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General	  Informa&on	  (I)	  
•  Focus	  on	  the	  state	  of	  FTF	  and	  QGS	  
•  MC	  results	  compared	  vs	  exp.data:	  

–  NA49	  
–  SAS	  M6E	  –	  exp.data	  for	  light	  or	  heavy	  nuclear	  targets	  

•  D.S.	  Barton	  et	  al.,	  Phys.	  Rev.	  D27,	  2580	  (1983)	  
–  NA61	  –	  updated	  data	  from	  Run-‐2009	  

•  Abgrall,	  N.	  et	  al.,	  Eur.Phys.J.	  C76,	  84	  (2016) 	  	  
–  Selected	  comparisons	  vs	  HARP	  and	  ITEP771	  data	  are	  also	  included	  to	  
a\est	  the	  state	  of	  FTF	  modeling	  at	  intermediate	  energies	  
•  For	  detailed	  benchmarking	  vs	  HARP	  data	  see	  talk	  by	  Vladimir	  I.	  

•  Geant4	  releases:	  
–  10.3.ref01	  and	  ref02	  
–  10.2.p03	  and	  10.3.p01	  for	  reference	  

•  Apologies	  for	  inconsistent	  coloring	  scheme	  among	  different	  
groups	  of	  comparisons	  !	  
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General	  Informa&on	  (II)	  
•  QGS	  is	  used	  with	  the	  following	  string	  fragmenta&on	  components:	  

–  G4QGSMFragmenta&on	  –	  “tradi&onal”	  
–  G4LundStringFragmenta&on	  –	  typically	  used	  with	  FTF	  but	  totally	  
compa&ble	  with	  QGS	  
•  Improves	  agreement	  with	  the	  data	  in	  some	  corners	  of	  the	  phase	  
space…	  

•  …	  but	  not	  everywhere	  
•  Selected	  results	  obtained	  with	  both	  string	  fragmenta&on	  

components	  will	  be	  shown	  to	  illustrate	  the	  case	  
•  Most	  of	  results	  in	  this	  report	  are	  for	  “tradi&onal”	  string	  

fragmenta&on	  component	  
•  Open	  ques&on:	  when	  developing	  QGS,	  one	  may	  want	  to	  consider	  

what	  string	  fragmenta&on	  component	  it	  should	  be	  used	  with	  
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General	  Informa&on	  (III)	  
•  Large	  number	  of	  valida&on	  plots	  is	  available	  
–  Secondaries	  include	  charged	  pions,	  charged	  kaons,	  K0s,	  
Lambda,	  protons,	  an&protons,	  neutrons	  	  

•  Only	  selected	  results	  are	  included	  in	  this	  report	  (due	  to	  the	  
&me	  constraints)	  

•  If	  there’s	  interest	  in	  a	  par&cular	  group	  of	  results,	  please	  let	  
me	  know,	  and	  I’ll	  make	  them	  available	  

•  Popula&ng	  DoSSiER	  with	  MC	  results	  is	  a	  task	  that	  remains	  of	  
high	  priority	  (although	  “something	  always	  happens”)	  
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FTFP	  at	  High	  Energies	  as	  of	  10.3.ref01/02	  (I)	  

•  Modeling	  pion+A	  interac&ons	  
–  Rela&vely	  stable	  results	  throughout	  releases	  in	  ques&on	  
–  Some	  varia&ons	  can	  be	  observed	  but	  they	  are	  smaller	  than	  in	  the	  case	  of	  

proton	  beam	  

•  Pion	  produc&on	  in	  p+A	  	  
–  Trend	  to	  devia&on	  from	  the	  data	  	  

•  <mult>	  vs	  xF	  	  
•  momentum	  spectra	  in	  diff.	  bins	  of	  pt	  
•  Momentum	  spectra	  in	  different	  bins	  of	  polar	  angle	  	  

–  Although	  <pt>	  vs	  xF	  appears	  to	  improve	  (at	  least,	  for	  C	  target)	  	  

•  Kaon	  or	  Lambda	  produc&on	  in	  p+A	  interac&ons	  
–  Rela&vely	  decent	  agreement	  with	  the	  data	  (updated	  NA61	  data	  or	  SAS	  M6E)	  
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FTFP	  at	  High	  Energies	  as	  of	  10.3.ref01/02	  (II)	  

•  Proton	  produc&on	  in	  p+A	  
–  Substan&al	  varia&ons	  between	  ref01	  and	  ref02	  results	  	  
–  Maybe	  ref01	  is	  be\er	  ?	  

•  Pbar	  produc&on	  in	  p+A	  
–  Obvious	  degrada&on	  of	  <mult>	  vs	  xF	  or	  <pt>	  vs	  xF	  spectra	  in	  10.3.ref02	  
–  Rela&vely	  mild	  effects	  on	  momentum	  spectra	  in	  diff.	  bins	  of	  pt	  
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FTFP:	  158GeV/c	  p+C	  -‐>	  pi+	  
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FTFP:	  100GeV/c	  p+Pb	  -‐>	  pi+	  
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FTFP:	  31GeV/c	  p+C	  -‐>	  pi+	  
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FTFP:	  100GeV/c	  p+C	  -‐>	  K+	  
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FTFP:	  100GeV/c	  p+Pb	  -‐>	  K+	  
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FTFP:	  31GeV/c	  p+C	  -‐>	  K+	  
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FTFP:	  100GeV/c	  p+C	  -‐>	  p	  
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FTFP:	  100GeV/c	  p+Pb	  -‐>	  p	  
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FTFP:	  31GeV/c	  p+C	  -‐>	  p	  (I)	  
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FTFP:	  31GeV/c	  p+C	  -‐>	  p	  (II)	  
	  	  

	  

J.Yarba	  -‐	  Valida&on	  of	  10.2.p03,	  10.3.p01,	  
10.3.ref01/02	  3/15/17	   16	  



FTFP:	  158GeV/c	  p+C	  -‐>	  pbar	  
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QGSP	  at	  High	  Energies	  as	  of	  10.3.ref01/02	  	  
•  Substan&al	  improvement	  in	  most	  areas	  in	  modeling	  p+A	  

–  Results	  on	  pion	  or	  proton	  produc&on	  in	  ref01/02	  are	  much	  closer	  to	  the	  
data	  than	  in	  10.2.p03	  or	  10.3.p01	  	  

–  Modeling	  of	  kaon	  or	  Lambda	  produc&on	  s&ll	  has	  room	  for	  improvement	  
•  FTF	  appears	  to	  give	  be\er	  overall	  agreement	  with	  data	  

•  Modeling	  of	  pion+A	  s&ll	  has	  some	  room	  for	  improvement	  
–  Based	  on	  comparison	  with	  limited	  data	  
–  Exploring	  if	  more	  datasets	  can	  be	  added	  

•  Use	  of	  G4LundStringFragmenta&on	  may	  substan&ally	  improve	  
agreement	  with	  data	  in	  some	  areas,	  but	  at	  the	  same	  &me	  it	  may	  
pull	  MC	  results	  away	  from	  the	  data	  in	  some	  other	  areas	  
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QGSPP:	  158GeV/c	  p+C	  -‐>	  pi+	  
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QGSPP:	  100GeV/c	  p+Pb	  -‐>	  pi+	  
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QGSPP:	  31GeV/c	  p+C	  -‐>	  pi+	  
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QGSPP:	  31GeV/c	  p+C	  -‐>	  p	  
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Models	  comparison:	  158GeV/c	  p+C	  -‐>	  pi+	  
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Models	  comparison:	  31GeV/c	  p+C	  -‐>	  pi-‐	  
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Models	  comparison:	  31GeV/c	  p+C	  -‐>	  K+	  
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FTFP	  at	  Intermediate	  Energies	  
•  Some	  varia&ons	  in	  ref02	  observed	  when	  modeling	  	  
	  	  	  	  	  hadron+A	  -‐>	  pions	  

–  Mild	  for	  light	  targets	  
–  More	  obvious	  for	  heavy	  targets	  

•  Certain	  varia&ons	  among	  releases	  in	  ques&on	  are	  observed	  when	  
modeling	  hadron+A	  -‐>	  p/n	  
–  Effect	  is	  obvious	  for	  light	  targets	  
–  No	  significant	  effect	  for	  heavy	  targets	  
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FTFP:	  5GeV/c	  p+C	  -‐>	  pi+	  (FW)	  
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FTFP:	  5GeV/c	  p+C	  -‐>	  pi+	  (LA)	  
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FTFP:	  8GeV/c	  p+Ta	  -‐>	  pi+	  	  
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FTFP:	  8GeV/c	  p+Ta	  -‐>	  pi-‐	  	  
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FTFP:	  7.5GeV/c	  p+C	  -‐>	  p/n	  	  
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FTFP:	  7.5GeV/c	  p+U	  -‐>	  p/n	  	  
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Summary	  
•  Valida&on	  Geant4.10.2.p03,	  10.3.p01,	  10.3.ref01,	  and	  10.3.ref02	  has	  

been	  performed;	  results	  compared	  vs	  various	  exp.data	  
•  As	  of	  10.3.ref02,	  in	  a	  number	  of	  areas	  FTF	  tends	  to	  move	  away	  from	  the	  

data	  as	  compared	  to	  results	  of	  10.2.p03	  or	  10.3.p01,	  
•  Or	  even	  10.3.ref01	  

–  Behavior	  is	  mainly	  similar	  for	  light	  or	  heavy	  targets	  
•  As	  of	  10.3.ref02,	  QGS	  results	  definitely	  improve	  in	  many	  areas	  

–  In	  par&cular,	  modeling	  of	  pions	  or	  protons	  produc&on	  in	  hadron+A	  
interac&ons	  has	  improved	  

–  Room	  for	  improvement	  remains	  in	  modeling	  of	  kaons	  produc&on	  	  
–  Behavior	  appears	  similar	  for	  light	  or	  heavy	  targets	  
–  Use	  of	  G4LundStringFragmenta&on	  component	  with	  QGS	  improves	  
agreement	  with	  the	  data	  in	  some	  areas,	  but	  results	  may	  degrade	  in	  
some	  other	  areas	  
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