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* Introduction

* Overview of GRACE
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* GRACE/NLO-QCD

* GR@PPA-NLO

* Summary
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& Introduction

* Automatic System 1s very important
*May processes

* Many particles
* Many loop

* Automatic Calculation System 1n the world
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& What can be done by GRACE

W |

G

enarate Fe:-,-'nrn-:.n diagrams autom atioally

Generate F' 'RTF:.I'I:'".N cooda of haelioky

amplitude=s automatically '._":_L tre s I-:--.--I|

'l-_'l-.i—ner-:.te- swm baolic I'REDI___I[:E I:-:-rn'n:. S oOuUroe
oode For genarating F'Fﬁ'I:‘ZTI:‘-..'E'l.[."j oocods of

amplitud=3 automatically '._ ':_L one=—locop Ii--.--l|

wraloulate phase-spaces integration of

ampliud=s numariocoally

* Event generation 1n framework of GR@PPA



[ Kinematics
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Diagram generator
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file
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TREE
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generated code

Diagrams
(figure)

PS file

\/ FORTRAN code

convergence

information
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Cross sections
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( Library ]

L CHANEL, loop
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& GRACE for SUSY Processes

®* Tree Level System: GRACE/SUSY

M. Hur-:--:l-:n. E-:-rnpl-it-:- I_ang-:urlan of MSSM. n-:-p-pr.."QE‘EEHJG
_|. Fu_llm-:-t-:- at al, ':n:-rnput. Flh'_.'.-.. [:-:-m M. 153 [EDDEJ 1[]5

* 1-Loop Level System: GRACE/SUSY/loop

' 4 1
Re narmailzation sohema,

F'Ihyiical results of chargine production and decay.

J. Fujimots at at, Prys. Rav, D75 (2007) 113002



& Non-linear Gauge Fixing
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E' Numerical Check of the Amplitude

e Mool !
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Gau-iewin:fariance check LNLEIj E"l o i
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I-_Jltrs violet check (EUV]
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= CUV = T000

T (Mirewar) = -1.972987938581775280094 TEO0626998724E-02



ik Infra-red finiteness check

I:ir:LiLin:nua; photon mass {,a,J

» A = 1.0E-24
O (Vivewni+San) = -3.956361863200988E-2
« 1 - 1.0E-27

T(Vireumt5aa) = -3.95636186322991E-2

Cut off photon energy {RE)
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&'Comparison with FeynArt/FeynCalc
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e e . .} decay modes
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& Three body decay diagrams

ELWEK One-loop (3716 diagrams)
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@ Three body decay of y’
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& Production and decay of '
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9) NL0=G tree+0 106p+0- R

=0 tree(l s u )-+

: Virtual (loop) correction .
+ Sof#/Collinear correction



= ~ 1% category

No colored parton in final state at tree levek

O NLO=[G tree(l + T )+G vis]

1/€2xTh/E g
eancellation .

| PDE/Parton Shower I :

P(xy = Splitting”f@netion Space/’cil’he dimension : d=4+2€ [,



&' Fhhsespace limitation
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* Process
ul— " (+gluon)
1n pp collision
*Cuts:
Vs, >40GeY

k9> T GeV

tuality ordering

] Tu 1 g(ME)] ®Ps

« [ +g(PS)]
o :luu g(ME)-LL]®P
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Phase space slicing




Limited Leading Log Subtraction

h

A

: Collinear (Leading Log) Approx.

‘ : Exact Matrix Elements



Z(— e'e) production at Tevatron Run 1

GRaPPA + PYTHIA 6.403 default but PARP(67)=1
dashed: p /m, =0.5
solid: p/m, =1.0

dotted: pp/m, = 1.5
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Craph 81 Craph 82 Craph 83 Craph 84
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'“35’5- ® W0 or 1jet, p=m,,
i N ° W0 or ljet, n.=0.5m,,
_ ~ W0 or ljet, u.=1.5m_

do/dp, (pb/(GeV/c))

* Wrljet(LLLsub) L ey,
] (H=m,) \
; Wjet . PYTHIA
Iil_I R N N A NN N TN NN T HNNNNN NON N NN MO T N |-|-@4_E¢_9|1:P%e_té_d_9_
' 120 E

il 20 40 i) &0 L 00
p(W) (GeVic)

LLLLL

hep-ph/0702138



& Test process:PP—W+jet

*\s=14 TeV
*PDF: CTEQSL

*Cuts: p,.">20GeV, p,.£>20GeV
*p=pn.=m, =380.2GeV

e, =3.56°10" pb (W/O double counting rejection)
o0, =4.26°10% pb (W/ double counting rejection)

*double counting effect 1s 20%!

&' [R cancellation

e 2 1/e,  O(101)

IR’



<> Transverse momentum distribution of W-jet
:::-10‘1:

IIIIII
-

do/dpy (pb/Ge
Etd
d

102:— i

““““““

Real radiation

10
= (LL subtraction)

' Tree+V1rtua1 N
1

' NN N = N
0 040 50 60 70 80 90 100
cﬂ)?re@ﬁorﬁ o (GeV)

P¥ >20GeV e, =7.06°10" pb



& Test process:PP—yy

*\s=14 TeV
*PDF: CTEQSL

e Cuts: Ey> 10GeV,1 O°<6y< | 700,6W> 10°
THARL S,
*G =7.35°10% pb

tree

e =1.3210°pb

tree+virtual

G =9.32¢102pb

real radiation

& IR cancellation

/g 2,1/e,  O(101)

IR’



& Transverse momentum distribution of yy

Full correction

do/dpy (pb/GeV)

S
bl ]

Real radiation
10 £ (LL subtraction)

[ Tree+Virtual correction

1D_q 1 11 1 I 1 111 | | I | I 1 111 I 1 11 1 | 11 1 1 I 1 1 11 I 1 | I 1 —!;‘:—!_:—!;
0 10 2 3 40 50 60 7J0 80 90 100
Py (GeV)

*G,, . =2.2510° pb




do/dp; (pb/(GeV/c))

[LLLL. subtraction for q(_] — YYe

0
H o
=| 1

I IIIIIIh

positive weight

l 47— =

III|III|III|-I-E:'LI|III|III|III|III|III|III

LHC condition

pr > 100 GeVic, |n| < 3.0 for two ys

pr > 1 GeV/c for the gluon; no further cut

i P
o I}T_ -

no subtraction

—_—— e—

——

R negative weight

r
PR
[
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20 40 60 80 100 120 140 160 180 200

pr(vy) (GeVic)



& GR@PPA event generator

* QCD jets (2~4 jets)
°*V+ 0~4 Jets

°* VV+ 0~2 Jets
=18l

NLO event generators will be
implemented into GR(@PPA
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& Proccess list in GR@PPA

IGSUE | Coupling | Command Process description
order parameter

100 vl wO j pelp) — WI(2F) + 0 jet (+X)
101 O e wlj pp(p) — WI(2f) + 1 jet (+X)
102 P i = w2 j pe(p) — WI(2F) + 2 jets (+X)
103 P i Vit w3 j pe(p) — W(2F) + 3 jets (+X)
104 e e w5 pplp) — WI(2F) + 4 jets (+X)
110 e =0 j pp(p) — Z/~4*(2F) + 0 jet (+X)
111 fa e =1 j pp(p) — Z/4*(2F) + 1 j{_‘t (+X)
112 Etétulf.‘t% =25 pp(p) — Z/4(2F) + 2 jets (4+X)
113 Cm g =37 pp(p) — Z/v*(2f) + 3 ]L‘ff—- (42X
114 X O =45 pp(p) — Z/4*(2F) + 4 jets (+X)
120 e ww j pr(p) — WH(2W (2 + 0 jet (+X)
121 ad v wwl j pp(p) — WH(2FW —(2F) + 1 jet (4+X)
122 -:T:Em-:.‘:ﬁ ww2j pp(p) — W2\ (27 —|— 2 ](1& {+X)
130 o =w0 j pp(p) — Z/4(2F)W (2F") _] ot (X))
131 ad g zwlj pp(p) — Z/ (2 IW(2F") —I— 1 jet (+X)
132 &E[ut.‘ti =w2j pp(p) — Z/~=(2 )W {Ef I + 2 jets (+X)
140 e ==0 j pplp) — Z/"(2)Z/=(2F") + 0 jet (+X)
141 ad o == j pp(p) — Z [/~ (2022 + 1 jet (+X)
142 -:‘:Em-:.‘:# zz2j pplp) — ﬁ,ff*{szgﬁ (2F) + 2 rt% (+X)
160 Yool b4hbb pp(Pp) — holbb) + bb _{+;!-; )
161 i s b4=zbb pp(p) — Z/~*(bb) + bb (+X)
162 Fa e bigecd pp{p) — bbbb (+X)
163 Y oes b4h= pp(p) — ho(bb) + Z/~* {bb::-_-l:—l—}[ )
164 ard b4=z= pplp) — Z/~*(bb) + &/~ {bhj (+X)
170 P = ttEbdy pp(p) — it — 6f (+X)
171 at et tt§7bdy pol(F) — £ + 1 jet — 6.F + 1 jet (X))
182 s qod2 pplp) — 2 jets (X))
183 o qcd3j ppl(p) — 3 jets (+X)
184 -r_tE qod2 pp(p) — 4 jets (+X)




S1I9LN+A

S19f N+AA

N jets Tevatron Run-11 LHC
Wieve) Z(eTe™) Wiew.) ZieTe™)
0 1.576(2) = 10° |.598(3) = 104 L116(2) = 104 9.57(3) x 102
1 1.852(3) x 10° .829(4) = 10! 2.854(5) x 10° 2.614(7) » 104
2 3461(T) = 10! 3.485(6) 1.143(3) = 10° 1.082(2) x 10°
3 6.29(2) 6.35(2) x 10~ 4.82(1) x 107 4.53(1) » 10!
4 1.201(5) 1.173(3) = 107! 2.19(1) x 102 2.045(3) = 10!
2(z 1) 3.260(6) x 107! 0.24(2) x 1072 2.720(T) 8.68(2)
3z 1b) 1.019{2) x 107" 2.266(5) x 1072 4.305(9) 3.740(7)
4(z 1b) 2.947(8) % 10~ 31.817(5) = 10~3 3.90(3) 9.47(2) x 107!
(1410 5.269(9) x 1072 2.248(3) x 107 3.TIHT) % 1072 2.682(6) x 107
4+ 1 1.357(2) = 1074 6.302(9) = 10~ 4.98(2) % 1072 3.59(1) » 1072
42 6.86(1) x 107 5.707(5) x 1077 6.52(2) x 1072 1.156(2) x 107
levatron HKHun-11
N jets ¥ W | 5 £
D T OL(2) =10 2 G.06(1)=10 % | 1.541(3)=10 =
1 1.98!3[:5}:-::10_3 2.013(4) =102 3. TE]l!in:a 10—4
= A.TT(1)>=10—3 5.16(2) 101 T.698(09)»10—°
T2 (= 1b) | 1.582(2)=<10 T | 6.00(2)=<10 ©° 1.620(3) <10 ©
it 4+ 0O j.SE}-l[S_:-:-::lli}— 2. 65T )= 10—F BETL(9)=10""
CHC
N jets ¥ W | 5 £
0 1.339(5) A 6A(1)=10 = 1.080(2) =10 =
1 1.071(3) 1.873(4) =101 6.06(1)>10"3
= 0.41(2)=10? 1.536(4) 101 3.419(5)» 103
T2 (= 16) | 7.36(1)=<10 % [ 1164(3)=<10 T | 1.887(8)=<10 %
tt 4+ 0 T.432(9) =101 1.213(2)=10"" 3.040(5)= 10"




& Summary

1. GRACE/SUSY and GRACE/SUSY/loop
2. NLO-QCD event generators in GRACE

3. NLO event generators in GR@PPA
framework

5. Tool development (talks in Wednesday)
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ﬁ&er—umrr‘nalizatimﬁ of scalar fermions
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