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Nucleon Spin Puzzle

The surprising smallness of the spin dependent part of the inclusive DIS cross section
renewed the interest in and continues to force us to rethink nucleon spin structure,

Among the many open questions, what is the role of flavor, is there a hyperon spin puzzle?

inclusive measurements, combined with hyperon decay, tell us that As + As <0

What insight(s) can hyperon polarization measurements at RHIC give?



RHIC - Polarized Proton Collider to Study Spin in QCD

Opportunities to study many facets:
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This work: Vs = 200 GeV, ~2 pb-!, P, ~50% (longitudinal), collected in Y2005



STAR - Solenoid Tracker At RHIC

log1o(dE/dx [keV/cm])

=
=
=

0.35

Time Projection Chamber enables PID,

K -8% I?OI

K +8% 170
—e-8% 170
—e +8% 170
—p-8% 170
| p+8% I70
—x 8% 170
#—mx +8% 170

' ?t ?I’, Nyc!. Irllst[rulm.lMgtrp.A5158§41l 974?9‘2(1)0@.
] 0.5 1 1.5 2

logio(p [GeV/c])

and topological reconstruction,
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Differential Cross Section
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hard scattering

f,Af ® 0,A0 ® D, AD

enables perturbative description.

Agreement of STAR data and theory, for a suitable choice of D, is a necessary condition for interpretation.



D - Longitudinal Spin Transfer

At RHIC,
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that is, the longitudinal polarization of the A for a specific beam-helicity configuration.

This polarization can be determined in the usual way,

dN
- = A(cos0*)(1 + aPp cos0™)

from the angular distribution of the p + mdecay mode with B.R. ~64%.

Here,
A Is the detector acceptance,
6*is the angle defined by the A momentum and the p direction in the A rest frame,

a =0.642 +0.013 is the decay parameter.
6



D - Longitudinal Spin Transfer

Expectations at LO show sensitivity of Dy, for the A to the S helicity distribution, AS,
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more so than to the fragmentation in this model.
The A Dy, is less sensitive to As, partly due to larger u and d quark fragmentation contributions.

Promising measurement: neither the role of (anti-)strange quarks nor polarized fragmentation is well
known/understood - effects are potentially large enough to be observed.

Note: predictions include decay contributions, e.g. > > A



Measure D;; or AiL ?

The same expectations versus pr as D, and A
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+ Dy expected sensitivity is ~4 larger,
- current Dy, analysis requires more selections than for AL, i.e. loose some statistics,

+ Dy is a single beam-spin measurement, analyzing power of the p+rr decay mode is relatively large.

Net advantage owing to the (anti-)A spin being carried mostly by the (anti-)s quark spin.



STAR Data - 2005

~3.106 events collected with a beam-collision trigger (minimum bias, bandwidth limited),
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~ 30.103 A candidates, <pt> = 1.3 GeV/c

~25.103 A <Ixrl> = 0.008



Analysis Features

Uses the A = p + m weak decay mode,

cos(theta)

dN
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Use beam spin configurations and symmetries to (largely) cancel A(cos6*) and extract,
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a-Py-{cos0*) N + Ny
L™~ Lo L7~
* + ++ — —+ ——
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The luminosity ratios are measured at STAR and beam polarization in RHIC.
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Analysis (continued)

] T T S 72 | ndf 35.66/ 34
E . . . . Prob 0.39
Dir ysgT....... T S SRS I 0.094 +0.076

: o ...-: ...". .:-. ..%{T

-
lllllllllllllll

. e . . . .
|-llllllllllllllllllllllllllllllllll

0 5 10 18 20 25 30 38
beam fill

The extracted D, exhibits the expected
statistical variation with time.

04

OLL/Pp o1

0.2

Control-measurement with the more abundant  *
and spin-less K< shows no evidence for
experiment systematics larger than ~0.01. 01

=

EEEETEEEE
— -

llllIlllllllllllllllllllllllllllll

.........................................

0.0054

21.76 134
0.76
1+ 0.01185

---------------------------------------------------------------------------

10

18

20

25

30

38

beam fill

11



0.3

DLL 0.25
0.2

0.15

0.1

0.05

-0.05

Results |

/

= A A STAR Preliminary
é " 7

=

. .

- 1A

- I I I R T M B L I I TR TR N S S 1/
0.6 0.4 0.2 0 0.2 04 0.6

First D, from RHIC,
Statistics limited,
Systematics under control,

<pt> = 1.3 GeV/c, <Ixrl> = 0.008

12



D1

0.3

0.25

0.2

0.15

0.1

0.05

-0.05

Results |

/

= A A STAR Preliminary

: ' 7

=

. .

- 1A

- AR SR S TN NN TN TN NN [N SN TN TN Y TN SN N AN NN TR SN NN Sy S 1/
0.6 0.4 0.2 0 0.2 04 0.6

n

First D from RHIC,
Statistics limited,

Systematics under control,

<pt> = 1.3 GeV/c, <Ixrl> = 0.008

Need better precision and higher pr



STAR Triggered Data - 2005

STAR was triggered on energy deposits in jet-patches of the Barrel E.M. Calorimeter,

_ (MB~25K, JP ~45K)
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Although this is not a “Hyperon Trigger”, it did record a (biased) sample of

A and A candidates with considerably higher pr; focus on A here.
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Results |l
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Summary and Outlook

e Perturbative QCD consistent with A+A yield observed in p+p coll. at Vs = 200 GeV,
e A Dy, sensitive to AS and polarized fragmentation - ~3% effects,

® STAR has performed proof-of-principle measurements of A and A D, at RHIC;
reached ~10% precision up to 4 GeV/c transverse momentum

® Observations are consistent with small strange quark polarization in the measured
range, but do not (yet) discriminate between GRSV-standard and -valence small,

® Ongoing analysis including a trigger on the anti-proton daughter;
~7% precision at 4 GeV/c,

e Eagerly anticipate polarized p+p operations at RHIC with further improved L and Pk,
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