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Physics	  Mo1va1on	  
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D.	  de	  Florian,	  R.	  Sassot,	  M.	  Stratmann,	  	  
W.	  Vogelsang,	  Phys.	  Rev.	  D	  80,	  034030	  (2009)	  
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ΔΣ = (Δu+Δu)+ (Δd+Δd)+ (Δs+Δs)

•  Proton	  spin	  structure	  
-‐	  To	  answer	  to	  the	  ques1on	  “where	  does	  
proton	  spin	  come	  from?”	  

•  Well	  known	  combined	  quark	  PDFs	  by	  
polarized	  DIS	  experiment.	  	  

•  Semi-‐Inclusive	  DIS	  (SIDIS)	  constrains	  
separated	  PDFs.	  	  Limited	  by	  large	  
uncertain1es	  of	  fragmenta1on	  func1ons	  

Measured	  by	  DIS	  experiment:	  	  
Quark	  contribu1on	  to	  the	  proton	  spin:	  ~30%	  	  

Quark	  	  	  	  	  	  	  	  	  Gluon	   Orbital	  angular	  
momentum	  

Large	  uncertainty	  



W	  Physics	  in	  Polarized	  PP	  Collisions	  
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AL
W+

≡
σ _ −σ +

σ − +σ +

= −
Δu(x1)d(x2 )−Δd(x1)u(x2 )
u(x1)d(x2 )+d(x1)u(x2 )

•  W	  produc1on	  in	  polarized	  pp	  collision	  
•  Large	  Q2	  	  

•  Independent	  of	  the	  knowledge	  of	  
fragmenta1on	  func1ons:	  
	  -‐	  maximum	  parity	  viola1on;	  	  
	  lef	  handed	  quark	  +	  right	  handed	  an1-‐quark	  
	  à	  flavor	  is	  almost	  fixed:	  

	  
	  
	  

ud→W+

du→W−

•  Single	  Spin	  Asymmetry:	  

Rela1ve	  rapidity	  of	  W	  to	  the	  proton,	  yw	  
	  
At	  yw	  >>	  0,	  AL

W+	  ≈	 -‐	  Δu/u	  
At	  yw	  <<	  0,	  AL

W+	  ≈	 	  
	  

Δd / d



Physics	  Impact	  of	  AL	  
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•  Global	  analysis	  DSSV	  (top)	  and	  

Pseudo-‐experiment	  data	  of	  200	  
pb-‐1	  	  (bomom)	  

•  Significant	  impact	  for	  reducing	  
uncertain1es	  

Global	  analysis	  DSSV	  

DSSV	  +	  Pseudo-‐RHIC	  data	  of	  200	  pb-‐1	  



W	  Program	  of	  PHENIX	  at	  RHIC	  
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IP	  

In	  2012:	  
-‐  Center	  of	  mass	  energy	  √s=510	  GeV	  
-‐  Average	  polariza1on:	  	  



W	  Program	  of	  PHENIX	  at	  RHIC	  
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+	  -‐	  +	  -‐	  +	  -‐	  +	  -‐...	  ...	  -‐	  -‐	  +	  +	  -‐	  -‐	  +	  +	  
IP	  

In	  2012:	  
-‐  Center	  of	  mass	  energy	  √s=510	  GeV	  
-‐  Average	  polariza1on:	  	  55%	  /	  57%	  



PHENIX	  Detector	  System	  
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Central	  Arm	  (	  Wàe):	  
•  Acceptance:	  

-‐  |η|	  <	  0.35	  
-‐  Δφ	  =	  2	  x	  π/2	  	  

•  Subsystems:	  
-‐  Drif	  chamber	  (DC),	  Pad	  chamber	  (PC)	  :	  tracking	  
-‐  Electromagne1c	  Calorimeter	  (EMCal):	  PbSG,	  PbGl,	  

calorimeter,	  triggering	  
	  

Muon	  Arm	  (Wàµ):	  
•  Acceptance:	  

-‐  1.2	  <	  |η|	  <	  2.4	  ,	  North	  	  
-‐  1.2	  <	  |η|	  <	  2.2	  ,	  South	  	  
-‐  ΔФ	  =	  2π	  

•  Subsystems:	  
-‐  Muon	  Tracker	  (MuTr):	  tracking,	  triggering	  	  
-‐  Muon	  Iden1fier	  (MuID):	  par1cle	  ID,	  triggering	  
-‐  Resis1ve	  Plate	  Chamber	  (RPC):	  par1cle	  ID,	  

triggering	  
-‐  Forward	  Silicon	  Vertex	  Detector	  (FVTX)	  



Central	  Arm	  Measurement	  
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γs	  

Charged	  par1cles	  

•  Observable:	  electron/positron	  	  
	   	   	  	  	  	  from	  W-‐/+à	  e	  -‐/+	  +	  νe	  

•  (	  	  	  	  	  	  	  	  	  +	  Δu)	  	  from	  W+,	  (	  	  	  	  	  	  	  	  	  +	  Δd)	  	  from	  W-‐	  
	  

•  Backgrounds:	  
	  -‐	  Reducible:	  	  
Cosmic,	  γàe+e-‐	  conversion	  from	  π/η	  à	  γγ,	  
direct	  photon,	  Beam	  related	  BGs	  
	  -‐	  Irreducible:	  
Z	  à	  e+	  +	  e-‐,	  Leptonic	  decay	  of	  charm,	  bomom	  
to	  e±	  

•  W	  event	  iden1fica1on	  
-‐	  	  	  	  	  	  Jacobian	  peak	  at	  pT=MW/2	  	  in	  pT	  spectrum	  
-‐  Measure	  high	  pT	  electrons	  using	  EMCal	  
-‐  DC-‐EMCal	  matching	  (Δϕ	  <	  0.01	  rad)	  
-‐  Rela1ve	  isola1on	  cut	  <	  10%	  

Δd Δu

R=0.4	  



Run12	  W±/Z	  Spectra	  
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•  Background	  dominated:	  10	  to	  30	  GeV	  /	  signal	  region:	  30	  <	  	  pT	  <	  50	  GeV	  
•  Background	  es1ma1on:	  	  

	  -‐	  Fit	  pT	  region	  10	  to	  69	  GeV	  with	  a	  power	  law	  
	  -‐	  Fit	  pT	  region	  20	  to	  50	  GeV	  with	  a	  power	  law	  +	  Jacobian	  peak	  (simula1on)	  

Wàe+	   Wàe-‐	  



Forward	  Arm	  Measurement	  
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•  Observable:	  muons	  	  
	   	   	  	  	  	  	  	  from	  W-‐/+	  àµ-‐/+	  +	  νµ	  

	  
•  Fully	  upgraded	  in	  2012.	  
•  High-‐pT	  trigger	  including	  RPC:	  	  
	  	  	  	  	  	  	  small	  bending	  in	  magne1c	  filed	  	  

	  +	  1ming	  (BBC	  /	  RPC)	  
	  
•  W	  dominant	  at	  pT	  >	  15	  GeV	  
•  Backgrounds:	  

	  -‐	  Muon	  BGs:	  open	  heavy	  flavor,	  
	  quarkonia,	  Drell-‐Yan,	  direct	  photon,	  
	  W	  à	  τ/hadron	  à	  µ	  decay.	  
-‐	  Hadronic	  BGs	  

RPC	  

MuTRG-‐FEE	  

Hadron	  Absorber	  

µ±	  



Signal	  Extrac1on	  in	  Forward	  Arm	  Analysis	  
•  Likelihood-‐based	  signal	  selec1on	  

	  -‐	  Pre-‐selec1on:	  mul1variate	  cut	  using	  likelihood	  ra1o	  
	  -‐	  S/B	  ra1o	  extrac1on:	  unbinned	  maximum	  likelihood	  fi~ng	  (next	  page)	  

	  	  
•  Mul1variate	  cut	  for	  pre-‐selec1on	  
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λ ≡ p(DG0,DDG0) ⋅p(χ 2 ) ⋅p(DCAr) ⋅p(RpcDCA)#$ %&

f ≡
λsig

λsig +λBGs

Data	  W	  Simula1on	  	  

f	  >	  0.92	  

DCAr	  distribu1on	  (16	  <	  pT	  <	  60	  GeV)	  

MuID RPC3 MuTr 

DDG0 

DG0 
RpcDCA3 

Rpc1 

DCAr 
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Signal	  Extrac1on	  in	  Forward	  Arm	  Analysis	  

•  Extended	  unbinned	  maximum	  likelihood	  
fi~ng	  

	  
	  -‐	  Probability	  distribu1on	  func1ons	  extracted	  from	  
	  simula1on	  (W	  signal,	  muon	  BGs)	  and	  data	  (hadron	  
	  BGs)	  using	  eta,	  dw23	  (reduced	  azimuthal	  bending).	  
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dw23≡ pT× sinθ ×dφ23

W	  signal	   Muon	  BGs	   Hadron	  BGs	  

dw23	  distribuEons	  (16	  <	  pT	  <	  60	  GeV)	  



S/B	  Ra1o	  in	  Forward	  Arm	  
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•  1D	  projec1ons	  of	  the	  2D	  

unbinned	  maximum	  likelihood	  
fit	  onto	  dw23	  (top),	  rapidity	  η 
(bomom)	  

•  16	  <	  pT	  <	  60	  GeV,	  f	  >	  0.92	  

•  S/B	  ra1o:	  0.21	  ~	  0.40	  
(depending	  on	  arm,	  charge)	  
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AL	  Result	  
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•  Run12	  preliminary	  

•  Beam	  combined	  
asymmetries	  for	  mid-‐
rapidity	  and	  forward	  
rapidity	  with	  respect	  to	  
mean	  pseudorapidity	  

•  Different	  energy	  cut	  for	  
mid-‐rapidity	  and	  forward	  
rapidity	  

•  Agreement	  with	  theore1c	  
curves	  

	  



Expecta1on	  of	  PHENIX	  W	  Program	  

April	  23,	  2013	   DIS	  2013,	  Marseille	   16	  

•  assumed	  beam	  polariza1on	  of	  P=55%	  
•  sampled	  integrated	  luminosity	  of	  300	  pb-‐1	  
•  S/B=1	  assumed	  for	  Wàµ	


•  Projected	  plots	  in	  beam-‐use	  proposal	  

W+	  àµ+	  

W-‐	  àµ-‐	  

W-‐	  àe-‐	   W+	  àe+	  



Summary	  and	  Prospects	  

•  RHIC	  Run12:	  
	  -‐	  PHENIX	  collected	  data	  of	  30	  pb-‐1	  (with	  30cm	  vertex	  cut)	  in	  2012	  
	  -‐	  Forward	  arm	  upgrade	  is	  completed	  
	  -‐	  PHENIX	  Run12	  Preliminary	  results	  are	  presented:	  	  
§  W±	  spectra	  for	  W±/Zàe±	  
§  Single	  spin	  asymmetries	  for	  W±/Zàe±	  and	  W±/Zàµ±	  

§  Agreement	  with	  theore1c	  predic1ons	  
	  -‐	  Analysis	  is	  ongoing.	  	  
	  -‐	  Improvement	  of	  S/B	  with	  FVTX	  is	  under	  development.	  

	  
•  RHIC	  Run13:	  

-‐	  High	  sta1s1cs	  Run13	  data	  taking	  is	  ongoing.	  
-‐	  Integrated	  luminosity	  goal	  of	  250	  pb-‐1	  
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Thank	  you!	  
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Backup	  
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AL
Wàµ Results	  
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AL
Wàµ Results	  (Beam	  separated)	  

April	  23,	  2013	   DIS	  2013,	  Marseille	   21	  

    
+µ

η
-2 -1 0 1 2

L
A

-1.0

-0.5

0.0

0.5

1.0
+µ→+Z+W

Run 12: p+p collisions at 510 GeV
 (2012)LA

DNS min
DSSV
DNS max
GRSV val

    -µ
η

-2 -1 0 1 2

L
A

-1.0

-0.5

0.0

0.5

1.0
-µ→+Z-W

 per arm (2012)-1Sampled Luminosity: 42 pb

 



