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Introduction




What is GRACE ?

GRACE:

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

SM (Full electro-weak)

Up to 4 body easily, up to 6-body Tree Up to 6-body possible
possible
{88 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

~which can be used for the
simulation study. can be
included in calculations except a MSSM/1-Loop

case.
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GRACE Structure

Model/Process




Particle=Z["Z0"];
Gname={"Z"0"}:
PType=Vector; Charge=0; Color=1; Mass=amz; Width=agz;
PCode=4; KFCode=23; Gauge="zb";

Model/P Pend

Particle=gluon["g"]; Antiparticle=Particle;
Gname={"g"};

PType=Vector; Charge=0; Color=8; Mass=amg; Wi1dth=0;
PCode=8; Massless; KFCode=21;
Gauge="gl"; PSelect="gluon";

Pend;

Particle=electron["e-"]; Antiparticle=positron["e+"];
PType=Fermion; Charge=-1; Color=1; Mass=amlp(1/3); Width=0;
PCode=55; KFCode=11;

Pend;

Particle=nu-¢["nue"]; Antiparticle=nu-e-bar["anue"];
PType=Fermion; Charge=0; Color=1; Mass=amnu(1/3); Width=0;
PCode=51; Massless; KFCode=12;

Pend;

Antiparticle=Particle;

W-minus}; ELWK=1; FName=cwIn(2,1/3);

Vertex={positron, nu-e,
FType="V-A"; Vend;

Vertex={anti-muon, nu-mu, W-minus}; ELWK=1; FName=cwlIn(2,2/3);
FType="V-A"; Vend;




GRACE Structure
INn.prc

-
O
~
P
-
0
O
Q,
-
O
~
P
0
©
—
©

t, t-bar};

Kinem="2201";

Pend;
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Model/Process




Model/Process

Feynman

Diagrams




#write <'‘name’ .f=

#write <‘name’ .f> ztd = ccl”

MOdel/Pr‘oceSS #write <‘'‘name’ .f> CALL snprpdn(pphase,ztd,vn7,ama**2,ama*aga)"
#write <'‘name’ .f= CALL snprpdc (pphase,ztd,vn7,ama**2,ama*aga)"

#if ( *cccer = 0

#write <‘*name’.f> - = ‘XCprl/ztdn

#else

#write <'name’ .f=> - = col/ztdn

#endif

#write <'‘name’ .f=

Feynman  [aigscem
Diagr.ams Amplitude

Sigma = + 3

*ufp(£10,pl, *tamel’ )
*ffvc(*daell’, *dael2’ ,f10,pl,p2,9l3,n8c)
*vifp (f10,p2, *amel’)
*ffvn(‘caell’, ‘cael2’ ,f10,p2,pl,g5,n4c)
*ufp(fll,p3, ‘amtg’}
*ffwvn(‘cwbgl’, ‘cwbg2’ ,fl1,-p3,-18,16,m&c)

S b I *sfn(f11,-18, ‘ambqg’ )
)/rT‘ () '(: *ffvn(‘cwtgl’, ‘cwtg2’ ,£11,18, -p4,-k7,m7c)

*vfp(£11,p4, *amtg’)

C d *ffye(‘datql’, ‘datq2’,f1l1,-p4, -p3,-ql3,nsc)
() eaf; *nlawwn('caww’,-g5,n5a,-16, m5b,k7,m5c}
*dvn (n5a,nd4c,qs, ‘ama’ )
*dvn (mSb, méc, 16, *amw’ )
*dvn (m7c,mbc, k7, *amw’ )}
*dvec (n9c,n8c,ql3, *ama’) ;
#call grcform(l)
.clear: "NAME' ;
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Fortran Source code

ztd = eccl
CALL snprpdn (pphase, ztd, vn7, ama**2 ama*aga)
CALL snprpdc (pphase, ztd, vn7,ama**2 ama*aga)
ztd = xcpl/ztd

ztd = ztd* (cce)

Xre=+xXb({l) *xu(2) *xz (9) +xz (4) *xy (12} -x2 (5) *xy (17 ) +xy (8)

Xre=xXre* (+CcCc2¥* (1))

gle0(0,0)=gled(0,0)+ztd*xre

Xre=—XD(l)*X2(9) Xz (4) *xXy (9)+x= (&) *xy (1) -xy (&)

glel(0,0)=glel(0,0)+ztd*xre

Xre=+Cccle®* (Xb(7) *xXz(9))

Xre=xre+ccB¥* (Xxb(1l)*xzZ (4)*x= (L) +HXZ (3 ) *xy (14)-X2(5) *xy(2) -y (10} + (2
+¥xnla)* (xz(10)))

Xre=xre+ccd* (xZ(4) *xy (11) +xZ(14) *xy (5) + (5+3*xnla) * (x=(B) ) )

gle0(0,0)=gle0(0,0)+ztd*xre

Xre=+Ccle* (-xXD(7)*xz(9))

Xre=xre+ccB* (—xb (1) *xz (4) *xXz (5) b (2) *xz(4) *c2el-—xb(3) *xu(3) *x=
13)+xu(5) *=z (4) *XZ (14 ) *ambg2-x= (3 ) *xy (14) +XZ (5) *xy (2) -x= (14} *
Xy (4)-xZ(16) *xy (13)+xy (10) - (1+2%*xnla) * (X= (10} ) - {1+3*xnla) * |
Xz (8)))

¥xre=xre+ccd* (xb(9) *xz (7)+xb (10) *xz (12) —x= (10) *xy (le) —x= (11) *xy (3]
-XZ(15)*xy (7) - (3+xnla) * (xz(4) *xz (10)))

gleld (0,1)=g0e0(0,1)+ztd*xre

Xre=+CcclZ¥* (-xu(l) *x=z(8))

xre=xre+cc8¥ (xb(3) %y (3) *xz (13) +xz (4) *xz (10} +xz (16) *xy (13) )

Xre=xXre+ccd* (-xb (9) *xZ (7)) -xb(10) *xz (12) +xu(l) *xz (4) *xz (14) *amtg2-
Xu(l)*xz (14) *amtq2-xz (10) *xy (15)+xZ (1)) *xxy {3 ) +xX2 (15) *xyv (7))

gled (0,2)=g0e0(0,2)+ztd*xre

Xre=+CcB¥* (-xX2 (17))

glde0(1,0)=gled(1l,0)+ztd*xre

Xre=+CcB8¥% (X2 (17))

gleld(1,1)=g0e0(l,1)+ztd*xre

Xre=+Ccc8¥* (X2 (17} )

glel(2,0)=gle0(2,0)+ztd*xre

RETURN

END

GRACE Structure

ortran
Codes




GRACE S’rruc’rur'e:

Model/Process Fortran
Codes .
. RedUon: GRACE Numerical
Calculation

e Scalar Integration:
 LoopTooLs/FF/GRACE

 Numerical Integration:
« BASES

/

G. Belanger, F. Boudjema, J. Fujimoto, T. Ishikawa, T. Kancko, K. Kato and




GRACE S’rruc’rur'e:

Model/Process Fortran
Codes .
. RedUon: GRACE Numerical
Calculation

e Scalar Integration:
 LoopTooLs/FF/GRACE

 Numerical Integration:
« BASES

/

G. Belanger, F. Boudjema, J. Fujimoto, T. Ishikawa, T. Kancko, K. Kato and




Numerical check Cyy=1/ e-ye+indn

@ The renormalization has been carried out with the on-shell

renormalization condition of the Kyoto scheme”.

@ The non-linear gauge fixing Lagrangian condition’
] .

Lor = . (0, — iead, — igew3Z,)WHT
w

+£W‘g (v + 5H + iﬁ.xg)xﬂz

l 1

ZSZ(QZ—I—ng(V—I—’"H) ) 2&4

S (0.4)7.

@ Ly = &z = &4 = 1: propagators are the same as 1n the linear
‘tHooft-Feynman gauge. loop tensor structure 1s simples

e B~ (- ) e




Nmerical Check
(non pol)
w=500GeV,
kc=10"-3 GeV

GRACE Structure

Numerical check

0 |~2574700372998826429857313203204018E-2 |
Cuv

10,20,30,40,50 ~2.574700372998826 2985731 3203204
100,200,300,400,500 |-2.574700372998926429857313203204016E-2 |




GRACE Structure

Numerical check

Soft/Hard photon separation(K.) check

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

(Shy

Tree

Loop+Soft

Hard

Total

kc=10"-3

kc=107-5

check

6.1294E-01

-8.1541E-01

8.9924E-01

6.9677E-01

-1.1783E+00

1.2615E+00

6.9617E-01

-8.1541E-01

8.9924E-01

6.9677E-01

kc=107-3

kc=107-5

-2.0934E+00

2.0960E+00

1.4310E+00

1.4285E+00

-2.9357E+00

2.9353E+00

1.4280E+00
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o Parameters for BASES o

{1} Dimensicns of integration =tc.

of dimeneions - Ndim

¢ - 2 {50 at max.} o
# of wilds z Kwild - 1 { 15 at max.)
# of sample points : Ncall - S000 (re=al) 5000 {given) N m I
# of subregions - Hg - 50 §# wvariable u er l Ca
# of regions : Nregion = 25 J wvariable
# of Hypercubes : Noube - 25 C I I T ®
{2} hbout the integratiocn wariables a Cu a lon
——— T — S — —— S } S R
i XL i} XL 134{i} wild
——— T — S — —— S } S R
1 0. 000 000Es D0 1. 000000E+DO 1 YES
z 0. 000 000Es D0 1. 000000E+DO o no
——— T — S — —— S } S R
i 13] rarameters for the grid optimization step - i} . . _ﬂt';: "
Max_# of iterations: ITHI1 = g Convergency Behavior for the Grid Optimizatiom Etep
Expected accuracy : Aocl = 0. 2000 & e
2} Dormmrbers o fhe dnk > " - Bemgult of =ach iteratiom -» «=- Cumulative Be=sult -» =« CPO tim= =»
T o e mRER IT Eff R Neg Estimate Acc ¥ Estimate(+- Error Jorder Acc & ( H: M: Bec )
Expected accuracy : ACCZ = [+ . e
1 100 O.030 1.151E-01 0O.0Z4 1.1511594(+-0_000273)E-01 O0O.024 0= O0: D.01
e Computing Time Information s= .
{1} For BAEES H: M: Sec . ) Date: 14/ 3/ 6 13:35
Creerhead g: 0: 0.00 Convergency Hehavior for the Integration Etep
arid Optim. Etep O: DOz .01 e e e e e e o e e e e e e e e e e e e e e e e e et e e e e e e o e e e e
I““‘H:‘“;"n B'I:.EF 0: 0: 0.02 w- Bmgult of each iteratiom -» «- fumulative Result -» = CBEO time =
S Rame few el e e mes IT Eff R Neg Estimate Acc ¥ Estimate(+- Error Jorder RAocc & ( H: M: Bec )
Expected svent generation timm 000 @ e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
Expacted time for 1000 mvents : a. o0 1 100 ©O0.00 1.181E-01 0,013 1. 1512GC({+-0.000145)E-01 0D.013 a: 0= 0.02
2100 0,00 1.181E-01 0,013 1.151370(+-0.0001031E-0Q1 O.00% a: O: D.D3
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Recent Results : SM/Loop/PP

Full O(«a) electroweak radiative corrections to
the process pp — WTW~ + 1 jet at LHC with

GRACE-Loop

P.H. Khiem(SOKENDAI Univ. and KEK.)

In collaboration with

Y. Kurihara, T. Kaneko (KEK); K. Kato (Kogakuin Univ.),
J.A.M. Vermaseren (NIKHEF), and T. Ueda (KIT).

B A

wamekenky  ©OKEK

The Graduate Univers ity for Acvanced Studies [SOKENDAI]

Program No. : 28aSB-3




Recent Results : SM/Loop/PP

type processes j\‘rTree diagrams *'?\ITLDDP diagrams
Guu — WTW g uu — WTW—g 9 1361
cc— W W—g 1361
dd — W+W—g 1361
qaqa — WTW g ss — WTW—g 1361
bb — W+W—g 1361
Gug — WTW—q, ug — WrW-u 1361
cg — WTW=c 1361
dg — WHTW~=d 1361
qgag — W W=q, sg— WHTW=s 1361
bg — WTW~b 1361

O O OO Ol O Ol
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Recent Results : SM/ Lo;)p/PP

Graph 459 Graph 319 Graph 802
& ! e

y H‘F

5

.

X

Graph 838

u .

_ "y - -
Pl u T b AREATATE &




Recent Results : SM/Loop/PP

The 1input parameters
9 \/E — 14 TeV,
7> 20 GeV, e < 3.0,

o Particle masses

My = 80.3759 GeV Mgz = 125 GeV M; =91.187 GeV
my = 1776.82 MeV ~ m, = 105.6583 MeV m, = 1.7 MeV

mg = 4.1 MeV m, = 1.27 GeV m, = 101 MeV

mp = 4.19 GeV m; = 172.0 GeV m, = 0.51099 MeV
a=1/137.0359895 G, =1.16639- 107> GeV—2

o PDF: CTEQ6L




Recent Results : SM/Loop/PP
qq > W W[+ 1jetat LHC@14

V5 =14 TeV Py [GeV] orte " [pb] Sy %)
This work 100 H.37T —7.1
Ref [‘?T Y| < 2.5 5.379 —7.0
This work 250 35.305 - 102 —15.88
Ref [?T |Yw| < 2.5 35.310 - 102 —158.80
This work 500 23.036- 103 —a4.07
Ref [TT Y| < 2.5 23.050- 103 —33.70

Table 3.6: Cross-check the result in this calculation to the paper [77] by varying the
P of W boson at 14 TeV of the LHC.

[77] A. Bierweiler, T. Kasprzik, J. H. Kiithn and S. Uccirati, JHEP 1211 (2012) 093
[arXiv:1208.3147 [hep-ph]].

mE— —— __.—-==I-




Recent Results : SM/ Loop/ PP

g — WHW~ +1jetat LHC@14

or[pb] | Oror [pb] | OFscheme o] | §7n SCAEME roz
14.75 14.23 —3.53 —&.63

doiPy [phiGeV ] dolr [pb]

ITr%I T
Full correction, - ' ARHEK

i,
%
L]
y
Yy, }
s,
"
¥
a,
¥

[]'& D
| Full mrrlecliun —t—

60 80 100120 140 160 180 200 220 40 3 2 - 01
P [GeV] o







Recent Results : SM/Loop/e‘e-




Tree in o-scheme —e— 7=
Tree in G,,-scheme - - -=m - -

Full correction W ] - E e ol !
IQED clorrectilon B .

300 400 500 600 700 800 900 1004

Center-of-mass energy [GeV]

300 400 500 o600 700 800 900 1000

Center-of-mass energy [GeV]




Recent Results : SM/Loop/e‘e-
ete” — e+e_fy Phys. Lett. B740, 192 (2014)

E;“t > 10 GeV @10° < E»';”t < 170°

.

TreaeI
Fu]l Cﬂn“ecli{m: :




Recent Results : SM/Loop/e‘e-

eTe

— ttv

)

WWWT ’

e
%
5%

e t
;\Z

Eur. Phys. J. C 73, 2400 (2013)

Graph 1291

a
v
A
+

. r
Aﬁ
e t

y

24




Recent Results : SM/Loop/e‘e-

ete” — tty Eur. Phys. J. C 73, 2400 (2013)

E;“t > 10 GeV @10° < 9,_?“"' < 170°

Cross-section [pb]

0.01

Tree in o-scheme —=—
Tree in G, -scheme ~--m---

0.005 | u OED e -
lf FUHICOHGCtIion ....... -

400 500 600 700 800 900 1000
Center-of-mass energy [GeV]

500 600 700 800

Center-of-mass energy [GeV]

900 1000

o e
| AC Y I )




Recent Results : SM/ Ldop/ ete/
100% POLARIZATION

e et it e et 2>tt
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Recent Results : SM/Loop/e*e /Pol.

Non Polarlzatlon e 80%, e 30%

1.4t full—'— 1.4+ full—-—
tree wwe | ; ; treg we

1.2 1.2

! 1

0.8

o [pb]

0.6

900




Recent Results SM/ Loop/ e*e/Pol.

0.3

5 Gfull Utree

0.25




Recent Results : SM/Loop/e*e /Pol.

e, e, — top tog

ELWK correction

Top polarization




Recent Results : SM/Loop/e*e /Pol.
/s=500GeV top Decay |

——

" Top-Right Top-Left

ELWK Corr.

Eb (L) GeV

————
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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 2, T. Ishikawa®, Y. Kurihara®, K. Kato ¢ and M. Kuroda¢
Seikei University

3 Chiba University of Commerce

b KEK

¢ Kogakuin University

d Meiji Gakuin University

Y. Kouda, ALCW2015, Apr. 20~24, 2015, @ KEK, Japan




Parameters consistent with muon g-2

scenario 1 [GeV] ‘ ‘ scenario 2 [GeV] ‘ ‘ scenario 3 [GeV] ‘
Xi | X3 Xi | X3 Xi | X3
368.9 | 616.8 HO8.1 1 636.8 467.5 | 626.7
Moo | xs x| [ 8] 8 XA Xt [ X8 ] X8 [ N
149.0  369.0 | 604.0 | 616.1 277.9 | 508.5 | 603.4 | 637.1 242.8 | 467.6 | 603.6 | 626.7
l & vy 51 £y Uy l ly 7
362.5 | 367.9 | 359.6 317.8 | 323.3 | 313.8 322.8 | 328.3 | 318.9
T1 Ty v, T1 To v, T1 To Ur
161.1 | 296.1 | 228.2 283.9 | 377.1 | 3274 320.1 | 405.3 | 359.6
uy o dq ds Uy 1o dq ds Uy o dy do
1720 | 1739 | 1740 | 1741 1720 | 1739 | 1740 | 1741 1720 | 1739 | 1740 | 1741
& by by by t ty by by t ty by ba .
317.0 2078 | 800.0 | 2061 1802 | 2244 | 1998 | 2063 279.6 | 2078 | 800.0 | 2061 hght or heavy stop
6. B, 0, 6, o, B; 0. Oy 0,
0.8071 | 1.557 | 1.456 0.8150 | 1.376 | 0.8533 0.8175 | 1.557 | 1.456
M, | My | Ms M, | My | Ms M, | My, | Mg
150.0 | 380.0 | 1500 280.0 | 540.0 | 1500 244.5 | 489.0 | 2000
‘ #=600, tan =30 ‘ ‘ 1=600, tan =30 ‘ ‘ 1=600, tan =30 ‘
slepton-gaugino and muon g-2
SuSpect2 (A.Djouadi, ].Kneur and G.Moultaka hep-ph/0211331) 800
700
. 600 / consistent \
muon g-2 constrain . \withe-2 /
Slepton 4 g auglno \/—/ muon g-2 in constraint

under hundreds GeV

neutralinol LSP

M1(GeV)
400

300

200

100
100

Y Kouda. ALCW2015

EEEEE%“Q;
%

200 300 400 500 @00
M; (GeV)



Recent Results : MSSM/Loop/e*e-

0fGl-lc}cﬁp correction(QCD+ELWK \s=500GeV)

ee oIt

=
o

scenariol

scenario?

o
™

scenario3
wer leew Shi

tree

do/dcosO(pb)

o
=

0.5
cosO Luminosity : 500[tb1]

Top quark pair production

1

do

SUSY,1loop _ SM ,1loop
d cos O

dcost
do

tree

dcost

(error bar is statistic error based on SM event)

dsusy

do

§SUSY =

0.0%

—scenariol
L0.5% —scenario?

——scenario3
-1.0%

-1.5%

1-loop effect of SUSY

’

Contribution of hard photon, gluon -2.0%
calculated with finite top decay width -2.5%
-3.0%
Physical quantity “0SUSY"” is defined. 3 50,
That does not depend on the theoretical o
systematic error which is included in the ~ -4.0%
contribution of hard calculation. B 05 cosDE} 0-5 !
Y Koudea A ‘Ary'ﬁe'-_.-_ il




Recent Results : MSSM/Loop/e*e-

1-loop correction(ELWK),Js=250GeV)
4.0

35
3.0
25
2.0
1.5
§ 1.0
-'-g,D.S

0.0

—>Scenariol

——Scenario2 €+€_ _) T_T+

——scenario3

B(pb)

-1 -0.5 0 0.5 1
cos® Luminosity : 250[fb™]

1-loop correction(ELWK),Vs=500GeV)
0.8

0.7 .
——scenariol
0.6 . -+ -
— —scenario? +
'g{] 5 ] 6’ € % T T
® ——scenario3
§ 04  g-sMm
-
'E 0.3
0.2
0.1
0
-1 -0.5 0 0.5 1

cos® Luminosity : 500[fb™]

Tau pair production

2.3%
2.2%

dsusy(Vs=250Gev)
2.1%
2.0%

1.9% M

1.8% =
1.7% I
1.6% =

1.5% =
-1 -0.5 0
cosO

——scenariol
—scenario?

——scenario3

0.5

Ssusy(Vs=500GeV)
2.3%

2.2%
2.1%
2.0%
1.9%
1.8% =
1.7% =
1.6% l-loop etfect of SUSY

1.5% =
-1 -0.5

—scenariol
—_—ccenario?
—scenario3

0 0.5
cosO

Y

~Na A

'Uv

H‘AI'DA--‘z —_—

- e ——




Bottom quark pair production
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Conclusion

OWe set MSSM scenarios which are consistent with
the observation values of Higgs mass 125GeV,
Dark Matter density and muon g-2.

OWe calculated angular distributions of top, tau
and bottom pair productions.

OCombined 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.

Oin particular, in ILC, at Vs=250GeV, difference
between MSSM and SM In bottom pair
production is about 5 %.

Y. Kouda, ALCW2015




Other examples




List of Results

SM/Tree/PP

GR@PPA 2.8: Initial-state jet matching for weak-boson production processes at
hadron collisions ™

Shigeru Odaka *, Yoshimasa Kurihara
High Energy Accelerator Research Organization (KEK), 1-1 Oho, Tsukuba, Ibaraki 305-0801, Japan
Computer Physics Communications 183 (2012) 1014-1028




SM/Tree/PP

List of Results

IGSUB

Couphng
order

Command
parameter

Process description

100
101
102
103
104

GR@PPA2.8

2
¥
Qem

aam g
agm crg
aﬁm o ]

Ctopy s

w0j
wlj
wlj
W3]
wdj

L

Ll

W(2f) + 0 jet (+X)
W(2f) + 1 jet (+X)
W(2f) + 2 jets (+X)
W(2f) + 3 jets (+X)
— W(2f) + 4 jets (+X)

SS3ES
=== %T%T

o™ M

rp

110
111
112
113
114

2z
E;E'm
Ogm g
o o
!

o O
aﬁ cri

z0j
zlj
z2]
z3]
z4]

— Z/v*(2f) + 0 jet (+X)
— Z/v(2f) + 1 jet (+X)

pp(p
pp(p |
pp(p) — Z[7*(2f) + 2 jets (+X)
pp(p) — Z[7*(2f) + 3 jets (+X)
pp(p) — Z/97(2f) + 4 jets (+X)

e o]

120
121
122

Event generator

|

?em
aﬁm ¥ 5
o X

ww(j
wwlj
WW2]

pp(p) — W (Z)W(2f7) + 0 jet (+X)
pp(p) — WH2)W™(2/') + 1 jet (+X)
pp(p) — W)W (2f') + 2 jets (+X)

130
131
132

for pp/pp collision

|
?em

ﬂﬁmﬂ’i

Crem g

zwlj
zwlj
ZW2]

pp(p) = Z/7 2)W(2f7) + 0 jet (+X)
pp(p) — Z/7*(2f)W(2f') + 1 jet (+X)
pp(p) — Z/y (2F)W(2f') + 2 jets (+X)

140
141
142

i
?E]’I’J
aim m:E
CEE‘ITI CES

zz0j
zz1]
zz2]

pp(p) — Z/7(2f)Z/77(2f) + 0 jet (+X)
pp(p) — Z/v*(2f)Z/7"(2f) + 1 jet (+X)
pp(p) — Z/v*(2f)Z/v*(2f") + 2 jets (+X)

160
161
162
163
164

5

};’ asz

a’@m;‘a-s
¥

=
2 2
Yagrem

ll:tllE"]'l'.I -

b4hbb

b4zbb

bdqgcd
bdhz
bdzz

pp(p) — ho(bb) + bb (+X)
pp(p) — Z[v*(bb) + bb (+X)
pp(p) — bbbb (+X)
pp(p) — ho(bb) + Z/v"(bb) (+X)
pp(p) — Z/v*(bb) + Z/~*(bb) (+X)

170
171

agm ag
o O

tt6bdy
ttj7bdy

pp(p) — tt — 6f (+X)
pp(p) — tt + 1 jet — 6f + 1 jet (+X)

182
183
184

qcd2j
qcd3j
qcd4 ]

pp(p) — 2 jets (+X)
pp(p) — 3 jets (+X)
pp(p) — 4 jets (+X)

__q-;:h.l._ J—

Computer Physics Communications 183 (2012) 1014-1028




List of Results
SM/Tree/PP

(l/o)do/dp, (GeVic)'

GR@PPA2.8

Comparison
with CDF/DO data

120 140 160 180 200
p(Z) (GeVic)

20 80 100

0.14

012

(b)

(1/c)do/dp, (GeVic)"

UIII|III|III|III|III|III|III|III|III|III

| Computer Physics Communications 183 (2012) 1014-1028 0 2 4 6 § 10 12 14 16 18§ 20
pp(Z) (GeVlc)

I:i Figure 2: pp spectrum of Z bosons at Tevatron Run 1, pp collisions at a cm energy of 1.8 TeV. The GRG@PPA simulation
| | (histograms) is compared with the measurements by CDF [34] (circles) and DO [35] (triangles). Together with a result
~ covering the pr range up to 200 GeV /e (a), a result to cover the range up to 20 GeV /e (b) is presented to show the
low-pp behavior. In addition to the summed spectrum (solid), the spectra of events from the Z + 0-jet (dashed) and
| Z + 1-jet (dotted) processes are separately shown for the GR@QPPA simulation in (a).
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TABLE I. Effective triple vertices in the Buchmueller-Wyler operator basis. The anomalous couplings €' (Wilson coefficients) are
multiplicative factors in front of O.

Effective operators Triple vertices Feynman rules
Orp = (D@ — 5)(—4,)(QL ¥ 1g) it H ~M, -4z Cg
Opp = (‘I’T‘I’ - %)(‘%)(Q_L‘I’IJR) b b H —M, f‘f Chpa
Orp = (970 —5)(—A,) (L Prg) ot H ~M, % Cog
Opg = %(‘I’T‘I’ - %}GﬂyG”‘w G, G, H -2 f‘f Ca - (¢ P1P2 — PTP{)_I}
Opp = 3(®T0 —5)B,, B" A, A, H —2- ¢y 1 Cap - (#“P1p2 — PiPS)
A, Z, H +2- ¢y -8y 32 Cop - (¢“P1P2 — PiPS)
zZ, Z, H 2535 Cop - (#“P1p2 — PYPS)
Ogy = (D70 —L)Wi, Wik A, A, H —2- 553 Cow - (¢ P1p2 — PYPS)
A, Z, H —2-¢y 8y 35 Cow - (9 P1P2 — PiPY) |
| Z, Z, H =2 ¢ 45 Cow - (¢ P1P2 — PiP5)
I Wi W, H 235 Cow - (¢ P1P2 — P DY)
0y = (¥'® —2)D,d DHD WS W, H L CY
z, Z, H ML Cy) - g

’.P"‘ T e




List of Results

e =
BSM/Tree/ete
Expected accuracies A(o -Br)/(o - Br) for the Higgs boson production channels at the ILC

Channel Vsand L (P, P-) Global %2 fit, all channels
250 fb~! at 250 GeV (—0.8, +0.3)

ZH vvH

1.1% 10.5%
7.4%

9.1%

6.4%

4.2%

19.0%

29-38%

100%

vz
‘-“F=1+Cr¢>'ﬁ
1

UE

2A2 i:' 0.9IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
094 095 096 097 098 099 1 1.01 1.02 1.03

C{U 0.95

cy =1+

Physics Letters B 739 (2014) 410-415 (a)







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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