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\C} The first polarized collider where we collide 250-GeV/c beams of 70% polarized
" fprotons at high luminosity is under construction. This will allow a determination of the
\EJ ucleon spin-dependent structure functions over a large range in x and a collection of

‘\
Y Bsufficient W and Z events to investigate extremely interesting spin-related phenomena.

1P Intreduction

We start out with discussing the status of the RHIC polarized collider and associ-
ated experiments.

In August 1991, a Partial Snake experiment at AGS was approved by the
Brookhaven Program Advisory Committee (PAC). Then in August 1992 the Relativistic
Heavy Ion Collider (RHIC) Spin Collaboration (RSC), STAR/Spin PHENIX/Spin propos-
als were submitted to the PAC. In October 1993, full approval of the proposals on spin
physics using the RHIC polarized collider was granted by the Brookhaven National
Laboratory PAC. In April this year, successful polarized proton acceleration in the AGS
with a partial snake was achieved.

Proposed spin experiments at RHIC are to explore QCD in a new way and allow us
to make the first direct measurement on one of the proton structure functions.

1. T Parti .

A partial Siberian snake was used to successfully accelerate polarized protons for
the first time to 10.8-GeV kinetic energy, without using harmonic orbit corrections.

There are two kinds of depolarizing resonances, imperfection and intrinsic.
Imperfection resonances caused by rotated dipoles -- quadrupoles not centered on the
beam. Previously a system using large numbers of orbit correction dipoles was used to
minimize imperfection resonances. This system took weeks to tune, and was different
every year due to the changing (by fractions of a millimeter) setting of the ring magnet
positions. A partial snake should eliminate imperfection resonances.




Intrinsic resonances are caused by horizontal fields in quadrupoles used for focus-
ing. Pulsed quadrupoles were used to avoid intrinsic resonances.

A 9° solenoidal spin rotator (partial Siberian snake) was used to successfully
accelerate polarized protons for the first time to 10.8-GeV kinetic energy in the
Brookhaven AGS without using harmonic orbit correctors.!

Figure 1 shows the Brookhaven hadron facility complex, which includes the AGS
booster, the AGS, and RHIC. The solenoidal partial snake is installed in a 3-meter
straight section in the AGS. The RHIC spin project will install two snakes per ring with
four spin rotators per detector for achieving helicity-spin experiments.
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Figure 1 AGS booster, AGS, RHIC.

Figure 2 shows the measured value of the vertical polarization at Gy =n + 1/2 up
to Gy = 22.5 with and without snake. Note here that partial depolarization is due to
intrinsic spin resonances at Gy = vy, 24 - vy, and 12 + vy. Intrinsic resonances were not

corrected in this test.
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Figure 2 The effect of the partial snake.

2.  High Energy Spin Physics at RHIC
We present physics issues and expected event rates for various reactions (the inte-
grated luminosities used are shown in Appendix I).
The RHIC polarized collider allows us to explore QCD in a new way and opens
challenging opportunities for QCD studies.
The proton spin consists of:
172X Aq + AG + <Iz> = 1/2

Our proposed measurements are to determine sea-quark polarization, AT (x) and Ad (x),
and gluon polarization AG(x). We are also to determine one of the fundamental proton
structure functions (f1, g1, hy).

For these measurements, two detectors, STAR and PHENIX, will be simultane-
ously used, and their functions are complementary as shown in Appendix II. Expected

event rates given in this paper are for the detector STAR.

Let us consider the hadronic reaction, pp — (hadron or gauge boson) + X. When
both initial protons are longitudinally polarized, we measure an observable A1, defined
as:

ApL = (1/P2) (N++ - N+ )/(N++ + N+-) .

If one QCD subprocess is dominant:
AL ~Pa*Ppea,; (a+boc+d)),

where 4,, in various reactions are shown in Appendix III.5
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2.1  Measurements with Barrel EMC and Shower Maximum Detector

The proposed barrel EM calorimeter is a lead-scintillator sampling calorimeter. It
is located inside the aluminum coil of the STAR solenoid and covers In| < 1.0 and 2% in
azimuth, thus matching the acceptance for full TPC tracking. At ~ 0, the amount of
material in front of the EMC is ~ 0.5 radiation lengths (X,). The inner radius is 2.20
meters, and the overall length is 6.20 meters. ,

A detector with fine spatial resolution will be placed at a depth of approximately 5
X, near the location of the maximum number of shower electrons for photons of 3-5 GeV,
to allow for the detection of direct | photons. It will reject background photons emanating
from decaying n° mesons having pr < 20 GeV/c by examining the transverse shower pro-
file at this depth. The radial space allotted for this device is 25 mm.

(Reference - EMC CDR2)

2.1.1 Jet Production at 200 GeV

Several QCD subprocesses contribute to the cross section for jet production:
a) gluon-gluon scattering at low pp,

b) gluon-quark scattering at medium p (above ~ 20 GeV/c, and
c) quark-quark elastic scattering at py.
At low pq:

ALL = [AG(x1)/G (x1)] X [AG (x2)/G(x2)] x &,; (gg — gg).

The 3a,; is expected to be large, &,, = 0.8 at 90°.

2.1.2 Di-Jet Production at 200 GeV ‘
The advantage over the single jet is the kinematic constraint on the momentum

fractions, xj, of the two partons.

Jet + Jet Events
>10 <0.3 1+108
> 20 <0.3 3« 106

2.1.3 Direct-yProduction at 200 GeV
Direct photons are produced through the qq annihilation subprocess and the

quark-gluon Compton subprocess, (qg = 73). The Compton process is the dominant one

in pp interactions. Then,
ALL = [Au (x)/u(x1)] * [AG (x2)/G(x2)] » 4, (qg = 1),

where Au(x)/u(x) = (uy ) - u_(x))/Tu+(x) + u_(x)] Au (x) being the helicity distribution of
the quark, AG(x)/G(x) = [G+(x) - G.)V[G4+ (x) + G_ ()], where AG(x) is the helicity distri-

bution carried by gluon fields.
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For example, Au (x)u (x) = 0.4 at xg = 0.2 (from EMC - SMC), a,, = 0.6 at 90° scat-.
tering. Then we have AL = 0.2 x AG/G, and 3(AG/G) =5 x d ALL.
The estimated SALL at Vs = 200 GeV for pp = 10 to 20 GeV, Ay 1,

dALL ~ £ 0.006
HAG/G) ~+0.03

2.1.4 Direct-y+ Jet |
For the pp acceptance of 10 to 20 G@V, x1 and xg vary from 0.1 to 0.2 at vfs =200

GeV. The expected number of events is 9,000 corresponding to

SALL ~+0.03
2.1.5 Wiand Z° Production at 500 GeV

a. Parity-Violating Asymmetry
The observable Ay, (PV) is defined as, Ar, = (N- - N+)/(N- + N+), where -(+)
are minus (plus) helicity. For W+,
Au(x,)d(x,) - (u o a-)

When the helicities of both beams are the same, we define another observable as:

[Au(xl-)}l- (x5)—Ad(x,) u (x 1)J - (u © 3)
[u(xl) d(x,)—-Au(x,)Ad (xz)] + (u o E) )

ATl (y)=

 p— T r—p——r—

Fory=0, AEV+ =1/2 (Au/u—/_\a/d) and
AY =12 (Ad/d-Au/u). The results of i . Va = 500 cav
predictions3 for W* production are shown - pp——>W
in Fig. 3 with polarized sea quarks4 and ‘
AT = Ad. In the case of W- production, one
observes a drastic difference between the
cases AU #0and AW =0.

Figure 3

The parity violating asymmetry
A7l vs. y for W+ and W- production )
at Vs = 500 GeV. Solid lines corres- or 7
pond to non-zero sea quark polariza
tions where as dashed lines correspond I
to A =Ad = 0.
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b. Parity-Conserving Asymmetry

Au(x 1)9_3("2)
u(x;)d(x;)

For W+, ALL ~

A similar expression is for W- production by permuting u and d.

2.1.6 Measurements of hj (x) in Z° Production

(Quark Tranversity Distribution in Polarized Proton)

A complete quark-parton model of the nucleon requires three quark distributions
and quark spin density matrix is given as:

P(x) = 172 [fi(x) + g1(x) Sy 6 +hi(x) §,» al,

where f1(x) is related to the longitudinal momentum distribution of quarks in the
nucleon, g1(x) is related to the helicity distribution in a polarized nucleon, and hi(x) is
related to the correlation between left-handed and right-handed quarks.

hi(x) can be determined by measuring the transverse spin correlation Arr (ANN)

in Z° production.
In terms of h1(x), Arr (ANN) is given as:

2 (a2 - b2 )hy (x,) Ry (x5)
A(A = App = - r l ’
rr(Ann) =81t ?(aiz+b;2)f1i(x1)f1i(x2)

where a; and b; are the vector and axial couplings of the Z° to the quark of flavor i, app is
the partonic double-spin asymmetry, a;r = 1 at the vicinity of 0¢ . = 7/2 and ¢¢. ;. = 0.

The statistical error will be AApT = (1/P2) « 0.025. At a first approximation h; =
g1, then |App /apg| ~ IALLf
2.2 r r r 1 r

An endcap calorimeter is to be placed inside the iron pole pieces. The endcap
increases solid angle and acceptance and allows better measurements of the following
reactions.

In order to measure AG(x), the gluon spin structure function, both the direct-yand
the "away-side" jet must be detected in coincidence so that the kinematics of the incom-
ing partons can be calculated.

The Compton and annihilation subprocesses both involve 2 — 2 scatterings. The
incoming partons are assumed to have fractions x; and xg of the beam momentum and

collide colinearly. Then x1 and xg are given in terms of pseudorapidity as:

X, = (2p.r/\/§)(e"* +e"’)/2, X, = (2p.r/\/§) (e”" +e""’) /2.
-6-



Figure 4 shows the x coverage for xt = 0.1 as functions of the direct-y and jet
pseudorapidities.

W's and Z Production at 500 GeV.

W+ 74,000 events

W- 22,000 events
For W's the detected electron (or positron) has pp > 20 GeV/c

Z 5,300 events
For Z at least one of the detected electrons has py > 20 GeV/e

In particular, many Z events are needed for a reasonable measurement of hi(x).
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Figure 4 Plots of x; and x2 as a function of the direct-y and jet pseudorapidities. The
solid lines represent contours for x; and the dashed lines are contours for x2.

* Work supported by the U.S. Department of Energy, Division of High Energy
Physics Contract W-31-109-ENG-38.
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APPENDIX 1

The integrated luminosities used are:

Ldt =8 « 1038 cm2 at 500 GeV = 800 pb-1,

and
Ldt = 3.2 » 1038 cm-2 at 200 GeV = 320 pb-1,
which means 3 :
100 days of running (4 « 106 sec. 50% efficiency).
APPENDIX I
Reaction PHENIX STAR
(EMC:Barrel only)
Wtoet+X 12,000 W+, 4,000 W™ 62,400 W, 13,700W"
Z° > ete Very small acceptance Transversity h1(x),
160 Z° sea-quark helicity (x)
3100 Z°
Direct v (AG) High Resolution Barrel and SMD
Resolve n° pT <25 GeV/c pT <25 GeV/c
Large solid angle
Jet Leading Particles Inl £0.5
Di-Jets Leading - n° Pairs > 106 di-jets
Direct-y + Jet AG(x),x<0.2
Jhy 200K ete" Sizable rates for ete-
Xo 2 Jy+y 1200 x5 Events
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