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Outlines

4.  Summary

1.  Background

2.  Generator GENXICC

3.  Properties of hadroproduction of Xicc/Xibc

 Results for Xicc/Xibc at the LHC

 Results for Xicc at the After@LHC
Different measurements
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1.  Background

SELEX

Phys.Lett.B628, 18 (2005) 

Roughly 104 larger than expected
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SELEX, arXiv:0702001

LHCb,JHEP12,090(2013)

other 

experiments
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There is still no definite conclusions on SELEX 02 results

What’s the argument for the conclusion of

Such naive order estimation is correct or not ? 
The production cross-section could be small, but cannot be too small
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LHCb new measurements

A longer lifetime

A large branching fraction   - See Wei Wang’s talk
Maybe 5fb-1
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What’s the more accurate production  mechanism

(our main concern) 

I) Production mechanisms、
II) More intermediate baryon states/combinations、
III) Treatment in specific kinematic regions、

We show that from the production side alone, the “seemingly” gap could be changed 

from 2104 down to 102;  Maybe carefully studies on the decay part (mostly non-

perturbative, still with large uncertainty) may finally solve the puzzle.

pQCD calculable Hard quark pair
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Hard 

kernal
gg-channel

gc-channel

cc-channel

The hadronic production mechanisms for Xicc

(General picture: Production of a charm diquark pair first, and 

the diquark fragment into baryon with 100% efficiency)

Ｔhe use of typical 

fragmentation function 

gives negligible differences.
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1) gluon-gluon fusion mechanism (dominant; main concern)

2) gluon-charm collision mechanism

3) charm-charm collision mechanism

Here,  charm is either extrinsic or intrinsic

Two-body 

phase-space,

significant in 

lower-pt region

Lund model: u:d:s=1:1:0.3

: : 43% : 43% :16%cc cc cc

     
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2.  Xicc Generator GENXICC

  cBgg c b c b   

  ccgg c c c c   

Analog

BCVEGPY

Key transformation: b-quark line to c-quark line
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Main Differences for Xicc and Bc productions

Color 

factor

Transforming quark-line to anti-quark line 

The spin of massive spinor corresponds 

to helicity of an arbitrary massless spinor

The arbitrary massless spinor could be a 

test of the correctness of program 
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As a dedicate generator, the key purpose of 

GENXICC is to achieve high efficiency

“Helicity Amplitude Approach”

List all possibility of the helicity amplitude and get their 

numerical values before squared

==> Finding out basic diagrams   using basic quark lines

==> Using those basic units to form basic QED-like diagrams

using gluon-gluon exchange symmetry; 

using quark-line exchange symmetry;

==> Transforming all QCD-like diagrams to QED-like ones

via decomposition
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m-- 9 function

j --4 type of symmetry

k --64 helicity combination

Helicity amplitude for the hard scattering process

Independent 

helicity 

amplitudes

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

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

BFi

symmetry

combination

1S0-8-independent
3S1-16-independent
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Nine basic 

QED-like 

diagrams

Gluon-gluon fusion

Decompose

Decompose

How to get the value for each non-zero helicity amplitude
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Decompose
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Decompose

Key：QCD to QED diagrams
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Equivalence of 

two ways get a 

relation among 

QED diagrams

A concrete example for decomposing Feynman diagrams

first step

second step
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Ten basic 

quark-lines

Nine basic QED diagrams

Seven are 

independent
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Y

New GRADE

I<=NEV

PYDUMP()

BEGIN

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()

N

Y

N

Y

EVNTINIT，PYINIT，UPINIT

Y

Y

N

N

IT<=ITMX

USING  PYTHIA 

SUBROUTINES 

TO GENERATE 

FULL EVENTS

IMPROVE 

THE MONTE 

CARLO 

EFFICIENCY

BASIC INPUT: NEV,NUMBER,ITMX,VEGASOPEN

The whole
flowchart

RABOS

VEGAS

Improve efficiency for 

generating unweighted 

events; The hit-and-miss 

approach for PYTHIA is 

time-consuming and is 

replaced by an alteration 

of MINT package.
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GENXICC together with BCVEGPY 

are high efficiency generators

As a summary
Because of

getting numerical results at the amplitude level

and

throughly applying all kind of symmetries

and

throughly maximizing the same type terms

and

properly using of ways to improve the sampling efficiency
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3.  Properties of hadroproduction of Xicc/Xibc

Numerical results under various input parameters could be 

conveniently obtained by using GENXICC
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A cross-check of GENXICC

at the subprocess level
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3 1 1 0    diquark : : 4 :1

quark contribution is sizable

S S

c

  



Production at hadronic colliders

Here c-quark is the extrinsic charm
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One subtle point: to avoid double counting

on-schell
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Production at SELEX

Extrinsic charm gives dominant contri-

butions especially in low pT region

uses 600 GeV charged hyperon 

beam to produce charm particles 

in a set of thin foil targets of Cu 

or diamond—CME=33.58GeV

scale-error
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1980:BHPS-model

using DGLAP

get PDF at any scales

J.Pumplin, CTEQ, 

PRD73,114015(2006)

How about 

intrinsic charm ?

gluon PDF unchanged

charm-PDF affected for large xc
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If there is intrinsic charm,

the effect could be sizable 

for SELEX
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LHC and TEVATRON are hard 

to measure the difference 

with or without intrinsic charm

CMS/ATLAS LHCb

Obvious for SELEX

Tevatron
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Production of Xicc

at the After@LHC

May test intrinsic 

charm mechanism

The results at Aftre@LHC may clarify the puzzle of SELEX
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A comparison of Xicc, Xibc, Xibb at the LHC (14TeV)

(similar for 7TeV, 8TeV)

Xibc sizable in 

large pT region
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 Due to its high efficiency, GENXICC, shall be very useful for MC simulation. 

One can conveniently obtain results under various input parameters.

 The coming more accurate LHC data shall provide a better platform to check 

all theoretical predications and to learn the Xicc properties in more detail. 

 Together with its decay properties, we can obtain a full estimation of Xicc, 

and hence have a better comparison with SELEX experiment.

4.  Summary and Prospects

How to explain the puzzles between SELEX and LHCb ?

How to explain the ~100MeV mass difference between those two baryons ?  Theoretically, it is several MeV

Why different availability at different platforms, since their production rate are theoretically the same?

SELEX

LHCb

small pT

Within LF-QCD, taking into intrinsic charm, may solve the spectrum problem/1709.09903

large pT
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How to improve the precision of pQCD calculations

Principal of Maximum Conformality（PMC）
(Collaborators: Stanley J. Brodsky, Matin Mojaza, …)

Why insistent on using the guessed renormalization scale ? !

Can we achieve scheme-and-scale independent prediction at 

any fixed order ? !
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𝑑𝜎 = 𝑓𝑎𝑓𝑏 ⊗ ො𝜎 ⊗ 𝐹

parton

distribution 

functions

Perturbative partonic

cross section

(virtual & real radiation)

Fragmentation 

models  

ො𝜎 = 𝜎0[1 + 𝛼𝑠 + 𝛼𝑠
2 +⋯]

Contains  𝛼𝑠
𝑛 of 

tree level process 
NLO NNLO

current frontier

Fixed-order prediction at the hadronic colliders

How to set the 

renormalization 

scale ?

General 

factorization 

picture
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Before and after applying the PMC, the issues are always like this

PMC predictions:

Quickly approaches its “true” value; also scheme-independent

More accurate predictions for low orders without initial scale dependence

Residual scale uncertainty is negligible

Hopefully, we may find time to discuss this topic
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Thanks for your attention !
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== GENXICC – A generator for hadronic production of Xicc, Xibc, Xibb bayons ==

1) << GENXICC1.0 …>> Comput.Phys.Commun.177,   467- 478 (2007)

2) << GENXICC2.0 …>>  Comput.Phys.Commun.181, 1144-1149 (2010)

3) << GENXICC2.1 …>>  Comput.Phys.Commun.184, 1070-1074 (2013)

======= Theoretical Predictions for SELEX, LHC and After@LHC =======

1) <<Estimate of the hadronic production of the doubly charmed baryon Xicc

under GM-VFN scheme >> Phys.Rev.D73, 094022 (2006) 

2) <<Hadronic production of the doubly charmed baryon Xicc with intrinsic 

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

3) <<Hadronic Production of the Doubly Heavy Baryon Xibc at LHC>> 

Phys.Rev.D83, 034026 (2011) 

4) <<Hadronic Production of Xicc at a Fixed-Target Experiment at the LHC >>   

Phys.Rev.D89, 074020 (2014)

Works related
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=== Discussions their availability at the dfferent platforms ===

=== Super ZF, ILC and LHeC ===

1) <<Doubly Heavy Baryon Production at A High Luminosity e+e- Collider>>

Phys.Rev.D73, 094022 (2012) 

2) <<Further Study on the Doubly Heavy Baryon Production around the Z0 Peak 

at A High Luminosity e+e- Collider>> 

Phys.Rev.D87, 054027 (2013) 

3) <<Photoproduction of Doubly Heavy Baryon at the ILC>>

JHEP1412, 018(2014) 

4) <<Photoproduction of Doubly Heavy Baryon at the LHeC >>   

Phys.Rev.D95, 074020(2017)


