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Charm physics :
e'e” - y(3770) » DD

Charmonium physics and light hadron physics
F P(43) or hybrid_
e'e” > y(2S), I/v (%, Nese-r) * v T
- ¢(35) -
e A KerlZP) yn(2P) —
L DD m)\W\*DBJT

Tpw )

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

3
w(17D,} _ 2 M(D)

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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dd, =8*(P-p, —
2 (P=P, I02)(2 )°2E, (27)°2E,

11 |p1|
*2 2n) d¢,d(cos®,),

where
JIMZ =(m, +m,)?*][M? —(m, —m,)’]

|p1 |= oM

¢0,,C0S O, RILAIRINE) Sy A e =4

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
v Getting Started Offline
3
r Doxygen
If
Documents ¥ou Generator

Seryice T
Software Gui(/a

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 CERM (SLC), using T4+ language and GAUDI framework, The software uses some external HEP

v Calibration libraries such as CERMNLIB, CLHEP, ROCT, Geantd 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,

» Walidation

v Event Display

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

» DatabaseSve for users outside IHEP, click here

r WYSOL

12




Main Menu

» Home

v Getting Started

v Releasenotes

r Doxygen
Documents

Software Guide

» Generator

v Simulation

v Calibration

v Reconstruction
v Analysis

v Walidation

v Event Display

Database

v DatabaseSve
b MYSGL

» SOLITE

v Dictionary

Data Handling

v Data Description
v Data /0

¥ Baw Nata

Generator

Contents [hide]
1 General Information
1.1 Introduction
1.2 Generator framework
1.3 Mailing lists
2 Event (Generators
2.1 KEMC
2.1.1 Comments
2.2 BesEvtGen
2.3 Bhlumi and Bhwide
2.4 Babayaga
2.5 Inclusive Generators
2.6 Phokhara
2.7 Two-photon generators

2.7.1 Galuga
272 BesTwogam
2.7.3 BesBdkRe
2.7.4 1000

2.8 CosmicRay

2.9 others

3 Lists of inclusive MC smaples
3131/ w
3.1.1 BOSSeES: 226 Million
3.2 w(25)
3.2.1 BOSS655 106 million
3.3 W(3770)
3.3.1 BOSS6E55
3. w4040
2.4.1 BOSSE5E
4 Documents
4.1 Guides and manuals
4.2 talks and references
4.2.1 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” > (hy)y
(n)J /v
)y

CMS=>»Lab.
Syst. (Yan Ye)

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 "$OFFLINEEVENTLOOPMGRROOT/share/OfflineEventLoopMgr_Option.txt"

//*************]Ob Op'tions for genera-tor (KKMC)***************
#include "$KKMCROOT/share/jobOptions_KKMC.txt"

KKMC.CMSEnergy = 3.097;

KKMC .BeamEnergySpread=0.0008;

KKMC.NumberOfEventPrinted=1;

KKMC.GeneratelPsi=true;

//*************]Ob op-tions 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.RunIdList = {-9989};

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

"jobOptions_sim.txt" 38L, 1133B




THEREAFNZE:

» 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
https://docbes3.ihep.ac.cn/DocDB/0000/000018/001/guide.pdf
http://www.pv.infn.it/hepcomplex/babayaga.html

l KKMC l

YIEIEE: e'e > ff+ny, f=p,1.d.u,s,c.b. E. [m_1TeV]
&AFE¥E?EIectroweak Standard Model rin'_h_’\J_h

Hfl#*ﬁﬁt‘l‘%‘**%
H9-: LEP, SLC; 5k3E: Linear Colliders, b, c, t-LJ .

E‘Z*’Fm A
S S RimHI ﬁﬁmﬁj(ISR)ﬂ] i EHARAFRIARSIRITA
1

Ri(FSR), QED ZhE RS E 1 FE5A Coherent

Exclusive Exponentiation (CEEX) . FEETTLENT
i BN,

*ﬁnﬁﬁ?ﬂs%# E? SERY(PYTHIA), tau-i2FfY
ST TAUOLAR, i T ERRbRiT,

E;‘T& ‘\: &ﬁﬂ,
J /Iy, y(2S),y(3770),y(4030),y(4160),

YIS HITFAESNETE: PHOTOS

17



CEEX(Coherent Exclusive Exponentiation)

o 6% | SRFAFSREI R A H T3~z
o RS HERTFHIESTEIEEFPHOTOS

ISR
\\gv q
Q)
G
K
\ q
FSR
P -




®c’e” —» Resonance+ny(ISR/FSR)

Resonance : J/y,y(2S),y(3770),y(4030),

v(4160),y(4415),p,p",p", 0, 0",¢,¢",
®c’e” — lepton pair+ny(ISR/FSR)

ec'e” > qq+ny(ISR/FSR), g=quark

F P& -

iiﬁlﬂg J

SHRE

’\'L\HBE \\ iiﬁ.ﬁbiﬁt&\ 7

*}&lb\g ﬂj{ A S

RE. FEVLBFF. Bk4EBesEvtGenfyFF <.

19



v BesEvtGen2 E T EviGen =4 F 4 B tau—SREEX BY
=Y F, EEViGenfyfEBIEAE F, RN T EZHtau-
SEYIE R fE R

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 KZ BTN NE~E T, SSMBEERHA
ETRTIRIES RS mmtE, TR RT,
EvtGenE SR BT EREARTHIBIREE M,
FHEIXERER,

20



@ Selection Algorithm: (sequential sampling)
Consider the example:

B— D" 717 IRIEET LS s
=Dr b REEiERR I
EiRIgaE

@ Generate the B — D*7v decay:

P = Z |AE;D*‘T!J|E
Np* Ar

e Average over 7 spin and calculate the D* spine density matrix
o+ B—D*ryp AB— D"‘ﬂf
P \pe AL *'""'Aﬂ,, (*“"" )’
e Generate the D" — Dr decay

DY =Dy aAD* =D
P = Z = Iﬂ.:'iﬂq- ;,,L.r A}lD* (-I'q
A+ :-"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, F—RRTT O LIA—MREISkfEIA, 5
.

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

VIREEINRET, APALURIE | Decay psi(29)
8 R A R ST 1.0 J/psi pi+ pi- VVPIPI:

Enddecay
y(2S) > nl/yo>nne’e Decay J/psi
e 1.0 e+e- VLL;
Enddecay

End 23




vEvtGentRBIpYAIiE: A PRI LIRS

B KIEEvtGen & T 01 iE

BCORIRE!, EEvtGend, A Ttau—sZ¥IEREIF20N
i 4h, fEBesEvtGenH, E/IJ\\T30§7/\7F%’*” KT X R A HY
BRERAN, HRPEESZEEvtGen/BesEvtGenFHif.

vHARPEEZT AN

—h%ﬁ’l%i WA IR BR pdt.table X R HYE XIRE
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 7 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

| | I | + 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 GeV

+ M=mass in GeV

+ ID=STDHEP-ID

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

*

*  + TYPE

25




— BN B SN SEEBSE FROERES

4.17 JPE

Author:Ropne-Gane Pinge

Usage: BesEvtGen gu Ide
BrEr gamima pseudoscalar JPE

Explanation:

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

-
Example:

Decay J/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 FHIZEH

(

Decay BFfFRYRAFR
“ Br x, x, ..x, RTIRE (&%) ;

Enddecay

('llllllllll’-> End

—JL= PR

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

27



2. WMRENHE M%EI’J? EBR Xtz MKTFSENT
EvtGenE RS ITIX L EEI’Jﬁa\S'Zl:I: R

3. S(TH:\|1(3770)—>DI5 , DD HI{EFEZHKKNCHIZE

KKMC. ThresholdCut=3.7;

4. EvtGenE8/feEINNEFEREZTTRE
Lundcharm) F=4/Y. ’ﬁDecay‘Fﬂi’:’é?EEE

(T :I:I

28



vi&adHFBhabhaid%g:e'e —e'e” +ny(ISR/FSR)
Bhlumii& A F/»fBhabha( 6<6 )
Bhwideid F F X /&Bhabha( 6>6° )

v B EARTLEP1/SLCSEE:, LA fERAYLEP2SLEG

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

)

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

X]

AL
Ae

anp
oo
&3

29



> Babayaga
—fEete XHHEHL LM BRIE

R

_o(e'e” > BF)

Co(ete > ptp)

-RENE:

RESMAE

Ef: e'e >e’e,utu,yy

—BESII:e*e” > (y)e*e” (RADEE), (y)u*'n (MUGEN)(~ o)
— Babayaga :

#1
i

158 TR S B A K@

Ipatov — Altarelli — Parisi

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

Babayaga 3.5:

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

30



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

2:e’e” — (ny)u'w -2 1
3 :e+e- —> (n'Y)'Y'Y ..... Q V\ min
4:e'e” - (ny)n'n e e’

Gt 2% B

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

---cufts:
charged particles: E_, (MinimumEnergy),
mm(MmTheTchngle)
0,..(MaxThetaAngle)
MaximumAcollinearity
photons : MinEnergyCutG
MinAngCut6

MaxAngCutG

31



—IRARET:

K G R BT TR T

e+% e+,u+,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, (x,X,S) o(cuts)

Born-like XS ]

1. BRM_E, ISRFA
FSRA] LA [EEME
EM HEETE
M F 53R

2. Babaaya} f5&
FREETEE, T
A EBHEEIE

3. ¥l RASHFHEY
e TFEREEN0
1, —F401, B
B % R AR E
FF

4. 3B TIESBFSR,
IR ZE 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:
oo
2rn'n,2n 21
pp.nn, AA
°nn, KK, KK°
Tagged or untagged photons
Modular structure: easy replacement of hadronic form factor

NN

I




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’ (p)+e (P) > v (Q)+r(ky) >11@ |
1 sz - AN :

dG = 2—5 LHVHWd(DQ(pp pz;Q, k)dq)n (Q! qlqn) 2

L ., :leptonic tensor 1o NLO

FST for

H" :hadronic tensor, model dependent ce —rmm

34



e'ipy) 1 iky)
ATAVAVAYAVL — e — e NANNANN
f
Q) i 4 5_5 /
——aNS Ve TaVaTaVavey) U ee—
e(ps)
M, My M

Myq Muyn

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

EPJC24,71

e'(py) 7 (k) ks
e s L ATATAAVA —— AN —
A k) A ) A k
ACATATAVAVL LAV ATAT AV, Y JaTAVAVAV LY
A V(D A A k
R FAVATAT B e TAVAVAT — NN
elpsl
I Tz 1
ky k
N —_—NAANNN ——fANANN
A kq A A
L TAVATV AV VLY NS PN
A k A bz A ky
s s WA ATAYAVAY S TAVATAVATL Y S S A ATAATAY,
Iy T 1

Fig. 2. FEmssion of two real photons from the mnitial state i
t Fe™ annthilation into hadrons

The one-loop matrix elements contain infrared divergences.

These are canceled by adding the diagram with the two photons.

35



Final state radiation (FSI) to NLO

do = do;e, + dopey, + 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

0,08 | T T 0.25
= a 1.02 GeV b 1,02 GeV
< MY E BRI CevE T 3 02 e U SRR SO
-~ - "

- 0,15 e e SR .. ' |
— = ™ Ho cu
I ez " H
= £ ooa | TR S SR O SR SR S -
= ;
-T— o
1 0.05 SR N .
T e [
N . L. unmm 10
L~ RN S it LT AR, L ol
- i 6. 4 157 dr 0, = 16!
b : 4F < fie < 140
! —0,05
o1 J 1 I~. 1 02 03 04 05 06 07 08 09 1
j— - N 5 ) I,
" Q* (GeV?) 36
cos 0. JC33,333
. EP ,



Hadronic tensors:
v' > n'n (Phys. Lett. B611,116)

Switches in program: fO_model

v' = n’n'n” (EPTC47,617)

37



Eur.Phys.J .C18:497(hep - ph/0008262 )
Nucl. Phys. B (proc. Suppl. )98,289

38



EPJC35,527

Y —Pp, NN, AN PRD/75,074026

Pauli and Dirac form factor:

N 2
), = —ieti(q,) (KM (Q%)y, — 2 ff \iy.

2 QI)v(a,)

H, =J.J;

Nucleon form factors are determined by fitting exp. data

39



= AeIEN LAEERITRISHI=EF

PYTHIA history

the core member of the “Lund Monte Carlo” family

1978
JETSET

Note: time axis not to scale

1982
versions 1-7 PYTHIA

string frag. versions 1-5

ete— FSR pp, ISR, MI

PYTHIA 6.4

PYTHIA 6.1 i

2001 PYTHIA 7 : C++
2003 2003

PYTHIA 6.3 PYTHIA 6.2 THEPEG ! 2004
2005 i

: PYTHIA 8.0

2006 :

: 2007

Fortran 77 PYTHIA 8.1 40




Hadrons

75

o Hadrons

Hadrons

Finally the unstable
PP hadrons are decayed. ** er

41




1.. ﬁﬁﬁﬁ |M|2. Breit— 3. *ﬁ%lﬁ%ﬁ%‘j
Wigner
q— qg
d Z0 Z" g — ag
S a—qq
q RO a4
2. RIFAET 4. FIASERS FHESH
rig - :
LS w_ JLL E EEI
he* s
T g
W™ 7
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5. 889 F—®aF
N EHEE{ER

6. KRR

k=l
e e |
—_—

1.

il [l ] or

L a AUE

FF...

BESII: J/vy, y(2S), w(3770)

= Lundcharm model

43




PYTHIA Process Library

Ma.  Subprocess Mo, Subpracess Mo, Zubprocess Mo Subprocess Mo, Svbprocess Mo, SBubprocess Ma Subprocess
Hard QU proceszes: 6 Ly — L, WT New gauge hasans: Higgz pairs: Clampaositeness: 210 fufy — £ pf 4 || 250 fi— ¥

11 fif - & 88y — WHW- 141 £F - /202" 297 ff; — HERS 146 ey — o 211 £F; — Foi4 || 281 fg o it

12 5 — i 0 AWES BWE || 12 o, - Wt 298 £ —HEO® || 147 dg - 212 61 > Ret+ || 282 fi o duda

12 T — e Prompt phatons: 144 £, 5> R 209 f.f; — APLC 148 ug — uw' 213 £ — oot 283 g — dir¥a
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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/P ratio of u&d

PARJ(33) 0.8 0.6 digquark minium mass  parj(12) 0.6 0.66 ViP ratio of s

parj(126) 2 GeV 1 GeV g minumum mass parj(14) 0 0.62 axial Vector ratio

parj(25) 1.0 0.5 7 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 rlgq)pplq)
parj(2) 0.3 0.4 plss)/ pluu)
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Table 1. List of tuned parameters and their definitions. The ]
default values are taken from JETSET. [ J/w — llﬂ‘ht hadrons

Parameters Default Tuned Description O — (El)
PARIJ(1) 0.1 0.071+0.000 Piqq)/P(q) ‘= s
PARJ(2) 0.3  0.490 £ 0.002 P(ss)/ P(uu) = 4 -
PARJ(11) 0.5 0.100+£ 0.001 V /P ratio of u- and d-quarks w3 C
PARJ(12) 0.6 0.928 £ 0.003 V' /P ratio of s-quark E L
PARJ(14) 0.0 0.645+£0.001 axial vector meson ratio g o g
PARJ(15) 0.0 0.016 £ 0.000 scalar meson ratio = -
PARJ(16) 0.0 0.026 £ 0.001 another axial vector meson 1F
PARJ(17) 0.0 0.156 £ 0.001 tensor meson 0 :
PARJ(21) 0.36 0.427 £ 0.001 o, width of Gaussian 0 - lLD — 15
PARJ(25) 1.0 0.366 £ 0.001 1 extra suppression N
PARJ(33) 08 0.338+£0.002 digquark minimum mass trk
PARJ(126) 2  0.813 = 0.001 ¢g minimum mass CHIN. PHYS. LETT. 31, 061301 (2014)
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