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Nucleon	  Structure	  
Ø  Internal	  structure	  of	  nucleon	  

–  Parton	  Model	  (valence	  quarks,	  sea	  quarks,	  gluons)	  
–  Structure	  func4on	  F(x,Q2)	  ß	  Parton	  distribu4on	  

func4ons	  (PDF)	  f(x,Q2)	  	  

	  
–  Spin	  Structure	  inside	  nucleon:	  	  
spin-‐dependent	  parton	  distribu4ons	  func4ons	  
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Proton	  x = Q2

2P ⋅q Q2	  

Δf(x)	  =	  	  f(x)+	  -‐	  	  f(x)-‐	  

dσ = dx
0

1

∫
f
∑ Δf(x,Q2 )⊗ σ̂ h ⊗Df

h



Proton	  Spin	  Structure	  
Ø  Polarized	  Deep	  Inelas4c	  Sca_ering	  (DIS)	  
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EMC	  (1988)	  

g1
p(x)dx = 0.114± 0.012(stat)± 0.026(syst)

0

1
∫

-‐  EMC	  (European	  Muon	  Collabora4on,	  1988):	  	  	  	  	  
First	  measurement	  of	  quark	  contribu4ons	  to	  the	  
proton	  spin.	  

-‐  Gives	  you	  only	  (quark	  +	  an4quark)	  contribu4ons	  

	  
(g1:	  spin-‐dependent	  structure	  func4on	  of	  the	  proton)	  
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1
2
=
1
2
ΔΣ+ΔG+L

Ø  Spin	  crisis	  
•  ΔΣ:	  sum	  of	  quark	  contribu4ons.	  As	  recent	  result,	  

total	  quarks’	  contribu4on	  ~25%.	  (DIS,	  SIDIS,	  PP)	  
•  ΔG:	  gluon	  contribu4ons.	  	  	  
•  L:	  orbital	  angular	  momentum.	  

(g1:	  spin-‐dependent	  structure	  func4on	  of	  the	  proton)	  
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Proton	  Spin	  Structure	  
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•  Global	  analysis	  
– PDFs	  are	  universal	  
– All	  world	  data	  to	  be	  
analyzed	  

– Well	  known	  quark	  PDFs.	  
– S4ll	  large	  uncertainty	  of	  
an4quark	  and	  gluon	  PDFs.	  

– Further	  constraints	  from	  
pp	  data	  

	  
	  



How	  do	  we	  measure	  an4quark	  PDFs?	  

•  Semi-‐Inclusive	  Deep	  Inelas4c	  Sca_ering	  (SIDIS)	  
–  The	  method	  is	  almost	  same	  as	  DIS	  +	  Measure	  hadrons	  in	  the	  
final	  state.	  

	  	  	  	  à	  probability	  that	  par4cular	  parton	  produces	  a	  par4cular	  
	  hadron	  (Fragmenta4on	  Func4ons).	  Large	  uncertainty	  of	  FFs.	  
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-‐  QCD	  factoriza4on	  
-‐  Measure	  the	  asymmetry	  of	  polarized	  

cross	  sec4on	  for	  access	  to	  the	  spin	  
structure	  

FFs	  



How	  do	  we	  measure	  an4quark	  PDFs?	  	  
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•  W	  Boson	  Measurement	  in	  longitudinally	  polarized	  P+P	  sca_ering	  

•  Maximum	  parity	  viola4on	  of	  weak	  
interac4on.	  Fixed	  helicity	  of	  incoming	  
quark	  and	  an4quark.	  
à  Len-‐handed	  quark	  +	  	  Right-‐handed	  

an4quark	  

•  Free	  from	  the	  fragmenta4on	  func4ons	  
•  Measure	  W	  through	  their	  lepton	  decays	  
•  Ideal	  tool	  to	  study	  the	  spin	  structure	  of	  

the	  proton	  ( 	   	  	  	  	  	  )	  

σ̂

Δu,Δu,Δd,Δd
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Δu	  

Δd

•  W	  Boson	  Measurement	  in	  longitudinally	  polarized	  P+P	  sca_ering	  

AL =
dσ + −dσ −

dσ + +dσ −

AL
W− ≈

dx1 dx2[Δu(x1)d(x2 )(1− cosθ )
2 −Δd(x1)u∫ (x2 )(1+ cosθ )

2 ]
dx1 dx2[u(x1)d(x2 )(1− cosθ )

2 +d(x1)u∫ (x2 )(1+ cosθ )
2 ]

AL
W+ ≈

dx1 dx2[Δd(x1)u(x2 )(1+ cosθ )
2 −Δu(x1)d∫ (x2 )(1− cosθ )

2 ]
dx1 dx2[d(x1)u(x2 )(1+ cosθ )

2 + u(x1)d∫ (x2 )(1− cosθ )
2 ]
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W	  Measurement	  @	  RHIC	  
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RHIC	  
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•  Rela4vis4c	  Heavy	  Ion	  Collider	  (RHIC).	  	  
•  The	  world	  unique	  polarized	  hadron	  collider	  	  



RHIC	  
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•  Rela4vis4c	  Heavy	  Ion	  Collider	  (RHIC).	  	  
•  The	  world	  unique	  polarized	  hadron	  collider	  	  



P+P	  Collisions	  at	  RHIC	  
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•  Polarized	  proton	  +	  proton	  collisions	  up	  to	  
√s	  =	  510	  GeV	  

•  Change	  the	  polariza4on	  at	  each	  IR	  through	  	  
Spin	  Rotators	  

•  Different	  spin	  pa_erns	  



Polarized	  p+p	  data	  @	  RHIC	  
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•  Longitudinally	  
polarized	  proton	  
runs	  2009	  -‐	  2013	  at	  
√s	  =	  510	  (500)	  GeV.	  	  

•  Large	  sta4s4cs	  in	  
2013.	  



PHENIX	  
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•  Central	  Arm	  
-‐  Measure	  W	  à	  e	  
-‐  |η|	  <	  0.35	  
-‐  Δφ	  =	  π	  
-‐  DC	  and	  PC	  tracking,	  EMCal	  
triggering	  

•  Forward	  Arm	  
-‐  Measure	  W	  à	  μ	  
-‐  1.2	  <	  |η|	  <	  2.2	  
-‐  Δφ	  =	  2π	  
-‐  MuTr,	  MuID,	  RPC,	  FVTX	  
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Slide	  by	  R.	  Seidl	  @	  DIS2014	  

MW	  ~	  80	  GeV	  



PHENIX	  Wàe	  Measurement	  
•  Iden4fy	  W	  signals	  by	  Jacobian	  peak.	  
•  Reduced	  BG	  and	  es4mate	  its	  remaining	  

contribu4ons	  at	  30	  <	  pT	  <50	  

May	  30,	  2014	   第２回 高エネルギーQCD・核子構造勉強会	   21	  

2012	  data	  

log	  scale	  



PHENIX	  Wàμ	  Measurement	  
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•  Different	  kinema4cs	  at	  
forward	  region.	  
• Muon	  BGs	  get	  smeared	  
to	  high	  pT	  region	  
•  Large	  Hadron	  BG	  
contamina4on	  	  
•  Careful	  signal	  
iden4fica4on	  required.	  	  



PHENIX	  Wàμ	  Measurement	  
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•  Reduce	  BG	  using	  likelihood-‐based	  
pre-‐selec4on	  using	  mul4variate	  
cut	  based	  on	  signal	  MC	  and	  data	  
(mostly	  BG)	  

•  es4mate	  the	  S/B	  by	  performing	  
unbinned	  maximum	  likelihood	  fit.	  
(2D	  fit	  with	  η,	  dw23)	  

•  S/B	  ra4o	  for	  2012	  dataset	  is	  about	  
~	  0.3	  (preliminary).	  
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PHENIX	  Wàμ	  Measurement	  

•  Reduce	  BG	  using	  likelihood-‐based	  
pre-‐selec4on	  using	  mul4variate	  
cut	  based	  on	  signal	  MC	  and	  data	  
(mostly	  BG)	  

•  es4mate	  the	  S/B	  by	  performing	  
unbinned	  maximum	  likelihood	  fit.	  
(2D	  fit	  with	  η,	  dw23)	  

•  S/B	  ra4o	  for	  2012	  dataset	  is	  about	  
~	  0.3	  (preliminary).	  

•  Inclusion	  of	  FVTX	  will	  give	  you	  
improvement	  of	  BG	  es4ma4on.	  

•  Many	  efforts	  have	  been	  made.	  
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PHENIX	  AL	  Result	  
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mid-‐rapidity	  (central	  arm)	   Forward	  rapidity	  (muon	  arm)	  



STAR	  
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Slide	  by	  J.	  Stevens	  @DIS2014	  



STAR	  W	  à	  e	  Measurement	  
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•  Isolate	  electron/posi4on	  with	  EeT	  
(~40GeV)	  

•  Large	  missing	  energy	  from	  undetected	  
neutrinos	  	  

•  pT-‐balance	  cut	  to	  suppress	  Z,	  QCD	  BG	  	  



STAR	  W	  à	  e	  Measurement	  
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STAR	  AL	  Result	  

May	  30,	  2014	   第２回 高エネルギーQCD・核子構造勉強会	   31	  



May	  30,	  2014	   第２回 高エネルギーQCD・核子構造勉強会	   32	  
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Impact	  of	  RHIC	  data	  
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•  Expected	  impact	  of	  RHIC	  pp	  data.	  
•  Significant	  impact	  will	  be	  made	  on	  the	  uncertainty	  of	  
the	  an4-‐quark	  polarized	  PDFS	  



Summary	  

•  W	  measurement	  provides	  us	  clean	  access	  to	  
sea	  quark	  polariza4on.	  

•  STAR	  and	  PHENIX	  has	  measured	  AL
W	  at	  √s	  =	  

510	  GeV	  from	  2009	  -‐	  2013.	  
•  Recent	  results	  from	  STAR	  and	  PHENIX	  were	  
reported.	  	  

•  Higher	  precision	  data	  from	  2013	  is	  being	  
analyzed	  à	  Significantly	  improve	  our	  
knowledge	  of	  sea	  quark	  polariza4on.	  
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Backup	  
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Unpolarized	  PDFs	  
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Slide	  by	  K.	  Nakamura	  
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Rela4ve	  isola4on	  cut	  

5/19/2014	   PHENIX	  W-‐>e	   42	  

•  Main	  background	  discriminator	  
•  Energy	  in	  a	  cone	  of	  R=0.4	  divided	  
by	  energy	  of	  the	  candidate	  

•  Aner	  basic	  cuts	  it	  reduces	  
background	  by	  a	  factor	  of	  10	  
while	  leaving	  the	  signal	  region	  
rela4vely	  untouched	  
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PHENIX	  Result	  
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STAR	  AL	  	  Result	  
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