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• First version released on 10 Jan 2013.

• Download from http://helac-phegas.web.cern.ch/helac-phegas/helac-
onia.html

• More and more functionalities are adding ...
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QCD MODELS FOR HEAVY QUARKONIUM

• Color-Singlet Model (CSM) 
[Einhor, Ellis (1975) ...]

•        are produced in the CS state at 
scale          .

• Color-Evaporation Model 
(CEM) [Fritzsch (1977) ...]

• Under quark-hadron duality,       are 
produced with their invariant mass 
less than the threshold of open-flavor 
heavy meson pair.

• Fragmentation Function 
Approach (FF) [Braaten et al. 
(1996) ...]

• Cross section can be factorized in 
terms of convolutions of parton 
production cross section with FFs in 
limit of               .

• Non-relativistic QCD 
(NRQCD) [Bodwin et al. (1995)]

• An effective field theory based on 
factorization conjecture.        can be 
produced in both of CS and CO 
states at scale          .
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•NRQCD factorization

• pQCD factorization

• LDME                  and PDF             
are non-perturbative and (should 
be) universal. 
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d�(pp ! HQQ̄ +X)

=
X

n

d�(pp ! QQ̄[n] +X)⇥ hOHQQ̄(n)i

d�(pp ! QQ̄[n] +X)

=
X

a,b

fa/p(x1)fb/p(x2)|A(ab ! QQ̄[n] +X)|2

hOHQQ̄(n)i fi/p(x)

Wednesday, September 23, 15



Institut Henri Poincare 2015 Hua-Sheng Shao

This is an output file created in Illustrator CS3

Colour reproduction
The badge version must only be reproduced on a 
plain white background using the correct blue:
 Pantone: 286
 CMYK: 100  75  0  0 
 RGB: 56  97  170
 Web: #3861AA

Where colour reproduction is not faithful, or the 
background is not plain white, the logo should be 
reproduced in black or white – whichever provides 
the greatest contrast. The outline version of the 
logo may be reproduced in another colour in 
instances of single-colour print.

Clear space
A clear space must be respected around the logo: 
other graphical or text elements must be no closer 
than 25% of the logo’s width.

Placement on a document
Use of the logo at top-left or top-centre of a 
document is reserved for official use.

Minimum size
Print: 10mm
Web: 60px

 
CERN Graphic Charter: use of the outline version of the CERN logo

BASICS

• Based on NRQCD framework.

• Based on off-shell recursion relations, i.e. Dyson-Schwinger 
equation.

• Closed fermion chain between QQ is cutted again to form 
new effective wavefunctions.

• P-wave currents are introduced to avoid numerical instability 
issue in P-wave production helicity amplitudes.
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One or more S-wave and P-wave 
quarkonium(a) tree-level helicity amplitudes in 

NRQCD
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NEW DEVELOPMENTS IN VERSION 2.0
•More user-friendly interface
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MadGraph5_aMC@NLO HELAC-Onia 2.0

./bin/mg5

> generate p p > t t~ [QCD]

> output pp2ttx

> launch

Alwall, Frederix, Frixione, Hirschi, Maltoni, 
Mattelaer, HSS, Stelzer, Torrielli, Zaro (2014)

./ho_cluster

> generate g g > cc~(3S11) cc~(3S11)

> launch
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NEW DEVELOPMENTS IN VERSION 2.0
•More user-friendly interface

9

MadGraph5_aMC@NLO HELAC-Onia 2.0

./bin/mg5

> generate p p > t t~ [QCD]

> output pp2ttx

> launch

Alwall, Frederix, Frixione, Hirschi, Maltoni, 
Mattelaer, HSS, Stelzer, Torrielli, Zaro (2014)

Computing a cross section from scratch only 
requires 2-3 commands !!

./ho_cluster

> generate g g > cc~(3S11) cc~(3S11)

> launch
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NEW DEVELOPMENTS IN VERSION 2.0

• Guarantee spin-correlations in heavy quarkonium decay 
chains.

•  For example, �c ! J/ + � ! `+`� + �

• Could be extended to                                              (see 
next talk)

Z/H ! J/ + � ! µ+µ� + �
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NEW DEVELOPMENTS IN VERSION 2.0
• Shower module
• Interface to external parton shower Monte Carlo programs.
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NEW DEVELOPMENTS IN VERSION 2.0
• Shower module
• Interface to external parton shower Monte Carlo programs.
HSS (2014)

HELAC-Onia + QEDPS
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• Interface to external parton shower Monte Carlo programs.

NEW DEVELOPMENTS IN VERSION 2.0
• Shower module
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HELAC-Onia + Pythia8
• Big ISR shower effect on transverse momentum distribution.

• To do: comparison with TMD predictions (see Lansberg's talk tomorrow)

• Small effect on rapidity distribution.
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NEW DEVELOPMENTS IN VERSION 2.0

• Analysis module
• Generating topdrawer, gnuplot, root files on the fly.  One-

dimensional or two-dimensional distributions.

• Reweighting method is applied to estimate scale and PDF 
uncertainties on the fly.
• Addon codes
• For example, double parton scattering for double psi 

production.
• In plan:
• Fragmentation function module

• TMD module etc
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ATLAS Collaboration (2014)

• NNLO* QCD 
correction.

• First done by MadOnia 
[ Artoisenet, Lansberg, 
Maltoni (2007)].

• The first 2 > 4 process 
with at least one 
quarkonium.

• HELAC-Onia reproduce 
the MadOnia result 
between 10-40 GeV.

Wednesday, September 23, 15



Institut Henri Poincare 2015 Hua-Sheng Shao

This is an output file created in Illustrator CS3

Colour reproduction
The badge version must only be reproduced on a 
plain white background using the correct blue:
 Pantone: 286
 CMYK: 100  75  0  0 
 RGB: 56  97  170
 Web: #3861AA

Where colour reproduction is not faithful, or the 
background is not plain white, the logo should be 
reproduced in black or white – whichever provides 
the greatest contrast. The outline version of the 
logo may be reproduced in another colour in 
instances of single-colour print.

Clear space
A clear space must be respected around the logo: 
other graphical or text elements must be no closer 
than 25% of the logo’s width.

Placement on a document
Use of the logo at top-left or top-centre of a 
document is reserved for official use.

Minimum size
Print: 10mm
Web: 60px

 
CERN Graphic Charter: use of the outline version of the CERN logoHIGHEST-MULTIPLICITY PROCESSES:

NNLO* QCD CORRECTIONS

15

Wednesday, September 23, 15



Institut Henri Poincare 2015 Hua-Sheng Shao

This is an output file created in Illustrator CS3

Colour reproduction
The badge version must only be reproduced on a 
plain white background using the correct blue:
 Pantone: 286
 CMYK: 100  75  0  0 
 RGB: 56  97  170
 Web: #3861AA

Where colour reproduction is not faithful, or the 
background is not plain white, the logo should be 
reproduced in black or white – whichever provides 
the greatest contrast. The outline version of the 
logo may be reproduced in another colour in 
instances of single-colour print.

Clear space
A clear space must be respected around the logo: 
other graphical or text elements must be no closer 
than 25% of the logo’s width.

Placement on a document
Use of the logo at top-left or top-centre of a 
document is reserved for official use.

Minimum size
Print: 10mm
Web: 60px

 
CERN Graphic Charter: use of the outline version of the CERN logo

16

HIGHEST-MULTIPLICITY PROCESSES:
P P > PSI+PSI+CC

Lansberg, HSS (2014)

• NNLO level process for 
double psi production.

• The first 2 > 4 process 
with at least two 
quarkonia.

• Satisfactory accuracy 
achieved for all plots 
within one week on 
single core.

Wednesday, September 23, 15



Institut Henri Poincare 2015 Hua-Sheng Shao

This is an output file created in Illustrator CS3

Colour reproduction
The badge version must only be reproduced on a 
plain white background using the correct blue:
 Pantone: 286
 CMYK: 100  75  0  0 
 RGB: 56  97  170
 Web: #3861AA

Where colour reproduction is not faithful, or the 
background is not plain white, the logo should be 
reproduced in black or white – whichever provides 
the greatest contrast. The outline version of the 
logo may be reproduced in another colour in 
instances of single-colour print.

Clear space
A clear space must be respected around the logo: 
other graphical or text elements must be no closer 
than 25% of the logo’s width.

Placement on a document
Use of the logo at top-left or top-centre of a 
document is reserved for official use.

Minimum size
Print: 10mm
Web: 60px

 
CERN Graphic Charter: use of the outline version of the CERN logo

CONCLUSION & OUTLOOK
• HELAC-Onia is an user-friendly public tool to study heavy quarkonium 

physics in an automatic way.

• Based on recursion relation, it can be applied to high-multiplicity 
processes with relatively lower computational cost.

• It provides a simulation tool for one or more S-wave and/or P-wave 
heavy quarkonia production based on tree-level helicity amplitudes.

• To do:

• Ongoing developments to meet various application purposes.

• e.g. TMD, exclusive process ? (See L. Szymanowski's talk tomorrow)

• Generalize to higher-order (e.g. NLO QCD correction).

• Is there a specific motivation to extend to BSM ? for B-physics ? for Baryon 
production ?

17
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