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Neutron	
  Spin	
  Structure	
  
Func/on	
  g1n(x,Q2)	
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Neutron	
  polariza/on:	
  87%	
  
Proton	
  polariza/on:	
  	
  	
  	
  2.7%	
  

•  Has	
  been	
  successfully	
  used	
  at	
  MIT-­‐Bates,	
  IUCF,	
  AmPS,	
  SLAC,	
  Mainz,	
  HERMES,	
  JLab	
  
•  QuasielasHc	
  (e,e’n)	
  scaTering	
  yields	
  elasHc	
  neutron	
  FF:	
  GM

n(Q2),	
  GE
n(Q2)	
  

•  In	
  inclusive	
  spin-­‐dependent	
  electron	
  scaTering,	
  precision	
  measurements	
  of	
  	
  
	
  	
  	
  	
  	
  g1n(x,Q2)	
  can	
  be	
  made	
  
•  Together	
  with	
  measurements	
  of	
  g1p(x,Q2),	
  the	
  Bjorken	
  Sum	
  Rule	
  can	
  be	
  tested.	
  
•  In	
  spin-­‐dependent	
  DIS	
  if	
  one	
  tagged	
  the	
  spectator	
  proton	
  and	
  deuteron,	
  could	
  	
  
	
  	
  	
  	
  	
  one	
  access	
  the	
  spin	
  structure	
  func7ons	
  of	
  the	
  deuteron	
  and	
  proton	
  in	
  3He?	
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Spin-­‐dependent	
  EMC	
  Effect	
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  EMC	
  Effect	
  in	
  3He	
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R.B.	
  Wiringa	
  et	
  al.,	
  Phys.	
  Rev.	
  C	
  89,	
  024305	
  (2014)	
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  Knockout	
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IUCF	
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  Miller	
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  al.,	
  
PRL	
  74,	
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  (1995)	
  

2%	
  S’-­‐state!	
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BLAST:	
  A.	
  DeGrush	
  et	
  al.,	
  PRL	
  119,	
  
182501	
  (2017)	
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BLAST:	
  A.	
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  (2017)	
  



Semi-­‐Inclusive	
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HERMES	
  
A.   Airape/an	
  et	
  al.	
  	
  
Phys.	
  Rev.	
  D	
  71,	
  012003	
  (2005)	
  

Flavor	
  tagging	
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Quark	
  Polariza/ons	
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Polarized	
  Light	
  Flavor	
  Sea	
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arXiv:	
  1812.04817	
  

AL	
  for	
  longitudinal	
  
W	
  produc/on	
   5%	
  asymmetry	
  

at	
  Q2	
  =	
  10	
  (GeV/c)2	
  
and	
  x	
  =	
  0.1	
  

Can	
  this	
  be	
  seen	
  
in	
  SIDIS?	
  



Flavor	
  Asymmetry	
  of	
  Light	
  Quark	
  Sea	
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K.	
  Ackerstaff	
  et	
  al.,	
  PRL	
  81,	
  5519	
  (1998)	
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  GPDs	
  	
  
from	
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M.	
  Rinaldi	
  and	
  S.	
  ScopeTa	
  
Phys.	
  Rev.	
  C	
  87,	
  035208	
  (2013)	
  



Summary	
  of	
  Physics	
  	
  
Hard	
  scagering	
  with	
  long.	
  polariza/on	
  

•  Inclusive	
  DIS:	
  g1n(x,Q2),	
  Bjorken	
  SR	
  	
  
•  Tagged	
  inclusive	
  DIS:	
  spin-­‐dependent	
  EMC	
  effect	
  
•  SIDIS:	
  flavor	
  tagging,	
  	
  Δu,	
  Δd,	
  Δs	
  
•  DVCS:	
  Neutron	
  GPDs	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐	
  
•  QuasielasHc	
  nucleon	
  knockout:	
  ground	
  state	
  
spin-­‐isospin	
  structure,	
  high-­‐momentum	
  
correlated	
  pairs	
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CLAS12	
  Detector	
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Polarized	
  3He	
  Gas	
  Target	
  Technology	
  

•  Gas	
  polarized	
  by	
  opHcal	
  pumping:	
  MEOP	
  or	
  SEOP	
  
•  Targets	
  used	
  at	
  MIT-­‐Bates,	
  TRIUMF,	
  IUCF,	
  SLAC,	
  HERMES,	
  Mainz,	
  JLab	
  
•  To	
  date,	
  all	
  OP	
  done	
  at	
  low	
  field,	
  ~	
  30	
  Gauss	
  
•  Can	
  implement	
  convenHonal	
  polarized	
  3He	
  target	
  in	
  CLAS12	
  if	
  	
  

	
   	
  1.	
  the	
  central	
  solenoid	
  is	
  removed	
  
	
   	
  2.	
  the	
  target	
  is	
  located	
  upstream	
  of	
  CLAS12	
  
	
   	
  3.	
  	
  3He	
  is	
  polarized	
  in	
  low	
  field	
  and	
  injected	
  into	
  high	
  field	
  

	
  	
  1	
  and	
  2	
  involve	
  a	
  major	
  modificaHon	
  of	
  CLAS12.	
  Assume	
  that	
  we	
  do	
  not	
  want	
  to	
  do	
  
that.	
  	
  It	
  is	
  challenging	
  to	
  maintain	
  high	
  polarizaHon	
  with	
  3.	
  
•  BNL-­‐MIT	
  collaboraHon	
  since	
  2012	
  has	
  been	
  funded	
  to	
  develop	
  a	
  polarized	
  3He	
  ion	
  

source	
  for	
  RHIC	
  using	
  exisHng	
  EBIS,	
  and	
  has	
  successfully	
  developed	
  high	
  field	
  (~	
  5	
  
T)	
  MEOP.	
  	
  

•  Raises	
  the	
  interesHng	
  possibility	
  to	
  OP	
  directly	
  within	
  the	
  5T	
  CLAS12	
  solenoid	
  and	
  
thus	
  requires	
  no	
  reconfiguraHon	
  of	
  the	
  CLAS12	
  detector.	
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Will	
  be	
  distributed	
  as	
  JLab	
  report	
  and	
  be	
  available	
  on	
  the	
  arXiv	
  	
  

Informal	
  review	
  by	
  Polarized	
  
Target	
  Group	
  indicates	
  no	
  
showstoppers.	
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Two	
  5	
  T	
  Solenoids	
  for	
  Extended	
  EBIS	
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Arrived	
  at	
  BNL	
  March	
  2018	
  Polarized	
  3He	
  ions	
  in	
  RHIC	
  an/cipated	
  in	
  early	
  2020s	
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  Target	
  Operated	
  for	
  Experiment	
  88-­‐02	
  
at	
  MIT-­‐Bates	
  in	
  1989	
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Opera/ng	
  Parameters:	
  
	
  
I	
  ~	
  10	
  μA	
  
T	
  ~	
  15	
  K	
  
pT	
  ~	
  40%	
  
Integrated	
  charge:	
  	
  
1478	
  μA-­‐hour	
  
	
  

C.E.	
  Woodward	
  et	
  al.	
  
PRL,	
  65,	
  698	
  (1990)	
  
Cathleen	
  Jones	
  
Caltech	
  Ph.D.	
  thesis	
  
1992	
  

Pressure	
  ~	
  2	
  Torr	
  

Target	
  cell:	
  
16	
  cm	
  X	
  2.54	
  cm	
  

11/14/19	
  

R.	
  McKeown	
  group	
  
at	
  Caltech	
  

4.6	
  μm	
  copper	
  foil	
  windows	
  
Frozen	
  nitrogen	
  wall	
  coa/ng	
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Side	
  view	
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Luminosity	
  	
  
Es/mate	
  

•  ENS	
  group	
  report	
  ≈60%	
  3He	
  polarizaHon	
  at	
  100	
  mbar	
  at	
  
4.7	
  T	
  field	
  

•  MEOP	
  at	
  100	
  mbar	
  and	
  cool	
  target	
  cell	
  to	
  5	
  K	
  
•  20	
  cm	
  long	
  target	
  
•  2.5	
  μA	
  electron	
  beam	
  =	
  6	
  X	
  1013	
  e/sec	
  
•  Target	
  thickness	
  =	
  100	
  X	
  3	
  x	
  1016	
  X	
  300/5	
  X	
  20	
  3He-­‐cm-­‐2	
  

	
   	
   	
   	
   	
   	
   	
  ≈	
  3	
  X	
  1021	
  3He-­‐cm-­‐2	
  

•  Luminosity	
  ≈	
  4.5	
  x	
  1034	
  3He	
  cm-­‐2	
  s-­‐1	
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≈	
  x	
  200	
  increase	
  over	
  	
  
HERMES!	
  

A.	
  Nikiel	
  et	
  al.,	
  	
  
Eur.	
  Phys.	
  J.	
  D	
  67,	
  (200)	
  2013	
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Issues	
  
•  Target	
  cell	
  design	
  
•  Heat	
  load	
  
•  Beam	
  depolarizaHon	
  
•  Solenoidal	
  field	
  gradients	
  
•  Beam	
  control	
  and	
  beam	
  dumping	
  
•  Transversely	
  polarized	
  target	
  
	
  
My	
  Conclusion:	
  	
  	
  
	
  
Basic	
  technique	
  sound:	
  based	
  on	
  proven	
  technology	
  
	
  
Maximum	
  luminosity	
  aTainable	
  in	
  CLAS12	
  has	
  to	
  be	
  determined	
  via	
  
prototype	
  development	
  and	
  tesHng.	
  	
  Requirements	
  from	
  physics	
  
essenHal	
  here.	
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Path	
  Forward	
  
•  High	
  priority:	
  develop	
  in	
  detail	
  most	
  compelling	
  physics	
  measurements	
  

	
   	
  -­‐	
  Use	
  CLAS12	
  Monte-­‐Carlo	
  and	
  measured	
  rates	
  
	
   	
  -­‐	
  Engage	
  with	
  theorists	
  

	
  
•  In	
  parallel,	
  target	
  development	
  can	
  be	
  pursued	
  by	
  JLab-­‐MIT	
  collaboraHon	
  

	
   	
  -­‐	
  MEOP	
  at	
  high	
  pressure	
  and	
  high	
  field	
  
	
   	
  -­‐	
  Build	
  prototype	
  two-­‐cell	
  target	
  system	
  to	
  fit	
  in	
  CLAS12	
  	
  central	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  detector	
  
	
   	
  -­‐	
  Study	
  beam	
  depolarizaHon	
  effects	
  with	
  low-­‐energy	
  beam	
  

	
  
•  Organize	
  interested	
  CLAS12	
  collaborators	
  into	
  a	
  polarized	
  3He	
  target	
  working	
  

group	
  and	
  work	
  on	
  studying	
  quanHtaHvely	
  the	
  physics	
  measurements.	
  
	
  
•  	
  Plan	
  to	
  have	
  a	
  workshop	
  in	
  about	
  6	
  months	
  to	
  prepare	
  LOI	
  for	
  summer	
  2020	
  PAC.	
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