VIR ESMHDENT-/NFOVEZRRE
AR TR —H
— GR@PPA event generator T? ME-PS matching —
13pSA-7

BE % RRRF
KEK



Double count [t]&8

Hadron collision F event generator IZHI[T5
ey S

== ME-PS matching

BlzIE., pp—=W+jet+X

do . (s) dé , , (5)

—W +jet+ X 2 2 A ab—We

PPd(I; = Zc,’:d)qﬁ)dxzf;/p (xl > MF)»f[;/p (xz > ‘LLF)é(S - xlxzs) ; "W
j
Parton Distribution Function Hard interaction
(PDF) IZx9 5 R
| v
Event generator Tl Parton Shower (PS) EBETE D matrix element (ME)

Z{Eo7= event £k

M A2 parton (jet) radiation DNENESEND
EEMITEHBRATEL



BERDAIE

TEZD sample ZEDPO>THERT HM?

W+ 1 jet, p{jet) > 20 GeV/c

«  pAparton) cut & 20 GeV/c KYHBEHIZ/INSL T, W+ 1 jet
event generator T hard—interaction events %4 i,

T~

PS/hadronization/detector simulation Z1@9 — smearing
Jet reconstruction #4172 T p,{et) > 20 GeV/c ZEFH
pparton) cut & Z T, p,(et) cut &M cross section NDZE 1t

«  ZO cross section BNEDOBEHKANEIZ p,lparton) cut {E

ZiRDD

EZAM,

«  pparton) cut ZE ZF T/NELLTH cross section B—FEIZ

A57E

o  FARTHBCE. reconstruct 1= jet (& hard interaction H
5@ parton ERAREWLED A Z LN

cross section
after p,(jet) cut

/

pparton)

pXjet) .
CDEBR DY plparton)
—P  cut [CERFELETNIE

f

Pr

pparton) cut pT(jet) cut

J pjet) cut

pAparton) cut



B713 jet—multiplicity D ME D BLEHHE

Multi—jet event @ simulation. NLO event generation TIXELEHEI WA

e < B B
AN \ \

n—jet ME + PS jet & (n+1)-jet ME D —&
_NLZHHMIZELEHESHE double count

PS (#5715 TH PDF [Z radiation DINEMNA-TLVS
D CHEREILREL



i
\alr
VALY

RSB 7S double count [B

do (5)
ppeWJtX = dx dxf/ (‘xﬁll’tp).f;/ (xzﬂuF)(S(S x ) b_)W
e g O I
o ME
, K Factorization scale
k”=0 PDF [£Z M energy scale & T parton radiation DR EZEL LTS
;/ ie., Q®><uf
p \
0>p2>p; zp, Parton shower L, EKRIIZFL
t=(p-p)=-C PS energy scale (upg); i.e., Q% < upg?

U2 or ups? < Q2 EF LI double count [EEIBTES
Q2 EEBIFTEER S O parton (jet) radiation M Q2

LAWL. ..



pr~ 10 GeV/c

prjet)y: << my?
W

—DFRTT process DIEENETE (XIEFEEH LD
higher order (multi—jet) DF S A K=
ie, PS OAMEBRMEDS L EHEMNTES

L Z2 process M ME (& p; — 0 THELT SV, multi-jet $hETHI
FlEN THIRIZAS (Sudakov suppression)

W2 e, ups =my, ELT, Que > my, EFHIBRTHNIL? (ow-p;jet [F PS [TEE D)
pr~ m,, T PS/PDF @ collinear Tl DFEEMNELY — mismatch

low p; TI& PS IZ, high p; TI& ME [ZT—ET 5 A EXTENM?



T
R
H

Leading Order (LO) generator

— PYTHIA/HERWIG @) ME correction

e PS TIEEIZ hard % jet TTERL . &L hard 7 jet D

HRFERD 1-jet ME [T—H T BFRIZHE
—  Multi—jet event [T 9 5 CKKW &

+  {B4&® event % clustering FiEZALVT PS DRIt
AT, PS MF%EIZE > T Sudakov form factor &
coupling M fEZ% 5E1ffi — suppression

— MLM 5
o CKKW [T TULYB A, PS picture ~®D %I {F 1+ Tld7L

<. ME—jet (parton) & PS ERHEZICEERINT- jet £ED
matching T suppression Z il

Next—to—Leading Order (NLO) generator

— MC@NLO
*  ME correction EFIFRIZ 0-jet event IZIEEIZ hard 7558
EHFETPS ZERAL. ZD leading order DEF 5% 1-jet
ME MBZELEIK
— POWHEG

+ 27T 1-jet ME M oETEL. Sudakov form factor ZFtHEL
T soft % jet & suppress 5%

PS # ME [IZ&hH 5 (ME correction)
or ME # PS IZ& 15 (suppression)
or ME M5 PS fHI1E 2% 51< (subtraction)

\alr

AT

Z(— ¢"¢’) production at Tevatron Run 1

data points
10 [ circle: CDF, PRL 84, 845 (2000)
w[ triangle: DO, PRD 61, 032004 (2000)
| % st MC

simulation

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

. . solid: HERWIG 6.51 >=2.0GeV
Sio} dashed: PYTHIA 6.4 ode
X dotted: PYTHIA 6.403 old model
dot-dashed: PYTHIA 6.212 CDF Tune-AW
10
5
X
10
10
10
1 1 140 1 150
p(Z) (GeVic)

0 20 40 60 80 100 120 140 160 180 200 0 5 10 15 20 25 30 35 40 45 50
P ./ GeV P4/ GeV

CDF Data: PP — Z + X at \/s = 1.8TeV
Phys.Rev.Lett.84:845-850,2000

ww producti'on'v@LHC



AR DEEREK
GR@PPA event generator
F1=. 0—jet/1-jet matching D H

Initial-state PS [XFRE(Z Q? < u2 DA IZE A
- PDF tDEEM

PS @ leading order D&HF 5% 1-jet ME M i5ZL 5[< (subtraction)

—  Limited Leading—Log (LLL) subtraction

Subtraction [ Q? < u? DFEEDH (limited)
FHENIBEH VDD T, subtraction D cross section [FH R
MC@NLO EREIHRIZED cross section NN EH, KELRETIEAL
Subtraction EDBEMFRILT S1=HIZEHID PS Z4ERK
—  QCDPS (by ER)
— EbBHZ Leading-Log (LL) PS
—  PYTHIA [IZ& &5 angular ordering 42 gluon correlation % & DFHIE (LA o SUVELY
— RABLHNFETEE
NLO event generator [ZFE R HE
—  O-jet process [Z virtual/soft #iIEZ M Z 1Ll NLO

Final-state radiation [ZH#i3R AT BE — multi—jet process M
matching

W production @_LHC

section (nb)

“W+0jet” + “W+ 1 jet” ; .
with LLL subtraction —; s
AMF 1§ﬁ'|$ 75§ l]\éll\ s inchive

— good ME-PDF matching

0.5

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

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

2

2

LL subtraction
W+ 1 jet @_LHC
pr> 1 GeV/c BIESHEDREMEDT=8)

exact ME

total

=] VAR

L]
A

" Factorization—scale {K7F 1%

«—
A‘\

w/my,

.
*%es
See

0 100

50 o
p(W) (GeVic)

ME - LL

oon
..................

p(W) (GeVic)

w/o PS veto

WIERPS<7ETo.



PS branch kinematics

Subtract LT= LLL A% [& 0-jet event [Z@E NS PS T recover 95
Visible ZZFEIK IR R (Q = up) BH D
— PS [ subtract LTz LLL B D p, Bz EFEICEIRELGETNITELEL

W7 PS branch model ME A NPHE

PYTHIA PS AMa[# A soft @E S (pr HVNSBED) ELVIED
HB PS RRDEETEN

: PSIZ Q2L zEEZ5

p—prefixed PS branch kinematics ke (E—E'—p 0.p—p)
PYTHIA old PS model 1=l TL A%, (Ej():()) v
p2 = (1-2)Q? ie, [ Q2 = virtuality | 1 ZE . ,2’ ,pf'=(E”pT’0’p')

PYTHIA old PS [£IQ? = —p'21Z{REL T. (S):(pp:,f y z=8I/S=E'/E

energy/momentum REFEML pr KOS



. CZZTl&. £7-. Hadronization/decay
W prOdUCtlon @LHC HED soft LHINRIL simulate SN T

LML
= PYTHIA “new” PS - = m
5 10" «*e with ME corr. Ups — U w
B |
C
o
=)
B “ W+ 1 jet:
= e, - pr> 1 GeV/e
g * LL subtraction if |¢] < ug?
7,?00
,,00)'
7 ?.P.Pio
.. h ..‘..
‘ PYTHIA “old” PS W+ 1 jet
Non—collinear F{ % with ME corr.
(LLL subtraction MF%Y)
oL ,
0 20 40 60 80 100 120 140

p(W) (GeV/c)

W mass {3 (u) TRL—XIZHEEIND
ue REFES DS



do/dp; (pb/GeV/c)

do/dp; (pb/GeV/c)

2009.9.13

Z production @Tevatron
GR@PPA: GR@PPA 2.8-dev2 + PYTHIA 6.419; SE£ 7% hadron level £ T simulation
Run-2 data (D0) &M ELER

Run—1 data (CDF, D0) & HEER

(a)

20 40 60 80 100 120 140 160 180 200
2 _ 11 \2 N2
F Pr=U=<4) Y
5 b
u,/m, =05 ®)
Ny /m, =1.0
- *-"‘ml/,uF/mZ =15
o ’I‘ T I“\‘"
! p‘kl‘\i
o .
‘v AR
| T O
\:1 7' 1;“ -
i ficiar - T
3‘; SRy
C L L L L L L L L L L L L L L L L |
2 4 6 8 10 12 14 16 18 20

pr(Z) (GeV/c)

10

(1/o)do/dp, (GeVic)”

6
10

(a)

0 20 40 60 80 100 120

"EEmL -8

140 160 180 200
pp(Z) (GeVlc)

0.12
2 PYTHIA new PS
D
e Mt | GR@PPA (b)
) L e
Sus | +& _HERWIG
i
=006 1 i}ﬂ
g
| ',
004 |~ -
IJ‘ e
d e
002 | T e
: A“_,—;;‘
| |
B PRI AN AR APRVAVEN AVAVAFIN ARV AVATATIN A J
0 2 4 6 8 10 12 14 16 18 20

EB 53 shape DH D LLE : FEAEHD B LIZHKAHkIZ normalize

BAYEZZIMERE

pr(Z) (GeV/c)

11



do/dp_ \y [fb/GeV]

Di-boson 4 Rt @LHC
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Plots: GR@PPA 2.8—-dev5 + PYTHIA 6.419
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