  0.15117115752797127186610833503954323

  Case 2 : (1000,2000,3000,4000,5000,6000,7000)

  Ans =  0.15117115752797127186610833480863836   

Unit[GeV]
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K.Iizuka, et al, POS(RADCOR2009)068[hep-ph/1001.2800]
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G R A C E   f o r   S U S Y  :  S y s t e m  C h e c k

Ex.  for                                   One-Loop   (One  Phase  Point)

UV-Cancellation  Check  
  Case 1 : (Cuv=1/ε=0)
  Ans = 0.15117115752797127186610833503954323
  Case 2 : (Cuv=1000)
  Ans  =  0.15117115752797127186596180279397801

IR-Cancellation  Check 

  Case 1 : (λ=10-24)

  Ans =  0.15117115752797127186610833503954323

  Case 2 : (λ=10-27)

  Ans  =  0.15117115752797127186610833519983020 

  K.Iizuka, et al, POS(RADCOR2009)068[hep-ph/1001.2800]
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G R A C E   f o r   S U S Y  :  R e s u l t s

T. Inoue, M. Jimbo,  LCWS2011
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G R A C E   f o r   S U S Y  :  R e s u l t s ( p a r a m e t e r s )

T. Inoue, M. Jimbo,  LCWS2011
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G R A C E   f o r   S U S Y  :  R e s u l t s ( s t o p  d e c a y )

T. Inoue, M. Jimbo,  LCWS2011
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G R A C E   f o r   S U S Y  :  R e s u l t s ( s t o p  d e c a y )

T. Inoue, M. Jimbo,  LCWS2011
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G R A C E   f o r   S U S Y  :  R e s u l t s ( P r o d . / D e c a y )

T. Inoue, M. Jimbo,  LCWS2011
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G R A C E   f o r   S U S Y  :  R e s u l t s ( P r o d . / D e c a y )

s 2

s 1

=285 GeV 100 fb-1

T. Inoue, M. Jimbo,  LCWS2011



22

GRACE  for  LHC
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Tree-Level 
Event Generator

GR@PPA 2.8
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G R A C E   f o r   L H C   :   G R @ P P A  2 . 7

W + jets (up to 3 jets)  with  the  subsequent  W  decay  
Z + jets (up to 2 jets)  with  the  subsequent  Z  decay
Four   bottom  quarks  
top-quark  pair  with  the  subsequent  decay 
di-boson (WW, WZ and ZZ)  with  the  subsequent  W/Z decay 

mailto:GR@PPA
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G R A C E   f o r   L H C   :   G R @ P P A  2 . 8

New  features  of  GR@PPA  2.8

ME-PS matching  in  the  generation  of  W,   Z,   W+W–,   

ZW,   ZZ   production processes at hadron collisions

LLL  subtraction  &  custom   LL PS

Forward  evolution  PS  in  the  initial state (QCDPS)

Backward evolution  PS (QCDPSb)   available  as  well

Final-state PS (QCDPSf)   also  implemented  as  well as 

 initial-state radiations.

mailto:GR@PPA
mailto:GR@PPA
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G R A C E   f o r   L H C   :   G R @ P P A  2 . 8

Additional features

W   and  Z   decays in the matrix elements

Exact  spin,   phase-space  and  off-shell  effects at  

the  tree  level

PDG  values  for  the  decay  widths  and  branching 

ratios  of W   and   Z

Generated  events  can  be  passed  to  PYTHIA  to 

proceed  the  simulation  :  hadronization and decays

Still  at  LO : Please  wait   GR@PPA 3.0 

 It  can be downloaded from:

   http://atlas.kek.jp/physics/nlo-wg/grappa.html

mailto:GR@PPA
mailto:GR@PPA
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G R A C E   f o r   L H C   :   G R @ P P A  2 . 8

Z-boson  production

The  D0  data  and  the  simulation  are  normalized  to  the  CDF  
cross  section.

mailto:GR@PPA
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G R A C E   f o r   L H C   :   G R @ P P A  2 . 8

Plot: GR@PPA 2.8 + PYTHIA 6.4

W+W- + 0 jet

 LLL-subtracted 
W+W- + 1 jet

Histograms

     solid: MC@NLO (IL1 = IL2 = 1) 

                      + HERWIG

     dashed: PYTHIA 6.4 (new PS)

No  significant  difference 
between  the  three  
simulations in  the  W+W-  
invariant mass spectrum,  
except for a small Z peak

P r e p a r e d  b y  S .  O d a k a

W+W-   production   at   LHC

mailto:GR@PPA
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G R A C E   f o r   L H C   :   G R @ P P A  2 . 8

γγ  production   at   LHC

mailto:GR@PPA
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NLO/QCD   EG

GR@PPA 3.0
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G R A C E   f o r   L H C   :   N L O  G e n e r a t o r

Transverse  momentum  distribution  of  W-jet

Full correction

Tree+Virtual correction

Real radiation

(LL subtraction)
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G R A C E   f o r   L H C   :   N L O  G e n e r a t o r

Transverse  momentum  distribution  of γγ

P
t

(γγ) @LHC

GR@PPA3.0

qq→γγ
(NLO)

qq→γγj
(LLL-Sub.)

Total
w/o frag.

K-factor=2.3 
(2.4 by DIPHOX)
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G R A C E   f o r   L H C   :   N L O  G e n e r a t o r

Fragmentation Processes

single fragmentation double fragmentation
● DIPHOX

● Fragmentation  Function
● Inclusive  Jet  → No  Event-Generation

 GR@PPA
Parton Shower (QCD/QED  Mixed)
Fully  Exclusive→Event-Generation
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G R A C E   f o r   L H C   :   Q C E D  P S
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G R A C E   f o r   L H C   :   Q C E D  P S

g g
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g g
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QCD partonShower
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G R A C E   f o r   L H C   :   Q C E D  P S
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G R A C E   f o r   L H C   :   Q C E D  P S

jet pT γ energy

Q2=(50 GeV)~(5Λ
QCD
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G R A C E   f o r   L H C   :   Q C E D  P S

 energy
PS-1
PS-2
FF

E

Comparison  w/ Fragmentation  Function  Method
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Multi-Loop 

Integration
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M u l t i - L o o p   :   D C M

K.  Kato, QFTHEP2011
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M u l t i - L o o p   :   D C M

K.  Kato, QFTHEP2011

ε-Algorithm
(E.  de Doncker)
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M u l t i - L o o p   :   D C M
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M u l t i - L o o p   :   D C M
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S u m m a r y

GRACE  is  a  Automatic  Generator of  Generators

 Electro-weak SM,  QCD,  MSSM  @  1-Loop order 

GR@PPA 2.8

Full  Exclusive   unweighted  Hadron  Event  Generator w/  

ME⇔PS  Matching @ Tree Level

2.8 → 3.0 : NLO +QECD PS  Full  Exclusive  unweighted  Event  

Generator

Direct Computation Method (DCM) 

 Unique  numerical  method  for  loop  integeations

General  masses  &  momenta

Any  polynomials  of Feynman-parameters  on  numerator   

mailto:GR@PPA
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