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Introduction

• Systems for Automatic Computation of
cross sections → essential tools in HEP

•  Complicated calculation
EW, susy : many particles and vertices
final states: multi-body
high statistics: higher-order(loops)

→ Beyond man-power



Automatic systems

• Diagram generation for the input process

• Amplitude/Matrix element generation

• Kinematics and Integration (efficiency)

• Event generation (efficiency & weight)

• Peripheral tools: rule generator, diagram
selection, QED radiation, PDF, loop
integral library, multi-process, color flow
and interface for hadronization, etc.
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Introduction

• How to check (or how to believe) the results
of automated systems ?

• Consistency checks:
Change particle assignment (kinematical),
Renormalization, IR cancellation,
Gauge invariance, ...

Very Powerful

NOTE:Best check
comparison between
systems == International
collaboration



Check by gauge invariance

• 　Tree case : Unitary gauge vs. covarinat
gauge.

•  Loop case: Unitary gauge
is no good for loop integrals
(Loop system includes loop integral
libraries. The ‘tHooft-Feynman gauge
would be the unique choice.)
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Tree

Covariant gauge
vs. unitary gauge
calculation

 double precision

ans1/ans2-1
=-9.992 * 10-16

WWZ→γγ



Non-linear gauge

• Include several gauge parameters

• Numerator structure is the same as
Feynman gauge

• Vertices modified (e.g.                               )

• New vertices (ghost sector) appear
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Non-linear gauge fixing terms
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Samples of NLG Feynman rules
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Examples of results(1-loop)

W=500GeV, cosθ =  0.985,  kcut= 10GeV
Mz=91.187GeV,Mw=80.37,Mt=174,MH=100,λ=1.d-15

6~,5~,4
~

,3
~

,2~:NLG ===== κεδβα

  TREE  0.5194160300
   LG, Cuv=0        :  -0.168187331181333555
   NLG, Cuv=10   :  -0.168187331181313571

ttee →−+

(pb)
cosθ
σ

d

d

#graphs
tree    :    4
1-loop:150



Examples of results(1-loop)

W=500GeV, cosθ =  0.985,  kcut= 10GeV
Mz=91.187GeV,Mw=80.37,Mt=174,MH=100,λ=1.d-15

6~,5~,4
~

,3
~

,2~:NLG ===== κεδβα

TREE 22.36869289
 LG, CUV=0     :  0.832925006031624005
 NLG, CUV=10:  0.832925006101842946

btW →+γ

(pb)
cosθ
σ

d

d

#graphs
tree    :    4
1-loop:239



+−+− → WWee

diagrams drawn by GRACEFIGdiagrams drawn by GRACEFIG



+−+− → WWee  TREE (TOTAL)    :      75.071649720
 LG, Cuv = 0      :  -15.4257567057010476
 NLG, Cuv = 10 :  -15.4257562685176595

                               LG                                              NLG
1)  final vtx A    : -0.110232876612731998             -0.962735342032220331
2)  final vtx Z    : -0.176836959641807318              -1.45399925309897249
3)  final vtx H    : -0.731865348125769495E-011   -0.486300610973687554E-011
4)  final vtx X3  : -0.147685555367555172E-013   -0.147685555367554793E-013
5)  t-channel e+ : -102.919001290744660               -136.855066683011671
6)  init  vtx Z     : -6.93496613930373318               -6.82256179700717080
7)  init  vtx A     : -4.28572899550046760              -4.26803489737576847
8)  init  vtx H     : -0.136320409418589835E-009   -0.135363696968451092E-009
9)  box               : -32.3611802623685705               37.7599169853874841
10) t-channel e- : -102.919001309649019              -136.855066697757337
11) Renorm. SE:  0.191341031608370238            -0.580586801361939048E-001

#graphs
tree    :    4
1-loop:334



Conclusion

• NLG is implemented into GRACE 1-loop
system.

• Performance is good for the check of
complicated calculation.

• To be used for the large scale calculation to
confirm the output.


