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Charm physics :
e'e” - y(3770) » DD

Charmonium physics and light hadron physics
= PY(48) or hybridi
e'e” > y(2S), I/v (%, Nee-r) * wam T ]
i (38) - 1
e R KerZP) w2 —
L DD mm\“ﬂﬂwﬁ

Tp,w. )Y

t & QCD physics
e'e” — 11, light hadrons

Mass (GeV/c®)

Precision : reson. Para. & Br. 1% or more
dm_ ~ 0.09MeV
Challenge: precision (syst. Error dominant )

High precision event generators: KKMC, EvtGen,
Bhlumi, Bhwide .....
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101 Ipll
4(2 X d¢,d(cos®,),
where
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P, = N

¢0,,C0S 0, RILAIRINE) Sy A e =

Decay J/psi

1 mu+ mu- PHSP;
Enddecay

End

-Weight events

-Un-weight ev%nts
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http://docbes3.ihep.ac.cn/~offlinesoftware/index.php/Main_Page

Offline Software Group

Main Menu Main Page
P Home
» Getting Started Offline
3
r Doxygen
If
Documents ¥ou Generator

Seryice T
Software Gui(/

Page

Discussion

Wiew source

History

W atch

ReleaseNotes http://docbes3.ihep.ac.cn/~offlinesoftware/index.php/

» Generator The BESII Offline Software System (BOSS) is developed on the operating system of Scientific Linux
» Simulation CERNM (SLC), using C++ language and GALUDI framework, The software uses some external HEP

v Calibration libraries such as CERMLIB, CLHER, ROOT, Geant4 etc, The CMT is used as the software configuration
» Reconstruction management tool. MYSQL is used as database server.Please take a look at the 'Links to External

» Analysis Software' for more information.

v Walidation

v Event Display

BOSS software source code CWS repository
Database for users inside IHEP, click hered

v DatabaseSyc for users outside IHEP, click here @

r MWYSOL
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Main Menu

» Home

v Getting Started

v Releasenotes

r Doxygen
Documents

Software Guide

» Generator

v Simulation

v Calibration

» Beconstruction
v Analysis

v Walidation

v Event Display

Database

v DatabaseSve
b MYSQL

y SQLITE

r Dictionary

Data Handling

v Data Description
v Data 1/0

v BAaw MNata

Generator

Contents [hide]
1 General Information

1.1 Introduction
1.2 Generator framework
1.3 Mailing lists

2 Event (Generators

2.1 KKMC

2.1.1 Comments
2.2 BesEvtGen
2.3 Bhlumi and Bhwide
2.4 Babayaga
2.5 Inclusive Generators
2.6 Pholkhara
2.7 Two-photon generators

2.7.1 Galuga
202 BesTwogam
2.7.3 BesBdkRe
2.7.4 D00

2.8 CosmicRay

2.9 others

3 Lists of inclusive MC smaples
313/ w
3.1.1 BOSSeEE: 226 Million
3.2 w(25)
3.2.1 BOSS655 106 million
3.3 W(3770)
3.2.1 BOSSEEE
3.4 w4040
2.4.1 BOSEEEE
4 Documents
4.1 Guides and manuals
4.2 talks and references
4,21 talks
4,2.2 Referemces
5 Other Links
5.1 KKMC
5.2 Babavaga
5.3 Phokhara
5.4 PYTHIA
5.5 Bhwide
5.6 Bhlumi

5.7 CosmicRay
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KKMC(ISR) + BesEvtGen(FSR)

ee” > (ny)y J/y —> X
(W 7y y(2S) > X
(nv)w v - X

CMS=>Lab. G4
Syst. (Yan Ye) T

Both for exclusive
and inclusive
decays

GenBes: obsolete

Not recommend to
use 14




KKMC+BesEvtGen joboptions

workeara703/TestRelease/TestRelease-00-00-86/run/
jobOptions_sim.txt (J/psi), jobOptions sim_psip.txt (psi(2S))

#include "$O0FFLINEEVENTLOOPMGRROOT/share/OfflineEventLoopMgr_Option.txt"

//*************job Options for generator (KKMC)***************
#include "$KKMCROOT/share/jobOptions_KKMC.txt"

KKMC.CMSEnergy = 3.097;

KKMC .BeamEnergySpread=0.0008;

KKMC.NumberOfEventPrinted=1;

KKMC.GenerateJlPsi=true;

//*************job Options for Ethen***************
#include "$BESEVTGENROOT/share/BesEvtGen.txt"
EvtDecay.userDecayTableName = "rhopi.dec";

BesRndmGenSvc .RndmSeed = 100;

#include "$BESSIMROOT/share/G4Svc_BesSim.txt"

//configure for calibration constants
#include "$CALIBSVCROOT/share/calibConfig_sim.txt"

// run ID
RealizationSvc.RunIdlList = {-9989};

#include "$ROOTIOROOT/share/jobOptions_Digi2Root.txt"
RootCnvSvc.digiRootOutputFile = "rhopi.rtraw";

"jobOptions_sim.txt" 38L, 1133B




THERE&FNTE:

» KKMC
»BesEvtGen
»Bhlumi/Bhwide
» Babayaga

» Phokhara
»PYTHIA
»Lundcharm

» Two-gamma

B2 3 HR:
KKMC

1.S. Jadach, B.F.L. Ward, Z. Was, Computer Physics Communications
130(2000) 260-325

2. S. Jadach, B.F.L. Ward, Z. Was, Physical Review D63 (2001) 113009
BesEvtGen:
1.David J. Lane, Nucl.Instrum.Meth.A462:152-155,2001

2.

3.

Babayaga

1. G. Galossini, Nucl. Phys. B758(2006) 227-253
2.

Phokhara:

1. http://ific.uv.es/~rodrigo/phokhara/

Cosmic Ray

1. Allkofer et al, Phys. Lett. 36B (1971), 425;

2. A.Dar, Phys. Rev. Lett. 51 (1983), 227
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http://bes3.ihep.ac.cn/group/offline/SofPro/generator/docments/guide_EvtGen.pdf
http://bes3.ihep.ac.cn/group/offline/SofPro/generator/docments/guide_EvtGen.pdf
http://bes3.ihep.ac.cn/group/offline/SofPro/generator/docments/guide_EvtGen.pdf
http://bes3.ihep.ac.cn/group/offline/SofPro/generator/docments/guide_EvtGen.pdf
http://bes3.ihep.ac.cn/group/offline/SofPro/generator/docments/guide_EvtGen.pdf
http://bes3.ihep.ac.cn/group/offline/SofPro/generator/docments/guide_EvtGen.pdf
https://docbes3.ihep.ac.cn/DocDB/0000/000018/001/guide.pdf
https://docbes3.ihep.ac.cn/DocDB/0000/000018/001/guide.pdf
https://docbes3.ihep.ac.cn/DocDB/0000/000018/001/guide.pdf
http://www.pv.infn.it/hepcomplex/babayaga.html

VBT ete > ff+ny, f=p,1,d,u,s,¢c,b. E,_ e[m_1TeV]
iX/l\F”_¥_%€FEIectroweak Standard Model XTJX/\;LLF 5

IR E SR
}Qﬁ%ﬁﬁﬁ?: LEP, SLC; #3k: Linear Colliders, b,c, t—I

B
e R IR (IS %g&%ﬁ% AR

B7 (FSR), QEDHE 13 Coherent
Exclusive Exponentlatlon (CEEX) & FHE ol e+
S AR

Z TR R TR BT RS A (PYTHIA) , tau—8-1H
SR FITAUOLARE, E608 7 EIRERACHRY.

i%;iiﬁ%‘ﬁﬁ Iy, y(2S), y(3770),(4030), y(4160),

v (4415),p,p',p" 0,®',d, '

v RERTHIFESHMEIE: PHOTOS

l
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CEEX(Coherent Exclusive Exponentiation)

o B85 | SRFAFSREI M K H 353
o RAST R FRVIESTIEIEERPHOTOS




®c’e” —» Resonance+ny(ISR/FSR)
Resonance : J/y,y(2S),y(3770),y(4030),
y(4160),y(4415),p,p".p" @, 0", 9,9,
®c’e” — lepton pair+ny(ISR/FSR)
ec’e” > gqq+ny(ISR/FSR), g=quark

F P& -

Eﬁﬁﬂg JJL.‘HI.’.E\ Eﬁﬁﬁb*ﬁtﬁ\ N *}E:u\gﬂ.i(\ a“s*}E
SRE. BEYLEBIF. Bk4BesEvtGenBIF X,
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v’ BesEvtGen2 E T EviGen =4 F . B tau—SREEX BY
=Y F, EEViGenyfEBIEAE F, RN T EZHtau-
SZIRRY AR Y

vEvtGenfZ4 FE2BaBar MICLEOS{ELABE S L BN, A
WsBYIIE AT HI Y 2 F

vEvtGen LS5 EBm AN, MM EZFFREEREEN
EEETELY, WRETESHE~EFr9EO, W
PYTHIA, PHOTOSZE.

vBesEvtGen K Z BT NE~EF, SLIMBIEIERHA
ETRTRIBE RN Sk meE, STRIEKFT,
EvtGen S EEW Bt HEZRARTHBIREE M,
FIE{1R<EEIERK,
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@ Selection Algorithm: (sequential sampling)
Consider the example:

gD o R AT DA s
Drlomr sk BRI SR H B i
B PRIE

e Generate the B — D" decay:
p— Z |AE—}WD*T:J|E
Ap+ Ar

e Average over 7 spin and calculate the D* spine density matrix

D+ B—D* - E‘—}D"‘Tw
Paps AL, A,xﬂ* (A )’

e Generate the D" — Dn decay

DY —=Dmyg aAD* —=Dry+
P = Z = ﬂlﬂ* .}L" Alg* (Jq
Ap+ l’

21



@ selection algorithm (cont.)
@ Calculate spin density matrix for the r:

~D* B—D* B— D
Pr AL = F‘AD. Ab. Axo HT!—*{A ao )
}'.Di
with
~D* — AD*—=Dmw g AD*— D
P.-}I.Di — A}Lgt {A :]'

e Generate the 7 — v decay

- T T— Ty T— M %
P = E I?A,A;AA, ( AL )
A AL

@ These steps allow us to generate each mode the decay chain
independently.

e Generalize to arbitrarily long decay chains.

e Calculation of probabilities and spin density matrices are done by
the framework.

22



vViEEvtGend, B—RETT O LIAH—MEESkHEA, 5
.

v(2S) > n'nJ/vy, then J/y —>e’e”
Model: VVPIPI VLL

VB RET, APALUEE Decay psi(2S)

BRI ERIAYZE 32 R SLI. 1.0 J/psi pi+ pi- VVPIPI;
Enddecay
y(2S) >nnl/lyo>nnee Decay J/psi
T— 1.0e+e- VLL;
' Enddecay

End 23




vEvtGenfZ BRI G : F PR AR

B K{EEvtGenE B TG E

B2 8RE, 7EEvtGend, F] - Ttau—R4IERREIF20
EE; EBGSEVtGenE]a E/IJ\\T3O§7/\7|;;-<J;IJ 9&?12&1‘%@5"]
BIRERAN, HPEESZEEvtGen/BesEvtGenFHf.

vARPEEZTRHRAAN

—h%ﬂ’]%% WA R BB pdt.table XX R HYE IR
pdt.table @BossCvs /Generator/ BesEvtGen / share

24


http://bes3.ihep.ac.cn/group/offline/SofPro/generator/docments/guide_EvtGen.pdf
http://bes3.ihep.ac.cn/group/offline/SofPro/generator/docments/guide_BesEvtGen.pdf

—EvtGen L 1FHH P E XFTRL 7S

5 BPAIMBRTF, IBERY
pdt. table DS RIFSIEBRNIDSES!

*

type name id mass/GeV width/GeV max_Dm/GeV 3*charge 2*spin lifetime*c/mm Lund-KC
add p Parton d 1 0.0099 0] 0] -1 1 01

*

* Dummy particles for users to change properties & simulate new particles.

* Convention for the numbers after the "dummy": charge spin_serial
*

add p Meson dummy00_1 51 1 0.1 10 O 0] oo

| | | | + KC=Lund internal code
| | | + T=c*lifetime (mm, alternative to W)
| | + S=2*spin

| + Q=3*charge

+ WM=max deviation from mass

+ W=width in 6eV

+ M=mass in GeV

+ ID=STDHEP-ID

+ NAME=name to be used in printout or as char string to identify particle

*

* . TYPE

25




— RN A SANLERBSE FHOERAS

4.17 JPE

Author:Bone-Gane Pine

Usage: BesEvtGen guide
BrEr gamima pseudoscalar JPE

Explanation:

This model is constructed for a vector decayvs into a photon plus a pseudoscalar, e.g. J/¢» —

-
Example:

Decay 1/psi JFE: gamma eta cHY)NF
1.000 gamma eta_c JPE; Z:ﬁléaig’ *Egg}ﬁﬁﬂ’g ﬁ%

Enddecay
NG

Notes:

Helicity amplitude used.

26




—— Decay FHILH

(

Decay BFRTHIZFR
‘4 Br x, x, ..x, RERE (BH) ;

Enddecay

('llllllllll’-> End

—JL= PR

. MRETHPE LR RBIEE DT XL
*%ﬁ: EthenJQré:\?zzEE MTNEHNRT -FL_
RT, TTERAZZRENTRPINEHNET
HE

27



2.

3.

EvtGenEE4%

WRENH M%E’J?
SRF X LE éH’J’\Eztts

iﬁlw(3770)—>Dl5 , DD BIEEZEHKKNCHIRE

KKMC. ThresholdCut=3.7;

4. EvtGenEReEEINTIEIREER RTTIRE

ARERT

EAY. 5Decay<H

Lundcharm) 7=4

Btk MAKTFeE /N
s FhY3—.

) ;g

28



vi&dHFBhabhaig3g:e'e —e'e” +ny(ISR/FSR)
Bhlumii& i F/)\fBhabha( 0<6 )
Bhwidei& i F X fABhabha( 6>6" )

v 2 HAR TLEP1/SLCSELS, AR fERAVLEP23EE:

VISE: Bhlumi, 0.11%(@LEP18E[X), 0.25% (@LEP2
geE[X)

Bhwide,0.3%(@Z-boson peak), 1. 5% (@ LEP2
)

anp
oo
|

29



> Babayaga
—fEete XHHEHL LM BRE

R

_o(e'e” > BF)

Co(ete > ptp)

-RENE:

BESRENEET: e'e se'e w'n .y

—BESII:e*e” - (y)e*e (RADEE), (y)u*pn (MUGEN)(~ %)
— Babayaga :
FI A58 F RSt B 3R R ipatov — Altarelli — Parisi

i

(Ref: 6.Galossini, Nucl. Phys. B758(2006) 227-253 )

Babayaga 3.5:

http://www.pv.infn.it/hepcomplex/babayaga.html .



-- BESIII K fiihiiA :
P24 T 4% Babayaga
- - FH P s T
M l:e'e” > (ny)e'e”

2:e+e- N (ny)u-pu- Ve ...... eI'T]aX
3 :e+e- —> (n'}/)'yy ..... ‘14\ ‘\ min
4:e'e” > (ny)n'm e e’

G 2% E

Running o : O=off, 1=on
FSR switch (for ICH=2): O=0off,1=0n

---cufts:
charged particles: E_, (MinimumEnergy),
mm(MmThe'rchngle)
0,.. (MaxThetaAngle)
MaximumAcollinearity
photons : MinEnergyCutG
MinAngCutG

MaxAngCutG

31



— IR

K G R BT IR T

e+% e+,|,t+,7t+
Y

LA T -

o (s) = [ dx,dx,dy,dy, [ dOD(x,, Q*)D(%,,Q%) x

D(y,,Q°)D(y,,Q?)

ZE K2 PR KL ]

do, (Xx,X,S) o(cuts)

Born-like XS ]

1. BRM_E, ISRFA
FSRAT LA [EEME
b HFEERTE
M F 53R

2. Babaaya} f5&
FREETEE, T
A EBHEEIE

3. ¥l RASHFHEY
e TFEREEN0
1, —34019, B
B % R AR E
FF

4. 32 TIESBFSR,
IR 1RZE 0. 5%




Phokhara 6.0 (realsed at Dec. 2006)
Source: http://ific.uv.es/~rodrigo/phokhara/

Fixed order radiative corrections: NLO accuracy
Leptonic channel:  p'p”
Hadronic channels:
T
2rn'n,2n 21
pp,hn, AA
°nn, KK, KK°
Tagged or untagged photons
Modular structure: easy replacement of hadronic form factor

noN

(o Jo]




Physics and techniques

radiative return method:

e"+e —>vy+vy,y — hadrons
To measure o, , over a wide range of energies

[(1Initial state radiation (ISR) to NLO

e () +e (p,) > 7 (Q)+v(ky) % |
1 dQZ - AN :

dG = 2—5 LH\,HWdCDQ(pp pz;Q’ k)dq)n (Q! qlqn) 27_[:

L ., :leptonic tensor 1o NLO

FST for

H" :hadronic tensor, model dependent €ce =Imm

34



e'ipy) k)
h AAAVAAS et A/ e ——e——pANANN
E‘L-Z ,
N
710 i A 5_5
elpy
M, My M

Mya Myn

Fig. 1. One-loop corrections to initial state radiation in
ete™ = ~ 4+ hadrons

EPJC24,71

e'(py) Tk ks
e . L ATATAVAV L —— AN —_— N
A ik A ky k
ACATATAV AV L AVATAVAVLY . JaVatavivav
& VIO A ky
e PAVATAT B e TAVAVAT —— RN
e ;)
I Tz 1
kg k
— —_—NAANNN ——fANANN
A kq A
L TAVAT VLWLV LAVAT AN, AATAY
A k A ka ky
e e TATATAVATAY s TAVATAVAYLY S S A ATAATAY,
Ty 1 1

Fig. 2. FEmission of two real photons from the mitial state i
f Fe™ annthilation into hadrons

The one-loop matrix elements contain infrared divergences.

These are canceled by adding the diagram with the two photons.
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Final state radiation (FSI) to NLO

do = do;g, + dopgy + dopyr

ISR: dominated by photons collinear to beams

FSR: dominated by photons collinear to hadrons

INT : asymmetry, used to test the FSR model

recipe: ISR and FSR can be distangled by
properly setting angular cuts

0,05 | T | 0.25

2 a | 1L02GeV b L02 GeV
= o m"""""_':('f??"Ef_if_{')':ﬁ'ﬂiﬁi')'._if‘)"f_;."ﬁvzgl ___________ -:' 0.2 |4 R R S S—

::'5 H H i H
< % |
_ T S g SN SO S FERS ]
= L—* 012 " no cuts

':~ 2 ..i -

B 98] [ (S SN
Il i 0.1 i o -1
= ] i m

T e -
L ; 0.05 ISR S S ¥ .-
i t: o (o I " ™

ny i ? - [ e I-‘“ 10
El 0 ':'“' """"l“.inm-!!!‘.'. '“

= i ) 0. < 15% dr 0, > 165°

5 46° < e < 1407
—0.05
o1 i L 1 2 03 04 05 0.6 07 08 0. 1

o, 7 EPJC33333 U
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Hadronic tensors:
v" > n'n (Phys. Lett. B611,116)

Switches in program: fO_model

v > n'n'n (EPJCA7,617)
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Eur.Phys.J .C18: 497(hep - ph/0008262 )
Nucl. Phys. B (proc. Suppl. )98,289
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EPJC35,527

Y —Pp, nn, AN PRD75,074026

Pauli and Dirac form factor:

N 2
) = —ieti(q,) (F*(Q%)y, — 2 f \iy..

2 QIv(a,)

H, =J.J;

Nucleon form factors are determined by fitting exp. data

39



= RERT YL B3R R AT RIS

e

.
-t
bt

PYTHIA history

1978
JETSET 1982
versions 1-7 PYTHIA
string frag. versions 1-5
ete—, FSR pp, ISR, Ml
PYTHIA 6.1 -
2001 PYTHIA 7
2003 2003
PYTHIA 6.3 PYTHIA 6.2 THEPEG

2005
2006

PYTHIA 6.4

Fortran 77

the core member of the “Lund Monte Carlo” family
Note: time axis not to scale

C++

2004
PYTHIA 8.0

2007
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PYTHIA Process Library

Mo, Bubprocess Mo, Subprocess Mo Bubprocess Mo,  Subprocess Mo Subprocess Mo,  Bubprocess Ma Subprocess
Hard QUT} processes: 36 Ly — L, WT New gauge hasans: Higgs pairs: Campaositenass: 210 fufy — i+ || 250 fag — dun¥s

11 fif — &f; 69y — WHW- 141 £F — /202" 297 i — HEL® 146 ey — &' 211 Bl — Ao+ || 251 fie o Gerie

12 1% — & AW 2"WE | e 1F Wt 298 ff; — HTH® 147 dg— 2 212 £F; Rt || 252 fe— dui

13 6f —ee Prampt photons: 144 £f; =R 299 ff; — APR" 148 ug— u' 213 £f - et 253 fig— dir¥a

8 feg—fg 14 fz'fz' — gy Heavy SM Higgs 300 ff; — APH® 187 quay —d'ar 214 £F— Bt e fag— it

53 gg— hlk 18 fify—yy 5 TP S K 301 £f > HYH- 168 quay — v'an 316 15— T 286 g — G503

88 gg—ee 20 fig—fiy 8 WHW- 1 Leptagquarks: 168 af, — eter¥ - | 2v o £F - e 255 fig—Gug
Soft QCD processes: 114 gg — vy 71 ZPEY - ZPED 145 qufy — Lg 168 f'z.i:'z.(_) ']f+fZD) =Ll ([ 545 £5. — 7ais 259 fz',g: — diRE

91  elastic suattering 115 gg— gy r2 Z8ZY - WHWL 162 qg — fLg 166 fifi(— W) — iy N9 £F o wae || 2L Tde— bl

92  single diffraction (X B) ([ Deeply Inel. Scatt.: 73 ZEWE — ZRW% 161 g — Lglg BExtra [Hmensions: 20 £F: — T1% 262 fz-ft- — fa88

93 single diffraction (AX) 1 &if; - &f 6 WHWL — 2P 164 i, — Lolg RIS e 21 15— 515 263 - i+

34  douhble diffraction 9% 'gq—q T W%W% — WEWE Techmcalar: 292 gg— GF 599 fz?z L Fi5a 264 gg — ELE‘{

98 low-pL production Phaton-ind uced: EEM Neutral Higgs: 149 gz — e 293 gg— Gt 595 ;{I . ;zge 265 gg — Gtd
Open heavy Havour: 33 fiy—fig 151 £, - H° 191 £F - o 394 dg—al? 24 F— 5a% 271 &k = Gl
(also fou_rf:h genga,tion} 34 fiy— f{y 152 gg — H® 192 f»zi.' . Ptt 285 gg — gGY 505 le}fl N DEE%‘I 272 i — dirdsr

8l fif: — O 54 gy — f,-{k 153 gy — HO 193 £ — ol Left—right symmetry: 26 fz?"‘ N Dfi%‘; 273 féfj — Jandyr+

82 gg— Unlyy 58 gy — fifs 171 £f — 20" 194 i - 4T 341 iy - HEE 297 fzf _ DE:IQ:)f:iF 274 féfj = i

83 ifi — Qub 131 fyh — fie 1m2 &I — WHH® 195 £5 — BT 342 faty - Hpt 8 if xaxe 2t - drdla

34 gy — Quly 132 &yt — e 173 fifr s 4,00 1 65— whw- || 24 f?;’]' — HFteT ol 5 e ove Gl - dudiat

8 yy— BuF 133 Inh — iy 174 fify — £ fH" 262 i - wiar || 344 &r-H ie* Sk arr £ o dadin
Cloged heavy favour: 134 £, — iy 181 gg — Qg H® 969 ;{, _ ?T+L;T—tc 348 fHy—H i#ﬁ 280 £y — a@}fii 278 ff:— &rER

86 gz — I/ 135 gyp — iF 182 q; — QuCHC s e | S Aad W 2L My =% N 2 e - qudls

87 g — ¥ocE 136 gyl — ff: 183 f.f, — gH® 265 ;{, - M k3 347 f'}’l’ — HpET 23z fz'i'f' - )f‘”fii 280 gg — duwrdlir

88 2 — X 137 Ayt — 1 184  fig — LH® 266 fzf %Er 3 348y — Hztr¥ 233 fy — KXy 281 hay— bda

89 g — ocg 138 A3t — Bk 185 gg — gH® ser 1T gonie 345 fif - HpVvHp~ B4 By o0 | g bas - bades
104 gz — xoe 136 4k 1T 156 £F, — A” o Pre || 380 &F - HEFHZ" 25 by —Xie | 28 b bidmt
105 55 — xac 140 iyt — T 157 gg — A® 68 Lh - Wi”tgc 351 fufy - HifHEE 236 fufy — i3 284 b, — bl
106 gz — /gy 80 qiy— qur 158 yy— A° 376 Ly — Wﬁg 352 fify — GEHET 287 £ — i 295 b, — Fod
157 gy — J/dg Ticht 5M Higes: 176 £, — ZEAD 371 fz'f_-; — “;1_, ?;tc 353 f,1y— Z% 238 fz'iz' — X2 286 bc—lz. —k 151;73-1—
108y — Jfiby 3 £ 10 177 £F — WEAP 32 R ol | 854 £ - WE 239 ff > E% 987 £F. — Bt
W 7 productian 24 £F, — ZOH° 178 fif; — f.4;A° i — Trtcgcg SUSTY: 240 ff—Ev 288 ;{, . Ei

1 £F -yt /70 26 £ — WL 179 fif; — fHAC e s — oy 201 £ — &8 241 85 =8 || ge5  pe - bebt
2 £ - W 32 fio — £ 186 g — QuLA° s ffy — zofgo 202 £1 > Epéh o4z £F s gt 260 zz _ Eigf

22 fF - Z°5° 102 gz —1° 187 Qi — Qul,A° 16 iy > Whme | 208 £T, - geh+ 243 £f:— g o1 b BT

23 £ - ZoWHE 109 py— KO 188 £F - AP vy 5F > WL || 206 £ = Bopt 244 zp — 5B e Lh ELEL

25 £F - WHW- 116 £T;— b® 18¢  fig — LA® 381 quay — quy 205 £F:— Gaik 246 R —aund | e o - s

15 £ — gZ2° 111 £T; - gh° 180 gg — gA® 382 qil — aTy 206 £f. — frih+ 247 R =Gk | o0 Eiuz

16 £f — gWE 112 fig — £.0° Charged Higgs 383 qi; —eg 0T fifs — BT 248 fig — ks g ~1%

30 fe — 120 113 gz — gh® 143 £F - HE 384 fig —te 208 £ o Rfy 249 fg o Guria || 29° P heE

. fg— W 121 gg— Q.G H° 151 fg— HHT 385 g — ATy 200 £ FA o+ 296 bh — hibi4

19 £F —4Z° 122 g — Quapk° || €01 ge — ToH* 386 gg —er

20 £ -y WE 123 £l — L0 402 g — ToH* 387 fifs > ey

35 ey s HZ° 124 fif; — ffh° 383 ge — Gl
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Decay Parent_particle_name
Br. X;X,... PYTHIA mode;
Enddecay

QEDI# T 1IFE:  e'e” — »" /Z — light hadrons
Decay vpho

1.000 PYCONT;
Enddecay
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Phys. Rev.D, 62, 034003(200( ﬂ ‘
Jhy Jhy WI/V leptons
N — f . w(2S) Charmonia w(28) hadrons
. REEEENAEREEET - o o [T
(BESII) o -
ggg
Jhy gg Jhy IR
o Y(28) IRER R hadrons w(28) hadrons
. BETIETSET7AKS K B B S R
TABLE I. Parameters of JETSET7.4 tuned in the charmonium generator.
Dynamic parameter Particle ratio
Parameter Def Tuned Description Parameter Def Tuned Description
PARJ(21) 0.36 0.5 o, width of Gaussian  parj(11) 0.5 0.60 V/IP ratio of u&d
PARJ(33) 0.8 0.6 diquark minium mass  parj(12) 0.6 0.66 VI P ratio of s
parj(126) 2 GeV 1 GeV gg mimnimum mass parj(14) 0 0.62 axial Vector ratio
parj(25) 1.0 0.5 n extra suppression  parj(15) 0 0.12 scalar meson ratio
parj(16) 0 0.12  another axial Vector
parj(17) 0 0.10 tensor meson
parj(l) 0.1  0.09 plgq)pplq)
parj(2) 0.3 0.4 plss)/ pluu)




Lundcharm BRE K1 ¥4t

> S8 N RV CHIN. PHYS. LETT. 31, 061301 (2014)

P e 20T 8. Professon, Rivet,
Exp. : TASSO, ALEPH, DELPHI, LHC

f(po+op. ) =ay’ (x) + > ai’ (x)dp;
/ f =1

2% niE=s —
2 OMWE SN a? ()op:idp;

1i—=1 5=1

~ MC(pO + 5p: m):

SHC WIS (0 R R 5

_ OMC(x) sop; _ OInMC(x)
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Table 1. List of tuned parameters and their definitions. The
default values are taken from JETSET.[

Parameters Default Tuned Description
PARJ(1) 0.1 0.071 & 0.000 Plqq)/Plq)
PARJ(2) 0.3  0.490 £ 0.002 Piss)/ P(uu)
PARJ(11) 0.5 0.100+£ 0.001 V /P ratio of u- and d-quarks

Events (10?)

J/1v — light

hadrons

Ntrk

(a)

15

CHIN. PHYS. LETT. 31, 061301 (2014)

PARJ(12) 0.6 0.928 £ 0.003 V' /P ratio of s-quark
PARJ(14) 0.0 0.645+0.001 axial vector meson ratio
PARJ(15) 0.0 0.016 £ 0.000 scalar meson ratio
PARJ(16) 0.0 0.026 £0.001 another axial vector meson
PARJ(17) 0.0 0.156 £ 0.001 tensor meson
PARJ(21) 0.36 0.427 £ 0.001 o, width of Gaussian
PARJ(25) 1.0 0.366 £ 0.001 1 extra suppression
PARJ(33) 08 0.338£0.002 diquark minimum mass
PARJ(126) 2  0.813+0.001 gg minimum mass
250 F @ am? ®
E) 200F :
S :
E:’ 150 _ 300
§ lf}ﬂ;— ‘ 200
SR | 100
05 R R | 0
N

Events (10%)

0.0 0.5 1.0 1.5
Sphericity

()

VI I |
0.5

Aplanarity

T 1 T 1
1.0
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JB—: ElA=137,C=187,M=256F1X0=1 FA £ 14 B & 152 34 FE WL 3L
F24ERENLEL, ARG H 34y A E .

S = EWIBreit-WignersM i f(x) = - ——— T LG HHiA%)f

T (x—x, )2 4T

BE x; = xo + Teot(n&) BE], Hrp, & RFE0,1)X BRI FENEL .

A= WRE&,, & RODZAHATHMPAIBENE TR, REFHET
BENLAS B )% B 47 AT BR &L

1 X1=§5, 2X,=%§1+&, 3.X3=§ &,
FHH R HIER R E 2 R IEF .

@8N : E /Y > ete BRY, BTHRARZXY = cos ORI MEE
EENS(0) =2 (1 +x2), HHPRBEHIZE R iR RS RIS MR
o
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