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•  Beam	
  line	
  
•  Target	
  
•  Mechanical	
  
•  Cryogenics	
  
•  Electrical	
  
•  Cooling	
  
•  Safety	
  
•  Shielding	
  
	
  

E906	
  Targets:	
  LH2,	
  LD2,	
  C,	
  Fe,	
  W	
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LANL	
  High	
  Density	
  Polarized	
  
Proton	
  (NH3)	
  Target	
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•  Superconduc'ng	
  dipole	
  magnet	
  
–  Temperature	
  ~	
  1	
  K	
  
–  Magne'c	
  Field:	
  	
  5	
  Tesla	
  
–  8cm	
  long	
  NH3	
  target	
  

•  Proved	
  capable	
  of	
  handling	
  high	
  luminosity	
  
–  up	
  to	
  ~	
  1035	
  	
  	
  	
  (Hall	
  C)	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ~	
  1034	
  	
  	
  (Hall	
  B)	
  



Required	
  Modifica'ons	
  to	
  E906	
  Setup	
  
Target	
  and	
  Beam	
  Control	
  
•  Some	
  changes	
  @IR	
  

–  New	
  space	
  for	
  opera'on,	
  target	
  change	
  etc	
  
–  New	
  target	
  stand	
  (a	
  plaaorm	
  )	
  
–  Radia'on	
  shielding	
  around	
  the	
  target	
  area	
  
–  SM0	
  focusing	
  magnet(?,	
  Cost	
  and	
  Schedule)	
  
–  B-­‐field	
  shielding	
  for	
  the	
  target(SM0?)	
  
	
  

•  Target	
  opera'on	
  and	
  maintenance	
  
–  Service	
  lines,	
  Power,	
  Cryogenic	
  systems	
  	
  
–  NMR	
  system,	
  radia'on	
  shielding	
  for	
  electronics,	
  

network	
  access	
  
–  Space	
  for	
  target	
  changes	
  etc.	
  	
  
–  Target	
  magnet	
  quench	
  protec'on	
  

•  Beam	
  control	
  
–  A	
  new	
  final	
  focusing	
  quadrupoles	
  (Q3	
  near	
  target)	
  
–  Beam	
  collimator,	
  target	
  magnet	
  quench	
  protec'on	
  	
  
–  Beam	
  spot	
  posi'on/direc'on/size	
  monitors	
  
–  Beam	
  posi'on/direc'on	
  stability	
  
–  Luminosity	
  monitors,	
  Cerenkov,	
  new	
  telescopes	
  
	
  	
  	
  

•  Fermilab	
  Engineering	
  and	
  Safety	
  Review	
  

DAQ	
  and	
  Spectrometers	
  
•  Spectrometers	
  

–  No	
  change	
  for	
  chambers	
  
–  New	
  switches	
  to	
  Reverse	
  fields	
  of	
  FMag	
  and	
  KMag	
  for	
  

spin	
  asymmetry	
  systema'c	
  control	
  	
  	
  

•  Triggers	
  
–  A	
  new	
  trigger	
  road	
  map	
  to	
  op'mize	
  signal	
  from	
  target	
  
–  Rate	
  capability	
  not	
  an	
  issue,	
  expect	
  lower	
  beam	
  

intensity	
  in	
  E1039	
  than	
  that	
  in	
  E906	
  	
  	
  

•  DAQ	
  
–  Current	
  E906	
  OK	
  for	
  Drell-­‐Yan	
  channel,	
  J/Psi	
  can	
  use	
  

more	
  DAQ	
  bandwidth	
  	
  	
  
–  Higher	
  rate	
  capability	
  could	
  help	
  “rela've	
  luminosity”	
  

and	
  other	
  J/Psi	
  and	
  Psi	
  physics	
  measurements	
  	
  
–  Slow	
  control	
  target	
  related	
  informa'on	
  into	
  DAQ	
  data	
  

stream	
  	
  

•  Physics	
  asymmetry	
  systema'c	
  controls	
  
–  Precision	
  rela've	
  luminosity	
  	
  	
  
–  Beam	
  posi'on	
  and	
  direc'on	
  
–  Addi'onal	
  beam	
  monitoring	
  telescopes	
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The	
  Experimental	
  Hall:	
  No	
  Change	
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E906	
  Target	
  Area	
  	
  
•  Targets	
  are	
  rad.	
  shielded	
  
•  Too	
  Small	
  for	
  Pol.	
  Target	
  
•  Issues	
  with	
  target	
  and	
  beam	
  dump	
  

separa'on	
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24”	
  

105”	
  

Beam	
  pipe	
  

110”	
  



New	
  Beam	
  Collimator,	
  Focusing	
  Q3	
  and	
  Target	
  

Final	
  focusing	
  Q3	
  

Beam	
  collimator	
  

Target	
  Cross	
  Sec'on:	
  18	
  x	
  28	
  mm2	
  

Beam	
  cross	
  sec'on:	
  	
  
well	
  contained	
  within	
  	
  
4	
  sigma,	
  dR<	
  1x10-­‐4	
  
	
  

sigX	
  =	
  18/2/4	
  =	
  2.2	
  mm	
  	
  
sigY	
  =	
  28/2/4	
  =	
  3.5	
  mm	
  
Beam	
  jioer:	
  dX=dY	
  ~	
  1mm	
  

E906	
  beam:	
  
SigX	
  =	
  4.0mm	
  
SigY	
  =	
  3.0mm	
  

1	
  sig	
  =	
  0.68269	
  
2	
  sig	
  =	
  0.95450	
  
3	
  sig	
  =	
  0.99730	
  
4	
  sig	
  =	
  0.99994	
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120GeV	
  
beam	
  



Beam	
  on	
  Target:	
  4	
  sigma	
  
Rela've	
  Luminosity	
  beoer	
  than	
  1x10-­‐4	
  	
  

Expected	
  Raw	
  Asymmetry:	
  
	
  
	
  ~1%/10~20	
  ~	
  5	
  x	
  10-­‐4	
  
	
  
	
  
	
  
A	
  =	
  (N+/R	
  -­‐	
  N-­‐)/(N+/R	
  +	
  N-­‐)	
  
	
  
R	
  =	
  rela've	
  luminosity	
  
dR	
  <~	
  1x10-­‐4	
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Target	
  and	
  Beam	
  Dump	
  Event	
  Separa'on	
  
move	
  the	
  target	
  upstream:	
  Z=-­‐3.5m	
  	
  

11/3/2014  5

Zvtx smearing

Dump
E906 (-130 cm)
E1039 (-350 cm)

7.9% lost

7.9%	
  loss	
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Polarized	
  Target	
  Opera'on	
  

Beam	
  entry	
  (8’	
  above	
  ground)	
  

1.
72
	
  m

	
  

Mechanical	
  issues:	
  
•  Need	
  plaaorm	
  to	
  work	
  around	
  for	
  target	
  insert	
  

changes,	
  helium	
  refill,	
  Nitrogen	
  refill	
  
•  Stand	
  of	
  target	
  magnet	
  
•  Crane	
  or	
  Gantry	
  to	
  lit	
  target,	
  max	
  2000	
  lb	
  
•  New	
  posi'on	
  -­‐350	
  cm	
  upstream	
  of	
  FMAG	
  
•  Pump	
  connec'ons	
  for	
  evapora'on	
  cooling	
  
•  Pump	
  connec'on	
  for	
  separator	
  
•  Pump	
  connec'on	
  for	
  main	
  vacuum	
  
•  Placement	
  of	
  liquefier	
  system	
  

Target	
  s'ck	
  movement:	
  	
  	
  3.6m	
  to	
  ceiling	
  ('ght)	
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Root	
  Pump,	
  Microwave	
  and	
  Mechanical	
  Support	
  

•  Chiller	
  for	
  microwave	
  
•  Where	
  to	
  locate	
  pump?	
  

–  Cave	
  or	
  outside?	
  
•  Connect	
  exhaust	
  of	
  magnet	
  to	
  pump	
  

15
’ =

 4
57

 c
m

  

70”=178 cm 
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172cm	
  



Outside	
  of	
  E906	
  Target	
  Area	
  
Current	
  E906	
  Cryogenic	
  Services	
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New	
  Polarized	
  Target	
  Area	
  
new	
  services	
  and	
  modifica'ons	
  needed	
  to	
  
operate	
  the	
  polarized	
  target:	
  	
  
-­‐	
  pumps,	
  cryo,	
  electrical,	
  microwave,	
  NMR	
  

620cm	
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Z	
  =	
  -­‐3.5m	
  
	
  

45
7 

cm
  

178 cm 

Modifica'ons	
  
needed	
  



Shielding	
  and	
  Beam	
  Line	
  Work	
  

Radia'on	
  Shielding	
  
	
  
•  Cave/ceiling	
  shielding	
  for	
  new	
  

target	
  posi'on	
  
•  electronics	
  around	
  target	
  

•  microwave	
  tube	
  
•  microwave	
  power	
  supply	
  
•  NMR	
  electronics	
  
•  control	
  electronics	
  
•  Magnet	
  power	
  supply,	
  

controls	
  
•  Calcula'ons	
  for	
  target	
  ac'va'on	
  
•  Target	
  area	
  radia'on	
  monitoring	
  

Beam	
  line	
  and	
  spectrometer	
  
	
  
•  Beam	
  size	
  requires	
  addi'onal	
  Quads	
  
•  Collimator	
  upstream	
  of	
  target	
  
•  Beam	
  posi'on	
  interlock,	
  loss	
  monitors	
  
•  Third	
  magnet	
  between	
  target	
  and	
  FMAG?	
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More	
  on	
  Service	
  Needs	
  
Electrical	
  and	
  Water	
  Cooling	
  

•  Pump:	
  460V	
  
•  3rd	
  magnet:	
  2000A,200V	
  
•  all	
  magnets	
  need	
  field	
  
direc'on	
  switches	
  

•  Network	
  close	
  to	
  target	
  
•  Oxygen	
  deficiency	
  
monitors	
  

•  regular	
  220	
  and	
  110	
  
outlets.	
  

•  2.3	
  lt/min	
  cooling	
  H2O	
  
•  Need	
  to	
  calculate	
  flow	
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Cryogenics:	
  Liquid	
  4He	
  and	
  N2	
  

•  4He	
  closed	
  loop	
  system	
  
•  Placement	
  of	
  4He	
  liquifier	
  
•  Access	
  for	
  4He	
  and	
  LN2	
  dewars	
  
•  Transfer	
  lines	
  for	
  4He	
  and	
  liquid	
  Nitrogen	
  
•  Exhaust	
  to	
  liquefier	
  connec'on,	
  balloon?	
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Safety	
  and	
  Monitoring	
  

•  Oxygen	
  deficiency	
  monitor	
  
•  Quench	
  lines	
  to	
  outside	
  building	
  
•  Target	
  vacuum	
  windows	
  
•  Ac'va'on	
  analysis	
  for	
  target	
  
•  Fermilab	
  Engineering	
  and	
  Safety	
  Reviews	
  of	
  
cryo,	
  electrical,	
  vacuum,	
  water	
  cooling	
  etc.	
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E906	
  vs	
  E1039	
  
•  Fixed	
  target	
  dimuon	
  experiments	
  

for	
  Drell-­‐Yan	
  and	
  J/Psi	
  produc'ons	
  
in	
  p+p	
  and	
  p+A	
  
–  Common	
  Forward	
  Muon	
  

Spectrometers	
  
–  Very	
  different	
  target	
  systems	
  

•  E906	
  Targets:	
  “simple”	
  	
  
–  10~20%	
  of	
  nuclear	
  interac'on	
  

length	
  
–  LH2	
  and	
  LD2,	
  	
  ~50cm	
  long,	
  

operate	
  at	
  20K	
  	
  
–  C,	
  Fe	
  and	
  W	
  	
  

•  E1039	
  polarized	
  target:	
  
–  NH3	
  operate	
  at	
  1K,	
  5T	
  B-­‐field	
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Summary:	
  Tasks	
  	
  

Target	
  and	
  Beam	
  Control	
  
•  Some	
  changes	
  @IR	
  

–  New	
  space	
  for	
  opera'on,	
  target	
  change	
  etc	
  
–  New	
  target	
  stand	
  (a	
  plaaorm	
  )	
  
–  Radia'on	
  shielding	
  around	
  the	
  target	
  area	
  
–  SM0	
  focusing	
  magnet(?,	
  Cost	
  and	
  Schedule)	
  
–  B-­‐field	
  shielding	
  for	
  the	
  target(SM0?)	
  
	
  

•  Target	
  opera'on	
  and	
  maintenance	
  
–  Service	
  lines,	
  Power,	
  Cryogenic	
  systems	
  	
  
–  NMR	
  system,	
  radia'on	
  shielding	
  for	
  electronics,	
  

network	
  access	
  
–  Space	
  for	
  target	
  changes	
  etc.	
  	
  
–  Target	
  magnet	
  quench	
  protec'on	
  

•  Beam	
  control	
  
–  A	
  new	
  final	
  focusing	
  quadrupoles	
  (Q3	
  near	
  target)	
  
–  Beam	
  collimator,	
  target	
  magnet	
  quench	
  protec'on	
  	
  
–  Beam	
  spot	
  posi'on/direc'on/size	
  monitors	
  
–  Beam	
  posi'on/direc'on	
  stability	
  
–  Luminosity	
  monitors,	
  Cerenkov,	
  new	
  telescopes	
  	
  	
  

•  Fermilab	
  Engineering	
  and	
  Safety	
  Review	
  

DAQ	
  and	
  Spectrometers	
  
•  Spectrometers	
  

–  No	
  change	
  for	
  chambers	
  
–  New	
  switches	
  to	
  Reverse	
  fields	
  of	
  FMag	
  and	
  KMag	
  for	
  

spin	
  asymmetry	
  systema'c	
  control	
  	
  	
  

•  Triggers	
  
–  A	
  new	
  trigger	
  road	
  map	
  to	
  op'mize	
  target	
  signal	
  from	
  

beam	
  dump	
  
–  Beoer	
  rate	
  capability,	
  probably	
  not	
  an	
  issue,	
  expect	
  

lower	
  beam	
  intensity	
  in	
  E1039	
  than	
  that	
  in	
  E906	
  	
  	
  

•  DAQ	
  
–  Current	
  E906	
  OK	
  for	
  Drell-­‐Yan	
  channel,	
  J/Psi	
  can	
  use	
  

more	
  DAQ	
  bandwidth	
  	
  	
  
–  Higher	
  rate	
  capability	
  could	
  help	
  “rela've	
  luminosity”	
  

and	
  other	
  J/Psi	
  and	
  Psi	
  physics	
  measurements	
  	
  
–  Slow	
  control	
  target	
  related	
  informa'on	
  into	
  DAQ	
  data	
  

stream	
  	
  

•  Physics	
  asymmetry	
  systema'c	
  controls	
  
–  Precision	
  rela've	
  luminosity	
  	
  	
  
–  Beam	
  posi'on	
  and	
  direc'on	
  
–  Addi'onal	
  beam	
  monitoring	
  telescopes	
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Schedule	
  and	
  Timeline	
  	
  
1.  New	
  target	
  area	
  and	
  radia'on	
  shielding	
  design	
  and	
  safety	
  review	
  

2.  A	
  new	
  target	
  stand	
  	
  and	
  safety	
  review	
  
3.  Electrical	
  and	
  cooling	
  water	
  layout	
  design	
  and	
  installa'on	
  	
  
4.  Cryogenics	
  System	
  layout	
  design	
  and	
  installa'on	
  

–  LN2	
  and	
  L4He	
  
5.  New	
  beam	
  monitoring	
  telescopes	
  	
  
	
  
6.  Beam	
  line	
  modifica'ons	
  

–  Collimator	
  design	
  and	
  installa'on	
  
–  Final	
  focusing	
  Q3	
  installa'on	
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End	
  of	
  E906	
  	
  
9/2016	
  

Target	
  area	
  shielding	
  design	
  and	
  safety	
  review	
  

E906	
  Opera'on	
  

-­‐	
  Shielding	
  block	
  	
  
Installa'on	
  
-­‐	
  Safety	
  reviws	
  
	
  

-­‐	
  Target	
  stand	
  design	
  	
  
and	
  prepara'on	
  	
  
-­‐	
  Safety	
  review	
  

Remove	
  E906	
  	
  
shielding	
  blocks	
  

Service	
  line	
  layout	
  &	
  prepara'on	
  
•  Cryogenics	
  
•  Electrical	
  and	
  water	
  
•  Pumps,	
  vacum	
  
•  Microwave	
  
•  NMR	
  and	
  DAQ	
  
	
  	
  	
  

-­‐	
  Target	
  and	
  service	
  	
  
line	
  installa'ons	
  
-­‐	
  System	
  test	
  

E1039	
  	
  
data	
  taking	
  

Beam	
  line	
  work:	
  
	
  -­‐	
  collimator	
  and	
  Q3	
  
	
  
Kmag/FMag	
  new	
  switch	
  and	
  controls	
  
New	
  beam	
  monitoring	
  telescopes	
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11/3/2014  1

Current E906 Setup

Solid Iron

Focusing Magnet

Hadron Absorber

And beam dump

4.9 m

Station 1:

Hodscope array

MWPC Tracking

Mom. M
eas.

Ktev Magnet

Station 2 and 3:

Hodscope array

Drift 
Chamber Tracking

Station 4:

Hodscope array

Prop Tube Tracking

Hadron Absorber

Iron Wall
25 m

Liquid H2, d2, 

And Solid targets
Drawing: Tom O'Connor

and K. Bailey

FNAL Beam

@ 120 GeV
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Polarized	
  Target	
  Drell-­‐Yan	
  Transverse	
  Single	
  	
  
Spin	
  Asymmetry	
  @Fermilab	
  
Sea-­‐Quark	
  Sivers	
  Effects	
  

•  The	
  first	
  precise	
  measurements	
  of	
  
seaquark	
  Sivers	
  distribu'ons	
  

•  @	
  large	
  x	
  =	
  0.1~0.4,	
  significant	
  Sivers	
  
Asymmetry	
  observed	
  in	
  pol.	
  SIDIS	
  

•  Sea-­‐quark’s	
  Sivers	
  Funcs	
  poorly	
  known	
  

xF = x1 - x2

AN
DYSivers Asymmetry in Drell-Yan

ppB A µ+µ-,  4<Mµµ<9 GeV
FermiLab ideal setup
Pbeam=120 GeV, 1019 beam protons
10 cm NH3 target, PT=0.8

A N

23	
  1/7/15	
   Ming	
  Liu	
  P-­‐25	
  LDRD	
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d 2σ
dxtdxb

=
4πα 2

9x1x2s
e2[qb(xb )∑ qt (xt )+ qb(xb )q(xt )]

≈
4πα 2

9x1x2s
e2[qb(xb )∑ qt (xt )]

Current	
  E906	
  	
  
Coverage	
  

E906	
  Coverage	
  

Pol.	
  Target	
  



E906-­‐>E1039	
  

Z	
  =	
  3.5m	
  
	
  
Z	
  =	
  7.0m	
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A	
  New	
  Focusing	
  Magnet?	
  
Refocus	
  dimuons	
  from	
  target	
  to	
  improve	
  acceptance	
  

•  Op'on-­‐1:	
  BNL	
  48D48	
  magnet:	
  	
  
–  a	
  large	
  aperture	
  magnet,	
  up	
  to	
  3.5	
  T*m	
  
–  18.5”	
  x	
  	
  48”	
  x	
  48”;	
  	
  48”	
  =	
  1.22m	
  
–  CAD/BNL	
  reluctant	
  to	
  give	
  it	
  away,	
  they	
  may	
  need	
  it.	
  Need	
  
to	
  write	
  a	
  memo	
  to	
  BNL	
  ALD	
  if	
  we	
  want	
  to	
  get	
  it	
  to	
  
Fermilab.	
  

–  Possible	
  window	
  for	
  2016	
  –	
  2019,	
  as	
  there	
  is	
  no	
  currently	
  
planned	
  usage	
  of	
  this	
  magnet	
  

•  BNL	
  	
  18D36	
  magnet:	
  
–  Smaller	
  gap:	
  6”	
  (15.2cm),	
  up	
  to	
  2.0	
  T*m	
  
–  6”	
  x	
  18”	
  x	
  36”,	
  36”	
  =	
  91.4cm	
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Geometry	
  

•  Dave/Kun	
  

11/6/2014  1

Pure geometry, no field
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See	
  more	
  details	
  in	
  	
  
Kun/David’s	
  simula'on	
  talk	
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Drell-­‐Yan	
  Signal	
  Acceptance	
  

11/6/2014  2
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48D48	
  Magnet	
  
•  One	
  at	
  BNL,	
  NOT	
  in	
  use	
  yet,	
  an	
  official	
  request	
  to	
  BNL	
  needed	
  

Y_Gap	
  =	
  18”	
  =45.7cm	
  
	
  
X_Gap	
  =	
  48”	
  =122cm	
  
	
  
Field	
  =	
  up	
  to	
  3.5	
  T*m	
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BNL	
  Smaller	
  36D36	
  Magnet	
  

•  Several	
  of	
  them	
  at	
  BNL	
  
–  Y_Gap	
  =	
  6”	
  =	
  15.2	
  cm	
  
–  X_Gap	
  =	
  18”	
  =45.7cm	
  	
  	
  
–  Field	
  up	
  to	
  

1000kGx2.54cm	
  =	
  2.5	
  T*m	
  

–  OK	
  for	
  signal	
  muon	
  tracks	
  
–  Impact	
  on	
  background	
  

understudy	
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