
Summary	  on	  Crystal	  Simula/on	  Rou/nes	  	  for	  
Par/cle	  Accelerators:	  Comparison	  and	  
Benchmarking	  with	  Experimental	  Data	  

Francesca	  Galluccio	  
INFN	  –	  Napoli	  

	  
Channeling	  2014	  

6th	  Interna/onal	  Conference	  on	  
Charged	  &	  Neutral	  Par/cles	  Channeling	  Phenomena	  

October	  5-‐10,	  2014	  –	  Capri,	  Italy	  
	  



Outlook	  

•  Mo/va/on	  
•  Available	  rou/nes	  for	  mul/-‐turn	  tracking	  
implementa/on	  

•  Strategy	  for	  benchmarking	  
•  Experimental	  results	  
•  Comparison	  of	  simula/on	  results	  
•  On-‐going	  studies	  and	  Future	  plans	  
•  Conclusions	  
	  
	  F.	  Galluccio	   Channeling	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

October	  10,	  2014	  	  –	  	  Capri,	  Italy	  	   2	  



Mo/va/on	  

Within	  the	  UA9	  collabora/on	  we	  use	  several	  computer	  codes	  to	  
simulate	  the	  interac/ons	  between	  charged	  par/cle	  beams	  and	  
crystals.	  
	  
It	  is	  extremely	  important	  that	  the	  physics	  model	  inside	  these	  tools	  is	  
the	  most	  realis/c	  and	  complete	  one	  because:	  
•  Some	  of	  these	  rou/nes	  are	  to	  be	  integrated/interfaced	  to	  very	  

general	  use	  simula/on	  tools	  (FLUKA,	  GEANT4,	  SixTrack);	  
•  They	  are	  used	  as	  predic/ve	  tools	  for	  the	  Collima/on	  experiment	  in	  

the	  LHC.	  
	  
We	  have	  started	  a	  program	  to	  compare	  these	  rou/nes	  among	  each	  
other	  and	  to	  benchmark	  them	  against	  the	  UA9	  data	  (both	  H8	  and	  SPS),	  
with	  the	  aim	  of	  finally	  valida/ng	  them	  in	  order	  to	  make	  them	  available	  
for	  the	  general	  use.	  
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Available	  rou/nes	  

•  Mul/-‐pass	  codes:	  
1)  Tara/n's	   code,	   CRYD,	   based	   on	   the	   integra/on	   of	   equa/ons	   of	   mo/on	   in	   the	   crystal,	  

interfaced	  with	  a	  rela/vely	  simple	  transfer	  matrix	  tracking	  code.	  
2)  Mirarchi's	   CrysColl	   code,	   thorough	   revision	   of	   original	   Yazynin’s	   code,	   based	   on	   event	  

probability,	  interfaced	  to	  SixTrack	  by	  V.Previtali.	  
•  Single-‐pass	  codes	  ready	  for	  mul/-‐pass	  implementa/on:	  
3)  Schoofs’	   code,	   in	   which	   the	   crystal	   is	   modeled	   	   in	   "FLUKA	   style",	   although	   not	   yet	  

implemented	  in	  FLUKA	  itself.	  
A	  version	  of	  SixTrack	  exists,	  already	  interfaced	  to	  FLUKA	  for	  the	  treatment	  of	  collimators.	  

4)  Bagli's	  code,	  in	  which	  the	  coherent	  interac/ons	  have	  been	  implemented	  in	  GEANT4	  on	  top	  
of	  the	  treatment	  of	  crystal	  structures	  already	  available	  in	  GEANT4.	  
An	  interface	  either	  to	  SixTrack	  or	  to	  ICOSIM++	  is	  foreseen.	  
	  

DYNACHARM++	  (Bagli)	  is	  a	  Monte	  Carlo	  code	  based	  on	  the	  numerical	  solu/on	  of	  the	  equa/on	  of	  
mo/on	  of	  par/cles	  in	  crystals	  whose	  electron	  densi/es	  and	  electric	  fields	  are	  computed	  from	  x-‐
ray	  analysis.	   It	   is	   too	  slow	  to	  be	   implemented	   in	  a	  mul/-‐turn	  code,	  but	  can	  be	  used	  for	   	  cross-‐
checking.	  
	  
Other	  codes	  exist.	  At	  the	  moment	  they	  are	  not	  specifically	  used	  within	  the	  UA9	  Collabora/on.	  
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Strategy	  

•  Start	  comparing	  single-‐pass	  mode	  
– Use	  UA9	  crystal	  measurement	  data	  at	  CERN	  SPS	  H8	  
extrac/on	  line	  as	  benchmark	  
h"p://lhc-‐collima-on-‐upgrade-‐spec.web.cern.ch/LHC-‐Collima-on-‐Upgrade-‐Spec/H8_input.php	  

•  STF45	  crystal	  selected	  as	  reference:	  measurements	  with	  high	  
sta/s/cs	  and	  well	  controlled	  beam	  condi/ons:	  	  
bending	  angle	  =	  144	  µrad,	  length	  =	  2	  mm,	  bending	  radius	  =	  13.9	  m	  

•  Required	  to	  reproduce	  results	  from	  data	  analysis.	  
–  Reproduce	  beam	  condi/ons	  of	  RUN	  415	  
σx	  =	  1.00	  mm	  ,	  σx’=10.6	  µrad,	  σy	  =	  0.72	  mm,	  σy’=	  7.7	  µrad	  

–  Calculate	  a	  certain	  number	  of	  key	  parameters	  

•  Implement	  an	  appropriate	  mul/-‐turn	  codes	  and	  
extend	  comparison	  to	  mul/-‐turn	  mode	  
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Key	  parameters	  

•  Distribu/on	  of	  deflec/on	  angle	  vs.	  impact	  angle	  
•  Distribu/on	  of	  deflec/on	  angle	  for	  impact	  angle	  selec/on	  of	  ±	  5	  

and	  ±	  10	  μrad,	  with	  calcula/on	  of:	  
–  Channeling	  angle	  distribu/on	  sigma	  
–  Channeling	  efficiency	  
–  Dechanneling	  length	  

•  Volume	  reflec/on	  angle	  and	  its	  sigma	  from	  distribu/on	  of	  
deflec/on	  angle	  for	  an	  impact	  angle	  selec/on	  in	  the	  range	  [+2θc,
+3θc]	  

•  Amorphous	  angle	  and	  its	  sigma	  from	  distribu/on	  of	  deflec/on	  
angle	  for	  impact	  angle	  selec/on	  in	  the	  range	  [-‐3θc,-‐2θc]	  

•  Channeling	  angle	  and	  its	  sigma	  as	  a	  func/on	  of	  impact	  angle	  
•  Transi/on	  region	  peak	  and	  its	  sigma	  as	  a	  func/on	  of	  the	  impact	  

angle	  
•  Channeling	  and	  dechanneling	  popula/on	  (normalized	  to	  total	  

number	  of	  par/cle)	  as	  a	  func/on	  of	  the	  impact	  angle	  
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Experimental	  Results	  
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Experimental	  Results	  
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Angular	  cut	  	  
for	  comparison	  =	  
±θc	  ≈	  ±10µrad	  



Comparison	  of	  simula/on	  results:	  CrysColl	  
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Comparison	  of	  simula/on	  results:	  FLUKA	  
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Comparison	  of	  simula/on	  results:	  GEANT4	  

F.	  Galluccio	   Channeling	  2014	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
October	  10,	  2014	  	  –	  	  Capri,	  Italy	  	   11	  



Comparison	  of	  simula/on	  results	  
Run	  415	  
	  Crys.STF45	  

CUT	   Telescope	  
Correc6on	  

VR/AM	  	  σ	  	  	   CH	  peak	  σ	  	   CH	  efficiency	   DC	  rate	   LD	  

[urad]	   [urad]	   [urad]	   [%]	   [%]	   [mm]	  

Experiment	   5	   yes	   	  9.3	   7.2	   68.9	   4.76	  ±	  0.24	   1.41	  

CRYD	   5	   no	   70.7	   1.42	  

CrysColl	   5	   yes	   	  8.1	   7.7	   69.8	   5.18	   1.06	  

FLUKA	   5	   no	   	  8.6	   4.9	   68.86	   3.71	  ±	  0.08	   1.02	  

FLUKA	   5	   yes	   10.3	   7.1	   68.9	   3.32	  ±	  0.07	  

GEANT4	   5	   yes	   7.6	   6.6	   70	   3.4	  	  ±	  0.5	   1.28	  

Experiment	   10	  	   yes	   9.5	   8.2	   54.0	   5.13	  ±	  0.18	   1.23	  

CRYD	   10	   no	   58.4	   1.3	  

CrysColl	   10	   yes	   8.1	   8.8	   62.0	   5.10	   1.09	  

FLUKA	   10	   no	   8.6	   6.1	   56.90	   3.71	  ±	  0.06	   0.845	  

FLUKA	   10	   yes	   10.2	   8.0	   56.9	   3.37	  ±	  0.06	  
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On-‐going	  studies	  and	  future	  plans	  

•  Transi/on	  region	  thorough	  analysis	  
•  Nuclear	  interac/on	  event	  rate	  comparison	  

•  Extension	  to	  7	  TeV,	  and	  benchmarking	  of	  codes	  vrt	  
codes.	  

•  Interface	  of	  the	  GEANT4	  	  and	  FLUKA	  rou/nes	  in	  mul/-‐
turn	  codes	  and	  benchmark	  all	  codes	  to	  the	  SPS	  ring	  
UA9	  data	  

	  
•  Implementa/on	  of	  an	  Ion-‐crystal	  rou/ne	  
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Conclusions	  

•  Within	  the	  UA9	  we	  have	  	  
–  2	  rou/nes	  already	  implemented	  in	  mul/-‐turn	  codes	  
–  2	  rou/nes	  ready	  to	  be	  implemented	  

•  They	  reproduce	  the	  measured	  data	  within	  10%,	  
and	  in	  par/cular	  channeling	  efficiency	  within	  1%	  
in	  a	  range	  of	  1	  cri/cal	  angle.	  	  

•  Few	  refinements	  in	  the	  models	  can	  s/ll	  be	  done,	  
but	  they	  would	  hardly	  affect	  the	  predic/ve	  power	  
of	  the	  codes	  for	  collima/on	  purposes	  @450	  GeV	  

•  The	  benchmark	  @	  7TeV	  will	  be	  more	  delicate	  as	  
there	  are	  not	  experimental	  data	  at	  that	  energy,	  
and	  should	  start	  very	  soon.	  	  
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THANK	  YOU	  

FOR	  
YOUR	  ATTENTION	  
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