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High	  Intensity	  Neutrino	  Target	  



•  Design	  a	  target	  for	  high	  intensity	  neutrino	  beam	  
•  1014	  protons/pulse	  
•  200	  Gev	  
•  Repe66on	  Rate?	  

•  Design	  a	  protec6on	  system	  for	  the	  target	  
•  Interlocks?	  
•  Other	  instrumenta6on?	  

•  How	  do	  we	  monitor	  target	  status?	  Diagnose	  problems?	  

•  Design	  neutron	  spalla6on	  target	  
•  2	  Gev,	  5	  MW	  
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Charge	  
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	  	  	  	  Background	  
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Current	  Designs	  
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•  1.2	  MW	  LBNF	  target	  uses	  2	  water	  paths	  
– compared	  to	  1	  path	  for	  NuMI/NoVA	  

•  3-‐4	  paths	  may	  be	  necessary	  for	  greater	  power	  
•  Heat	  removal	  is	  a	  limi6ng	  factor	  

Current	  Designs	  



•  Beam	  Parameters	  
–  1014	  protons/bunch	  
–  200	  GeV	  
–  *Proton	  Beam	  size:	  1-‐2mm	  dia.	  
–  *Bunch	  6me:	  1	  micro	  second	  
–  *1.6	  MW	  at	  0.5	  Hz.	  

•  Pulse	  rate	  to	  be	  defined	  by	  maximum	  target	  temperature	  	  
–  *Target	  length:	  1.5	  meters	  

*	  Es6mated	  or	  calculated	  value	  
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Specifica6ons	  



•  Target	  material:	  Carbon-‐Carbon,	  Moly-‐Graphite,	  Graphite,	  Plasma.	  
•  Body	  Shape:	  (cylindrical,	  finned	  outer	  profile)	  
•  Size:	  

–  Long	  enough	  to	  absorb	  all	  of	  the	  proton	  beam.	  
–  Short	  enough	  to	  not	  prevent	  the	  release	  of	  Pions.	  	  

•  Beam	  size:	  1-‐2mm	  diameter	  
•  Cooling	  media:	  (chilled	  water	  or	  He)	  
•  Risks	  (short	  term	  and	  long	  term	  damage	  to	  target)	  
•  Helium	  at	  leading	  face	  of	  target,	  (prevent/reduce	  corrosion)	  
•  Windows:	  Primary	  beam	  and	  Target	  

3	  possible	  approaches:	  
1.   Conven4onally	  designed	  target	  (long	  life)	  
2.   Don’t	  worry	  about	  target	  damage	  	  
3.   Have	  a	  target	  that	  can’t	  be	  damaged	  	  
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Considera6ons	  



•Maximize	  Thermal	  Conduc4vity	  (λ)	  to	  maintain	  geometrical	  stability	  under	  steady-‐state	  losses	  (TSI)	  	  
•Minimize	  CTE	  (α)	  to	  increase	  resistance	  to	  thermal	  shock	  and	  maintain	  geometrical	  stability	  (TRI	  and	  TSI)	  	  
•Maximize	  Mel4ng/Degrada4on	  Temperature	  (Tm)	  to	  withstand	  high	  temperatures	  reached	  in	  case	  of	  beam	  impacts	  (TRI)	  	  
•Maximize	  Specific	  Heat	  (cp)	  to	  lower	  Temperature	  increase	  during	  impacts	  (TRI)	  	  
•Maximize	  Mechanical	  Strength	  (RM)	  (par6cularly	  strain	  to	  failure)	  to	  improve	  thermal	  shock	  resistance	  (TRI)	  	  
•Balance	  Density	  (ρ)	  and	  atomic	  number	  (Z)	  to	  limit	  peak	  energy	  deposi6on	  while	  maintaining	  adequate	  cleaning/
interac6on	  efficiency	  (TRI	  and	  TSI)	  	  
•Minimize	  Radia4on-‐induced	  Damage	  to	  improve	  component	  life6me	  under	  long	  term	  par6cle	  irradia6on	  	  

	  Joint	  Interna6onal	  Accelerator	  School	  on	  Beam	  Loss	  and	  Accelerator	  Protec6on-‐November	  2014	  	  

Material	  Requirements	  



•  The	  CNGS	  target	  was	  2m	  long,	  checked	  the	  code	  and	  
got	  the	  following	  es6mates:	  

•  Target	  length	  |	  %	  of	  incident	  protons	  escaping	  target	  
•  0.5m	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  10%	  
•  1m	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  0.5%	  
•  1.5m	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  0.04%	  
•  2m	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  0.025%	  
•  2.5m	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  0.0001%	  
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SPIRAL	  COOLING	  CHANNEL	  

BEAM	  DIRECT
ION	  

TITANIUM	  JACKET	  

COOLING	  MEDIA	  WINDOW	  

C-‐C	  TARGET	  

CANTED	  CENTERING	  
SPRING	  

HELIUM	  PURGE	  

Proposed	  Design	  



•  Primary	  Risks	  
–  Damage	  to	  target	  assembly	  
»  Posi6oning	  beam	  
»  Excessive	  Power	  applied	  to	  target	  
»  Overhea6ng	  of	  target	  
»  Deforma6on	  of	  target	  
»  Corrosion	  of	  target	  
»  Alignment	  of	  target	  

–  Damage	  to	  other	  system	  components	  
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Risks	  to	  Target	  System	  



•  All	  listed	  items	  would	  include	  warning	  and	  alarm	  limits.	  Alarm	  
limits	  in	  accelerator	  would	  prevent	  pulsing	  target	  
–  Accelerator	  Status	  

•  BPM,	  BLM	  
•  Beam	  current,	  Pulse	  Rate,	  Pulse	  length	  
•  Target	  sta6on	  and	  absorber	  readiness	  
•  Power	  supply	  status	  
•  Heat	  Removal:	  flow,	  pressure,	  temperature	  
•  Collimator	  temperatures	  
•  Automa6c	  beam	  steering	  

–  Target	  Sta6on	  status	  
•  Target	  imaging	  system	  
•  Neutrino	  “near”	  detector	  
•  Nega6ve	  Pion	  detector	  (or	  other	  secondary	  par6cles)	  
•  Heat	  Removal:	  flow,	  pressure,	  temperature	  
•  Acous6c	  monitoring	  	  
•  Helium	  loss	   	   	   	   	   	  …and	  many	  more.	  
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Interlocks	  and	  Monitoring	  
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Target	  that	  isn’t	  damaged	  
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Risk	   MPS	  (Mi4ga4on)	   Interlocks	  

Damage	  to	  plasma	  nozzle	   Collima6on	  &	  absorbers	  pre-‐nozzle	   BLMs	  and	  collimator	  posi6ons	  

Choose	  loca6on	  of	  target	  wisely	  

Know	  beam	  parameters	   Beam	  size	  too	  large?	  

Nozzle	  inser6on	  device	   Device	  inserted	  correctly?	  

Loss	  of	  vacuum	  due	  to	  
plasma	  

Adequate	  pumping	  system	   Pressure	  too	  high?	  

Electrosta6c	  /	  magne6c	  
confinement	  of	  plasma	  

Engaged?	  

Damage	  to	  synchrotron	  
from	  products	  

Mass	  selec6on	  device	  (π+	  
extrac6on)	  

Opera6ng?	  

Collima6on	  &	  absorbers	  post	  nozzle	   BLMs	  and	  collimator	  posi6ons	  

Poor	  plasma	  jet	   Mul6ple	  nozzles	   Selec6on	  

Plasma	  density	  measurement	  

Plasma	  Target	  MPS	  



•  Design	  neutron	  spalla6on	  target	  
•  2	  Gev,	  5	  MW	  	  
•  Examples:	  SNS	  &	  Oak	  Ridge	  use	  Hg	  targets,	  ESS	  uses	  tungsten	  

•  Differences	  come	  from	  the	  target	  themselves	  
•  Material,	  higher	  Z	  for	  larger	  neutron	  produc6on	  
•  Shielding	  for	  neutrons	  

•  Possible	  addi6onal	  safety	  measures	  for	  higher	  power	  
•  Beam	  rastering	  

•  Essen6ally	  the	  same	  MPS	  as	  neutrino	  target	  

	  Joint	  Interna6onal	  Accelerator	  School	  on	  Beam	  Loss	  and	  Accelerator	  Protec6on-‐November	  2014	  	  

Neutron	  Spalla6on	  Target	  
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References	  

•  All	  of	  our	  Professors	  –	  Thanks!	  

•  And	  a	  few	  other	  references	  below	  
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Drinks?	  


