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  Stern	
  &	
  Gerlach	
  (1921):	
  	
  
  Space	
  quantization	
  associated	
  with	
  direction	
  

  Goudsmit	
  and	
  Uhlenbeck	
  (1927):	
  	
  
  Atomic	
  fine	
  structure	
  and	
  electron	
  spin	
  magnetic	
  moment	
  

  Stern	
  (1933):	
  	
  
  Proton	
  anomalous	
  magnetic	
  moment	
  (2.79)	
  

  Kusch	
  (1947)	
  :	
  	
  
  Electron	
  anomalous	
  magnetic	
  moment	
  (~1.001159)	
  

  Prescott	
  et	
  al.,	
  Yale-­‐SLAC	
  (1978)	
  :	
  	
  
  E-­‐W	
  interference	
  in	
  polarized	
  e-­‐d	
  DIS,	
  parity	
  non-­‐conservation	
  	
  

  European	
  Muon	
  Collaboration’s	
  “Spin	
  Crisis”	
  (1989)	
  
  Valence	
  quarks	
  do	
  not	
  carry	
  much	
  of	
  proton’s	
  spin	
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  Krisch	
  et	
  al	
  (1960s)	
  	
  
  Transverse	
  spin	
  asymmetries	
  observed	
  in	
  1960s	
  

Experiments	
  with	
  	
  
spin	
  have	
  a	
  high	
  discovery	
  potential	
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  World’s	
  most	
  precise	
  measurement	
  of	
  Weinberg	
  angle:	
  

	
  	
  	
  	
  	
  from	
  SLD,	
  with	
  polarized	
  electron	
  beams	
  a	
  factor	
  of	
  25	
  
improvement	
  compared	
  to	
  un-­‐polarized	
  beams	
  

  LEP	
  collider,	
  the	
  most	
  precise	
  information	
  about	
  the	
  beam	
  
energy	
  comes	
  from	
  the	
  resonant	
  depolarization	
  of	
  the	
  
beams	
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Experiments	
  with	
  	
  
Spin	
  enable	
  precision!	
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“Experiments	
  with	
  spin	
  have	
  killed	
  more	
  theories	
  
than	
  any	
  other	
  single	
  physical	
  property	
  …”	
  

“If	
  theorists	
  had	
  their	
  way,	
  they	
  would	
  have	
  banned	
  
all	
  experiments	
  with	
  spin”	
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ZGS/ANL	
  1960’S	
   EMC/CERN	
  1980’S	
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G.	
  Altarelli,	
  DIS2009	
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Spin	
  in	
  the	
  context	
  of	
  the	
  Electron	
  Ion	
  Collider	
   R.	
  Milner’s	
  talk	
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T.	
  Roser’s	
  talk	
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Forward spectrometer 
charge hadron id  

High rate capability 
Limited acceptance 
High pT photon trigger 

Large acceptance 
Azimuthal symmetry 
Jet patch trigger 
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N.	
  Makin’s	
  talk	
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Effective	
  spin	
  reversal	
  every	
  
106	
  ns	
  between	
  collisions	
  
&	
  availability	
  of	
  all	
  spin	
  
combination	
  in	
  a	
  single	
  fill	
  
allows	
  exquisite	
  control	
  of	
  
systematic	
  uncertainties	
  

Spin	
  rotators	
  determine	
  the	
  
collisions’	
  spin	
  orientation	
  
transverse	
  or	
  longitudinal	
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ALL =
dσ++ − dσ+−
dσ++ + dσ+−

=
1

|P1P2|
N++ −RN+−
N++ + RN+−

; R =
L++

L+−
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Discovery!	
  

CM	
  200	
  GeV	
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Understanding	
  the	
  proton	
  ΔΣ	
  and	
  ΔG	
  is	
  an	
  
experimental	
  challenge:	
  
Theoretical	
  issues	
  understood,	
  mostly…	
  



  If	
  Δf	
  =	
  Δq,	
  then	
  we	
  have	
  this	
  from	
  pDIS	
  
  So	
  roughly,	
  we	
  have	
  

	
  	
  	
  	
  	
  	
  where	
  the	
  coefficients	
  a,	
  b	
  and	
  c	
  depend	
  on	
  final	
  
state	
  observable	
  and	
  event	
  kinematics	
  (η,pT).	
  

+-­‐	
  	
  =	
  	
  	
  
++	
  

+	
  
+	
  =	
  

From ep (&pp) 
(HERA mostly) 

NLO pQCD 
From e+e- 
(& SIDIS,pp) 
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Jet	
  π0	
  

• 2005:	
  	
  PRD	
  76,	
  051106	
  
• 2006:	
  	
  PRL	
  103,	
  012003	
  

• 2005:	
  	
  PRL	
  100,	
  232003	
  
• 2006:	
  	
  Preliminary	
  (unpublished)	
  

∆G

G
∝
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de	
  Florian,	
  Sassot,	
  Stratmann	
  &	
  Vogelsang	
  

Present	

9/18/09	
   Abhay	
  L.	
  Deshpande	
  on	
  EIC	
  at	
  Pan	
  Pacific	
  Spin	
  Symposium	
  2009	
  



  DIS	
  probe	
  (γ*)	
  doesn’t	
  distinguish	
  q	
  from	
  qbar	
  
  Has	
  to	
  take	
  measure	
  semi-­‐inclusive	
  (π,	
  K	
  production)	
  
  Uncertainties	
  in	
  fragmentation	
  functions	
  	
  

  High	
  energy	
  p-­‐p	
  collisions	
  enable	
  probing	
  q,qbar	
  
through	
  W+/-­‐	
  production	
  –>	
  Plan	
  at	
  RHIC	
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  How	
  can	
  we	
  get	
  flavor	
  dependent	
  sea	
  quark	
  info?	
  
  At	
  RHIC,	
  W	
  boson	
  production	
  in	
  polarized	
  p+p	
  
	
  collisions	
  is	
  sensitive	
  to	
  specific	
  combinations	
  	
  
	
  of	
  quarks:	
  u-­‐dbar	
  (W+),	
  ubar-­‐d	
  (W-­‐)	
  

  Measure	
  parity	
  violating	
  asymmetry	
  in	
  W	
  boson	
  production	
  

  Similar	
  case	
  for	
  W-­‐	
  with	
  d	
  and	
  u.	
  

  W’s	
  decay	
  in	
  to	
  leptons:	
  Plan	
  to	
  measure	
  them	
  precisely	
  in	
  the	
  high	
  
η	
  (forward)	
  directions	
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STAR:	
  J.	
  Seele,	
  DNP09	
   PHENIX,	
  K.	
  Okada,	
  DNP09	
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  Both	
  STAR	
  and	
  PHENIX	
  can	
  measure	
  W-­‐>e	
  near	
  midrapidity	
  
  Analysis	
  of	
  first	
  500	
  GeV	
  data	
  in	
  2009	
  is	
  underway!	
  

  What	
  about	
  larger	
  rapidities?	
  	
  
  Both	
  detectors	
  are	
  currently.	
  

End	
  Cap	
  EMCal	
  can	
  tag	
  electron.	
  
TPC	
  does	
  not	
  give	
  enough	
  points	
  for	
  charge	
  
sign	
  measurement	
  
 Forward	
  GEM	
  	
  
Tracker	
  

e±	
   µ±	
  

Identification	
  from	
  MUID	
  and	
  charge	
  sign/	
  
momentum	
  from	
  MUTr.	
  
BUT,	
  trigger	
  is	
  dominated	
  by	
  low	
  momentum	
  
particles	
  
 	
  Resistive	
  Plate	
  Chambers	
  
 	
  5%	
  of	
  MUTr	
  signal	
  into	
  trigger	
  circuit	
  
Use	
  bend	
  in	
  track	
  to	
  trigger	
  high	
  mom.	
  muon	
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Understanding	
  the	
  subtleties	
  of	
  transverse	
  spin	
  effects	
  is	
  
significantly	
  more	
  difficult,	
  the	
  framework	
  for	
  understanding	
  
them	
  is	
  only	
  now	
  being	
  developed….	
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ZGS/ANL	
  
√s=4.9	
  GeV	
  

RHIC	
  
√s=62.4	
  GeV	
  

FNAL	
  
√s=19.4	
  GeV	
  

AGS/BNL	
  
√s=6.6	
  GeV	
  

Suspect	
  soft	
  QCD	
  effects	
  at	
  low	
  scales,	
  but	
  they	
  seem	
  to	
  remain	
  relevant	
  to	
  	
  
perturbative	
  regimes	
  as	
  well	
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  At	
  200	
  GeV	
  	
  Pion	
  cross	
  sections	
  at	
  both	
  mid	
  and	
  
forward	
  rapidities	
  described	
  by	
  NLO	
  pQCD	
  calculation.	
  

  At	
  62.4	
  GeV	
  pions	
  are	
  reasonably	
  well	
  described	
  at	
  
both	
  mid	
  and	
  forward	
  rapidities	
  NLL	
  may	
  be	
  important	
  

200	
  GeV	
   62.4	
  GeV	
  
62.4	
  GeV	
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Larger	
  than	
  the	
  neutral	
  pion!	
  

Further	
  evidence	
  against	
  a	
  valence	
  quark	
  effect!	
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N.	
  Makin’s	
  talk	
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Quarks,	
  Gluons	
  and	
  their	
  orbital	
  
motion	
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Lets	
  not	
  break	
  the	
  proton	
  to	
  
explore	
  it!	
  

Deeply	
  Virtual	
  Compton	
  
Scattering	
  (DVCS)	
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  Hard	
  Exclusive	
  DIS	
  
process	
  

  	
  γ	
  (default)	
  but	
  also	
  
vector	
  mesons	
  

  Remove	
  a	
  parton	
  &	
  
put	
  another	
  back	
  in!	
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  GPDs and Transverse Parton Imaging 

x < 0.1 x ~ 0.3 x ~ 0.8 

Fourier transform in momentum transfer 

x ~ 0.001 

2) ξ ~ 0  the 
“take out” and 
“put back” gluons 
act coherently. 

2) ξ ~ 0 x - ξ	

 x + ξ	



,γ	


d 



Spin	
  allows	
  precision…	
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 αs(MZ)	
  has	
  been	
  determined	
  from	
  Bj	
  spin	
  sum	
  rule	
  by	
  many	
  groups:	
  
1.  J.	
  Ellis	
  &	
  M.	
  Karliner,	
  Phys.	
  Lett.	
  B341,	
  387	
  (1995)	
  
2.  G.	
  Altarelli	
  et	
  al.,	
  Nucl.	
  Phys.	
  B496,	
  337	
  (1997)	
  
3.  B.	
  Adeva	
  et	
  al.	
  SMC	
  Collaboration,	
  Phys.	
  Rev.	
  D58	
  (1998)	
  112002	
  
4.  …….	
  	
  Recent	
  one	
  from	
  Jlab	
  as	
  well,	
  but	
  at	
  very	
  low	
  Q2	
  	
  	
  

Largest	
  uncertainties	
  from	
  low-­‐x	
  extrapolations!	
  

Particle Data Book (2002, 2004,2006,2008), Extended version:

“Theoretically, this sum rule is better for determining αs because perturbative

 QCD result is known to higher order (o(αs

4)), and these terms are important 

at low Q2…..…. Should data at lower x become available, so that the

 low x extrapolation is more tightly constrained, the Bj sum rule method 

could give the best determination of αs”
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eRHIC 1 inv.fb 

A	
  huge	
  effort	
  at	
  high	
  x	
  at	
  Jlab!	
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Why	
  not	
  consider	
  using	
  this	
  machine	
  for	
  	
  
precision	
  EW-­‐Physics	
  measurements?	
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  High	
  energy	
  collisions	
  of	
  polarized	
  electrons	
  and	
  protons	
  
and	
  nuclei	
  afford	
  a	
  unique	
  opportunity	
  to	
  study	
  
  Contributions	
  from	
  W	
  and	
  Z	
  bosons	
  which	
  have	
  different	
  

couplings	
  with	
  quarks	
  and	
  anti-­‐quarks	
  
▪  Polarized	
  protons	
  (g5	
  spin	
  structure	
  functions),	
  nuclei	
  (are	
  
there	
  nuclear	
  modifications?)	
  

  Parity	
  violating	
  DIS:	
  a	
  probe	
  of	
  beyond	
  TeV	
  scale	
  physics	
  
  Measurements	
  of	
  Sin2θW	
  at	
  higher	
  Q2	
  than	
  the	
  12GeV	
  at	
  Jlab	
  

  New	
  window	
  for	
  physics	
  beyond	
  SM?	
  
  Lepton	
  flavor	
  violation	
  searches?	
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e− + p→ τ− + X

*Initiated	
  through	
  discussions	
  with:	
  M.	
  R.	
  Musolf,	
  K.	
  Kumar	
  	
  
Being	
  pursued	
  by:	
  W.	
  Marciano,	
  K.	
  Kumar,	
  M.	
  Savastio,	
  W.	
  Vogelsang,	
  AD	
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