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Outline	  

•  From	  Naïve	  generator	  to	  single-‐par=cle	  
generator.	  	  

•  Gagik	  Gavalians	  and	  Haruts	  generator.	  
•  NJL-‐jet	  generator	  
•  Conclusions/discussions	  	  



Cross	  sec=on	  



Naïve	  generator	  
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Instead	  of	  

generate	  

Or	  even	  simple	  	  

dσ

dxdydzdPT dφh
= KFUU,T (1 + A cos(φh) + B cos(2φh) + C sin(φh))

Check	  if	  you	  do	  really	  generate	  it!	  Check	  do	  you	  really	  get	  as	  output	  your	  func=ons.	  



What	  do	  I	  have	  in	  Naïve	  Generator	  

Distribu=on	  func=ons.	  
•  MSTW	  (with	  Q2	  evolu=on)	  
•  Haruts	  equa=ons.	  

Fragmenta=on	  func=ons	  
•  DSS	  (	  Phys	  Rev	  D	  76,	  074033	  (2007),	  Phys	  Rev	  D	  
75,	  114010	  (2007)	  )	  .	  

•  	  D(z)	  from	  J.	  Binnewies	  and	  collaborators	  (hep-‐
ph/9503464).	  



Random	  generators	  

Up	  to	  above	  simple	  genera=ons	  one	  can	  use:	  
•  TRandom	  from	  root	  

•  TRandom3	  from	  root	  

While	  if	  one	  will	  use	  FOAM	  will	  see	  the	  
difference	  

•  hdp://jadach.home.cern.ch/jadach/Foam/
Index.html	  

•  hdp://root.cern.ch/root/html/TFoam.html	  



TFoam	  
*****	  	  	  Demonstra=on	  Program	  for	  Foam	  version	  1.02M	  	  	  	  *****	  
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF	  
F	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  F	  
F	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ****************************************	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  F	  
F	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ******	  	  	  	  	  	  TFoam::Ini=alize	  	  	  	  ******	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  F	  
F	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ****************************************	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  F	  
F	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FoamX	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  F	  
F	  	  	  	  Version	  =	  	  	  	  	  	  	  	  	  	  	  1.02M	  	  	  =	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Release	  date:	  	  2005.04.10	  F	  
F	  	  	  	  	  	  	  kDim	  =	  	  	  	  	  	  	  	  	  	  8	  =	  	  Dimension	  of	  the	  hyper-‐cubical	  space	  	  	  	  	  	  	  	  	  	  	  	  	  	  F	  
F	  	  	  	  	  nCells	  =	  	  	  	  	  	  	  5000	  =	  	  Requested	  number	  of	  Cells	  (half	  of	  them	  ac=ve)	  	  	  F	  
F	  	  	  	  	  nSampl	  =	  	  	  	  	  	  	  5000	  =	  	  No	  of	  MC	  events	  in	  explora=on	  of	  a	  cell	  	  	  	  	  	  	  	  	  	  F	  
F	  	  	  	  	  	  	  nBin	  =	  	  	  	  	  	  	  	  500	  =	  	  No	  of	  bins	  in	  histograms,	  MC	  explora=on	  of	  cell	  	  F	  
F	  	  	  EvPerBin	  =	  	  	  	  	  	  	  1000	  =	  	  Maximum	  No	  effec=ve_events/bin,	  MC	  explora=on	  	  	  F	  
F	  	  	  OptDrive	  =	  	  	  	  	  	  	  	  	  	  2	  =	  	  Type	  of	  Driver	  	  	  =1,2	  for	  Sigma,WtMax	  	  	  	  	  	  	  	  	  	  	  	  	  F	  
F	  	  	  	  	  OptRej	  =	  	  	  	  	  	  	  	  	  	  1	  =	  	  MC	  rejec=on	  on/off	  for	  OptRej=0,1	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  F	  
F	  	  	  MaxWtRej	  =	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  2	  	  	  =	  	  	  	  	  	  	  Maximum	  wt	  in	  rejec=on	  for	  wt=1	  evts	  F	  
F	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  F	  
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF	  



Step	  func=on	  on	  z	  for	  sin(x)	  moment	  
 / ndf 2!  2.126 / 8

p0        0.0±     1 
p1        0.00142± 0.04732 
p2        0.00142± -0.00193 
p3        0.0014204± 0.0008816 
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87000  / ndf 2!  2.126 / 8
p0        0.0±     1 
p1        0.00142± 0.04732 
p2        0.00142± -0.00193 
p3        0.0014204± 0.0008816 
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0.25  / ndf 2!  2.653 / 10
p0        0.0007103± -0.0006188 
p1        0.001004± -0.04764 

 / ndf 2!  2.653 / 10
p0        0.0007103± -0.0006188 
p1        0.001004± -0.04764 
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0.25  / ndf 2!   2.29 / 9
p0        0.0007103± -0.0006185 
p1        0.001004± -0.04764 
p2        0.001004± -0.0006052 

 / ndf 2!   2.29 / 9
p0        0.0007103± -0.0006185 
p1        0.001004± -0.04764 
p2        0.001004± -0.0006052 
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0.25  / ndf 2!  2.932 / 9
p0        0.001408± -0.04796 
p1        0.04189± -0.02497 
p2        0.0419± -0.01395 

 / ndf 2!  2.932 / 9
p0        0.001408± -0.04796 
p1        0.04189± -0.02497 
p2        0.0419± -0.01395 

 / ndf 2!  52.57 / 8
p0        0.0041± 0.9991 
p1        0.00488± 0.03033 
p2        0.0060± 0.8935 
p3        0.0051± 0.1638 
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 / ndf 2!  52.57 / 8

p0        0.0041± 0.9991 
p1        0.00488± 0.03033 
p2        0.0060± 0.8935 
p3        0.0051± 0.1638 
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0.25  / ndf 2!  19.34 / 10
p0        0.002901± 0.005291 
p1        0.004286± -0.04549 

 / ndf 2!  19.34 / 10
p0        0.002901± 0.005291 
p1        0.004286± -0.04549 
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0.25  / ndf 2!  19.26 / 9
p0        0.002901± 0.005287 
p1        0.004842± -0.04615 
p2        0.004602± 0.001344 

 / ndf 2!  19.26 / 9
p0        0.002901± 0.005287 
p1        0.004842± -0.04615 
p2        0.004602± 0.001344 
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0.25  / ndf 2!  20.61 / 9
p0        0.005541± -0.05193 
p1        0.1676± 0.1929 
p2        0.1634± -0.2434 

 / ndf 2!  20.61 / 9
p0        0.005541± -0.05193 
p1        0.1676± 0.1929 
p2        0.1634± -0.2434 

 / ndf 2!  4.338 / 8
p0        0.0±     1 
p1        0.00193± -0.04818 
p2        0.001932± 0.003333 
p3        0.001932± 0.001582 
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 / ndf 2!  4.338 / 8

p0        0.0±     1 
p1        0.00193± -0.04818 
p2        0.001932± 0.003333 
p3        0.001932± 0.001582 
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0.25  / ndf 2!  10.19 / 10
p0        0.0009649± 0.0008209 
p1        0.001364± 0.04925 

 / ndf 2!  10.19 / 10
p0        0.0009649± 0.0008209 
p1        0.001364± 0.04925 
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0.25  / ndf 2!  10.19 / 9
p0        0.0009649± 0.0008209 
p1        0.001364± 0.04925 
p2        0.001365± 7.435e-05 

 / ndf 2!  10.19 / 9
p0        0.0009649± 0.0008209 
p1        0.001364± 0.04925 
p2        0.001365± 7.435e-05 
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0.25  / ndf 2!  9.841 / 9
p0        0.001986± 0.04779 
p1        0.05691± -0.005402 
p2        0.05537± 0.05736 

 / ndf 2!  9.841 / 9
p0        0.001986± 0.04779 
p1        0.05691± -0.005402 
p2        0.05537± 0.05736 

 / ndf 2!  43.66 / 8
p0        0.005± 0.999 
p1        0.00619± -0.03273 
p2        0.0069± 0.6806 
p3        0.00633± 0.08318 
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 / ndf 2!  43.66 / 8
p0        0.005± 0.999 
p1        0.00619± -0.03273 
p2        0.0069± 0.6806 
p3        0.00633± 0.08318 
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0.25  / ndf 2!  5.729 / 10
p0        0.003387± 0.004761 
p1        0.004875± 0.04716 

 / ndf 2!  5.729 / 10
p0        0.003387± 0.004761 
p1        0.004875± 0.04716 
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0.25  / ndf 2!  5.676 / 9
p0        0.003387± 0.004763 
p1        0.005218± 0.04673 
p2        0.005097± 0.001168 

 / ndf 2!  5.676 / 9
p0        0.003387± 0.004763 
p1        0.005218± 0.04673 
p2        0.005097± 0.001168 
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0.25  / ndf 2!  7.283 / 9
p0        0.008505± 0.04295 
p1        0.2654± -0.1247 
p2        0.2084±  0.13 

 / ndf 2!  7.283 / 9
p0        0.008505± 0.04295 
p1        0.2654± -0.1247 
p2        0.2084±  0.13 

Generated	  asymmetry	  
Reconstructed	  within	  the	  	  
error	  bars.	  

f =
p0 sin(x)

1 + p1 cos(x) + p2 sin(2x)

f = p0 sin(x) + p1 sin(2x)f = p0 + p1 sin(x)



Step	  func=on	  on	  z	  for	  sin(x)	  moment	  

Generated	  asymmetry	  
Reconstructed	  within	  the	  	  
error	  bars.	  

 / ndf 2!  8.626 / 8
p0        0.0±     1 
p1        0.00208± -0.09859 
p2        0.0020799± -0.0006569 
p3        0.002078± 0.002566 
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 / ndf 2!  8.626 / 8
p0        0.0±     1 
p1        0.00208± -0.09859 
p2        0.0020799± -0.0006569 
p3        0.002078± 0.002566 
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0.25  / ndf 2!  6.089 / 10
p0        0.001038± 0.0001233 
p1        0.001466± 0.09826 

 / ndf 2!  6.089 / 10
p0        0.001038± 0.0001233 
p1        0.001466± 0.09826 
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0.25  / ndf 2!  4.317 / 9
p0        0.001038± 0.0001239 
p1        0.001466± 0.09826 
p2        0.001468± 0.001954 

 / ndf 2!  4.317 / 9
p0        0.001038± 0.0001239 
p1        0.001466± 0.09826 
p2        0.001468± 0.001954 
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0.25  / ndf 2!  3.635 / 9
p0        0.002111± 0.09693 
p1        0.0302± -0.03928 
p2        0.03004± 0.02588 

 / ndf 2!  3.635 / 9
p0        0.002111± 0.09693 
p1        0.0302± -0.03928 
p2        0.03004± 0.02588 

 / ndf 2!  42.86 / 8
p0        0.005± 0.999 
p1        0.00648± -0.08785 
p2        0.0067± 0.4718 
p3        0.00649± 0.01581 

0 1 2 3 4 5 6

2000

2500

3000

3500

4000

4500

5000

5500
 / ndf 2!  42.86 / 8

p0        0.005± 0.999 
p1        0.00648± -0.08785 
p2        0.0067± 0.4718 
p3        0.00649± 0.01581 
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0.25  / ndf 2!    6.6 / 10
p0        0.003357± -0.001644 
p1        0.004756± 0.09467 

 / ndf 2!    6.6 / 10
p0        0.003357± -0.001644 
p1        0.004756± 0.09467 
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0.25  / ndf 2!  6.598 / 9
p0        0.003357± -0.001643 
p1        0.004916± 0.09462 
p2        0.004889± 0.0002139 

 / ndf 2!  6.598 / 9
p0        0.003357± -0.001643 
p1        0.004916± 0.09462 
p2        0.004889± 0.0002139 
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0.25  / ndf 2!  6.664 / 9
p0        0.006692± 0.09654 
p1        0.1017± -8.811e-05 
p2        0.09756± -0.04069 

 / ndf 2!  6.664 / 9
p0        0.006692± 0.09654 
p1        0.1017± -8.811e-05 
p2        0.09756± -0.04069 

 / ndf 2!  11.54 / 8
p0        0.0028± 0.9999 
p1        0.0039± -0.1024 
p2        0.003916± 0.001436 
p3        0.0039109± 0.0004593 
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 / ndf 2!  11.54 / 8

p0        0.0028± 0.9999 
p1        0.0039± -0.1024 
p2        0.003916± 0.001436 
p3        0.0039109± 0.0004593 
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0.25  / ndf 2!  18.81 / 10
p0        0.001952± 0.003417 
p1        0.002754± 0.1021 

 / ndf 2!  18.81 / 10
p0        0.001952± 0.003417 
p1        0.002754± 0.1021 
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0.25  / ndf 2!  15.38 / 9
p0        0.001952± 0.003424 
p1        0.002754± 0.1021 
p2        0.002757± 0.005105 

 / ndf 2!  15.38 / 9
p0        0.001952± 0.003424 
p1        0.002754± 0.1021 
p2        0.002757± 0.005105 
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0.25  / ndf 2!  16.59 / 9
p0        0.003735± 0.1051 
p1        0.05233± -0.09435 
p2        0.05085± -0.06428 

 / ndf 2!  16.59 / 9
p0        0.003735± 0.1051 
p1        0.05233± -0.09435 
p2        0.05085± -0.06428 

 / ndf 2!  15.99 / 8
p0        0.0088± 0.9987 
p1        0.0126± -0.1113 
p2        0.0123± 0.2626 
p3        0.01233± -0.06738 
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 / ndf 2!  15.99 / 8
p0        0.0088± 0.9987 
p1        0.0126± -0.1113 
p2        0.0123± 0.2626 
p3        0.01233± -0.06738 
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0.25  / ndf 2!   20.9 / 10
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Important	  checks	  

 / ndf 2!   10.3 / 8
p0        0.0032± 0.9999 
p1        0.00404± -0.05046 
p2        0.0047± 0.2943 
p3        0.0044± 0.2867 
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p0        0.0052± 0.0527 
p1        0.1056± 0.4097 
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 / ndf 2!  58.27 / 8
p0        0.0045± 0.9988 
p1        0.00545± -0.04658 
p2        0.0067± 0.6829 
p3        0.0059± 0.2881 
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So	  how	  we	  would	  like	  to	  generate?	  

dσ

dxdydzdPT dφh
= f(x, y, z, PT , φh, φs, PB , PT )

dσ

dQ2dxdzdPT dφh
= f(x, Q2, z, PT , φh, φs, PB , PT )

We	  need	  to	  choose	  

And	  guess	  for	  ini=al	  stage	  would	  be	  beder	  to	  have	  our	  outputs	  in	  one	  of	  above	  formats	  
Then	  each	  group	  can	  create	  its	  favorite	  output	  format	  from	  above	  variables	  	  	  



Problems	  up	  to	  here:	  

•  Posi=vity	  bound	  
•  Compa=bility	  of	  different	  models	  …	  

•  If	  one	  would	  like	  to	  include	  also	  RC,	  then	  he	  
needs	  to	  check	  genera=on	  limits	  also.	  



Gagik	  Gavalians	  and	  Haruts	  generator	  

•  Based	  on	  full	  FOAM	  
•  Can	  include	  structure	  func=ons	  and	  cross	  
sec=on	  even	  in	  fortran	  

•  General	  interface	  
•  Does	  not	  include	  CERN	  LIB.	  



NJL-‐jet	  generator	  

Single-‐par=cle	  or	  2	  par=cle	  DIS	  gen	   Full	  event	  generator	  

The	  JET-‐MC	  is	  a	  Monte	  Carlo	  event	  generatoing	  framework	  developed	  for	  SIDIS,	  which	  is	  a	  intermediary	  	  
between	  the	  two	  types	  of	  generatros	  Alessandro	  described	  yesterday:	  Full	  Event	  Generators	  (Pythia,	  etc)	  	  
and	  the	  generators	  for	  single	  par=cle	  inclusive	  SIDIS.	  It	  assumes	  the	  TMD	  factoriza=on	  picture	  to	  probe	  the	  
	  transverse	  quark	  structure	  	  of	  the	  nucleon,	  but	  employs	  the	  quark-‐jet	  model	  for	  hadroniza=on.	  

NJL-‐jet	  	  

Transverse	  Momentum	  Dependent	  Fragmenta3on	  and	  Quark	  Distribu3on	  
Func3ons	  from	  the	  NJL-‐jet	  Model.	  
Hrayr	  H.	  Matevosyan,	  Wolfgang	  Bentz,	  Ian	  C.	  Clo	  ̈et	  and	  Anthony	  W.	  Thomas.	  arXiv:1111.1740	  [hep-‐ph]	  	  

Plots	  from	  A.	  Baccheda	  



Slides	  from	  H.	  Matevosyan	  
arXiv:1111.1740	  [hep-‐ph]	  	  
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Example	  for	  6	  GeV	  

pippt
Entries  135909
Mean   0.3569
RMS    0.1819
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Pions	  PT	  and	  z	  distribu=ons	  for	  CLASS	  6	  kinema=cs	  
from	  NJL-‐jet	  MC	  



Conclusions/Outlook	  NJL-‐jet	  	  
•  	  b)	  It	  accommodates	  PDFs	  and	  FFs	  with	  arbitrary	  transverse	  

momentum	  dependence.	  Allows	  for	  quark	  flavor	  	  and	  produced	  
hadron	  type	  dependence	  of	  TMDs.	  	  

•  	  b2)	  Models	  the	  decay	  of	  the	  produced	  hadrons	  (for	  now	  only	  2-‐
body	  decays	  of	  rho,	  K*	  and	  phi).	  

•  	  c)	  Can	  (and	  in	  the	  near	  future	  will)	  be	  extended	  to	  accommodate	  
the	  angular	  momentum	  effects,	  TMD	  evolu=on,	  etc.	  

•  	  d)	  Can	  be	  easily	  switched	  to	  become	  "generators	  for	  a	  single	  
par=cle	  inclusive	  SIDIS"	  by	  seung	  the	  number	  of	  emided	  hadrons	  
to	  1	  and	  using	  the	  full	  FFs	  for	  the	  hadron	  emission	  vertex.	  



Conclusions/Outlook	  

•  We	  need	  simple	  TMD	  event	  generator	  for	  single	  
hadron	  produc=on.	  

•  We	  need	  string	  fragmenta=on	  (which	  will	  
produce	  not	  only	  pions	  and	  kaons,	  also	  rho,	  K*,	  
phi	  …).	  arXiv:1111.1740	  ?	  	  

•  We	  need	  consistent	  model/s	  which	  we	  can	  
apply	  for	  all	  our	  experiments	  (Q2	  evolu=on	  ?).	  

•  We	  need	  to	  have	  standard	  as	  an	  input	  and	  
output.	  


