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HELAC-‐Onia	  framework 



HELAC-‐Onia	  in	  a	  nutshell 

•  HELAC	  generates	  the	  QCD	  and	  EW	  amplitudes	  
at	  the	  partonic	  level	  based	  on	  Dyson-‐
Schwinger	  equaXons.	  

•  PHEGAS	  generates	  partonic	  level	  events	  with	  
mulX-‐channel	  techniques.	  

•  Onia	  generates	  hadronic	  (or	  quarkonium)	  
level	  helicity	  amplitudes	  and	  physical	  
observables	  based	  on	  the	  factorizaXon	  of	  non-‐
relaXvisXc	  quantum	  chromodynamics. 
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recursion	  relaXon	  	  
2 The recursive algorithm

The algorithm of HELAC[5, 6, 7] is based on the Dyson-Schwinger equations[9, 10, 11], which
is an generalized version of the Berends-Giele off-shell recursive relation[12]. To illustrate

it, we consider a process with n external legs. The momentums of these external legs are
denoted as p1, p2, . . . , pn, and the quantum numbers (e.g. color, helicity) are defined as
α1,α2, . . . ,αn. An off-shell current with k external legs can be represented as

J ({pi1 , . . . , pik}; {αi1, . . . ,αik}) ≡

pi1,αi1
pi2,αi2

pik
,αik

P = pi1 + pi2 + . . . + pik
. (1)

All of the subgraphs that are able to transfer the k external legs into the off-shell current

J according to the Feynman rules in the considered model have been included into the
shade bubble. Every current is assigned by a ”level” l, which is defined as the number

of external legs involved in the current, i.e. the ”level” of J ({pi1, . . . , pik}; {αi1, . . . ,αik})
is k. In special, the ”level” of each external leg is 1. Then,in general, all of the currents

with higher ”level” can be constructed from those with lower ”level”. The starting point
of the recursion relation is from the l = 1 currents, i.e. the external legs. For the i-th
external leg, the corresponding current1 is its wavefunction

J ({pi}; {αi}) ≡
pi,αi

. (2)

Specifically,for a vector boson

J ({pi}; {µ,λ}) ≡ εµλ(pi), (3)

where µ is the lorentz index and λ is the helicity of the vector boson (λ = ±1 for a
massless vector, while λ = ±1, 0 for a massive vector)2, while for a spin-12 fermion

J ({pi}; {+1,λ}) ≡
{

uλ(pi) when p0i ≥ 0
vλ(−pi) when p0i ≤ 0

,

J ({pi}; {−1,λ}) ≡
{

ūλ(pi) when p0i ≥ 0
v̄λ(−pi) when p0i ≤ 0

, (4)

1The ”level” 1 current is on-shell instead of off-shell.
2Note that, for simplicity,we have suppressed other possible quantum numbers like color for gluon.
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where +1 and −1 means fermion flow and anti-fermion flow respectively, λ is the helicity
index with λ = ±1. The explicit expressions of these l = 1 wavefunctions are presented

in the appendix of Ref.[5]. The currents with l = k > 1 can be constructed the currents
with lower l3

P

pi1, α1

pi2, α2

pik, αk

=
∑

σ

r+s=k
∑

r,s>0

Ppiσ(r)
, ασ(r)

piσ(1)
, ασ(1)

piσ(r+1)
, ασ(r+1)

piσ(r+s)
, ασ(r+s)

+
∑

σ

r+s+t=k
∑

r,s,t>0

P

piσ(r)
, ασ(r)

piσ(1)
, ασ(1)

piσ(r+1)

piσ(r+s)

piσ(r+s+1)

piσ(r+s+t)
, ασ(r+s+t)

αiσ(r+1)

ασ(r+s)

ασ(r+s+1)

,

(5)
where σ means to exhaust all possible generating ”level” r, s (and t) currents formed by

the i1, . . . , ik external legs.Each off-shell currents should be multiplied by its propagator.
The end of the recursion is the forming of the ”level” n current, in which we choose all

l = n−1 currents4 to multiply with the first external particle’s wavefunction. If the flavor
of the first external particle is not exactly same as the flavor of the l = n − 1 current,
the current is dropped. Finally, we obtain the resulting amplitude. In this way, one

can avoid computing identical sub-graphs contributing different Feynman diagrams more
than once. The summation of the all sub-graphs that contribute to a specific current also

reduces the number of objects that should be used in the next ”level” recursion formula.
Therefore, the computation complexity will be reduced from ∼ n! in Feynman-diagram

based algorithm to ∼ an in the Dyson-Schwinger based recursive algorithm, where a ∼ 3.
In the original HELAC program[5],it uses a binary representation of the momenta in-

volved in the considered process[13]. For each of the external momenta p1, . . . , pn, its

binary representation is 2i−1 for i-th external leg with momenta pi, while for a l = k
current J ({pi1, . . . , pik}; {αi1, . . . ,αik}), it is expressed as

∑k
j=1 2

ij−1. Then, every mo-

menta P µ =
∑n

j=1mj pj can be uniquely expressed by an integer m =
∑n

j=1 2
j−1mj where

mj = 0 or 1. In this case, the ”level” of an current with momenta P µ =
∑n

j=1mj pj can be

calculated directly by l =
∑n

j=1mj . In this case, the sign factor from the anti-symmetric

3For simplicity, we only consider tri-linear and quadri-linear couplings. However, it is straightforward
to include higher-point vertices as well.

4Actually, they are on-shell instead of off-shell.

5

GeneralizaXon	  of	  Berends-‐Giele	  recursion	  relaXon	  !!!	  



color	  decomposiXon	  

•  N	  parXcle	  amplitudes	  can	  be	  decomposed	  
as,	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ,where	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  .	  The	  final	  
color	  matrix	  is	  	  	  	  	  	  	  	  	  	  	  	  	  	  ,	  and	  the	  final	  square	  of	  
amplitudes	  is	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (color	  flow	  basis).	  

•  For	  illustraXon:1)g	  g	  >	  g	  g	  2)	  q	  q~	  >	  g	  g	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

AN = CiAN
i∑ Ci = δ1

σ i (1)δ2
σ i (2)δn

σ i (n) (n ≤ N )
Mij = CiCj∑

ANAN
* = MijAN

i AN
j*

i, j
∑

Automation Philosophy
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color decomposition7

? N particle amplitudes can be decomposed as AN =
P

CiAi
N , where

Ci = ±æi (1)
1 ±æi (2)

2 . . . ±æi (n)
n (n ∑ N). The final color matrix isMij =

P
CiCj ,

and the final square of amplitudes is ANA§
N =

P
i,jMijAi

NAj§
N . ) in the

basis of color flow!
? For illustration: 1)gg ! gg 2) qq̄ ! gg

i4
i1

i2
i3

j4
j1

j2
j3

= + +

i2

iq

i1

j2

jq

j1

= +

7Note, refer to hep-ph/0209271[F.Maltoni & K.Paul & T.Stelzer & S.Willenbrock (2002)].
Hua-Sheng Shao Matrix Elements and Events Generators



Quarkonium	  amplitudes	  

•  In	  NRQCD	  factorizaXon,	  

•  ProjecXon	  method	  is	  used	  to	  constrain	  the	  
spin	  and	  color	  quantum	  number	  of	  heavy	  
quark	  pair	  in	  its	  short	  distance	  coefficient.	  	  

•  P-‐wave	  currents	  are	  introduced	  in	  order	  to	  
calculate	  helicity	  amplitudes	  of	  P-‐wave	  fock	  
states.	  

and obtain the final square of matrix elements by

|M|2 =
(ng+nq)!
∑

i,j=1

AiMijA
∗
j , (10)

where Ai and Aj are the color-stripped amplitudes.

In order to improve the computation efficiency, a Monte Carlo sampling over the he-
licity configurations is adopted in the program[5] to perform the helicity summation. The
basic idea of this technology is simple. Let’s take a massive vector boson for example.

A massive vector boson has three helicity states λ = ±1, 0 with wavefunctions εµ+, ε
µ
−, ε

µ
0 .

The strategy puts the concrete helicity summation of
∑

λ=±,0 ε
µ
λ(ε

ν
λ)

∗ into a continue in-

tegration by defining εµφ ≡
∑

λ=±,0 e
iλφεµ. Then, the summation becomes

∫ 2π
0 dφεµφ(ε

ν
φ)

∗,
which can be calculated easily by a Monte Carlo program.

3 Quarkonium amplitudes in NRQCD

In the framework of the NRQCD factorization, the cross section of a heavy quarkonium

production can be written as a combination of the perturbative short-distance parts and
the non-perturbative long-distance matrix elements. For example at the proton-proton

collider, the factorized form of a heavy quarkonium Q production is written as

σ(pp → Q+X) =
∑

i,j,n

∫

dx1dx2fi/p(x1)fj/p(x2)σ̂(ij → QQ̄[n] + X)〈OQ
n 〉, (11)

where fi/p and fj/p are the parton distribution functions,σ̂(ij → QQ̄[n] +X) is the short
distance cross section of producing a heavy quark pair QQ̄ in a specific quantum state

n, and 〈OQ
n 〉 represents as the long distance matrix element. In principle, for a specific

quarkonium Q,there are infinity number of Fock states n and infinity number of long

distance matrix elements 〈OQ
n 〉. The power counting rules in NRQCD tell us for any

quarkonium, there are only limited Fock states should be involved in our calculations up to
a specific order of v, where v is the relative velocity of the heavy quark pair that forms the

quarkonium. It makes NRQCD be predictable for hadrons. For example, in the process
of J/ψ production, there are only four different Fock states (i.e. ß, 3S [8]

1 , 3P [8]
J and 1S [8]

0 )5

contributing to its cross section up to v7. The color-singlet long distance matrix element

5We write the Fock states in the spectroscopic form of n =
2S+1

L
[c]
J
, where S,L, J identify the spin,

orbital momentum, total angular momentum states respectivley, and c = 1, 8 means that the intermediate
state QQ̄ can be in color-singlet or color-octet state.
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More	  technical	  details	  are	  presented	  in	  arXiv:1212.5293	  



What	  could	  HELAC-‐Onia	  do	  ?	  
•  MulX	  heavy	  quarkonium,	  including	  Bc	  system,	  
producXon	  at	  the	  pp(p~)	  and	  e+e-‐	  colliders.	  

•  MulX	  P-‐wave	  heavy	  quarkonium	  producXon	  at	  the	  
pp(p~)	  and	  e+e-‐	  colliders.	  

•  Fully	  differenXal	  distribuXons	  calculaXons.	  
•  Spin	  density	  matrix	  elements	  in	  helicity	  frame,	  Collins-‐
Soper	  frame,	  Gokried-‐Jackson	  frame	  and	  target	  
frame.	  

•  EW	  parXcles	  with	  complex	  mass	  scheme	  and	  jets	  with	  
inclusive	  kT	  clustering	  procedure.	  

•  LHE	  files	  can	  be	  generated	  with	  modified	  PHEGAS.	  



Benchmark	  processes	  

•  Bc	  meson	  producXon	  at	  the	  LHC.	  
•  Charmonium	  producXon	  at	  B	  factories.	  Single	  
charmonium	  and	  double	  charmonium	  
producXon.	  

•  Double	  quarkonia	  producXon	  at	  hadron	  
colliders.	  

•  HadroproducXon	  of	  quarkonia	  in	  associaXon	  
with	  a	  heavy	  quark	  pair.	  

•  Spin	  density	  matrix	  and	  polarizaXon.	  

arXiv:1212.5293 



ApplicaXon 



How	  to	  use	  HELAC-‐Onia?	  	  
•  1.Specify	  input	  parameters	  in	  user.inp	  following	  
the	  format	  in	  default.inp.	  

•  2.Provide	  process	  informaXon	  in	  process.inp.	  
•  3.Compile	  with	  the	  command	  line:	  
	  	  	  	  	  	  	  	  >	  make	  
•  4.Run	  with	  the	  command	  line:	  

	  	  	  >	  ./Helac-‐Onia	  
•  5.If	  one	  wants	  to	  remove	  the	  output	  files,	  object	  
files	  and	  exectuable	  files,	  run	  the	  command	  line:	  
	  	  	  >	  make	  clean	  



An	  example	  

•  If	  we	  want	  to	  calculate	  

•  Specify	  the	  process	  informaXon	  in	  process.inp:	  
	  6	  
	  2	  -‐2	  441001	  35	  35	  35	  
	  #	  nhad	  
	  …	  	  

e−e+ >ηc (
1S0

[1])ggg

	  
	  
	  
	  
	  
	  
	  
	  
	  

Total	  number	  of	  external	  legs	  nhad=6	  

Ids	  for	  the	  process	  

comments	  



An	  example	  

•  Choose	  input	  parameters	  in	  user.inp:	  
	  	  	  	  	  	  	  	  	  	  	  colpar	  3	  	  #	  1=pp,2=ppbar,3=e+e-‐	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  preunw	  10000	  #	  n.	  of	  pre-‐unw	  events	  	  	  	  	  	  	  	  

	  energy	  10.6d0	  #	  cms	  energy	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  unwevt	  100000	  #	  n.	  of	  unw	  events	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  qcd	  4	  	  #	  qcd	  and	  qed	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  nmc	  	  100000	  	  #	  number	  of	  MC	  interaXon	  	  	  
	  alphasrun	  0	  #	  running	  alphas	  (1)	  or	  not	  (0)	  	  	  	  	  	  	  	  	  	  nopt	  	  10000	  	  #	  opX	  parameteter	  
	  cmass	  1.5d0	  #	  mass	  of	  charm	  quark	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  nopt_step	  	  10000	  #	  opX	  parameter	  	  
	  #	  e+e-‐	  cutoff	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  opr	  1	  #	  opX	  parameter	  	  
	  cutoffe	  1.0d-‐10	  #	  cutoff	  (e+e-‐	  case)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  maxopt	  8	  #opX	  parameter	  
	  minenl	  0d0	  #	  minimum	  lepton	  energy	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  noptlim	  100000	  #	  opX	  parameter	  	  	  
	  minenq	  0d0	  #	  minimum	  quark	  energy	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  iopt	  1	  #	  opX	  parameter	  
	  minangll	  0d0	  #	  minimum	  angle	  l-‐l	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  alimit	  0	  #	  	  lower	  limit	  of	  alpha(i)	  in	  mul-‐cha	  	  
	  minanglq	  0d0	  #	  minimum	  angle	  l-‐q	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  gener	  0	  #	  0	  PHEGAS	  1	  RAMBO	  3	  VEGAS	  
	  minangqq	  0d0	  #	  minimum	  angle	  q-‐q	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ranhel	  3	  #	  MC	  over	  heliciXes	  
	  minmqqe	  0d0	  	  #	  minimum	  mass	  q-‐q	  (e+e-‐)	  	  	  	  	  	  	  	  	  	  ptdisQ	  F	  #	  don’t	  calculate	  pt	  distribuXon	  	  	  	  	  	  	  	  	  
	  unwgt	  T	  	  	  	  	  	  	  	  #	  unweighXng	  on/off	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Scale	  0	  #	  0=fixed	  scale	  

	  	  	  	  	  	  	  	  	  	  	  alphas2	  0.26d0	  #	  fixed	  value	  of	  alphas	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FScaleValue	  5.3d0	  #	  the	  value	  of	  fixed	  scale	  
	  	  	  	  	  	  	  	  	  	  	  alphaem	  0.00729927d0	  #	  alphaem	  value	  	  	  	  	  	  	  	  	  	  	  	  	  LDMEcc1S01	  0.0645d0	  #	  0.387/2/Nc	  	  	  	  	  	  	  	  	  	  	  	  	  

	  	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  



An	  example	  
•  Run	  ./Helac-‐Onia.	  Two	  useful	  output	  files	  generated:	  

RESULT_eebaretac1ggg.out,sampleeebaretac1ggg.lhe	  
(only	  when	  unwgt=1	  and	  gener=0).	  

	  RESULT_eebaretac1ggg.out	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  sampleeebaretac1ggg.lhe	  
	  …	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  average	  esXmate	  :	  	  	  0.373070D-‐05	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  <LesHouchesEvents	  version="1.0">	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  +\-‐	  	  	  	  0.200429D-‐07	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  <!-‐-‐	  
	  	  variance	  esXmate:	  	  	  0.401719D-‐15	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  File	  generated	  with	  HELAC_PHEGAS_ONIA	  
	   	  	  	  	  	  	  	  	  +\-‐	  	  	  	  0.559955D-‐17	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  -‐-‐>	  
	  out	  of	  	  	  	  	  	  	  100000	  	  	  	  	  	  	  	  	  100001	  	  points	  have	  been	  used	  	  	  	  	  	  	  	  	  	  	  	  	  	  <init>	  
	  and	  	  	  	  	  	  	  	  100001	  	  points	  resulted	  to	  =/=	  0	  weight	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  11	  	  	  	  -‐11	  	  5.300000E+00	  	  5.300000E+00	  	  -‐1	  	  -‐1\	  
	  whereas	  	  	  	  	  	  	  	  	  	  	  	  	  0	  	  points	  to	  0	  weight	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  -‐1	  	  	  	  -‐1	  	  	  	  3	  	  	  	  1	  3.7306977547E-‐03	  2.004293\
	  -‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  5975E-‐05	  	  	  	  1.0000000000E+00	  	  	  	  81	  
	  total	  sigma	  (nb)	  =	  	  	  0.373070D-‐05	  	  	  +/-‐	  	  	  0.200429D-‐07	  	  	  	  	  	  	  	  	  	  	  	  	  	  </init>	  
	  -‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  <event>	  
	  %	  error:	  	  	  0.537244D+00	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  …	  
	  -‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
	  lwri:	  number	  of	  points	  have	  used	  	  	  8931.0000000000000	  
	  The	  Timing	  Consuming	  in	  Phase	  Space	  IntegraXon	  is:	  
	  0	  	  h;	  	  	  	  	  	  	  	  	  	  	  4	  	  m;	  	  	  	  	  	  	  	  	  	  11	  	  s;	  	  	  	  	  	  	  	  	  	  38	  	  cenX	  s	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  



ηc	  and	  hc	  

•  From	  above	  example,	  it	  is	  quite	  easy	  for	  one	  
to	  calculate	  	  	  ηc	  and	  hc	  producXon	  rate	  at	  the	  
LHC.	  The	  fock	  states	  up	  to	  O(v^7)	  for	  ηc	  	  

	  	  	  are	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ,	  and	  for	  hc	  are	  	  	  	  	  	  	  	  	  	  	  	  	  .	  
•  	  For	  example,	  I	  recalculated	  the	  dominant	  sub-‐
channel	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  use	  the	  the	  same	  input	  
parameters	  (except	  using	  CTEQ6L1)	  as	  in	  
arXiv:0904.0726	  (others	  see	  C.-‐F.Qiao’s	  talk),	  
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ηc	  and	  hc	  
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Close	  words	  
•  The	  program	  is	  available	  at	  
hHp://helac-‐phegas.web.cern.ch/helac-‐phegas	  .	  

•  If	  you	  have	  any	  quesXons	  about	  HELAC-‐Onia,	  
please	  don’t	  hesitate	  to	  contact	  me:	  

	   	  erdissshaw@gmail.com	  

	  	  	  	  	  	  


