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● What is GRACE?
● BSM in GRACE

● MSSM
– Tree level calculations (selectron search)
– Full ELWK Loop corrections (zH, tt)

● Summary
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What  is  GRACE  ?

GRACE is  a  system  to  calculate 
tree- and ELWK loop-cross sections 
automatically with beam-polarizations 
based on SM  and  MSSM (+ more*).

MSSM w/ beam-pol is not  completed yet.

Physics Report 430, 117 (2006)

● New Higgs sector  (Collaboration w/ CompHEP)
● Majorana neutrino serch @ ILC

*



  

Loop     Eur. Phys. J. C 73, 2400 (2013)  
SM processes:

Loop     Phys. Lett.  B740,  192 (2014) 

What  is  GRACE  ?       recent results

Loop (on-shell approx.)     Top@LC2016
Beam-spin, spin corri.  

mailto:Top@LC2016


  



  

MSSM processes:

What  is  GRACE  ?       recent results

Tree            JPS September, 2014
Beam-spin

 Loop          ALCWS, 2015

e+e- → Z h  Loop           JPS Spring, 2015

e+e- → t t



  

(Phys. Rep. 430, 117 (2006))

The  results  must  be  independent  of  
non-linear  gauge  parameters (               ).

What is GRACE ?        Precision Control
NLG fixing



  

● CUV (Ultra violet coefficient) independence
● Photon mass () independence
● Gauge invariance
● kc independence

Soft photon:
Hard photon:

What is GRACE ?        Precision Control





  

e+e- → t tWhat is GRACE ? 



  

Kc 
(GeV)

H T+S sum  

1e-3 0.74172 2.2168 2.9585 2.9E-06

1e-4 0.89080 2.0677 2.9585 0.0E+00

1e-5 1.0399 1.9187 2.9585 -2.1E-06

s=500  GeV,  =1e-17 GeV

(pb)

What is GRACE ?        Precision Control

e+e- → t t

δ
~
0.1%



  

BSM in GRACE
MSSM: tree



  

Processes
Signal

Background

N.M.U. Quach, 
TYL/FKPPL2014



  

SUSY parameters (MSSM)

N.M.U. Quach, 
TYL/FKPPL2014



  

Typical diagrams

532 diagrams in unitary gauge

N.M.U. Quach, 
TYL/FKPPL2014



  

Cuts:

Cuts only for e+e-:

To kill  radiative e-e±

To kill Z-boson pair

To kill forward scat.

N.M.U. Quach, 
TYL/FKPPL2014



  

N.M.U. Quach, TYL/FKPPL2014



  

N.M.U. Quach, TYL/FKPPL2014



  

N.M.U. Quach, TYL/FKPPL2014



  

N.M.U. Quach, TYL/FKPPL2014



  

BSM in GRACE
MSSM: Full ELWK O (α) corrections 



  

BSM in GRACE   MSSM/Full ELWK O (α) corrections

Any SUSY particles

2863 diagrams

e+e- → Z h

Y. Kouda



  
These MSSM parameter sets are still survived from recent experiments.

BSM in GRACE   MSSM/Full ELWK O (α) corrections

Y. Kouda



  

BSM in GRACE   MSSM/Full ELWK O (α) corrections
e+e- → Z h

Y. Kouda
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The International Linear Collider 
Technical Design Report ,
Volume 2: Physics (2013)

BSM in GRACE   
MSSM/Full ELWK O (α) corrections

e+e- → Z h

Y. Kouda



  

BSM in GRACE   MSSM/Full ELWK O (α) corrections

e+e- → t t

Any SUSY particles

Beam-pol. is important!

  150 diagrams for   SM
1114 diagrams for MSSM
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BSM in GRACE   MSSM/Full ELWK O (α) corrections

e+e- → t t
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BSM in GRACE   MSSM/Full ELWK O (α) corrections

e+e- → t t
SM
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BSM in GRACE   MSSM/Full ELWK O (α) corrections
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e+e- → t t



  
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

-4.0%

-3.5%

-3.0%

-2.5%

-2.0%

-1.5%

-1.0%

-0.5%

0.0%
δsusy

scenario1
scenario2
scenario3












cosd

d
cosd

d

cosd

d

tree

loop1,SMSUSY,1loop

SUSY




cos

BSM in GRACE   MSSM/Full ELWK O (α) corrections

e+e- → t t

MSSM  non-pol.
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Y. Kouda, ALCWS2015



  

Summary
● GRACE can treat:

● SM tree w/ pol.
● SM full ELWK 1-loop w/ pol.
● MSSM tree w/ pol.
● MSSM full ELWK 1-loop
● New Model tree w/ pol.

●  Precision control
~

0.1%

● Higher order QED-resummation: 
● Structure Function
● QEDPS 


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31

