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M.	  Musgrave,	  C.	  Epstein,	  R.	  Milner	  

•  Mo=va=on	  
•  R&D	  completed	  and	  achievements	  
•  Plans	  
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	  	  	  	  	  	  	  	  	  	  	  	  Why	  a	  Polarized	  3He	  Source?	  
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	  	  Polarized	  3He	  at	  RHIC	  
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	  	  RHIC’s	  Electron	  Beam	  IonizaBon	  Source	  



Source	  Concept	  

•  Polarize	  3He	  gas	  using	  op=cal	  pumping	  and	  
	  	  	  	  feed	  into	  EBIS.	  
•  High	  magne=c	  field	  in	  EBIS	  should	  preserve	  
nuclear	  polariza=on.	  

•  Source	  design	  goals:	  
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A.	  Zelenski	  and	  J.	  Alessi,	  ICFA	  NewsleLer	  (2003)	  



Metastability	  Exchange	  OpBcal	  Pumping	  
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DepolarizaBon	  Processes	  	  	  

See	  MIT	  Senior	  Thesis	  of	  Charles	  S.	  Epstein:	  Development	  of	  a	  Polarized	  Helium-‐3	  Ion	  Source	  	  
for	  RHIC	  using	  the	  Electron	  Beam	  Ion	  Source	  ,	  June	  2013,	  unpublished.	  



OpBcally	  pump	  in	  low	  or	  high	  field?	  
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MIT	  Test	  Lab	  
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Overview	  of	  R&D	  AcBviBes	  
•  We	  have	  developed	  the	  capability	  to	  op=cally	  pump	  polarized	  3He	  

gas	  at	  both	  low	  (≈30	  Gauss)	  and	  at	  high	  	  fields	  (≈	  4	  Tesla)	  at	  both	  MIT	  
and	  BNL.	  

•  We	  have	  developed	  a	  number	  of	  polariza=on	  techniques:	  667	  nm	  
polarimeter	  and	  pump-‐probe	  polarimeter	  developed,	  NMR	  under	  
development.	  

	  	  	  	  	  	  	  J.	  Maxwell,	  C.S.	  Epstein	  and	  R.G.	  Milner,	  NIM	  A	  764,	  215	  (2014)	  
•  Systems	  have	  been	  built	  to	  study	  polarized	  gas	  transfer	  between	  

Helmholtz	  coil	  and	  solenoidal	  field.	  	  Measurements	  are	  in	  good	  
agreement	  with	  expecta=on.	  	  

	  	  	  	  	  	  	  J.	  Maxwell,	  C.S.	  Epstein,	  and	  R.G.	  Milner,	  NIM	  A	  777,	  194	  (2015)	  
•  High	  polarizaBon	  of	  order	  80%	  has	  been	  measured	  reproducibly	  in	  

high	  field	  (4	  Tesla)	  opBcal	  pumping	  in	  spare	  EBIS	  solenoid	  at	  BNL.	  	  	  	  
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Spin	  Diffusion	  through	  Gradients	  
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RelaxaBon	  Time	  Map	  for	  Helmholtz+Solenoid	  
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Low	  Field	  Conclusions	  
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MEOP	  at	  High	  MagneBc	  Field	  
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BNL	  High	  Field	  Tests	  
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OpBcal	  Probe	  Polarimeter	  
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OpBcal	  Probe	  Polarimeter	  
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Measured	  OpBcal	  Pumping	  
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Probe	  Laser	  Absorp=on	  Peaks	  at	  Zero	  and	  High	  Polariza=on	  



High	  Field	  PolarizaBon	  Results	  
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High	  Field	  Conclusions	  
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New	  “open” 3He-‐cell	  and	  gas	  system	  for	  	  
3He-‐cell	  preparaBon	  and	  filling	  

11/14/16	   Richard	  Milner	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2016	  Accelerator	  R&D	  PI	  Exchange	  Mee=ng	   21	  



3He-‐gas	  purificaBon	  and	  filling	  system	  
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3He	  cryo-‐	  purificaBon	  system	  built	  
in	  CTI-‐8	  cryopump.	  
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June	  21,	  He-‐fill	  with	  CP-‐pumping	  at	  45deg.	  K.	  
Very	  clean	  spectra,	  no	  hydrogen	  656	  nm	  line!	  

RGA	  spectra	  very	  clean	  
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3.5	  torr,	  IsolaBon	  Valve	  (IV)-‐open	  
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3.5	  torr,	  IsolaBon	  Valve	  (IV)-‐closed,	  P=63%	  
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“Open	  cell”,	  3He-‐3.5	  torr,	  Pol-‐73%	  
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RF-‐discharge	  in	  2.0	  T	  magneBc	  field	  
3He-‐cell	  diameter-‐25mm	  

•  RF-‐discharge	  parameters	  strongly	  affect	  maximum	  polariza=on.	  

•  Op=miza=on	  of	  the	  3He	  -‐cell	  geometry	  (smaller	  diameter?)	  and	  
electrodes	  for	  RF	  input	  should	  improve	  polariza=on.	  
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The	  Path	  Forward	  
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•  We	  have	  concluded	  that	  the	  high	  field	  op=cal	  pumping	  	  
	  	  	  	  clearly	  offers	  the	  best	  path	  forward	  to	  realize	  a	  polarized	  	  
	  	  	  	  	  	  3He	  ion	  source	  for	  RHIC	  

	   	  -‐	  high	  nuclear	  polariza=on	  of	  atom	  
	   	  -‐	  high	  degree	  of	  confidence	  that	  atom	  polariza=on	  is	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  preserved	  in	  injec=on	  process	  
•  A	  plan	  to	  implement	  this	  in	  a	  test	  configura=on	  has	  been	  	  
	  	  	  developed.	  
•  Further,	  an	  NMR	  system	  has	  been	  built	  to	  absolutely	  	  
	  	  	  measure	  in	  a	  second,	  independent	  way	  the	  high	  field	  	  
	  	  	  nuclear	  polariza=on.	  	  This	  work	  is	  in	  progress.	  



Electron gun Electron collector

Superconducting solenoid-1

Superconducting solenoid-2

Accelerating tube LEBTGun coil Collector coilTransition region

	  
•  Increase	  the	  EBIS	  intensity	  by	  increasing	  the	  trap	  length,	  using	  
a	  second	  solenoid	  on	  axis.	  	  (Ion	  output	  is	  propor=onal	  to	  trap	  
length).	  

•  Since	  the	  same	  electron	  beam	  passes	  through	  both	  magnets/
traps,	  fewer	  extra	  power	  supplies	  and	  controls	  are	  needed.	  	  

•  	  Uses	  the	  same	  electron	  gun	  and	  electron	  collector	  as	  presently	  
used.	  	  

Tandem	  EBIS,	  proposed	  by	  A.	  Pikin	  (BNL)	  at	  HIAT	  2012	  conference.	  
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Tandem	  EBIS	  Concept	  



•  This	  upgrade	  provides	  us	  an	  opportunity	  to	  incorporate	  features	  which	  will	  
allow	  us	  to	  use	  the	  EBIS	  for	  op=mal	  injec=on	  of	  polarized	  3He	  atoms.	  	  	  

•  The	  design	  provides	  space	  in	  the	  bore	  to	  incorporate	  a	  polarizing	  cell	  at	  the	  
beginning	  of	  the	  first	  coil.	  	  

•  The	  design	  with	  a	  drih	  tube	  configura=on	  in	  the	  first	  solenoid	  can	  be	  used	  as	  a	  
“gas	  cell”	  region.	  	  	  	  

•  This	  will	  benefit	  produc=on	  of	  all	  gaseous	  beams	  –	  e.g.	  He4,	  Ne,	  Kr,	  Ar,	  Xe,	  O	  
for	  NSRL.	  

•  The	  design	  will	  have	  good	  vacuum	  separa=on	  between	  the	  two	  magnets,	  by	  
means	  of	  differen=al	  pumping.	  

•  The	  field	  dip	  will	  be	  minimized	  to	  preserve	  polariza=on.	  	  	  
•  This	  upgrade	  is	  also	  an	  opportunity	  to	  improve	  the	  reliability	  and	  

maintainability	  of	  the	  conven=onal	  EBIS	  sec=on	  	  (improved	  access	  to	  
components,	  improved	  HV	  holdoff).	  	  
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Proposed	  Extended	  Trap	  EBIS	  	  



EBIS	  Upgrade	  with	  New	  Injector	  Solenoid	  for	  
Polarized	  	  3He++	  ion	  producBon	  

3He+	   Ioniza=on	  to	  3He++	  

Op=cal	  pumping	  in	  
High	  magne=c	  field	  

5.0	  T	   5.0	  T	  

Polariza=on	  and	  ioniza=on	  in	  high	  magne=c	  field	  
	  will	  produce	  3He++	  ion	  beam	  with	  P	  ≥	  80%	  	  

Up	  to	  2×1011	  
3He++	  ions/
pulse	  

BNL-‐MIT	  collaboraCon	  
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Extended	  EBIS	  
•  Scope  
•  Add superconducting solenoid 
for trap length extension,  
expect +40% Au intensity 
 
•  Early completion would shorten time for 2  
highest energies in BES-II; also allows for  
next step in polarized 3He R&D 

•  Cost and funding 

 
•  Schedule 
•  2016 start (solenoid acquisition) 
•  2020 planned completion  
            largest risk (cost, schedule and performance):  

 superconducting solenoid magnet  

FY2016 2017 Total
$475k 

(P)
1350k 

(P)
1.8M

trap length 
extension 
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Plan	  for	  EBIS	  upgrade	  for	  the	  Run-‐2019-‐20	  

•  EBIS	  upgrade	  for	  higher	  heavy	  beams	  intensi=es	  and	  
provisions	  for	  polarized	  3He++	  ion	  beam.	  

•  Second	  solenoid	  construc=on	  and	  spare	  solenoid	  
upgrade	  in	  2016-‐2017.	  

•  At	  first	  upgraded	  EBIS	  will	  be	  used	  for	  the	  Gold	  run	  in	  
2019.	  

•  Development	  of	  the	  3He	  source	  in	  2016-‐2019.	  
•  Polarized	  3He++	  beam	  into	  RHIC	  of	  2.0	  x	  1011	  ions/
pulse	  and	  70	  %	  polariza=on	  in	  2020.	  
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Possible	  Schedule	  
FY2016	  
Superconduc=ng	  magnet	  for	  trap	  length	  extension	  ordered	  
High	  field	  op=cal	  pumping	  measurements	  
Development	  of	  3He	  gas	  purifica=on	  
FY2017	  
Superconduc=ng	  magnet	  for	  EBIS	  extension	  delivered	  
Spare	  solenoid	  upgraded	  
NMR	  calibra=on	  of	  high	  field	  op=cal	  pumping	  measurements	  
Development	  of	  valve	  system	  and	  vacuum	  system	  	  
Design	  of	  feasibility	  experiment	  
FY2018	  
Construc=on	  of	  feasibility	  experiment	  
Design	  of	  RHIC	  3He	  polarimeter	  
FY2019	  
Upgraded	  EBIS	  used	  for	  Gold	  run	  	  
Comple=on	  of	  feasibility	  experiment	  
Construc=on	  of	  RHIC	  3He	  polarimeter	  
FY2020	  
Polarized	  3He++	  beam	  of	  2	  x	  1011	  ions/pulse	  and	  70%	  polariza=on	  in	  RHIC	  
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Summary	  
•  The	  R&D	  effort	  has	  enabled	  development	  of	  key	  state-‐of-‐the-‐art	  

MEOP	  technology	  at	  BNL	  and	  MIT.	  	  
•  Studies	  of	  3He	  spin	  transport	  in	  magne=c	  field	  gradients	  have	  

been	  carried	  out	  and	  are	  well	  understood.	  
•  High	  field	  op=cal	  pumping	  has	  been	  successfully	  developed.	  	  This	  

was	  not	  an=cipated	  at	  the	  beginning	  of	  this	  project.	  
•  A	  tandem	  EBIS	  looks	  ideal	  for	  op=mal	  3He	  polariza=on	  delivery	  

and	  a	  feasibility	  demonstra=on	  of	  a	  realis=c	  source	  is	  being	  
developed.	  

•  This	  will	  require	  con=nued	  funding	  of	  the	  MIT	  effort	  as	  well	  as	  
funds	  at	  BNL	  to	  configure	  the	  EBIS	  extended	  trap.	  

•  We	  are	  on	  a	  path	  to	  have	  polarized	  3He	  ions	  in	  RHIC	  early	  in	  the	  
next	  decade.	  
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