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The Spm Puzzle

The proton is viewed as being a bag" of
bound quarks and gluons interacting via QCD

Spins + orbital angular momentum need
to give the observed spin 1/2 of proton

: 1AZ+LZ+AG+LZ ’
2 2 2 1\
Fairly well measured

only ~30% of spin

Being measur'ed A future challenge
at RHIC

AS= [(Au+Ad+As+AT+Ad+AS+-)dx  AG = [Agdx



Current Picture of AG

With the inclusion of
the RHIC and new DIS
data the uncertainties
oh AG have been
reduced drastically.

R L L FE e R A | A | NS A R P B o

410 —— all data sets j = \\ PHENIX -
2 F\ xrange: 00502 N ]
405 = \ o | o \UREREREE DIS / A
400 F / > | SR {4 3
395 - > | SRR / ]
poey ] gy 1(32 P L L e a0 1“’?‘
02
‘ ,
g

02 0 02

Agl.IO,D5~02|

|/

- — DSSV

g XAg DNS

- —-— GRSV

i _—

- s
o=

- A

vz
e

llllllll LR UL

— bssv Ax’=1 I \
bSSV Ay’ *42%

Il

P

N I i
i | | _
- | | 7
- — — GRSV max. Agl I .
L GRSV mm Agl | : . _
-2 -1
10 10

0.3

0.2

0.1

Region probed at sqrt(s)=200 GeV at RHIC



Helicity Asymmetries

Take the asymmetry of proton helicity configurations
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RHIC

The world's first polarized proton collider




STAR
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Neutral Pion Cross Section

Data/MC Comparison
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Neutral Pion A, (2005+2006)

3
<

Maximum gluon polarization
scenario (GRSV-Max) is
ruled out

2006 preliminary result
uncertainties are
comparable to PHENIX at
pr~8 GeV/c and data
extend to a higher p; than
PHENIX
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Charged Pion Cross Section
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‘Identified by the TPC which
uses dE/dx from |eta|<1.3

» Provides a 10 separation
between K/p and pions
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Charged Pion A;, (2005)

Charged pions are useful for
constraining AG
1. Can give the sign of Ag

Ag>0— A7 > AT
Ag<0— AT <A

2. Tt*is a strong “lever-arm”
for measuring Ag
especially since Ag is small
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Charged Pion A, (2006)

A new way of measuring the charged pion.
Triggering on a jet and measuring away side
pion gives less trigger bias. Allows less
biased measurement of something akin to z.
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Charged Pion A, (2006)

A new way of measuring the charged pion.
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Pions at b00 GeV

With RHIC now running at
500 GeV, a new region of
lower-x will be able to be
explored.
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PHENTIX, but the predictions
should not vary much for the
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Solid lines are DSSV predictions and
green bands are 10 uncertainties
from the polarized pdfs
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Conclusions

* Helicity asymmetry measurements

for hadron production in polarized
proton-proton collisions are important
to unraveling of the proton spin
puzzle

» Comparison of the 1", T1°, and 1

asymmetries will give information
about the sign of Ag

* Future 500 GeV running will provide

sensitivity of Ag at lower x
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Sign of AG from Charged Pions

subprocess fraction for 110

In 5¢<p.<10 region 08 [T
A xa,AgAg+a, AgAg os | h
If we also assume a favored o4

fragmentation for 1 and 11

D—>>Dudss and D_>>D”

d,u,s,s

And that gluons fragment to 11 and
1" with nearly the same magnitude

—_— AT ~a,AgAg+a,AgAu and AT ~a,AgAg + a,,AgAd
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