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I. International collaboration with Brookhaven
National Laboratory, USA

1. Study of spin physics using RHIC

How is the spin of proton formed with 3 quarks and
gluons? This is a very fundamental question in QCD,
Quantum Chromo Dynamics. The RHIC Spin Project has
been established as an international collaboration between
RIKEN and Brookhaven National Laboratory (BNL), to
solve this problem by colliding two polarized protons for
the first time in history. This also extended the physics ca-
pability of RHIC, Relativistic Heavy Ion Collider in BNL.
At RHIC, Quark Gluon Plasma (QGP) is to be created
by colliding two gold nuclei, through which we can study
the state of the early Universe just after the Big Bang.
RHIC became operational in 1999, and up to now Au+Au
and d+A collisions have been performed at the center of
mass energy of 130 GeV/A and 200GeV/A. In Decem-
ber 2001, polarized protons were successfully accelerated
to 100 GeV, and collisions of transversely polarized protons
were observed.

We gathered data with transversely polarized protons
in 2002, and with longitudinally polarized protons in 2003.
We have discovered large left-right asymmetry in the neu-
tron production at a very forward angle from the 2002
data. This phenomenon is totally unexpected and may
have a relation with the transversity distribution of quarks
in the proton. This phenomenon was immediately applied
to the local polarimeter at the PHENIX collision point to
ensure the proton spin direction at the very moment of
collision. From the 2003 run, we obtained the first helical
asymmetry of the neutral pion production at 90 degrees.
This measurement is the first step toward our primary goal
of determining the proton spin structure. The data, al-
though still limited, deviates significantly from theoreti-
cal models. Thanks to the new normal-conducting helical
snake magnet launched in AGS in March 2004, the proton
polarization reached 50% at the end of AGS and 45% at
RHIC, which improves greatly for the helical asymmetry
measurement of the neutral pion production in the forth-
coming experiment.

The super-conducting helical snake magnet will soon be
installed in AGS. This magnet has same magnetic struc-

1551



ture as the normal one, but much more magnetic power
(3T), so it can rotate the proton spin by 30% as compared
with 5% for the normal one.

To enhance the detector performance of PHENIX, we
are currently developing a silicon vertex detector. We are
developing silicon pixel detectors, in collaboration with
CERN, and single-sided two-dimensional silicon strip de-
tectors, in collaboration with BNL, as the major compo-
nents of the silicon vertex detector.

The RIKEN-CCJ (PHENIX Computing Center in
Japan) started operation in June 2000. This CPU farm
consisted of 332 CPUs, and the total CPU performance
reached 373 GHz in March 2004. Thanks to the coopera-
tion of the RIKEN computer center, the performance im-
proved by a factor of 3 (to over 1,000 GHz) this year. For
the storage part, we installed about 15 new TB disks as
the buffer for the large data transfer project, expected to
exceed 200 TB in 2 months. We also have a hierarchical
storage management system (HPSS) with a tape capacity
of 1,200 TB.

2. RIKEN BNL Research Center (RBRC)

This center was established in 1997 to support the
RIKEN activities at RHIC in BNL, and also to pro-
mote theoretical studies related to RHIC, i.e. theories of
strong interaction. The center’s first director was T.D.
Lee (Columbia University), and in October 2003, the for-
mer director of BNL, N.P. Samios, succeeded to the post of
director. The center consists of a theory group and an ex-
perimental group. Following the depature of T.D. Lee, L.
Mclerran (BNL) was appointed leader of the theory group.
The experimental group leader is H. En’yo, Chief scientist
of RIKEN in Wako, who also is an associate director of
RBRC.

(1) Theory Group

Research in the RBRC theory group focuses on a wide
variety of phenomena caused by the strong interaction,
one of the four fundamental interactions in nature. The
strong interaction is described theoretically by Quantum
Chromodynamics (QCD), and the research projects in the
RBRC theory group aim to elucidate various phenomena
brought about by the strong interaction from the princi-
ples of QCD. Major subjects of our research include stud-
ies (a) based on lattice QCD, (b) on spin physics based
on perturbative QCD, and (c) on QCD in extreme con-
ditions such as high temperature, high density or high
energy. RBRC offers RHIC Physics Fellowships, allow-
ing joint appointments with universities. These Fellow-
ships enable a talented researcher to maintain a tenure
track position at his/her university as well as a Fellow po-
sition at RBRC for a certain period of time. This system
was established in order to increase the research potential
of RBRC and to disseminate its research activities and
results. At present, RBRC has cooperative agreements
with BNL, Columbia University, Massachusetts Institute
of Technology, the State University of New York at Stony
Brook, Yale University, University of Illinois at Urbana-
Champaign, the University of California at Los Angeles,
the University of Arizona, Duke University, McGill Uni-
versity, Kanazawa University, and Tsukuba University.

(2) Experimental Group

The experimental group of RBRC was established at
BNL as an on-site base for spin physics research us-
ing RHIC. The group functions as the heart of the
whole project, including spin experiments, accelerator re-
searchers and theorists, by organizing workshops and co-
ordinating spin activities.
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In 2003 and 2004, we installed a new polarimeter con-
sisting of a hydrogen ion gas jet target and silicon detectors
in RHIC. This polarimeter takes longer to measure than
the CNI polarimeter, but it can measure the proton po-
larization of RHIC beam to 2.6% of absolute precision be-
cause the proton in the gas jet is highly polarized and was
independently confirmed in 1.8% precision by Breit-rabi
polarimeter. As a result, we can speedily and precisely
measure the polarization of protons in RHIC using both
CNI and hydrogen ion gas jet polarimeters.

We are studying spin-dependent fragmentation func-
tions, which are necessary to measure the transversity dis-
tribution of the proton. We measure these functions us-
ing the unpolarized electron-positron collision data from
the Belle experiment at KEK B-factory (KEKB). We have
confirmed that the unpolarized fragmentation function is
strongly consistent with the theoretical models. The anal-
ysis for the spin dependent part is ongoing.
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