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Developed in about ten years 

 

Generators for Bc meson and Xicc baryon events 
 

1) << BCVEGPY1.0 …>> Comput.Phys.Commun.159, 192 (2004) – S-wave 

2) << BCVEGPY2.0… >> Comput.Phys.Commun.174, 241 (2006) –P-wave 

3) << BCVEGPY2.1 …>> Comput.Phys.Commun.175, 624(2006) – Linux 

4) <<BCVEGPY2.2…>> Comput.Phys.Commun. 183,442 (2012) -  Present version 

 

====  BCVEGPY    ======= GENXICC    ==== 

 

5) << GENXICC1.0 …>> Comput.Phys.Commun.177,   467 (2007)  

6) << GENXICC2.0 …>>  Comput.Phys.Commun.181, 1144 (2010) 

7) <<GENXICC2.1 …>> Comput.Phys.Commun. 184 , 1070(2013)  - Present version 
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Directly related works for hadronic production of 

Bc meson and baryons 
 

1) <<Uncertainties In Estimating Hadronic Production Of The Meson Bc and 

Comparisons Between Tevatron And Lhc>> Eur.Phys.J.C38, 267 (2004)  

2) <<Hadronic Production Of The P-wave Excited Bc-states B*cJ, L=1 >> 

Phys.Rev.D 70, 114013 (2004)  

3) << The Color-octet Contributions To P-wave Bc Meson Hadroproduction >> 

Phys.Rev.D 70, 074012 (2005)  

4) << Hadronic Production Of Bc Meson Induced By The Heavy Quarks Inside 

The Collision Hadrons >> Phys.Rev.D 72, 114009 (2005)  

5)<<Estimate of the hadronic production of the doubly charmed baryon Ξcc 

under GM-VFN scheme >>Phys.Rev. D34,094022 (2006)  

6) << Hadronic production of the doubly charmed baryon Ξcc with intrinsic 

charm>> J.Phys. G34, 845 (2007) 

7) << Hadronic Production of the Doubly Heavy Baryon Ξbc at LHC>>  

Phys.Rev. D83, 034026 (2011) 
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To agree with the purpose of the present conference,  

the main purpose of the present talk is to provide a  

detailed introduction to the  

 

Improved Helicity Amplitude Technologies 

 

To improve the efficiency of the generators 



• Mechanisms for the Bc hadronic production 
      

     A)  gluon-gluon fusion  -------- dominant (our main concern) 

           color-singlet: S-wave: Bc (1),  Bc*(~2.6); P-wave: Bc*(~ 0.5)  

           color-octet:    S-wave: Bc+Bc* (~0.1) 

 

     B)  quark-antiquark annihilation -----must be light quark 

           color-singlet: S-wave: Bc+Bc* (~0.1) 

 

There are also extrinsic and intrinsic heavy quark mechanisms, in the 

generators, we do not consider them so far, which provide 

contributions in lower pt regions. 
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PDF 
Hard 

Scattering 

Amplitude 

Bc 

WF 

RAMBOS 

QCD factorization picture 

Differential cross-section for subprocess 

Three-body phase-space VEGAS 
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PQCD 



Xicc similar to Bc case 

Model: Diquark => Baryon 

Color 

factor 

Quark 

lines 
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1)   Helicity amplitude approach 

To get the numerical value at the amplitude level 

2)   Detailed processes for the approach 

BCVEGPY / GENXICC 
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gluon-gluon fusion  

quark gluon 

The amplitude independent of the reference light-like momentum 

Replacing the gluon polarization to its momentum, the amplitude must be zero 

Implying two ways of checking 



Basic 

units 

inner product 

spinor product 
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Divide the whole amplitude into several gauge invariant 

groups, and simplify each group with proper gauges. 

Find out all the independent fermion lines “bases” 

Simplify the fermion lines “bases” 

Expande all the Feynman amplitude over these bases and 

find out the corresponding coefficients 

Decompose 

the diagram 

Numerical 

calculation 

Problem/complexity：1：how to choose gauge in each group；2：stability 

of numerical calculation；3：no help for the massive fermion lines. 

Our method 

Great improvement ! 

for massless lines 

Diagrammatically or schematically 

   
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Corrected Feynman rule needed for decomposing: 

substruction 

Temporary 

extra terms 

man-made 

singularity 

Used for 

demonstration of 

gauge invariance 
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Replacing the 

polarization vector by 

the gluon momentum 
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Replacing the 

polarization vector by 

the gluon momentum 
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Replacing the 

polarization vector by 

the gluon momentum 



BACK 

Contributions 

from the extra 

terms can not 

equal to zero 

for the massive 

case ! 

All the quark mass 

tends to zero 
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polarization vector 



Step by step, change all the space-like momentua into light-like. 

Condensed results that are expressed by the spinor inner product 

and spinor products. 

Unified gauge: The arbitrary reference light-like momentum in the 

massive spinor, the polarization vector and in all the intermediate 

space-like momentum transformation can be taken to be the same. 

In this way the amplitude can be fully simplified. Basic QED-

like diagram 

Fermion line 
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Construct all the Feynman with all the independent 

QED-like Feynman diagrams, with the help of the 

quark-antiquark and gluon-gluon symmetries. 

Unite the same 

type terms as 

much as possible 

Complete the program based on the Feynman 

diagrams. 

Most Effective Generator！ 
CALCULATIONS 

BASED on the diagram 

Key point: using the 
symmetries of the Feynman 

diagrams 
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A、basic idea, decomposition of the Feynman diagrams 

B、five groups of diagrams, 

      according to its topologies 

Find nine basic 

Feynman diagrams 

How to Decompose 36 Feynmans ? 

Skeleton QED-like 

Helicity Amplitude Approach 

3) More details of our approach 

Find eight quark lines 
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Nine basic 

diagrams 

Not unique 

Gluon-gluon and quark-quark 
exchange 
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Decompose 
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C、decompose the three gluon vertex 

Decompose 

Basic 

QCD-like QED-like 
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Cut off the color factor and the scalar part of the propagator 

where 

QCD-like QED-like 
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where 

All the diagrams can be expressed by its inner structures 

without introduce extra ones. 

QCD-like QED-like 

Note: Extra functions X and Y are from four-gluon-vertex decompasation 
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Where (ci，di，ei ，fi) =1；Xi can be express by the defined 

basic function. 

Relations 

obtained by 

decomposing 

A concrete 

example for 

decomposing 

first step 

second step 
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D、Amplitude simplification 

(A)、general form for the helicity amplitude 

Factorization 

Bound state 

To make 

program 

scalar 

vector 
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m-- 9 function 

j --4 type of symmetry 

k --64 helicity combination 

(B)、helicity amplitude for the hard scattering process 

Arrangement 

for easy 

programming 

Em,1,k (m=1-9) 

Em,j,k (j=1,2,3,4) 

BFi 

symmetry 

combination 
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(C)、expansion coefficients 

One three-gluon 

vertex 

Two three-gluon 

vertex 

QED-like 

bc subset 

cb subset 

Gluon exchange 
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Em,j,k 



one three-

gluon vertex 

two three-

gluon vertex 

four-gluon 

vertex 

QED-like 

bb subset 

cc subset 

quark exchange 
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(D)、basic functions 

a) eight fermion lines (fi)。 (q0— light-like reference momentum) 

Basic diagram 
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b) definition of the nine basic functions 

c) relations between these basic functions 

symmetries 

7+2 
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decompose 

Two independent functions 
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(E)、Color rearrangement 

where 

      can be obtained by adding the scalar part of the propagator 

to the above obtained one. 
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(F)、phase space integration 

RAMBOS 

VEGAS 

Square of the amplitude: 

cross section for the subprocess 

two to three body phase space 
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Y 

New GRADE 

I<=NEV 

PYDUMP() 

BEGIN 

BASIC INPUT: NEV,NUMBER,ITMX,VEGASOPEN 

VEGASOPEN 

IT=0；IT=IT+1 

IGRADE==1 

Read existed GRADE 

N 

NUM<=NUMBER 

NUM=0；NUM=NUM+1 

I=0；I=I+1 

PYEVNT 

PYFILL() 

END 

CALL  PHPOINT() 
 

CALL  AMP2UP() 

CALL  PHPOINT() 
 

CALL  AMP2UP() 

CALL  PHPOINT() 
 

CALL  AMP2UP() 

NZERO=0 

GENERAND(X) 

WT=0.0D0;NZERO<10000 

NZERO=NZERO+1 

TOTFUN(X,WT) 

CALL AMP2UP() 

PHPOINT(X,WT) 

N 

Y 

N 

Y 

Y 

 

EVNTINIT，PYINIT，UPINIT 

Y 

Y 

N 

N 

N 

WT=0.0D0;NZERO<1 

IT<=ITMX 

GET THE EFFECTIVE 

PHASE SPACE POINTS 

AND THE RELATED 

WEIGHT 

USING  PYTHIA 

SUBROUTINES TO 

GENERATE THE 

FULL EVENTS 

IMPROVE THE 

MONTE CARLO 

EFFICIENCY 

Whole 

flowchart 

BCVEGPY - program 
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Color-flow decomposition derived by taking 

the large Nc limit 

Feynman rules 

for color-flow 

In large Nc 

limie 

PYTHIA  

LUND Model 
Color flow 

Color flow for different processes 
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Partial amplitude (or color-ordered amplitude)-----whose square is just the probability for a 

particular color-flow. It  is the same for 3-different decomposition schemes (fundamental-, 

adjoint-representation, color-flow decomposition )—demonstrated in PRD67,014026(2003) 

Color-singlet: 

Color-octet: 

Bc-meson color-flow probability 
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For the color-singlet production processes, there are totally 

three independent color-flows 

Equivalent 
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For the color-octet production processes, there are 

totally ten independent color-flows 

Equivalent 
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Exchange the 

color indices 

The cross-terms are suppressed by powers of Nc and can be 

safely neglected in the large Nc limit.---at least 1/N2
c 



Typical color flow for g+g->Xicc (3s1) 
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PYTHIA8.0 solve the problem of color flow 



Typical color flow for g+g->Xicc (3s1) 
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PYTHIA8.0 solve the problem of color flow 



A cross-check 
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Improve the efficiency for unweighted events by 

using BCVEGPY and GENXICC 
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Weighted events : (IDWTUP=3) – time-saving – no waste events 

All partonic events are accepted by PYTHIA with unit weight (100% pass): two ways 

A) The phase-space are uniformly generated. 

B) VEGAS is adopted to generate sampling importance function to improve its accuracy. 

The phase-space are generated according to the relative importance of this point.  

Then, one can use the weight of each points to restore total CS or distributions. 

 

Unweighted events : (IDWTUP=1) – time-consuming – less waste events more better 

A) Using PYTHIA inner hit-and-miss technology (von Neumann algorithm):  

                        XWGTUP/XMAXUP    PYR(0)   accept 

                        XWGTUP/XMAXUP < PYR(0)   reject 

B) Using improved hit-and-miss technology:  

MINT, divided into mesh grade, XMAXUP to be a group, pass the criteria much 

more effectively 





Due to its high efficiency, BCVEGPY and GENXICC, are very    

useful for MC simulation and also for theoretical studies.  

Now it has been adopted by ATLAS, CMS, LHCb, CDF and D0 

groups respectively. 

 The coming LHC experiment shall provide a better platform to 

check all the theoretical predications and to learn the Bc, Xicc, Xibc, 

Xibb properties in more detail.  

Summary and Prospects 

 The programmed super Z factory, GIGAZ, LEP3, and etc. shall 

provide other platforms for doubly heavy meson and baryon 

productions, which are in progress.  Especially, a generator BEEC 

shall be available soon.  

46 



Backup slides for BCVEGPY and 

GENXICC applications 
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some results for the S-wave Bc production  

Uncertainties 

PDF 

Q2 

48 



Uncertainties 

s 

Mechanism 
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20% 

Cross- 

section 
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PT cut 
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Results for the P-wave Bc states 

1P1 

3P1 

3P2 

3P0 

3P0 

3P1 

1P1 

3P2 

subprocess 

100GeV 

totally 

numerically 

Good check 

between each 

other !!! 
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total hadronic production 

3P0 

3P1 

1P1 

3P2 
3S1 

1S0 

LHC 

TEVATRON 
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Cross- 

section 
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LHC 

TEVATRON 

R
2 

 F
2 
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y cut 

PT cut 

For experimental usage 
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Results for  the color-octet Bc states 

60% 3-20% 
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1S0 

3S1 

3P2 

3P1 

1P1 

3P0 

1S0 

3S1 

1S0 

3S1 

3P2 
3P1 

1P1 

3P0 
1S0 

3S1 
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Results for Xicc, Xibc and Xibb Production 
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LHC, TEVATRON can not 

see the difference between 

the cases of with or with 

intrinsic charm 
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