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Introduction

» What is a'must” for EG ot LHC-era?
. 0, X(K-factor)— NLO ME

> ME/PS Matching

» Fast & Stable Numerical Calculation
> High Generation Efficiency

> Fully Exclusive

> Non-p Effects if necessary

> LHA-Compliant Interfoce




Matrix Elements



Motrix Elements
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Motrix Elements

* Loopdiograms
M, (2—2,3) :Effective vertices

(up to Three point)

DN

:Numerical calc, by Hel Amp.
(OPMethod by Ishikowa)




Motrix Elements

on-/off-shell

self-energy
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Motrix Elements

do 2002 1h2 = 1, lextrn
do 2001 1hl = 1, lextrn
zsum = 0.0d0O

¥+ okikae(8)

F—

e3ed = ppd(ep3(1,ih3),epd(1,ihd))

zfO=cauq(l)**2*zop3(0,epd(1,1hd),pfl0,ep3(1,1h3),1h2,1h1,1,3,0,

. 0,ce2,cel,ps2,psl)

EE A

2001
2002
2003
2004

.

zsum = zsum + zfO
agcwrk(ih) = zsum*zbpt
toriaezu no endif
endif

endif

endif

endif

ih = ih + 1

continue

continue

continue

continue

end of do-loop for helicity
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Loop Library




Loop Library

P, P
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Loop Library
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Loop Library

I o — P
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Loop Library
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Reduction
h—>l




Reduction

NLO collections for 3-body final state

= N Hf+e

Z. Bern, L. Dixon, D. Kosower, Nucl. Physc. B412(1994)751.
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Reduction method

All massless external legs

GRACE | -0.0550925925925926 0.000952822536342- | 0.279905735189596-
0.207985069195991 T | 0.000363414196323 I

GOLEM -0.05509259259 0.0009528225363- 0.2799057352-
0.20798506912 T 0.0003634141963 I

Two massive external legs

GRACE | -0.0000433333333333333 0.000047107451540878- | 0.000229724271506527+
0.000139272250775022 I | 0.000173645728826450 I

GOLEM -0.00004333333333 0.00004710745154- 0.0002297242715+
0.0001392722508 I 0.0001736457288 T
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Reduction method

Three massive external legs

GRACE 0.0000763703127368405+ -0.000035520765681658+
7.0781353201340*10° I 0.000284927385986234 1

GOLEM 0 0.00007637031273+ 0.2799057352-
7.078135320*10° I 0.0003634141963 I

Four massive external legs

GRACE 0.000196907008457362 0.000404112408707748+
0.000639438626350558 I

GOLEM O 0.0001969070085 0.0004041124087+
0.0006394386258 I
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ME/PS Matching




Soft/Collinear correction (final color)

Two types of div. 0/
* Collinear div.

* Soft div.

: | Lorentz inv./Process indep.
} @ iZ?Sn‘,v" * Phase space slicing
| * Subtraction
R G S— * Slicing/LLL-Subtraction
°f o / hybrid
softregion 1,
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Soft/Collinear correction (final color)

Collinear Part
jd¢_+1|,w|2

o)

1
( ﬂux

n+1"

f
(ﬂux J'd@ +1| B|

Q1)
fd¢|w@|f

[ ez,

ﬁ 1x )

ﬂm j"dqs v [®5,

5:a=] 5

RI=2g.s y

% sz‘z

%)




Soft/Collinear correction (final color)

Soft Part
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Soft/Collinear correction (final color)

Collinear Part

) X, fxls- | 2, 24| |
5 = —5+41 / —
_f;r[—7+1T2+510g(Qi!’ufp)—lﬂgz(Qimfv.}]
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Soft/Collinear correction (final color)

Examples Z-dd

Virtual correction

a. 1. i |
8 =———+—5(3-210g(s/pu%)|— o= =1 )
e 2Tr(' S UF"] €Ir ]Z_‘ﬂrﬂr B Iﬂ(’|+é[“']1
e I ? 2(s) \ ) )
+E—8+ET( +3109(SI”F}_1'09 {S’[’UF) ()[IE - ()]:-I-z()fﬂf-l-(sgﬂﬁ

~1+1'13-310g(0%s)-210g (0 ),

_ X
Result 0,,=—
1T

Parameters
m,  191.187GeV |m, 10
6 012 a  |1/128

25



Soft/Collinear correction (final color)

7—dd

Numerical esult

Tree :[;=(.376458 GeV
Known result : I’ﬂuq:l'ﬂﬁ:@.@'l‘i% (el

T
Q7 GeV Hard v+s+cC total
10° 1.3017 -1.2872 0.0145
10+ 2.1384 -2.1240 0.0144 .
107 3.1794 -3.1651 0.0143
103 4.4249 -4.4107 0.0142
10+ 5.8747 -5.8606 0.0141
107 7.5289 -7.5150 0.0140
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Soft/Collinear correction (final color)

+ - _
€ € Yl

Vs=100GeV
Q7 GeV Hard V+S+cC total
10° 47.689 -47.181 0.509
101 77.579 -77.070 0.508
102 114.63 -114.12 0.509
103 158.84 -158.33 0.511
10+% 210.21 -209.70 0.511
103 268.75 -268.21 0.517
00=13.2588 pb 0y ay/1=0.50645 pb
Vs=1000GeV
Q7 GeV Hard V+Ss+cC total
10° 1.1463 -1.1412 0.00509
101 1.5884 -1.5833 0.00511
102 2.1021 -2.0970 0.00511
103 2.6875 -2.6823 0.00517
10+* 3.3444 -3.3392 0.00518
10 4.0730 -4.0678 0.00522
00=0.132588 pb oy ays/1=0.0050645 pb
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Examples



GRACE for LHC : NLO Generator

ME<=PS Matching @NLO

- Process : > 103 —
> ,
uu—utu(+gluon) © l .
. Ko .g. ) =R (w/Double Cou
in pp collision & e
Cuts: N  [upe(NL0)1 Qs
Vs, >40GeV ;E Y
k9> 1 GeV GO Y
10 =
107 L | [pp(ttvt
| |IIII|I I|III ’_‘[uu( VC)
0 10 20 30 40 50
————— 4 (GeV)
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GRACE for LHC : NLO Generator

Transverse momentum distribution of W-jet

—
210%
(L) -
K =
e .
s L.
"o, Full correction
£103,—_:-1" . /
5~ - '_:—. *
. - AT .,
) iy .,
o .,

10 F
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IIIIIM 1

[ Real radiation
(LL subtraction)

" TreetVirtual correction
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GRACE for LHC : NLO Generator

Transverse momentum distribution of 1 1

@

G, ..

S10% L

Q. L - I‘:\

b =1 |__l' .
& , . Full correction
o !

~ | 2

610 f
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______
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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

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

. Parton Shower (ACD/QED Mixed)

. bully Exclusive—Event-Generoation .



GRACE for LHC : QCED PS

H, ST » hA

oliil )t

a/a
QCD partonShower &<;j fc >

Y

q ) :,:,:f;
® Qg PS-1 q
Jets
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GRACE for LHC : QCED PS

Random choice l.-l]C K2 > nA
9 9 ¢
o thli b

2
® @g q
Jets

35




GRACE for LHC : QCED PS

4, Qc
9 9 q ¢

Q\ééﬁm/ é

9 q
/ |
—
QCD partonShower
\J

Y 4%

g x 1 1+x°
QWQ%J g—qq 21 2 1—x
Jets

= hA
“Qeo &%y
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GRACE for LHC : QCED PS

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

Comparison w/ Fragmentation Function Method

Y energy

do/dE

109 ¢

1072 L

107

D!Cl_‘i — E
X PS-1
+ PS-2
% FF
F
e
'§$¢+
5'EE.Q;'E’-$$++-|-
Bl
ﬁ*ﬁ¥+ +y
Fi
20 40 60 80

100
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Future

e GRePPA2.8—3.0:NLO+QECDPS Full Exclusive
unwei¢hted Event Generator

* Single-Top Process,...
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