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Spin	
  Puzzle	


Longitudinal	
  Spin	
  Structure	
  
•  Gluon	
  Spin	
  	
  (this	
  talk)	
  	
  
•  Sea	
  Quark	
  (following	
  talks)	
  

Transverse	
  Spin	
  Structure	
  
•  Sivers	
  Effect	
  
•  Collins	
  Effect	
  
•  Higher	
  Twist	
  …	
  

Future	
  Upgrades	
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The	
  PHENIX	
  Detector	
  
•  Philosophy	
  

–  high	
  resolu;on	
  &	
  high-­‐rate	
  at	
  
the	
  cost	
  of	
  acceptance	
  

–  trigger	
  for	
  rare	
  events	
  
•  Central	
  Arms	
  

–  |η|	
  <	
  0.35,	
  Δφ	
  ~	
  π	
  
– Momentum,	
  Energy,	
  PID	
  

•  Muon	
  Arms	
  
–  1.2	
  <	
  |η|	
  <	
  2.4	
  
– Momentum	
  (MuTr)	
  

•  Muon	
  Piston	
  Calorimeter	
  
–  3.1	
  <	
  |η|	
  <	
  3.9	
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DOUBLE	
  HELICITY	
  ALL	
  RESULTS	
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Probe	
 Advantage	


π0	
 Sta;s;cs	


η	
  	
 Different	
  fragmenta;on	


π0	
  -­‐	
  π0	
  correla;on	
 Kinema;c	
  constraint	


charged	
  π	
 ΔG	
  sign	


heavy	
  flavor	
  decay	
  e-­‐	
 Lower	
  x,	
  g-­‐g	
  dominant	


MPC	
  cluster	
 Lower	
  x	




Central	
  Arm	
  π0,	
  η	
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Phys.	
  Rev.	
  Lel.	
  101,	
  072001(2008)	
  

(η	
  is	
  similar)	


p Produc;on	
  cross	
  sec;on	
  is	
  high	
  
and	
  from	
  gluon	
  interac;on	
  

p PHENIX	
  EMCal	
  trigger	
  friendly	
  
p Found	
  in	
  2	
  photons	
  invariant	
  mass	


  RHIC data 
0.02<x<0.2	


Frac;onal	
  Contribi;on	
  to	
  π0	
  
produc;on	


[1]	




ALL	
  :	
  Central	
  Arm	
  π0,	
  η	
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ΔG	
  through	
  	
  
•  a	
  different	
  flavor	
  structure	
  
•  fragmenta;on	
  func;on	


Sta;s;cally	
  Challenging	
  

η	
  ALL	
π0	
  ALL	


Sta;s;cally	
  enriched	
  
observable	
  
	
  
Need	
  to	
  control	
  Systema;c	
  
uncertain;es	
  (rela;ve	
  
luminosity)	




More	
  Challenging	
  Alempt	
  :	
  
	
  π0-­‐π0	
  correla;on	
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Constrains	
  event	
  kinema2cs	
  further	
  

Cost	
  Sta2s2cs,	
  need	
  high	
  P4L	
  

Invariant	
  m
ass	
  [GeV]	




Preliminary	
  
Charged	
  pion	
  ALL	


q pT	
  range	
  of	
  this	
  analysis	
  covers	
  <xg>~0.1	
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q  π±	
  charge	
  asymmetry	
  is	
  
	
  	
  	
  	
  sensi;ve	
  to	
  sign	
  of	
  Δg(x,	
  Q2)	
  	
  :	
  

Ø  Du
π+	
  >Du

π0	
  >Du
π-­‐	
  ,	
  Δu>0	
  

Ø  Dd
π+	
  <Dd

π0	
  <Dd
π-­‐	
  ,	
  Δd<0	
  

	
   	
  For	
  posi;ve	
  Δg	
  :	
  	
  	
  
	
   	
  Aπ+	
  LL	
  >Aπ0	
  LL	
  >Aπ-­‐	
  LL	
  



Charged	
  pion	
  Cross	
  Sec;on	
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arXiv	
  :	
  0911.2146	
  

Subprocess	
  frac2on	
  at	
  NLO	
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ΔG	
  Extrac;on	
  from	
  ALL
HFe	


q  Open	
  charm	
  produc;on	
  dominates	
  in	
  
pT	
  range	
  of	
  0.50	
  <	
  pT	
  <	
  1.25	
  GeV/c	
  	
  

	
  (J/ψ	
  <2%,	
  b	
  quark<5%)	
  	
  
q  |∆g/g(⟨logx⟩,µ)|2	
  <3	
  ×10	
  −2	
  (1σ)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (	
  0.01	
  ~	
  x	
  ~	
  0.08)	
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q  This	
  results	
  largely	
  benefited	
  from	
  using	
  
HBD	
  in	
  elimina;ng	
  photo-­‐conversion	
  and	
  
Dalitz	
  decay	
  background.	
  

q  Decay	
  electrons	
  include	
  J/ψ	
  ,	
  bolom	
  
produc;on	
  and	
  other	
  vector	
  meson	
  as	
  
well	
  as	
  open	
  charm	
  contribu;ons.	
  	
  

arXiv:1209.3278	
   Submiled	
  to	
  PRD	




Exploring	
  Lower-­‐x	
  by	
  Forward	
  MPC	
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Muon	
  Piston	
  Calorimeter	
  	
  
3.1<|η|<3.9	
  
•  Low	
  PT	
  Reconstructed	
  π0	
  	
  
•  High	
  PT	
  Merged	
  π0	
  

	
  
cluster	




pT	
  (GeV/c)	
  	
  	
  2	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  3	
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Dominated	
  by	
  π0	


•  S;ll	
  consistent	
  with	
  zero	
  at	
  lower	
  x	
  
•  Systema;c	
  error	
  starts	
  to	
  defeat	
  

sta;s;cs	
  
•  Good	
  control	
  of	
  rela;ve	
  luminosity	
  

required	
  for	
  beler	
  precision	


Cluster	
  ALL	
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DSSV: arXiv:0904.3821  
DSSV+: DSSV+COMPASS 
DSSV++: DSSV+ & RHIC 2009 

 strong constrain on 
 first 
 completely consistent with  
    DSSV+ in 𝛘2/𝛘2=2%     
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pQCD Fit on Latest (Run9) Data 
DSSV++ (with latest results) 

First	
  Posi;ve	
  Polariza;on	
  ΔG	
  Result	
  :	


 3 

performing measurements at s =500 GeV and at large forward rapidity. Projections for !0 ALL measurements 
in the forward PHENIX calorimeter are shown in Figure 3.  With this set of results, we will considerably 
improve our knowledge o the gluon spin contribution to the proton spin in the x range of 0.002-0.2. 

 

 

 

 
Figure 1: Preliminary 2009 data compared to the DSSV++ fit (left) and the !2 profile for the integrated gluon contribution in 

the x region currently probed at RHIC for  = 200 GeV (right). The different pT scales for !0s and jets reflect that an 
individual !0 carries only a fraction of scattered parton momentum. 

 
Figure 2:  Uncertainties in "g(x) with (red band) and without (yellow band) RHIC 2009 data (left) and in the integral 
computed in the range from xmin to 1 (right) at a scale of 10 GeV2. The flexible functional form for �g(x) used in the DSSV 
analysis [3] was utilized in all fits. 

 

Figure 3: Projected statistical uncertainties for ALL of di-jets at mid-forward rapidity at  = 500 GeV as function of di-jet 
mass (left, middle) and for electromagnetic clusters (dominated by !0s (~80%)) in the PHENIX  MPC for (right). 
The "DSSV-max" curve corresponds to the upper uncertainty band of DSSV+ fit in Figure 2. Note: the projections quote 
delivered luminosities. 

hlp://www.bnl.gov/npp/docs/RHIC-­‐Spin-­‐WriteUp-­‐121105.pdf	
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Summary	


•  Measurements	
  of	
  gluon	
  polariza;on	
  at	
  PHENIX	
  
through	
  double	
  longitudinal	
  asymmetry.	
  

•  Various	
  observables	
  provide	
  different	
  sensi;vi;es	
  
on	
  ΔG	
  sign,	
  fragmenta;on	
  func;ons.	
  

•  The	
  first	
  indica;on	
  of	
  posi;ve	
  ΔG	
  from	
  2009	
  200	
  
GeV	
  data.	
  

•  More	
  data	
  to	
  come	
  from	
  510	
  GeV	
  which	
  cover	
  
smaller	
  x	
  region.	
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Figure 2. ALL for ⇡

0 at
p

s = 62.4 GeV as a function of pT , showing statistical uncertainties.
(14% uncertainty from beam polarization not shown.) Four GRSV NLO pQCD (solid curves)
and NLL pQCD (dashed curves) are shown for comparison. Details are discussed in the text.

±0.1 arising from the experimental uncertainty in beam polarization and relative luminosity.
Using other parametrizations yields similar results, suggesting the asymmetry data are sensitive
primarily to the integral �g

[0.02,0.3] and not to the specific shape of �g(x). A similar analysis
showed that changes of a factor of 2 in the renormalization, factorization, and fragmentation
scales used in the NLO pQCD prediction, lead to changes in the value of �g

[0.02,0.3]
GRSV extracted

of ±0.1(+0.1
�0.4) at ��

2 = 1(9). This suggest that calculations beyond NLO, while extraordinarily
di�cult, would be of great value in reducing the uncertainty on �g.

The above results are consistent with a comprehensive global analysis of almost all polarized
DIS and RHIC data [1, 10]. The RHIC data now pose the tightest constraint on �g(x)
in the range 0.05 < x < 0.2. The global analysis suggests a truncated first moment
�g

[0.001,1] = 0.013+0.702
�0.314 at Q

2 = 10 GeV2, and full first moment �g

[0,1] = �0.084. These
results are very interesting. First, they suggest that large, anomaly-inspired values for �g are
very unlikely. Second, the di↵erence between the truncated and full first moment highlights the
importance of extending the measurements at RHIC to lower x. This may be possible in the
near future as PHENIX’ barrel and forward silicon vertex detectors are installed, and a proposed
forward calorimeter (covering 1 < ⌘ < 3) is developed. These will increase the acceptance of
the PHENIX detector substantially, and will allow new, correlated asymmetry measurements of
�-jet, hadron-jet, and jet-jet. These new observables will allow us to constrain the kinematics of
the hard-scattered partons, and improve our sensitivity to �g(x) at lower momentum fraction
x, perhaps to a few⇥10�3.

The PHENIX collaboration also has preliminary asymmetry results on several other inclusive
channels. The A

⌘
LL measurement has a slightly di↵erent sensitivity to �g than ⇡

0 since the flavor
content of the ⌘ is di↵erent. The asymmetry measured is consistent with 0, and is shown in
Fig. 4 along with GRSV model predictions [8]. PHENIX’ measurement of ALL of direct photons
is shown also in Fig. 4. This asymmetry too is consistent with 0, and is heavily statistics limited.
The virtues of this measurement are that it is dominated by qg scattering, and so is linear in

5
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pQCD Fit on Latest (Run9) Data 
DSSV++ (with latest results) 

First	
  Posi;ve	
  Polariza;on	
  ΔG	
  Result	
  :	
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Polarized gluon distribution (I)  
•  Central Rapidity 

π0 

Phys. Rev. D83,032001 (2011) 

Abundant	
  Sta;s;cs	


Sensi;ve	
  to	
  sign	
  of	
  Δg	
π0 , π+/- 

η Different	
  fragmenta;on	
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Polarized gluon distribution (II)  
•  Central + Forward Rapidity, Low Energy 

Phys. Rev. D87, 012011 (2013) 

Single e High	
  purity	
  of	
  glue-­‐glue	
  
subprocess	


sensitive to small-x ∼ 10-3 

Forward Cluster Small	
  x	
  ~	
  10-­‐3	
 π0 at √s = 62.4 GeV 

Phys. Rev. D79, 012003 (2009) 

High	
  x	
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future RHIC running: !g - cont’d
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p  Run5+Run6+Run9	
  Combined	
  data	
  constrain	
  ΔG	
  
p  Consistent	
  with	
  small	
  ALL,	
  but	
  s;ll	
  compa;ble	
  with	
  STAR	
  jet	
  
	
  	
  	
  	
  	
  	
  -­‐>	
  probes	
  somewhat	
  lower	
  values	
  of	
  x	
  

D.	
  De	
  Florian	
  et	
  al.	
  
Progress	
  in	
  Par;cle	
  and	
  Nuclear	
  
Physics	
  67	
  (2012)	
  251	
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Extraction of Gluon Polarization 
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