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Introduction



GRACE:
The GRACE system is a utility to calculate cross 
sections and decay widths automatically in the 
standard model (SM) and minimal SUSY standard 
model (MSSM). What can be calculated by the 
current GRACE system is summarized below:

SM (Full electro-weak) MSSM

Tree Up to 4 body easily, up to 6-body 
possible

Tree Up to 6-body possible

1-Loop Up to 3 body easily, 4-body possible 1-Loop Up to 2-body

What is GRACE ?



GRACE:
After numerical integrations of the matrix 
elements, the GRACE can efficiently generate 
unit-weight events, which can be used for the 
simulation study. Beam polarization can be 
included in calculations except a MSSM/1-Loop 
case.

What is GRACE ?
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GRACE Structure
Numerical check CUV=1/ε-γE+ln4π



GRACE Structure

Numerical check

Photon mass for IR

10^
10^

10^



e+e- ->t t-bar  w=500 GeV

e- e+ Tree Loop+Soft Hard Total

R L

kc=10^-3

6.1294E-01

-8.1541E-01 8.9924E-01 6.9677E-01

kc=10^-5 -1.1783E+00 1.2615E+00 6.9617E-01

check -8.1541E-01 8.9924E-01 6.9677E-01

L R
kc=10^-3

1.4285E+00
-2.0934E+00 2.0960E+00 1.4310E+00

kc=10^-5 -2.9357E+00 2.9353E+00 1.4280E+00

Soft/Hard  photon  separation (Kc)  check

GRACE Structure
Numerical check
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• Recent results from GRACE
 ELWK correction for LHC
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• Recent results from GRACE
 e+e-/tt(+γ) production at e+e- coll. 
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Recent Results : SM/Loop/e+e-/Pol.
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Recent Results : SM/Loop/e+e-/Pol.

Top-Right

Eb (Lab.)   GeV

top Decay√s=500GeV

Tree

ELWK Corr.

Top-Left

N.M.U. Quach



• Recent results from GRACE
 SUSY Loop effects



One-loop effects of MSSM scenarios in
3rd generation fermion pair production 

at ILC with GRACE/SUSY

Y. Kouda, K. Fujiwara, T. Kon, M. Jimbo a, T. Ishikawa b, Y. Kurihara b, K. Kato c and M. Kuroda d

Seikei University
a Chiba University of Commerce

b KEK
c Kogakuin University

d Meiji Gakuin University

Y. Kouda, ALCW2015, Apr. 20~24, 2015, @ KEK, Japan
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Recent Results : MSSM/Loop/e+e-
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We set MSSM scenarios which are consistent with 
the observation values of Higgs mass 125GeV, 
Dark Matter density and muon g-2. 
We calculated angular distributions of top, tau 

and bottom pair productions.
Combined results of t, tau and bottom pair 

productions indicate, even if any SUSY particle of 
those scenarios won’t  be found directly at ILC in 
the sub-TeV region, there is a possibility that SUSY 
can be inspected, without increasing the energy 
up to TeV scale.
In particular, in ILC, at √s=250GeV, difference 

between MSSM and SM  in  bottom pair 
production is about 5 %.

Conclusion

Y. Kouda, ALCW2015
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GR@PPA2.8

Event generator
for pp/pp collision

SM/Tree/PP
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GR@PPA2.8
Comparison 
with CDF/D0 data

SM/Tree/PP Z+1 jet 



MSSM/Tree/e+e-

List of Results 

𝑒𝑒+𝑒𝑒− → 𝛾𝛾𝜒̃𝜒10𝜒̃𝜒10
→ 𝑍𝑍𝜒̃𝜒10𝜒̃𝜒10
→ ℎ𝜒̃𝜒10𝜒̃𝜒10

K. Fujiwara (Seikei Univ.)



𝑒𝑒+𝑒𝑒− → 𝛾𝛾𝜒̃𝜒10𝜒̃𝜒10

𝑀𝑀
1(
𝐺𝐺𝐺𝐺
𝐺𝐺)

SUSY ：𝑒𝑒+𝑒𝑒− → 𝛾𝛾�Χ10�Χ10
SM ：𝑒𝑒+𝑒𝑒− → 𝛾𝛾ν�ν
Luminosity：500𝑓𝑓𝑓𝑓−1

Polarization
(e+,e-)=(-30%, 80%) 

𝛿𝛿𝑠𝑠𝑠𝑠𝑠𝑠 ：0.5%

𝑚𝑚𝑒̃𝑒1
𝑚𝑚𝑒̃𝑒1𝑚𝑚𝑒̃𝑒1

𝑀𝑀
1(
𝐺𝐺𝐺𝐺
𝐺𝐺)

𝑠𝑠 = 500GeV

𝑠𝑠 = 750GeV

𝑠𝑠 = 1000GeV

Scenario1（ α ）

Non-Polarization

K. Fujiwara (Seikei Univ.)

MSSM/Tree/e+e-List of Results 



BSM/Tree/e+e-
List of Results 



BSM/Loop/e+e-

List of Results 



BSM/Tree/e+e-
List of Results 



Summary



Summary
● GRACE  can  cover  physics  of:

– SM/MSSM/BSM
– Tree/Loop
– e+e-/PP

On going projects
• Top physics at ILC
• ELWK collections for LHC processes
• Development for SUSY/Loop
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