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Future Measurements of Spin Dependent Proton
Flavor Structure with the PHENIX Muon Arms
N. Bruner for the PHENIX Collaboration1
University of New Mexico, Albuquerque, NM 87131, USA
Abstract. The Relativistic Heavy Ion Collider (RHIC) debuted as the first and only polarized p+p
collider during the 2001–2002 physics run. The beams were transversely polarized and collided at
a center of mass energy of 200 GeV. From this run, the PHENIX experiment measured the absolute
cross section and single spin asymmetries in neutral and charged hadronic channels.
In light of these successes, prospects for future measurements of flavor decomposed quark and
anti-quark spin distributions in a polarized proton using the PHENIX Muon Arms are discussed.
The first of two Muon Arms was commissioned in the RHIC 2001–2002 run.
INTRODUCTION
Recent measurements have demonstrated the complexity of the nucleon flavor structure,
in particular, a large asymmetry in sea quark densities [1, 2] and non-zero quark spinasymmetries [3, 4]. Future measurements that more precisely characterize the quark and
anti-quark spin-dependent distributions in the nucleon will increase our understanding
of this complex structure.
To resolve the proton’s d¯ and ū spin structure, we can take advantage of the parityviolating production of W bosons, in which the spin direction of the q and q̄ that form
the W can be precisely determined. The differential cross-section for pp W is [5]
W
dσ
dy
GF π
2 M
2 W
3
s
2 ¯
ux1 MW
d x2 MW2 ux2 MW2 d¯x1 MW2 (1)
with quark densities, qx Q2 , in terms of xi , the Bjorken-x of the parton from the
2 . The W cross section is given by interchanging the quark
ith proton, and Q2 MW
flavors. The s-quark contribution is ignored. For an unpolarized measurement, the ratio
d σ W dyd σ W dy is sensitive to d¯ū, already shown not to be unity over
a range of x [1]. By extension of Eq. 1 to polarized cross sections, the single-spin,
σ σ
longitudinal asymmetry, A L σ σ , can be expressed as
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1 For the full PHENIX Collaboration author list and acknowledgments, see Appendix "Collaborations" of
this volume.
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where ∆u, ∆d, ∆ū, and ∆d¯ are the parton spin densities for u, d, ū, and d¯ quarks,
respectively, and x1 refers to the x for the parton from the polarized proton. It has been
shown that these asymmetries approach the individual parton spin asymmetries for large
values of x1 or x2 [10]. Namely, for x1 x2 (corresponding to larger yW ),
AW
L
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1
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ū∆ūxx 1
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These approximations make forward rapidity the regions of interest. Work is underway
(see P. Nadolsky, these proceedings) to express ∆q in terms of W
l ν kinematics.
RHIC SPIN AND THE PHENIX MUON ARMS
The Relativistic Heavy Ion Collider (RHIC) was designed to collide beams of polarized
protons as well as heavy ions. During the 2001–2002 physics run, RHIC debuted as
the first and only polarized proton–proton collider, with transversely polarized beams
colliding at s = 200 GeV with a maximum beam polarization of 25%. These values
are expected to increase to 70% polarization at s = 500 GeV. The RHIC facility layout,
including hardware relevant for polarized proton collisions, is shown in Fig. 1. The
Siberian Snakes and pC polarimeters were commissioned in the 2001–2002 run. The
polarized jet target in Fig. 1 is a future enhancement to enable an absolute polarization
measurement. Spin rotator magnets will be installed for the 2002–2003 run to deliver
longitudinally polarized beams to the STAR and PHENIX experiments.
Details of the PHENIX detector design and performance can be found in Ref. [6].
The Muon Arms, shown in Fig. 2, are located in the forward rapidity regions, 11 η 22 and 12 η 24, with full azimuthal coverage. Each arm has two main
components, a muon identifier and a muon tracker. The muon identifier is composed
of 5 layers of transversely-oriented plastic proportional tubes interleaved with steel
absorbers, providing a coarse x y track position while providing excellent hadron
rejection. The muon tracker consists of three stations of tracking chambers, each with 4
to 6 radially segmented readout planes, inside a radial magnetic field. For the 2001–2002
run, both muon identifiers and the South muon tracker were installed. The North muon
tracker has been installed for the 2002–2003 run.
In order to determine the charge of a muon with p 50 GeV/c, each plane of the
tracking chambers must have 100µ m resolution. Although work continues on track
reconstruction software, South Arm alignment studies from the 2001-2002 run indicate
that this goal is achievable. Plot a of Fig. 3 shows the difference between the fitted
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FIGURE 1. RHIC-Spin facility layout.
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FIGURE 2. Side view of the PHENIX detector.
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FIGURE 3. South Muon Arm alignment results from the 2001-2002 run. Plot a is the difference
between track fitted position - actual hit for a plane in the third tracking station. Plot b is the difference
between the z-position of the vertex determined using dimuons and using the Beam-Beam Counter fitted
to a Gaussian.
position of a track in a given plane and the actual hit position after alignment. Plot b
of Fig. 3 shows the difference between the z-position of the vertex determined using
dimuons and using the Beam-Beam Counter. The PHENIX Muon Arms therefore have
the capability and are located in the correct region for the AW
L measurement.
PREDICTED PHENIX SENSITIVITIES
The unpolarized cross sections calculated by R ES B OS [7] at s = 500 GeV are 1.2 nb
for W , 380 pb for W , 300pb for Z. The yield estimated by P YTHIA [8] for 800 pb 1
and pT 20 GeV/c is 8000 ( 8000) W s (W s) in the muon arms [9]. At pT 20
GeV/c, the backgrounds from Drell-Yan and heavy flavor are expected to be negligible
and leptons from W ’s will dominate leptons from Z production. The expected PHENIX
Muon Arm sensitivities to quark spin-asymmetries are shown in Fig. 4 as a function of
Bjorken-x for each flavor.
OUTLOOK
W production at RHIC provides a unique probe of spin-dependent proton flavor structure because of the ability to resolve the individual quark helicities and their spin asymmetries at large yW . The PHENIX Muon Arms are positioned to measure W µ ν
in the regions of high y µ which is easily related to yW . Work continues on track re-
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FIGURE 4. Predicted sensitivities
to quark spin asymmetries, ∆ f f , as a function of x for RHIC
Ê
dt = 800 pb 1 . Data are overlaid on the BS [10] and GS95LO(A)
running at s = 500 GeV with
[11] parton densities. The precision of the expected HERMES results from their 1995–2000 dataset are
shown for comparison [4].
construction, W efficiencies and backgrounds, and trigger rate reduction. Both Muon
Arms will be fully characterized for a future RHIC spin run at s = 500 GeV.
REFERENCES
1.
2.
3.
4.
5.
R. S. Towell, et al., Phys. Rev. D64, 052002 (2001).
K. Ackerstaff, et al., Phys. Rev. Lett. 81, 5519 (1998).
B. Adeva, et al., Phys. Lett. B420, 180 (1998).
K. Ackerstaff, et al., Phys. Lett. B464, 123 (1999).
This equation is from the following reference with the mass eigenstates replaced with the weak.
Particle Data Group, Physical Review D: Review of Particle Physics, The American Physical Society,
Ridge, NY (2002).
6. PHENIX Collaboration, Accepted for publication in a Special Issue of Nucl. Inst. Meth. A.
7. C. Balazs and C.-P. Yuan, Phys. Rev. D56, 5558 (1997).
8. T. Sjostrand, Comput. Phys. Commun. 82, 74 (1994).
9. G. Bunce, et al., Prospects for Spin Physics at RHIC, hep-ph/0007218 (2000).
10. C. Bourrely and J. Soffer, Nucl. Phys. B445, 341 (1995).
11. T. Gehrmann and W. J. Stirling, Phys. Rev. D53, 6100 (1996).
379













Related documents 















[image: S operator( ). 2) Magnetic field is applied along positive Z axis. Find]


S operator( ). 2) Magnetic field is applied along positive Z axis. Find










[image: Deanna and Sydney Plants]


Deanna and Sydney Plants










[image: slides]


slides










[image: EXAM 1 – 100 points - WebPhysics]


EXAM 1 – 100 points - WebPhysics










[image: Problem set 2]


Problem set 2










[image: Lecture 3]


Lecture 3










[image: Single crystal growth of Heisenberg spin ladder and spin chain]


Single crystal growth of Heisenberg spin ladder and spin chain










[image: Effects of strain on electron spin transport in semiconductor epilayers]


Effects of strain on electron spin transport in semiconductor epilayers










[image: ν e]


ν e










[image: Muon Lifetime]


Muon Lifetime




















	

studyres.com © 2024


	

DMCA 

	

Privacy 

	

Terms 

	

Report 












[image: ]










