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SPS	  6.3	  km	  
diameter	  

LHC	  27	  km	  
diameter	  
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SPS North Area
7 beam lines 

total length 5.8 km 

Three experimental halls : EHN1, EHN2, ECN3 

~2000 scientists / year

•  7	  beam	  lines	  –	  total	  length	  5.8	  km	  
•  3	  experimental	  halls:	  ENH1,	  EHN2,	  ECN3	  
•  CALET	  runs	  in	  ENH1	  

CERN	  SPS	  North	  Area	  -‐	  1	  
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8The North Experimental Areas at the SPS
• The SPS proton beam (400/450 GeV/c) slowly extracted to North Area
• Directed towards the three North Area primary targets T2, T4 and T6

• From the primary targets:
– T2 Æ H2 and H4 beam lines
– T4 Æ H6 and H8 beam lines

and P42/K12 beam line (NA62)
– T6 Æ M2 beam line (NA58/COMPASS)

NA62 

COMPASS SPS beam

North Area 
Test Beam Facilities 
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North Area Test Beams

Up to 4 user areas per beam line
Possibility to take parasitic muons behind main user
Some areas permanently occupied by LHC users (ATLAS, CMS, 
LHCb, TOTEM)

H2
H4

H6

H8

NA61

ATLAS, EuDET, SILC…

n  5.8	  Km	  of	  
beam	  lines	  

n  About	  1000	  
beamline	  
components	  	  

CALET	  in	  “LHCB”	  Area	  ~480	  m	  from	  T4	  
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H8	  Beam	  Op'cs	  

CALET	  

•  CALET	  test	  loca'on	  is	  at	  at	  a	  focal	  point	  about	  480	  m	  from	  the	  T4	  target.	  
²  Focus	  of	  Quad	  14	  and	  Quad	  15	  
²  Beam	  loca'on	  controlled	  by	  Trim	  3	  and	  Trim	  4	  dipole	  magnets	  

	  
	  
	  



T4	  Target	  Configura'on	  



CERN	  Pb	  Run	  November/December	  2015	  
Approved	  23	  June	  2015	  

•  Beam	  will	  be	  Pb	  at	  30	  A	  GeV/c	  (this	  cannot	  be	  changed).	  
•  SuperTIGER/HNX/CALET	  was	  awarded	  6	  days	  (25	  Nov	  –	  1	  Dec)	  in	  beamline	  H8.	  
•  Will	  have	  access	  both	  to	  the	  primary	  Pb	  beam	  and	  to	  fragments.	  
•  SuperTIGER	  and	  HNX	  need	  to	  test	  and	  calibrate	  charge	  resolu'on	  for	  “ultra-‐

heavy”	  elements	  (Z≥30)	  –	  compa'ble	  with	  CALET	  CHD	  tests	  as	  beam	  is	  produced	  
by	  fragmenta'on	  and	  all	  elements	  with	  selected	  A/Z	  will	  be	  present.	  

•  A	  major	  goal	  of	  the	  SuperTIGER	  tests	  is	  to	  develop	  a	  beher	  model	  of	  scin'llator	  
response	  to	  very	  high	  	  dE/dx.	  In''al	  modeling	  shows	  that	  current	  
parameteriza'ons	  are	  not	  accurate	  enough	  for	  SuperTIGER.	  Model	  will	  be	  of	  
benefit	  to	  CALET	  as	  well.	  
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•  Beam	  energy	  is	  determined	  by	  NA61/SHINE.	  
–  Successor	  to	  NA49	  
–  Main	  goal	  is	  study	  of	  p-‐p	  and	  p-‐nucleus	  physics	  with	  focus	  on	  quark-‐gluon	  

plasma	  and	  the	  phase	  boundary	  between	  hadron	  “gas”	  and	  QGP.	  
–  NA61	  is	  the	  reason	  the	  SPS	  heavy-‐ion	  run	  is	  taking	  place.	  NA61	  chooses	  beam	  

species,	  energy	  and	  dura'on.	  All	  other	  users	  (e.g.	  CALET)	  are	  secondary.	  
•  Maximum	  beam	  rigidity	  is	  limited	  by	  SPS	  magnets	  to	  400	  GV/c	  (really	  450	  

GV/c	  but	  that	  is	  rarely	  used	  now)	  –	  for	  nuclear	  beams	  A/Z	  has	  to	  be	  
considered.	  

•  Beam	  planned	  for	  NA61	  in	  2015	  is	  Pb	  30	  A	  GeV/c.	  
•  CALET	  will	  run	  together	  with	  SuperTIGER	  and	  HNX	  –	  all	  three	  instruments	  

have	  similar	  needs	  for	  the	  heavy-‐ion	  run.	  
•  Run	  is	  scheduled	  in	  H8	  beamline	  (used	  in	  2012	  proton	  run	  and	  2013,	  2015	  

heavy	  ion	  runs)	  from	  morning	  25	  November	  un'l	  morning	  1	  December.	  
•  1	  December	  is	  scheduled	  for	  UA9	  and	  I	  expect	  that	  we	  can	  con'nue	  to	  run	  

behind	  UA9.	  
•  Run	  will	  use	  primary	  Pb	  and	  beam	  resul'ng	  from	  fragmenta'on	  in	  a	  thin	  

target	  installed	  in	  the	  T4	  target	  sta'on	  (nominally	  selected	  as	  A/Z=2).	  
•  May	  also	  use	  local	  fragmenta'on	  target.	  
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•  Peripheral	  fragmenta'on	  takes	  place	  when	  a	  beam	  par'cle	  (projec'le)	  impacts	  a	  

target	  nucleus	  (target).	  
•  Fragmenta'on	  results	  from	  a	  combina'on	  of	  two	  processes:	  
1)  Simple	  removal	  of	  nucleons	  by	  scahering	  interac'on	  between	  projec'le	  and	  

target	  nucleons	  
2)  Emission	  of	  nucleons	  or	  groups	  of	  nucleons	  (e.g.	  alpha	  par'cles)	  from	  the	  

(possibly	  unstable)	  remnant	  projec'le	  nucleus.	  
–  Most	  probable	  (highest	  cross-‐sec'on)	  interac'on	  is	  removal	  of	  a	  single	  nucleon.	  
–  Next	  most	  probable	  is	  emission	  of	  an	  alpha.	  

•  Fragments	  are	  emihed	  approximately	  in	  the	  direc'on	  of	  the	  projec'le	  and	  travel	  at	  
approximately	  the	  velocity	  of	  the	  projec'le.	  	  
–  The	  fragment	  is	  affected	  by	  the	  net	  vector	  Fermi	  momentum	  (momentum	  of	  the	  
nucleons	  in	  the	  nucleus)	  of	  the	  removed	  nucleons	  (250	  MeV/c	  per	  nucleon).	  

–  The	  direc'on	  is	  altered	  by	  the	  ra'o	  of	  the	  transverse	  component	  of	  the	  Fermi	  
momentum	  to	  the	  total	  momentum	  and	  by	  mul'ple	  scahering.	  Both	  effects	  are	  
small	  at	  these	  energies.	  

–  The	  velocity	  is	  altered	  by	  the	  longitudinal	  component	  of	  the	  Fermi	  momentum.	  
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•  Beamline	  is	  a	  highly	  selec've	  (<1%	  momentum	  resolu'on)	  magne'c	  
spectrometer.	  This	  is	  mainly	  driven	  by	  the	  “big	  bends”	  that	  bring	  the	  
beam	  from	  the	  underground	  SPS	  tunnel	  and	  T4	  target	  area	  to	  the	  surface.	  

•  Beams	  are	  selected	  by	  magne'c	  rigidity	  (momentum/charge).	  Because	  
the	  velocity	  is	  approximately	  the	  same	  for	  all	  par'cles,	  this	  effec'vely	  
selects	  A/Z.	  	  

•  Normally	  we	  run	  A/Z=2	  to	  span	  full	  range	  of	  fragment	  Z	  from	  Z=1	  
(deuterons)	  to	  the	  primary	  beam	  (depending	  on	  the	  A/Z	  of	  primary).	  

•  Rela'vely	  thick	  targets	  available	  previously	  in	  T4	  made	  mul'ple	  
interac'ons	  likely.	  
–  Final	  fragment	  momentum	  depends	  on	  the	  net	  effect	  of	  all	  Fermi	  momentum	  

dispersion	  as	  well	  as	  differen'al	  energy	  loss	  in	  the	  target,	  depending	  on	  the	  
interac'on	  depth	  

•  Momentum	  dispersion	  from	  mul'ple	  fragmenta'on	  and	  energy	  loss	  
dispersion	  in	  the	  thick	  target	  makes	  selec'vity	  less	  effec've	  than	  might	  
be	  expected.	  

•  Experience	  has	  shown	  that	  we	  cannot	  get	  isotope	  resolu'on	  from	  
beamline	  except	  for	  light	  elements.	  

•  For	  February	  2015	  (Ar	  beam)	  thinner	  targets	  (e.g.	  10	  cm	  polyethylene)	  
were	  installed	  at	  CALET	  request	  to	  reduce	  mul'ple	  interac'ons.	  
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•  Ar	  beam	  fragments	  from10	  cm	  polyethylene	  target.	  
•  Note	  rela'vely	  high	  popula'on	  of	  heavy	  fragments	  –>	  lihle	  mul'ple	  fragmenta'on.	  
•  This	  target	  (or	  5	  cm	  polyethylene)	  will	  be	  used	  in	  Pb	  beam	  tests.	  



Future	  Beam	  Test	  Prospects	  

•  CALET	  is	  a	  CERN	  Recognized	  Experiment	  (RE25),	  which	  gives	  it	  
privilaged	  access	  to	  beams.	  

•  SPS	  will	  con'nue	  with	  proton	  test-‐beam	  program	  for	  
forseeable	  future.	  

•  SPS	  will	  likely	  conduct	  one	  or	  two	  heavy-‐ion	  runs	  of	  2	  weeks	  to	  
1	  month	  each	  year.	  

•  CALET	  will	  determine	  u'lity	  of	  beam	  tests	  based	  on	  the	  
performance	  of	  the	  instrument	  on	  orbit.	  

•  Possibili'es:	  
–  Studies	  of	  posi'on	  dependence	  of	  PWO	  response.	  
–  PWO	  temperature	  dependence.	  
–  CHD	  satura'on	  and	  response	  with	  flight	  FEE.	  
–  Check	  on	  observed	  on-‐orbit	  performance.	  
–  Etc.	  


