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Abstract

In this report we present the research plan for the RHIC spin program. The report covers 1) the
science of the RHIC spin program in a world-wide context; 2) the collider performance require-
ments for the RHIC spin program; 3) the detector upgrades required, including timelines; 4) time
evolution of the spin program.

Authors:

Christine Aidala, Mei Bai, Leslie Bland, Alessandro Bravar, Gerry Bunce, Mickey Chiu, Ab-
hay Deshpande, Douglas Fields, Wolfram Fischer, YoshinoriFukao, Yuji Goto, Matthias Grosse
Perdekamp, Wlodek Guryn, Masanori Hirai, David Kawall, Edward Kistenev, Stefan Kretzer,
Akio Ogawa, Kensuke Okada, Jianwei Qiu, Greg Rakness, Vladimir Rykov, Naohito Saito, Hal
Spinka, Marco Stratmann, Bernd Surrow, Atsushi Taketani, Michael Tannenbaum, Manabu To-
gawa, Larry Trueman, Fleming Videbaek, Steve Vigdor, Werner Vogelsang, Yasushi Watanabe



1 Executive Summary

An action item from the June 30-July 1, 2004 DOE Office of Nuclear Physics Science and Tech-
nology Review of the Brookhaven National Laboratory (BNL) Relativistic Heavy Ion Collider
(RHIC) written Report, dated September 13, 2004, was that”BNL should prepare a document
that articulates its research plan for the RHIC spin physicsprogram. A copy should be submitted
to DOE by January 31, 2005.”This document is submitted to the DOE Office of Nuclear Physics
on behalf of the Laboratory, in response to that action item.

We provide here a plan that addresses: 1) the science of the RHIC spin program in a world-
wide context; 2) the collider performance requirements forthe RHIC spin program; 3) the de-
tector upgrades required, including timelines; 4) time evolution of the spin program. The RHIC
Spin Plan Group was charged to formulate the plan by Thomas Kirk, BNL Associate Director for
High Energy and Nuclear Physics.

The importance of the study of nucleon spin to nuclear physics and its co-evolution with
heavy ion physics in the RHIC facility is discussed in the first section of this report. Here, we
note that, of all the basic properties of the nucleons (protons and neutrons), the intrinsic spin
angular momentum aspects are least well known. In particular, the contribution of the gluons
to the net spin of the nucleons, as well as the role of orbital angular momentum among the
quarks and gluons is almost totally unmeasured. Our plan will argue that the RHIC facility will
provide the most comprehensive and precise measurements possible in the present and foreseen
worldwide program of spin physics and will be able to accomplish this in a proposed program
of 10 weeks (on average) of data taking per year through the year 2012. This scenario is labeled
”the technically limited BNL spin plan”. If budgetary constraints on the spin program evolution
are imposed, the program will be stretched out accordingly and the results will be available later
and at higher total cost.

The RHIC 100-250 GeV colliding beams facility of highly polarized protons, with arbitrary
spin orientation at two interaction points around the RHIC ring (at the PHENIX and STAR de-
tectors), is unique in the world and likely to remain so for the foreseeable future. The maximum
polarization in each beam is expected to rise from 45% to 70% in the 2005-2006 time frame. Ex-
ploiting this powerful accelerator and experimental detector capability, together with a steadily
improving average luminosity at the interaction points, a unique and important program of spin
physics measurements can be completed over the time period 2005-2012. Determination of the
gluon’s contribution to the proton spin will be an early achievement of the program, followed
by the direct measurement of the quark and anti-quark contributions to the proton spin, sorted
by quark flavor. These results will be achieved in a later phase of the spin physics program via
W-boson production measurements. In the same time frame, the power of lattice gauge physics,
carried out on BNL supercomputers, is expected to be able to relate the spin results to the predic-
tions of Quantum Chromo-Dynamics, now believed to be the fundamental theory of the strong
nuclear interactions.

We summarize our findings on the four areas in the charge:

Science: Gluon polarization will be measured at RHIC using several independent methods:
π

0, jet, directγ andγ+jet, and heavy quark production. Results from the different methods will
overlap to allow us to test our understanding of the processes involved and expand the range
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of momentum fraction for the measurements. We want to learn both the average contribution
to the proton spin of the gluons as well as a detailed map. We use first the higher cross section
processes,π0 and jet production and, as we reach higher luminosity and polarization, the clean but
rarer process of directγ production. We plan to emphasize these measurements for

√
s=200 GeV

collisions from 2005-2008. At that time, we expect to have reached a precision that can clearly
distinguish between zero gluon polarization and a minimal (”standard”) gluon polarization. A
large gluon polarization, consistent with the gluon carrying most of the spin of the proton, would
be precisely measured. In this period we will also pursue thequestion of the transverse spin
structure. Gluons, massless spin 1 particles, cannot contribute to the transverse spin. Large
transverse spin asymmetries have been seen for deeply inelastic scattering (DIS) and now for
RHIC, so this topic is also a potential window into a new understanding of the structure of the
nucleons.

Production of W bosons, the carrier of the weak interaction,has an inherent handedness. At
RHIC we plan to use this ”parity violation” signal to directly measure the polarization of the
quark and anti-quark that form the W boson. To do this we will run at the top RHIC energy,√

s=500 GeV. This will provide the first direct measurements of anti-quark polarization in the
proton, with excellent sensitivity. We plan to begin these measurements in 2009. The W mea-
surements will require the prior completion of certain detector improvements for both PHENIX
and STAR.

The RHIC spin results will provide precise measurements of gluon and anti-quark polariza-
tion. With these results we will also understand the role of the remaining contributor to the
proton spin, orbital angular momentum. We will have also explored our understanding of the
interconnected results from the different RHIC spin probes, and from the DIS measurements.
The sensitivity at RHIC for gluon polarization is shown in Figure 1, where we also include the
sensitivity for the ongoing DIS experiment at CERN, which measures gluon polarization by the
production of hadrons. From the figure, we see that RHIC will provide precise results over a
large range in momentum fraction, characterizing the gluoncontribution to the proton spin.

Figure 1:∆G/G(x) vs. log x with a model showing the x range for various RHIC processes
with expected uncertainties; 200 and 500 GeV data are shown with experimental uncertainties in
RHIC and COMPASS for Q2 ¿ 1.

The sensitivity of RHIC for anti-quark polarization is shown in Figure 2. We will measure the
ubar and dbar anti-quark polarizations to about 0.01, as well as u and d quark polarizations. The
measurement is direct and very clean, using parity violating production of W bosons. DIS mea-
surements also yield the anti-quark polarizations. The method has the disadvantage of theoretical
uncertainties in modeling the fragmentation and the advantage that the method is accessible to-
day. The RHIC and DIS methods probe the proton at very different distances, (Q2 range) where
RHIC corresponds to X Fermi and DIS to Y Fermi, compared to theproton radius of 1 Fermi.
The theory of QCD prescribes how to connect the results from different probing distances–the de-
scription of unpolarized DIS results over a very large distance range is one of the major successes
of QCD. Both the anti-quark and the gluon results from RHIC and DIS test the QCD assumption
of universality, namely that the physics for both proton andlepton processes can be described
with the same underlying quark, anti-quark, and gluon distributions.

Figure 2:∆q/q(x) vs. log x with a model for u, d, ubar and dbar; with RHIC and DIS expected
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uncertainties.

We emphasize that the planned RHIC program will make major contributions to our under-
standing of matter. Our results will complement the DIS measurements, completed and planned.
We include in our report expectations from a next stage of DIS-colliding polarized electrons with
polarized protons and neutrons which probes still further into the structure of matter. As we de-
velop theoretical tools to apply QCD to understand this structure, these spin results will provide
a deep test of our understanding of the fundamental buildingblocks of matter.

Collider Performance Requirements: The spin physics program requires RHIC beams with
high polarization, and high integrated luminosity. For thesensitivities assumed above, we have
used P=0.7 and luminosity 300 pb−1 at

√
s=200 GeV and 800 pb−1 at

√
s=500 GeV. (Note

that this refers to ”delivered” luminosity, while the sensitivities in this report use the luminosity
expected to be recorded by each experiment.)

The polarization level is presently P=0.45 and is expected to reach 70% polarization by 2006.
This improvement is expected using new Siberian Snake Magnets installed in the AGS in 2004
and 2005. The average luminosity at store must be increased by a factor 15 to reach the integrated
luminosity goals for three years of running at 10 physics weeks per year. To achieve this level
of performance will require completion of the planned vacuum improvements in RHIC, expected
for 2007. The luminosity increase then comes from reaching abunch intensity of 2×1011. A
limit will be caused by beam-beam interactions that change and broaden the betatron tune of the
machine, moving part of the beam into a beam resonance regionwhere beam is then lost. Work in
2004 discovered a new betatron tune for RHIC that greatly improves losses from the beam-beam
interaction. RHIC at our luminosity goal will operate near or above previously achieved beam-
beam parameters, and will be the first hadron collider in the strong-strong beam-beam regime.

Reaching these goals requires ”learning by doing”. We plan to study limits and develop ap-
proaches to improve the polarization and luminosity duringphysics runs by including beam stud-
ies for one shift per day. It is also important that a sustained period of running and development
be followed, if possible each year. It is this approach that has led to the major improvements for
heavy ion luminosity and to our improvements to this date in polarization and proton luminosity.

Experimental Detector Capabilities: The PHENIX and STAR detectors are complete for
the gluon polarization program. Improvements to both detectors are required to carry out the W
physics program. Both experiments also plan upgrades that benefit both the heavy ion and spin
programs, significantly extending the range of physics probes for spin.

W Program Upgrades–PHENIXThe present online event selection for muons, the channel
used for W physics, will need to be improved for the W luminosity. New resistive plate chambers
(RPC) are being proposed to provide the tighter event selection, along with electronics changes
to the muon tracking readout. The RPC proposal was submittedto NSF in January 2005, with a
cost estimate of $1.8M. The tracking readout proposal has been submitted to the Japan Society
for the Physical Sciences, with a cost of $1.0M. The planned timeline is to complete both for the
2008 run.

W Program Upgrades–STARNew tracking for forward electrons from W decay is necessary
for the W program. It is planned to propose this upgrade in 2006 to DOE, with an estimated cost
of $5M, although research and development on the technology(GEM detectors) is proceeding
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and the cost estimate is rough at this time. The forward tracking detector is to be completed for
the 2010 run, with part of the detector in place earlier.

Heavy-Ion/Spin Program UpgradesPHENIX plans a barrel micro vertex detector that pro-
vides access to heavy quark states and to jet physics based ontracking. The heavy quark data
will add a new probe for gluon polarization at lower momentumfraction (shown on Fig. 1).
The jet information will be used in correlated (γ+jet) measurements, which better determine the
sub-process kinematics for gluon polarization measurement. A second upgrade being planned
is to change the brass ”nose cones”, used as a filter for the muon arms, to active calorimeters
that will measure photons,π0 and jet energy. The nose cone calorimeters would provide a larger
momentum fraction range for the gluon polarization measurements. Both are important upgrades
for the heavy ion physics program. The vertex detector is planned for the 2008 run, and the nose
cone calorimeter proposal is being developed now.

STAR has proposed expanded forward calorimeters to NSF in January 2005. The calorimeters
will measure the gluon density for proton-gold collisions and will also provide very significant
spin measurements. With the calorimeters, forwardπ

0, directγ, and jet events can be observed,
yielding sensitivity to gluon polarization at lower momentum fraction, as shown on Fig. 1. A
second upgrade driven by the heavy ion program, a barrel inner tracker, will give access to heavy
quark measurements for spin. The forward calorimeters are to be in place for the 2007 run. The
barrel inner tracker is to be completed for the 2010 run.

Time Evolution: In order to indicate the pace of spin program evolution underdifferent
budget assumptions, we provide two examples with an averageof 10 weeks and 5 weeks of spin
physics data taking per year. We note that the actual runningplan will continue to be developed,
year-by-year, from the experiment beam-use proposals. Thetime evolution cases provided here
indicate paths for reaching the spin program’s strategic goals under two example scenarios.

We show in Fig. 3, the impact of 10 and 5 averaged spin physics weeks per year. The
”technically-driven schedule” represents the luminosityused for the sensitivities shown in the
figures above. With 10 weeks per year, we achieve the

√
s=200 GeV target in 3 years, assuming

that we successfully climb the accelerator learning curve to reach the target store luminosity. The
500 GeV running target is also expected to be achieved in 3 years (there is a natural luminosity
improvement for 500 GeV of a factor of 2.5 over 200 GeV from thesmaller cross section beams).

With 10 averaged spin physics weeks per year, technically driven, our proposed target sen-
sitivities can be reached running at

√
s=200 GeV from 2005-2008, and at

√
s=500 GeV from

2009-2012. We have assumed that 2009 will be an engineering run for W physics (new detector
systems and higher luminosity), with a full detector in place for PHENIX and a partial detector
for STAR. 2010-2012 will provide full-functionality W physics runs at high luminosity for both
detectors. This is the preferred scenario from BNL.

As can be seen in Fig. 3, running 5 averaged spin physics weeksper year (we have interpreted
this as running 10 spin physics weeks every two years to reduce end effects), each program,
200 GeV and 500 GeV, takes more than 6 years. Under this scenario RHIC would run roughly
25% of the year and both the heavy ion and spin programs would be stretched a factor of greater
than two in calendar time. We hope that such a slow and relatively inefficient program can be
avoided.
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Fig. 3: pp luminosity projections for 10 and 5 physics weeks per year (5=10/2).
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