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Motivation

∆f(x) = f  (x)+
+ f  (x)+

−−

f     (x) :+
+(−)

Probability distribution
to detect spin+ parton
in the spin+ proton as
a function of Bjorken x.

∆q : Quark
~30%

∆g : Gluon
...Unknown

∆L : Angular Mom.
...Unknown

Measure polarized parton
distributions in the proton.

Uncertainty of ∆g and ∆q is large.

I will concentrate on ∆g.



How to measure ∆g

ALL = 
σ++ − σ+−

σ++ + σ+−

Measure ALL in the production of any probes from
the collision of longitudinally polarized protons.
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RHIC



RHIC
 > 2 polarimeters
   - pC Polarimeter (High stat.)   
   - Polarized Proton Gas Jet
     Polarimeter (Abs. value)

 > Beam pol. is 47%. (2005) 

Measure by Local
Polarimeters

Spin Rotator
 > √s = 200 GeV

 > Different spin direction can 
    be assigned to each bunch.

 > Spin rotator can change
    spin direction of beam.

 > Remaining transverse
    component is measured by   
    PHENIX Local Polarimeter.   



PHENIX
Beam-Beam-Counter &
Zero Degree Counter
 > BBC : 3.0 < |η| < 3.9
 > ZDC : |η| > 6.6 (θ < 2.8mrad)
 > Minmum Bias Trigger (BBC)
 > Relative Luminosity (BBC&ZDC)
 > Local Polarimeter (ZDC)
 > Physics : Neutron (ZDC)

Central Arm
 > |η| < 0.35, ∆φ = π
 > Tracker, RICH, EMCal
 > Physics : π°, photon,
    charged hadrons, electron

Muon Arm
 > 1.2 < |η| < 2.4
 > Muon Tracker, Muon Idetifier
 > Physics : muon, J/ψ, W
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π° Cross Section

> Data points extend from
   1 to 20 GeV/c in pT.

> pQCD calculation
   with KKP FF describes
   the data well over all
   measured pT region.
   (range of 10  )

> The cross section of other
   channel, for example
   charged pion, is also
   useful to test pQCD.
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9.7% scale uncertainty
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)0π (LLA π° ALL

Theory C.L.
Model (%)
GRSV- 21.7-

std 17.1
GRSV- 0.0-
max 0.0

GRSV 16.7-
∆g = 0 18.4
GRSV 0.7-

∆g = −g 0.0

Out results exclude the GRSV-max. More statistics is needed.

C.L. is dominated by lower pT bins where pQCD
calculation may be suspect. That’s why
we are trying to test pQCD with other channels.
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∆g extraction with simple model

ALL ~ a          + b        + c

a, b, c and <xbjorken> can be
extracted as a function of pT
from several models of ∆g.
(Thanks to M. Stratmann,
W. Vogelsang et. al.)

Assume           is

independent from Q².

Fit function

         =A<x>²+B<x>

∆g
g(   )

∆g
g(   )²

∆g
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∆g
g(   )

Model
Input

ALL

Output
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∆g extraction with simple model

Two solutions for ∆g from π°
are obtained since ALL is
quadratic equation of ∆g
--> Other approaches are
      needed.

Our measurement covers
limited x region.
--> ALL with √s=500 GeV
      can reach smaller x and
      it will constrain the error
      of negative ∆g.
      (M. Hirai et. al.,
        hep-ph/0603213)



ALL of Direct-Photon

p

p γ

ALL ~ a          + b

ALL can be described as
linear equation of ∆g due to
no gluon fusion process.
---> Disentangle
       the sign of ∆g.

∆g
g(   )

Significant measurement
of Direct-Photon ALL will be
obtained in the near future.

(Presice measurement will
 be done by π° ALL.)



ALL of charged pion

Run 2005

Soft QCD
dominates

Hard QCD > 90%

Hard

Soft

Soft QCD component is
roughly evaluated as
exponential.

pT < 1 GeV/c : Soft dominates
pT > 2 GeV/c : Soft < 10 %

ALL of charged pion < 1%
---> Contribution of soft QCD
       to ALL is less than 0.1%
       at pT > 2 GeV/c.



Summary
> The study of ∆g is on going at the RHIC-PHENIX
   experiment at Brookhaven National Laboratory in U.S.

> The model of large ∆g is excluded by the data of π° ALL

   measured in 2005 run.

> It is necessary to combine π° results and other probes.
   ALL of Direct-Photon is promising to  determine the sign of ∆g.
   On-going analyses are jet, J/ψ, Λ, heavy flavor...

> Contribution of soft QCD component to ALL of pions is
   evaluated by charged pions. It is negligible at
   pT > 2 GeV/c.

> It is needed to cover wide range of Bjorken x to determine
   the integral of ∆g. Run at √s = 500 GeV can reach
   smaller x region.



Back
Up



Luminosity & History

We had first long
longitudinal spin run
in 2005.

Figure of merit is
40 times larger than
past years.

Accepted Luminosity

Minmum Bias Sample

FOM : Figure of merit = P  L4

2001-2002 transverse spin run (First polarized proton run)
          P=15%    L=0.15 pb-1

2003 longitudinal spin run
          P=27%    L=0.35 pb-1     FOM=1.86nb-1

2004 commissioning run (longitudinal spin)
          P=40%    L=0.12 pb-1     FOM=3.1nb-1

2005 longitudinal spin run (w/ short transverse spin run)
          P=47%    L=3.8 pb-1       FOM=185nb-1
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very foward region.
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Asymmetry disapears.

Longitudinal component > 98%

Measure AN of neutron in
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Relative Luminosity

Events detected by BBC are used.
Absolute scale is not necessary.BBC ZDC

should be constant.
( i : crossing number)

r(i) = 
NBBC(i)

NZDC(i)

Systematic uncertainty evaluation

> Compare two detector with different acceptance.
   - BBC : 3.0 < |η| < 3.9
   - ZDC : |η| > 6.6 (θ < 2.8 mrad)

R = L++
L+−

ALL =
N++ − RN+−

N++ + RN+−P·P

1

P : Beam polarization
N : Number of measured particles
R : Relative Luminosity



Relative Luminosity
Compare two rel. lum. detectors : BBC vs. ZDC

After renormalization
by chisquare,
a)

b)

c)

δR = 1.0 x 10
-4

ALL of BBC relative
to ZDC is 
consistent with 0

δALL =
for 47% beam
polarization

Fit r(i) to C[1+ α PB(i)PY(i)]   : α is possible asymmetry.

should be constant. ( i : crossing number)r(i) = 
NBBC(i)
NZDC(i)

δALL from rel. lum. is
δR

2 PB PY

2.3 x 10
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2-photon invariant mass spectrum
(1<pT<20 GeV/c)
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Summary of systematic error
> Relative Luminosity
   The error to ALL is 0.023% which is much smaller
   than statistical error. The error is 0.011% for AL.

> Beam Polarization
   20% is assigned as relative systematic error.
   This introduces 40% (20%) scale error for ALL (AL).

> Local Polarimeter
   <PL/P> = 99.48±0.12±0.02 (%)  for Blue beam
   <PL/P> = 98.94±0.21±0.04 (%)  for Yellow beam
   This is negligible compared to the error of absolute beam polarization.

> ATT

   <PB PY>  = 0.22,  <PBx PYx> = 0.0022,  <PBy PYy> = 0.0001
   The effect of ATT is suppressed by factor 100 compared
   to ALL. It is assumed that ATT is smaller than ALL and
   uncertainty due to ATT is negligible in this case.
   We will measure ATT using runs with transverse polarization.

> Bunch Shuffling
   Bunch-to-bunch or fill-to-fill systematic error
   is negligible compared to statistical error.



ALL of high-energy photon trigger

N(i)
L(i)

χ²/NDF is larger than unit. ---> Bunch dependence.

∆ALL(trigger) ~ 0.08% after enlarging the error to
become χ²/NDF = 1. Since ∆ALL(π°) ~ 0.1%, this bunch
dependence will affect the error of ALL(π°) when luminosity
becomes 1.5 times higher.

i is bunch # of beam.

Bunch Fitting : Fit          to R [ 1 + PB(i) PY(i) ALL ].



"Jet" ALL

"Jet" detection : Tag one high energy photon and
sum energy of nearby photons/charged particles.

Definition of "pT cone" : Sum of pT measured by
EMCal & Tracker with

Real pT of jet is evaluated by modified PYTHIA.

2003 results

R =  |φ| + |η|  < 0.32 2
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PHENIX Preliminary

Sys. Err

J/Psi: |y| = 1.2-2.4

J/ψ

> Measurement is done using muon arm (1.2<|η|<2.4)
> More statistics is needed.
> ALL depends on the production mechanism of J/ψ.



Electromagnetic Calorimeter (EMCal)
> Measure photon energy
    and position. (π°→γγ)
> Acceptance
    |η| < 0.35, φ : 90+90 degree.
    5m far from collision point.
>  Fine segmented.(5cm x 5cm)
> High pT photon trigger.

Beam-Beam Counter (BBC)
> MB trigger.
> Used for relative luminosity
    measurement.
> Acceptance : 3.0 < η < 3.9

Zero Degree Calorimeter (ZDC)
> Used for relative luminosity
    measurement.
> Acceptance : ±2 mrad

PHENIX


