Status of -
Develnpmen’r

GRACE-Group

11/Sep./2010 @QFTHEP2010,
Golitsyno, Moscow, Russia



Outline

» INTroduction

* What iS GRACE 7

* GRACE fOr SuSY Processes

* QCD Event-generators for LHC
o UMMy




Introduction
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> Battle Rield of “LEP-II War” @1995
> Tree to Loop
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What is GRACE ?



Whotis GRACE®? : Structure

i
Diagram generator F:
-

diagram description
—
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Whot is GRACE? : Model File 1

Particle=W-plus["W+"]; Antiparticle=W-minus["W-"] ;
Gﬂame={ "W, 1|W""+1| , "Wh_"} :
PType=Vector; Charge=1l; Color=1; Mass=amw; Width=agw;
ECode=2; EKFCode=24; Gauge="wbh";

Pend ;

E-

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

Pend ;

%

Particle=photon["A"] ; Antiparticle=Particle;
Gname={"\gamma" } ;
PType=Vector; Charge=0; Color=1; Mass=ama; Width=0;
PCode=1; Massless; KFCode=22; Gauge="ab";

Pend ;

%

Particle=glucon["g"]; Antiparticle=Particle;
Gname={"g"};
EType=Vector; Charge=0; Color=8; Mass=amg; Width=0;
PCode=8; Massless; EKFCode=21;
Gauge="gl"; PSelect="gluon";

Pend; 6



Whot is GRACE? : Model File 2

Vertex={
Vertex=
Vertex=
Vertex=
Vertex={

Vertex={

¥+ FFV

WVertelxx=

WVertex=

WVerteix=

WVertelxx=

WVertex=

WVerteix=

u-bar,
Vend
{c-bar,
Vend ;
{t-bar,
Vend ;
{d-bar,
Vend
s-bar,
Vend ;
bE-bar,
Vend

(FFg)

{u-bar, u,

Flyvpe="WV";

{d-bar, 4,

Flvpe="WV";

{c-bar, c,

Flyvpe="WV";

{s-bar, =,

Flyvpe="WV";

{b-bar, b,

Flyvpe="WV";

{t-bar, t,

Flyvpe="WV";

Z}; ELWK=1;
Z}:; ELWEK=1;
Z}; ELWK=1;
Z}:; ELWEK=1;
Z}:; ELWEK=1;
Z}; ELWK=1;
gluon } QCD=1 :
Vend ;

gluon } QCD=1 :
Vend ;

gluon } QCD=1 :
Vend ;

gluon } QCD=1 :
Vend ;

gluon } QCD=1 :
Vend ;

gluon } QCD=1 :
Vend ;

FName=czuu(2,1/3)

LT

FName=czuu (2,2/3) ;
FName=czuu (2,3/3) ;
FName=czdd (2,1/3) ;
FName=czdd (2,2/3) ;

FName=czdd (2, 3/3) ;

FName=cguu(2,1/3) ;
FMName=cgdd(2,1/3) ;
FName=cguu(2,2/3) ;
FName=cgdd(2,2/3) ;
FName=cguu(2,3/3) ;

FName=cgdd (2, 3/3) ;



Input File
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pubrocutin= atrg?
implicit real¥d{a-h,o-=z]

include “inclirl h”
¢ ‘in-nlude *inclk. b
include ‘inclirph®
S
. fufo o D

FORTRAN Code

ks

o famwork/cEftrlig,awd,avs,=xtrlig,prtrlig

common fasworifled 1t5
Jeo (gER) =+ 22 (32) bytes used

integer 1td (0:3},1tE({0:13}

raml i =xtrlig (2] ,prerligi4, 3]
complex*]lE cferlig(2, 4]

complex*lE avd (lextrntlintro? lepexa)
complex*]lE avh (lintrntlextro? lepexwv]
complex*lE atmp

ranl g cwgt {0:1)

¥ Nenominators of propagators

aprop = 1.0d0

call snpipd {pphase, aprop, votrll,
&

* Tnt

& Var

amueg¥®2 0 ._.040)

ernal mome=nta
call smintf{amug, pEcrld, vorrld , extrlig, pterlig, cEtrlig)

tices (&)
call smiw{laxtrn, lintrn, lepexa, =xtr2qg, extrlig, ameg, amug, cgudg,
& cfer2g, cftrlig, pttrdg,ptirlig, =gtrlde, 1td ,avd ]
call smifw{lintrn, lextrn, lepexy, =xtrlig, axtrd &, amug, amdg, owuig,
= cferlig,cftrdt, prtrlig,pktrdt  agtr9b, 1t5, avwk]

call smoonf{ltd, 1c5,2,1, excrlig,avd, avE, 1c,av]

sy= = - 1.0d0

aprop = oym/aprop
indexg(l) = 1
indexg(2) = 4
indexg(i) = 2
indexg(d) = 3

if{jopol(d) .ne.0} call smopoli2, 1t, aw)
call airmp-:lr-:ln;lt, awv, indewg, agowrk]

ancp {jgraph] = 0.03d40
nbase = 2
do 500 ih = @ , ltrag-1
atmp = agcowrk ([(ih] Yaprop
ago ik, 3] = =gcoi(ih, 0} = [-IJE.dD]*a:mp
ago(ik,1] = =2goiih,l} = [le_dD:*atnp
ancp (jgraph}l = amcp{jgraph} + armptconjgiac=p)
continue

re=turnon
m=nd




Whot is GRACE? : Integration

Integrotion Result of BASES

Convergency Behavior for the Grid Optimization Step

Cumulative Result
Estimate (+— Error )order

.TT5262 (+-0.

Cumulative Result

939291 (+-0.
.002348)E
.0018%96)E

<— Result of each iteration ->
IT Eff R_Neg Estimate Acc %
1 100 0.00 2.775E+01 3.440

2 100 0.00 2.975E+01 1.021

3 100 0.00 2.939E+01 0.278

4 100 0.00 2.934E+01 0.1324

Convergency Behavior

<— Result of each iteration ->
IT Eff R_Neg Estimate Acc %
1 100 0.00 2.939E+01 0.115

2 100 0.00 2.941E+01 0.111

3 100 0.00 2.941E+01 0.109

4 100 0.00 2.936E+01 0.104

5 100 0.00 2.940E+01 0.112

2
2.956613 (+-0
2
2

Estimate (+— Error )order

.940542 (+-0

2

2.940266 (+-0
2

2.93

Integration Result (pb)

939457 (+-0.

095475)E

L028933)E
.939853 (+-0.
.935474 (+-0.

0078¢66)E
003522)E

003370)E

001447)E

Accuracy (')

Date: 10/ 9/10

for the Integration Step

—> < CP

hcc % ( H:

01 3.440 0:
01 0.979 0:
01 0.268 0:
01 0.120 0:
Date: 10/ G/10
—> < CP

hcc % ( H:

01 0.115 0:
01 0.080 0:
01 0.064 0:
01 0.0Q&" 0:
0.049 0:

01:24

Sec )

Sec )
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ing 1

GNU Plot
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What is GRACE? : Event Generation

e Numerical Integrotion by BASES
> Probability Density Matrix

px)
» Event Generation . f vl

w/ unit Weight |-
» LHAccord Interfoce

13




GRACE for SUSY




GRACE for SUSY: Gouge Fixing

e full Lagrongean of MSSM
o L =L + ‘LE?EF—

MSSM

+ CZGF_ + JCT

V S

o Non-linear Gauge Fixing : Gauge bosons
o = I [%E, + F7I(2g,) + F(2€ )
=(0, xiedd, *igc, BZ YW

+i&, %(v +0,h’ +95, H® +ikRG")G*

F,=0,7"+¢, %Z(w?hh‘) +& H°)G

o L
F,.

F =0, 4" -
4 H J.Fujimoto et al., Phys.Rev.D75, 113002(’'07)

15



GRACE for SUSY: Gouge Fixing

e Non-linear Gouge Fixing . S-leptons
7 JZi}LS —

.""\-\.-ﬁ-\.a

gl e b Sl el e )

- o Tl oot ol st et

l]
e ({}“;:{?e)ﬁ— - ('}; ) (V v ) +Z{ ( )+cH ( I ﬂj)%-'&;’; v (ﬁ*?j )}}

M. Jimbo, et al, [hep-ph/1006.3491] 44



GRACE for SUSY :Renomarizoation

e Electro-weok Corrections
> On-Moss-Shell scheme

~ massshitts ror h°, H*, x°, ., only

> Sfermionsector

- residue conditions: 97;; =X(¢")
7 — . decoupling conditions:
1 2 1 Zwm (m% )
157 ih sk

57 o
2 J m mfj

external wave function: oZ: #0, 627 #0
2°2 252

- 2
G'Z—Hn;‘ﬂi- 3 Z’(mf)

e

17



GRACE for SUSY :Renomarizoation

e JCD corrections

«light quarks(u,d,c,s) and gluon
—>DR-bar scheme
— PDF, parton-shower, ...

*massive quarks(b,t), squark and gluino
—>0n-Mass-Shell scheme

* IR regularization... 1/ (Dimensional)
BT —A12F

18



GRACE for SUSY : System Check

e Non-linear Gouge Check (One Phase Point)
» Ex, for & = b%; One-Loop
@ NLGPQFQMQT@FS . (ﬁaﬁaghaaHakJaghagH)

Case1: (0,0,0,0,0,0,0)
Ans = 0.15117115752797127186610833503954323

Case 2 : (1000,2000,3000,4000,5000,6000,7000)
Ans = 0.15117115752797127186610833480863836

Unit(GeV)

K.Iizuka, et al, POS(RADCOR2009)068[hep-ph/1001.2800]

19



GRACE for SUSY : System Check

e Ex. for & = b%, One-Loop (One Phase Point)
» YV-Cancellation Check

Case 1: (Cuv=1/e=0)
Ans = 0.15117115752797127186610833503954323
Case 2 : (Cuv=1000)

Ans = 0.15117115752797127186596180279397801
» IR-Cancellotion Check

Case1: (A =1024) -

Ans = 0.15117115752797127186610833503954323

Case2: (A =10%)

Ans = 0.15117115752797127186610833519983020
K.Iizuka, et al, POS(RADCOR2009)@68[hep-ph/1001.2800] 20




GRACE for SUSY: SystemCheck

e Ex. for & > b% One-Loop : (After Integration)
» Electro-weak correction

0 1000 0 0
102 102 102
10° 10° TE

-0.06256 -0.06256 -0.09364 -0.06256
0.21373 0.21373 0.24481 0.19301
0.04849 0.04849 0.04849 0.06921
0.19966 0.19966 0.19966 0.19966

13.9% 13.9% 13.9% 13.9%

K.Iizuka, et al, POS(RADCOR2009)068[hep-ph/1001.2800]
21




GRACE for SUSY: SystemCheck

e Ex. for & > b% One-Loop : (After Integration)
> QCD Correction

. CTD
IR e

-1.254 -1.254 -1.479
-3.752 -3.752 -3.527
4.905 4.905 4.905
-0.100 -0.100 -0.100
-1.1% -1.1% -1.1%

K.Iizuka, et al, POS(RADCOR2009)068[hep-ph/1001.2800]
22



GRACE for SUSY : Exomples

Set(A)=SP510’ m,=369GeV

aAS P Hea 1 JaarXes
861'(5) rlfl:r?glézm r{Q:r:géKé g =TT
ag=K K S
1 =-750GeV % it e
NAXes rgrm

Experimental mass bounds from TEVATRON& LEP2
M=Ea m=Stan rprahlia

23



GRACE for SUSY : Exomples

Set(A) Summary of stop1 decay

Table4 summary of stop1 decay unit : [GeV]
8T (an) 5T /tree(QCD)
-nu
(obh e —f T gy
L —>1ty, 022067 g:g?‘gg] g;zﬁ 9.7%

total decay width

t [(tree) - 1.65 [GeV]
- ' (QCD) ' 1.55 [GeV.
['(Electroweak) : 1.87 [GeV]

I'(1-loop) 2 1.77 [GeV]
K.Tizuka, et al, POS(RADCOR2009)068[hep-ph/1001.280%4




GRACE for SUSY : Exomples

"Branching ratio of stop1 decay vs. M}'l‘"

100%

L—> bW 7, h,— W b,
L—>by
‘?1_3" ty 1']
'
o0
1% |- |
t— bl **F/\
1 Vi
0%
250 300 350 400 450 500 550 o600

M7 (GeV )
I M. Jimbo, et al, [hep-ph/1006.3491] 55



GRACE

for SUSY : Examples

1-loop corrections for total width of stop1 vs.M;

ST (7)

Threshold

rﬁ'ee ( 'rl_ )

80%
70%
60%
50%
40%

20%
10%
0%
-10%

30%3 1body

—QCD —ELWK Set(A)

2-body

o “““-Hﬁ_*;

350 400 450 500 550
M-; (GeV )

M. Jimbo, et al, [hep-ph/1006.3491]"1 26



GRACE for SUSY : Exomples

Set(B)

| | | I | |
20 —
x 5 O O “0E O HEE M e
10 = X x X x X x —
o R K X X x %
%
[ tree (0)0
-10 ¥ (QCD 3-body) —
(ELWK 3-body)
* (QCD 2-body)
—20 - =1 (ELWK 2-body) - :
| | | | | |
200 250 300 350 400 450
m; (GeV)
T. Koike, et al, [JPS Meeting 2010/09/12]

27



GRACE for SUSY : Exomples

Set(B)

20

10

T (g

-10

o

[ tree

-20

=30

X X %« *%x g 00 -"000oggooao

SRR X X kK M ox X " " 0000
QCD(3-body)

— ELWK(3-body) i
QCD(2-body)
" ELWK(2-body)

200 250 300 350 400 450

iz (GeV)

T. Koike, et al, [JPS Meeting 2010/09/12]

28



GRACE for LHC




GRACE for LHC : GR@PPA 2.7

o |+ ets(upto3jets)with the subsequent W decay

o Z+jets(upto?jets)with The subsequent Z decoy

e four bottom quarks

e top-quark pair with the subsequent decoy

e di-boson(WW,WZ ond ZZ) with the subsequent W/Z decay

=

4
g > (L)

R R
“EREA qQ > (o)

il TP e L "‘?‘-'-"-‘.,',-.. q(] > (a%o{:n)
MAlin gg > (006
(o

qq -> (Oery)

é 2.2
gy &€ > (O Yh)

e e . qq -> (aiyg)

L i I

1'?11.%.:l|||-*:Lr‘|'“|| L1 L1 L L
0 20 40 60 80 100 120 140

160 180 200
M,, (GeV)

30
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GRACE for LHC : GRePPA 2.8

New features of GR@PPA 2.8

e ME-PSmatching in the generation of W, Z, W,
AW, ZZ productionprocessesathadroncollisions
o LLL subtraction & custom LLPS
> Forward evolution PS in the initial state (ACDPS)
> Backwardevolution PS(QCDPSD) availoble as well

» Final-stote PS(QCDPSE) also implemented as well s
initiol-stote radiations,

31
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GRACE for LHC : GRePPA 2.8

e Additional features
> I/ ond Z decaysinthematrixelements

» Exact spin, phose-space ond off-shell effectsat
the tree level

» PDG values for the decay widths oand branching
ratios of  ond £

» Generoated events can be possed o PYTHIA to
proceed the simulation : hadronizotionond decays

o Still at LO:Please wait GRePPA3.0

I't canbedownloaded frrom:
http://atlas.kek.jp/physics/nlo-wg/grappa.html

32
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GRACE for LHC : GR@PPA 2.8

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

Z-boson production

Z(— e'e") production at Tevatron Run 1

| =T
data points: 2
10 circle: CDF, PRL 84, 845 (2000) % ap |
L triangle: D0, PRD 61, 032004 (2000) x 1.12 E |
b histograms: GRaPPA 2.8 + PYTHIA 6.421 ) :
1 | solid: total . 8 55 | i
o dashed: Z + 0 jet i ' ﬁ &
g Fm:'..ﬂﬂ dotted: LLL-subtracted Z + 1 jet E -é: [ i E_}
| B = | - & e
1l e B | 0 20 | v i
0, L g S ;}'- 151
| . [ 1 - %’I}
i B a . J [ L
3 s 15 | [
2 s | -éaﬂ&z
10 | 5 . i“;";— .
[ : e b | ral | T fiog)
| . "-'f‘--.l" : 10 & ":'-QJEF_
| - ey | ] T The
-3 : -4 | o 5 I CEEE,
- | oy S
: ; B 5585 o
it . Bl
e g D) v e g e g i i e b i 1t 0ty 0]
0 20 40 60 80 100 120 140 160 180 200 0 2 1 p T e T
p(Z) (GeVic) p(Z) (GeVic)

The DO data and the simulotion are normalized to the CDF

Cross section,
33
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GRACE for LHC : GR@PPA 2.8

Di-boson production@LHC : GRePPA v.s, MCeNLO

do/d P, v [fb/GeV]

-
<

. .| | | | | | | | | | | | | | | | | | [
10% 20 40 60 80 100 120 140 160 180 200

Plots:

102§

—
o
I

-
TTTTT

P, v [GeV]

GR@PPA 2.8 + PYTHIA 6.419

do/dm,,, [fb/GeV]

—
<
T

—
]
(]

-3 L 1 1 | L1 1 | L 1 1 1 L L1 1 L1 | | L 1 1 | L 1 1 1 L1 1 1
10°0 " 100 200 300 400 500 600 700 800 900 1000
myy [GeV]

10 =

-
TTTTT T TTT

1

Solidlines : MC@NLO3.31+Herwig6.510.3+]immy4.31.3
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GRACE for LHC : NLO Generator

ME<=PS Matching @NLO

- Process : > 103 —
> :
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GRACE for LHC : NLO Generator

Transverse momentum distribution of W-jet
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GRACE for LHC : NLO Generator

Transverse momentum distribution of 1 1

do/dpy (pb/Ge

BL
-I'
- L
S
- L®
|__|‘
1
L ]
! B
] - .
H T |
1 L 1

Full correction

______

[ Real radiation
| (LL dubtraction)

L Tree+Virtual correction

I [ ] -—
! I__ [ T 1 : [ 3
gt ® 1R
[y o 1
o e
L1

[N T NI T N T T T T A T T N A MO [ VAN B A L1 '
0 10 20 30 40 50 60 70 80 90 100
p”r (GeV)



GRACE for LHC : 7 r Generator

Direct Processes

— P
4
Lowest Process Loop Correction Real Radiation
» Diphox

» T.Binoth, J.Ph.Guillet,E.Pilon,M. Werlen
» Fur.Phys.J.(C16,311(2000)
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GRACE for LHC : NLO Generator

Fragmentation Processes
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Doy
p
single fragmentation double fragmentation
- DIPHOX
« fragmentation Function .
e Inclusive Jet —No Event-Generation
-GR@PPA

. Parton Shower (ACD/QED Mixed)

. bully Exclusive—Event-Generoation m



GRACE for LHC : QCED PS
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GRACE for LHC : QCED PS

Random choice l.-l]C K2 > nA
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GRACE for LHC : QCED PS
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GRACE for LHC : QCED PS

Q2=(50 GeV)~(5/\QCD) , Egluon = 100GeV
— PS ME calc. uu =g* — dd vy
o PS
jetpT Y energy
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GRACE for LHC : QCED PS

Comparison w/ Fragmentation Function Method
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Summary

o GRACE is o Automatic Generator of Generators
e QED, Electro-weak SM, QCD, MSSM @ 1-Loop order
e GRePPA2.8

» full Exclusive unweighted Hadron Event
Generatorw/ ME<PS Motching@Tree
Level

> 7.8—>3.0:NLO+QECDPS Full Exclusive
unwei¢hted Event Generator
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