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Hadron collision FH event generator

“Hadron” [& quark/gluon (parton) DB & FiF
FRIKREIZ hadron jet BBHBIEEIL. TNHNED quark HAULEK gluon T
H LM ELND A R £

> EBREARLLOE FIZE pp—W2jets+X D
event generator
ug — W'dg 732&E TG

B &1 parton DIEFED A S HE(ZDOLNTOF., AIRELIEEI =D
HAEDHLEIZDODNVTDRELZTITO>TNBEENEELLY

Ao, w2 jersex (5) 1 I do ()
W, =W +2 jets+ — dx a’x f;, ()C ,Mz)f (.Xf ,Mz)é(ﬁ—x X S) c/l\b—>Wc/c\l
dq)jldq)jz agﬂ;[o 1f0 2Jalh \MAPFE ) S b, 2 17V2 dq)cdq)d

. " Parton Distribution Function Hard interaction

RBRENRLVED parton DA S HE (PDF) 29 5 R

[ZDUL\THF



GRACE M5 GR@PPA ~

e GR@PPA (GRace At Proton—Proton/Anti—proton collisions)

— GRACE system @ hadron collision ~MD3{L5k

— General-purpose event generator (PYTHIA, HERWIG 7& &) A interface
PS, hadronization, decay, etc. [& general-purpose EG [Z{E& 5

— Event generator package &L T2EH

 Parton flavor/momentum EZIRDT=HDIEH £ 2 (ELE) DEND
- ELEOLE.BRIEEEBHIZITHNDS

e Multi-process Xiit»
— B D process ZREFFICIKRZ S
—  BEIMIIZ event mixing

4

do’hlh2—>W+2 'ets+X(S) 1 1 2 2 A }jé\'a —We (3’\)
dq)jldcjl)jz = a;p,!()dXI fodxzfa/h, (X 5t ) Jy i, (X )o(§ - x1x2S)J décgéd

GR@PPA CDEHZEEM GRACE

e Process reduction
— Mass/coupling constant DZE £t — Code DiEHa



GR@PPA DFES

http://atlas.kek jp/physics/nlo—wg/index.html
http://atlas.kek jp/physics/nlo-wg/grappa.html

2000 ££ 1 A :NLO-WG ;FEIRIA

2000 £F 10 B : ACAT Workshop (FNAL)
- EAXBEEREXK
2002 &£ 4 A :GR@PPA_4b 4\ B
— 4 b—quarks &£k (QCD, EW, Higgs 72 & . tree level DETHDHFEZED)
— PYTHIA 6.1 ~@ interface
— PDF: PYTHIA built—in PDF & PDFLIB (CERNLIB) [Z%F ity
2004 £ 2 H :GR@PPA all 2
— SRIWW®D KA R process Z3BH0

W+ jets (3 jets £T), Z+ jets (2 jets &T), WW /WZ/ZZ top pair
W/Z/top X ER1RIBFEE T matrix element TEE; i.e., spin correlation %° invariant-mass shape & 1EL<BI}

— LHA (Les Houches Accord) interface. LHAPDF [Z ity
2006 4E 2 A :GR@PPA 2.7 4\F8

—  Z{KHERK process MBI, framework & process D5 B . coding DIRE
=% B2

— NLO (Next—to—Leading Order) event generator 0 Bl

— GRACE ZFL\ /= NLO event generator {ER ) B &1L



GR@PPA 2.76

http://atlas.kek jp/physics/nlo-wg/grappa.html#GRAPPA2.7

2006 £ 2 B/4NE

ZLDEBIRER process 2
—  W/Z+ jets (4 jets £T)
- WW /WZ/ZZ + jets (2 jets £T)
— QCD jets (4 jets &£T)
—  top-pair + 0/1 jet
W/Z/top 0) decay F£ T matrix element TETE SN TS
—  Spin correlation 4 invariant—-mass shape M\ tree level TIEFEICHBIREIN TLVS

LHA interface ZHHR—k
—  HpkL7= event data @ PYTHIA/HERWIG IZ/EH 5

PDF: LHAPDF, PDFLIB A MD{EE D PDF #EIRTES
—  TAMEELT, default Tld CTEQ6LT (built—in) Z{% FH
Ll [EESE]
— £ 7T Leading Order (LO)
—  ME-PS matching (i) [IEEIN TLVELY
—  WW,/WZ/ZZ + jets |Z bug B’ 5
—  particle DIEFIZDLNT PYTHIA X AIZES



GR@PPA 2.76 LL[%
AFFRE — FARZEERT

BEROREAFEINEITEH
Initial-state ME-PS matching () 3E 33X — GR@PPA 2.8
- WZHERK.WW/WZ/ZZ £
— JHmBE®OFiE: LLL (Limited Leading—Log) subtraction
— HBEFHI® initial-state Parton Shower (PS) Z B %
— Final-state PS DA E
— Top pair ITDWWTHEHFEP — GR@PPA 2.9 (?)
NLO event generator
- F9IE W/Z HERK — GR@PPA 3.x
— [FEAETRLTNSD, &R AHY
— 28 DEMMRLE
Di—photon £ LD event generator
— Low—-mass Higgs &£ R ® background
— DIPHOX group (LAPP, Annecy) &M 3 E#FZE
— Final state @ QED radiation matching
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GRACE/GR@PPA MD&E|(L=2

E&EE D Matrix Element (ME)
HV5 hard interaction @) cross

section K85

Z DD FEE E D event
generator [Z{EE 5

2009.9.2

Hadron collision A A—<

ae ' :
- .‘ - * e
> b4 ‘l ! "..“. »
.. ! | ... ". .: .
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ATLAS H|Ezs - NEIRIMREHIFD S aL— a4

pp—=H+X;H—=>77Z—u'uuwu (EEDOLE

E— LB AN R =R
F—4

YL /A RIS D ETHIFEN
PRI AIRIZEE>TLYA

CCTIEfAIEMFLARZGL

Hard interaction MDD R FIE
HEUMETTRLZ muon D&

fth[F £ T Parton Shower ¥°
Underlying Event M5OI




Hadron collision FH event generator (1)
General purpose GGRLFH)

e General-purpose (all-in—one) event generator

— Parton shower (PS) X° hadoronization/decay () simulation HAFEE
— HEAXRBIZ 2 KERFET (ME XN FTHEIZE(TH)

«  PYTHIA O Higgs (— WW) £REEDHIS EHD
— Heavy particle (W, Z Higgs, top % &) [ZEARBIIZ on-shell & F

e 1T decay width. spin correlation ZEEE A NS

— ZIKRERGE DEHTE process [F5VERD generator [T{EE S

e LHA interface MHHR—k

e Fortran kR

— PYTHIA: Lund group Z 41T HepForge TRAFKRIT
o EIThRIE PYTHIA 6.4xx

—  HERWIG: BIZ#R T
o ARl HERWIG 6.510

« C++{EDNEHLNTLVS
— HERWIG++, PYTHIAS
e Fortran iR HERWIG 4> PYTHIA D EHR
o FLLY model PHEEEDBEALITHNTLND
— SHERPA

+ ME BEIFtEZ{T5 AMEGIC+ Z &
s ME-PS matching #1795 CKKW jZZx Em B IR



Hadron collision FH event generator (2)
Plug—in/ Hard process

e Plug—in Tool

— General-purpose event generator X2 hard-process generator @ plug=in

— PDFLIB, LHAPDF: PDF library
- PDFLIB [XBEF# T . D #%MEAH LHAPDF

— EvtGen: B decay

— TAUOLA/ PHOTOS: tau decay/ photon emission
e Z Was bHMERK. #i& LT package TEZfH
— JIMMY: underlying events for HERWIG

— CASCADE, ARIADNE: parton shower
e CCFM kt—factorization (CASCADE), color—dipole model (ARIADNE)

e Hard—process (ME—event) Generator

— Hard process DHZFHRL. ZD D ER5 X general-purpose event generator [Z{EH 5

— AcerMC: Higgs D background study FH generator collection
e ATLAS Higgs WG AMERLLT=H D HIR—X

—  AlpGen: ALPHA algorithm ZFL /= generator
e MLM 0 AIZE < jet matching #FEIRF B generator ELTEHNTLNS

— MadCUP: VBF (Vector Boson Fusion) F generator collection
— TopReX: top quark f&HTH generator collection
— GR@PPA



Hadron collision FH event generator (3)

Event—generator (matrix—element) generators 4t

Event—generator (matrix—element) generator

— Hard-process generator Z4& 357055 L ()

— CompHEP
User interface WX, ZAMREIXEF, &iEld SUSY [CEH

—  MadGraph/MadEvent
HELAS [Z graph BE)/ERZMZ =D, User interface HAFEE, MadEvent (& Web interface

— AMEGIC++
SHERPA D —%&f, C++

— GRACE

Cross—section integrator

— MC integration Z AL \f= cross section 515 — weighted events NSNS
VECBOS, JETRAD, MCFM, NLOJET++, JETPHOX, DIPHOX, etc.

—  $hFE B unweighting M{TZ N IE hard—process generator (25

ZDHhIZE . Feynman diagram ZBEMICERK T HFE(24EELI-T05
SLEE LVNALABLE tool BNTFEET S



WAWLAHBHHN. . .

\F =14 TeV at LHC (CTEQG6L,p, >20GeV,Inl<2.5,AR<04)
Condition given at the MC4LHC WS 2003

Cross section (pb) Number of jets

W-(ev,) +n jets 0 1 2 3 4
ALPGEN 3904(6) | 1013(2) | 364(2) | 136(1) | 53.6(6)
MadEvent 3902(5) | 1012(2) | 361(1) | 135.5(3) | 53.6(2)
GR@PPA 3905(5) | 1013(1) [361.0(7)| 133.8(3) | 53.8(1)

W+(e*v,) + n jets 0 1 2 3 4
ALPGEN 5423(9) | 1291(13) | 465(2) | 182.8(8) | 75.7(8)
MadEvent 5433(8) | 1277(2) | 464(1) | 182(1) | 75.9(3)
GR@PPA 5434(7) | 1273(2) |467.7(9) | 181.8(5) | 76.6(3)




Hard process (ME event) generator [&. IELWVEDZIELFE AL, &
NefFE-THH/EIIXREL

TlE. ENZFFES?
- [ZEEDEEDHEETIEMLIE-LDONEIERZRD
- WERRELGTERREZTTEICETS
Z{KD ME event generation [XIEREIZERIAMNMNSB
- BEOERELSIE PYTHIA Z2E DELY event generator THHHIBZEEMNZLY
- BT ENHSIEERF L. JUBENBWLERELNSEDEHEIH

BHITLERLTHS
TR

- DIEELERT S tool MEZTEI consistent THIFNIEAESAELY
Mass, coupling, energy scale, etc.
- Jet AL EE (X ME-PDF/PS matching RIREIZER
- BEHREAEEBBENTIERGAEL
Energy scale. PDF %L E DA EE
— Underlying event & EEEMNIRFEDLETTHMNLLENELZY
RINE I FHIBTT A-61Z(F QCD DEBELZ BN E



Double count [E1zE

Hadron collision FH event generator [ZH(T5
&Y SALAN ]

== ME-PS matching



B713 jet—multiplicity D ME O BLEHHE

Multi—jet event @ simulation. NLO event generation TIZELE&HEIWNE

n—jet ME + PS jet & (n+1)-jet ME D— 3P
NLZHHMIZELEHEHE double count

PS #{#+ 1< TH PDF [Z radiation DNEMNA-TLY
AN THEEILELC

— PS & ME O EZBRFEIZT D ENH S



By 7213 TR EFLATH 7N

W+ 0 jet ME [Z PYTHIA PS Z@ERL T Test of W-W+) merge using GRAPPA
Q% (= —t) < pe? = my2 D jet ZEK =

5 L=10pb (W —sev only)
W+1jet ME T Q2> u? Djet EEM z
ThoZERLEHED - SonaTrerged

E dotted: W

g 10° N |.\1['.\.xn:ﬁ
pr A HICHLMNIEM LA structure
MTETLES - | '
Double count [£EELAE 1= (LT =AY,
SEREMAFTELTINS - PS T
ITELTELELY Q2 < u? M non-
collinear A5 10
PYTHIA PS (old PS) A\ soft :BxX A% 0 10 20 30 40 S0 60 70 80 %0 100
BRED—272o7= p(W) (GeVic)

Les Houches WS 2003



— D@ event generator A T% double count

PS ME
(initial state)
T T T wa | Tf’ME e may be smaller than €, 2.
— | | e If smaller, fp« is likely to be

O e’ harder than f 5.

{iet (final state) A 2 jets Those events which should

4 ] ?ﬁ; be rejected at the ME level

/ & e may be accepted after the PS

ME ;j/ is applied.

N

ME TEREliEStH TLVS jet A PS THEE @SN TLNVS

PS jet A% ME jet &Y% hard IZRA¥755E . ME T %
E@ELTHBDON DML ES




BIZ(X. FEED sample ZEIXRO->TERLT HH ?
W+ 1 jet, p{jet) > 20 GeV/c
LTEDAHE

o pparton) cut & 20 GeV/c KYHWEHIZ/INSL T, W+ 1 jet
event generator T hard-interaction events 4 i,

PS/hadronization/detector simulation Z@9 — smearing
Jet reconstruction #1T2>T p{jet) > 20 GeV/c ZiE A
pparton) cut & Z T, p,(et) cut &M cross section NDEAt

RS T T =
e Z cross section MELBIELHAHHLIEIZ plparton) cut {E ppartony ot poiet) cut
ZiRDD
t:%h‘: ’ J%lﬁ'?‘ pjet) cut
e pparton) cut ZEZFET/NELTH cross section H—FEIZ EE ) . l
EZB@L\ §_\*% f o} i
. o .
o  FAXRTHBE. reconstruct INT= jet (& hard interaction 5 g ; e
50 parton EERELEDHAZL 5& | °

pAparton) cut



T3t

pr~ 10 GeV/c

W

CDFx%E process M ME FH & (TIEFEMHENELY
higher order (multi—jet) D F S M K=Y

e, PS DAMNMEBEMEDFHLFHEATES

£ E2 process M ME (& p; — 0 THELT SV, multi-jet HETHI
HIEN THPBEIZAS (Sudakov suppression)

low p; Tl& PS IZ, high p; Tl& ME IZ—E9 55 EITE LN ?



R IR R
Leading Order (LO) generator

PYTHIA/HERWIG @ ME correction Z(cs ¢*" production at Tevatron Run |
— PS TIEHIC hard % jet FTEMKL. &Y hard 77 jet DERTEER \
H 1-jet ME [T—ET B HkICHHIE
— Jet (X2 T PS TERMINSDT, soft ILEF7 L multi—jet ERLD
SETEAICHFIESNS
—  Event weight [FE#EX THE TELRFNILESEND T, W/Z/H
72 E D color singlet £ FKIZxt9 5 0 jet/1 jet M matching <I5LMZ

do/dp,. (pb/(GeV

LAvERATEGLY o N
Multi—jet event [ZX}9 % CKKW ;% i
— Ojet, 1jet, .. Z{ERIZERKT B (cut EIEMEYNSCT D) poa %
— A& D event & clustering FEFFALVT PS DIz I+ 5 =
— PS M F;EIZE > T Sudakov form factor & coupling M{EZEE{f —
suppression
— Event £RBFD cut LLT D soft ZLFHIKIZ PS & ﬂa\ A,
- PSOREETHELEDLEMNTES; ie, LL or MLLA =IN AN
MLM A5 ;
—  CKKW [ZfLTLYAAY, PS picture ~D {1+ Tl %< MEjet ,,,,, | li*”"?;;]i’.;-u,,d
(parton) & PS EAZIZHEEBRESINT: jet £D matching T A —0 P A
suppression 9 %

CDF Data: PP —+ Z + X at /s = 1.8TeV



R IR R

Next—to—Leading Order (NLO) generator
e MC@NLO

ME correction EREIFRIZ 0—jet event IZIEF(Z hard 73
B ETPS ZEAL. £ leading order DEHFE % 1-
jet ME M i5ZE L 5I< (subtraction)

Color singlet &71=I& heavy quark @ NLO event
generator; i.e., 0 jet/1 jet @ matching 0D+

ANBBI7E subtraction 250D T 1-jet event [ZE D cross
section HNEN S

Subtraction IHZR D= PS [T D IEFELIE
BHABE (EHAY 5 PS IT&E)

SNECAHFEZDHNDI(E HERWIG PS D H

e POWHEG

2T 1-jet ME HhHETE
Sudakov form factor Z 515 L T soft % jet & suppress
95

&R ET B process & MC@NLO EEIL (B group M
BAF)
B cross section NI

PS DERAENE#LL

WW production @LHC



7 Yiran
BEIRTE (F&H)
« PS #4#HIELT hard 2588 T ME [T—HS€5
— PYTHIA/HERWIG @ ME correction
— Hard 72 PS DIRAE DOV TOERELIBEHANE
« ME ZfHIELT soft 735818 T PS [T—HISsH 5
— CKKW j%. MLM 45 . POWHEG

— Sudakov suppression

— PS MERMEEZERT S

e ME M5 PS O leading order DF S5 FZEL5/<
— MC@NLO
- {EAY S PS ITkE
— negative—weight event WA D

:\ o0




R DFFREK

+71-. 0—jet/1-jet matching D H

Initial-state PS [EREIZ Q? < u2 DFEIHIZEH
— PDF LOEEM
PS @ leading order NDEF 5% 1-jet ME M5 ZEL 5|< (subtraction)
— Limited Leading—Log (LLL) subtraction
—  Subtraction [& Q? < u? MFEBLDH (limited)
— FHEIEHNELLSD T, subtraction D cross section [EHF R
— MC@NLO ERIFRIZE D cross section MIN DD, KELERETIEALY
Subtraction EDEEFMZRIET HT-OIZHEID PS Z1ERk
— QCDPS (by ER)
— EOHEHZ Leading—Log (LL) PS
— PYTHIA [ZT&ZE M5 angular ordering X2 gluon correlation 72 &E D FHIE [V SUVEE(Y
— RAEENFEAEE
NLO event generator |[ZFE R BE
— 0O-jet process IZ virtual/soft #1IEZ N Z AL NLO

Final-state radiation |Z&£#L3RAIBE — multi—jet process D matching



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

10

107

10~

10

DO
SHEOSIHE

exact ME

LL subtraction
W+ 1 jet @LHC

HEAFEDOREMEDT=8

pr>1GeV/c «—

80

70

60

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

FERICITFZELGZL

ME - LL

100

30 .
’
q8 = q W+,
20 .
. ‘e,
10 | — —
. -84 —=qW
0. | - T 8%%eccsesesesens
'.-.. 0 | ) - — - L2
K0 90 |I'lll |
-20
p~|-‘.W') (GeV/c) 0 10 20 30 40 50 60 70 &0 90

p(W) (GeVic)



total cross section (nb)

Factorization—scale {774
W production @LHC

“W+0jet” + “W+ 1 jet”
with LLL subtraction

30

/ w/o PS veto
°

20 : A——— WI eto

10 / Ur @Zﬁ'l‘ihill\é[ﬂ
inclusive — good ME-PDF matching
)
0.5 | 2

w/my,



PS branch kinematics

Subtract &L= LLL k% l& O—jet event (2S5 PS T recover 95
Visible 72 B IZIER (Q = up) B 5
— PS [& subtract L7z LLL iR ZIEFEICEIELZITIEE 510

W7 PS branch model MEANPHE
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Di-boson 4 Rt @LHC
GR@PPA v.s. MC@NLO

Plots: GR@PPA2.8—-dev5 + PYTHIA 6.419
Solid lines : MC@NLO3.31+Herwig6.510.3+Jimmy4.31.3
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