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What is GRACE ?



What   is   GRACE

▪ GRACE  is  an automatic  system  to  calculate  tree  and  
ELWK-loop cross sections with spin-polarizations  based  
on   SM and MSSM.

Full-ELWK Eur. Phys. J. C 73, 2400 (2013)  

Full-ELWK Phys. Lett. B740, 192 (2014) 

Full-ELWK Eur. Phys. J. C 78, 422 (2018)  W/ beam pol.
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What   is   GRACE



What   is   GRACE

On-shell renormalization scheme (Kyoto-Scheme)



Recent   results:
Top-pair 



#diagrams
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Top-pair: 
O(α) ELWK 
corrections



O(α) ELWK correction

Examples  of  loop diagrams
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O(α) ELWK correction

Total cross sections
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6-body final process 

O(α) ELWK correction

b-quark energy



Top-pair: 
ISR re-summation



ISR re-summation Tree

NLO

Tree+ISR

The ISR correction gives 
a main correction



ISR re-summation
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ISR re-summation
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ISR re-summation
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ISR re-summation
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ISR re-summation
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ISR re-summation
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ISR re-summation

Tree

NLO

Improved 
BornImproved  Born



ISR re-summation



Top-pair: 
MSSM



MSSM

MS
SM

√s=500GeV     no  beam  polarization

Y. Kouda et al,  PTEP (2017) 053B02



MSSM √s=500GeV     no  beam  polarization

Y. Kouda et al,  PTEP (2017) 053B02

MS
SM



Recent   results:
Higgs   productions 



Recent  results: e+e- → Hμ+μ-

2235 loop diagrams
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Recent  results: e+e- → Hμ+μ-



NLO=(NLO-Tree)/(NLO+Tree)
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Recent  results: e+e- → Hμ+μ-



Recent  results: e+e- → He e

1350 loop diagrams
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Recent  results: e+e- → He e
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Summary



Summary:

●What is GRACE system?
●Full O(a) electroweak corrections on SM/MSSM  w/ Beam pol.

●Recent results:
●e+ e- → t t → b b f f f f x  γ’s

●Z-Higgs production / W-fusion

Goal: Precision Control  0.1% @ ILC energies
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corrections



QCD  Correction 

Total cross sections w/
a QCD correction on a 
t-pair production only



B.C. Nejad, et al., JHEP12 (2016) 075

NLO QCD correction 
w/ double-pole approx.

500GeV



NLO QCD correction w/ double-pole approx.

B.C. Nejad, et al., 
JHEP12 (2016) 075



NLO QCD correction  w/ double-pole approx.

B.C. Nejad, et al., JHEP12 (2016) 075



NLO QCD correction  for top decay

Semi leptonic

Hadronic q

q
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t

L. Oggero, Ph.D thesis


