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found to be 0.80+ 0.03 GeV ' where the error re-
flects only experimental uncertainties. To sum-
marize, (1) the differential cross section Vf, 'd'o/
dt dM„' is a function of k only above the resonance
missing-mass region; (2) a pronounced enhance-
ment centered at 3I, - of 1660 MeV is observed for
all projectile particles. Cross sections for this
enhancement exhibit an exponential behavior with

~B~ about 2 (GeV) ' larger than the corresponding
values for M, '&4 GeV out to ~f ~=0.6 GeV; and

(3) factorization of the cross section [Eq. (3)J
works well, and the value obtained for the triple-
Pomeron coupling is 0.80 GeV ' for all channels.
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We have made the first measurement of the spin-spin correlation parameter C&& in pp
elastic scattering at 6 GeV/c over the ~f

~

range from 0.05 to 1.5 (GeV/c)'. The measured
Css data points are all negative, and their absolute values increase with ~t~. The results
are compared with some existing attempts to describe the pp scattering process.

An intensive program to determine proton-pro-
ton elastic scattering amplitudes is underway at
the Argonne National Laboratory's zero-gradient
synchrotron (ZGS). Measurements carried out
so far include the differential cross section, the
polarization, the spin-spin correlation parame-
ter C„~,"the depolarization parameter D~, ' '
and the polarization transfer parameter K~.' In
these measurements the spin direction of the po-
larized beam and the polarized target was in the
N direction, normal to the scattering plane.

As can be seen in Table I, these observables
are dominated by the pr oduct of two of the natu-

ral-parity exchange amplitudes (X„N„and N, )
and give little information about the unnatural-
parity exchange a.mplitudes (U, and U, ). To ob-
tain information on the latter, it is necessary to
align the spin direction of beam and/or target in
the scattering plane (i.e., either in the 5 or the
L direction, where L is the longitudinal direction
and S=N&&L).

We have measured the spin-spin correlation pa-
rameter, C», in proton-proton elastic scatter-
ing at 6 GeV/c over the ~f

~
range from 0.05 to

1.5 (GeV/c)'. This is the first measurement of

Css in which both the beam and the target are po-
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TABLE I. Observables and exchange amplitudes. The notation of the observ-
ables expresses the spin direction in the order of (beamo target; scattered pro-
ton, recoil proton). Nf, , N&, and ¹ represent natural-parity exchange terms;
and Uo and U2 represent unnatural-parity terms. 0& is the angle of recoil pro-
ton with respect to the incident proton in the laboratory frame. The exchange
amplitudes are related to s-channel helicity amplitudes as No= ~(q&+ y&), N&

=(oo, No ——o(V'4 —
Ooo) Uo= o(p& —po), aud Uo

———', ((o4+(oo), where (Pi= &" + I(ol++&

O'o= &- —IO'I++& V o= &+-I(ol+-& (oo= &+ —I(ol-+& aud (o= &++ l(ol+-&

Obse rv ables Exchange amplitudes ~

&(=I,) =- (0, 0; 0, 0)
P =(O, N;0, 0)

=(N, O;0, 0)

C~@= (N, ¹ 0, 0).":=(, ', }..";=(Oo ")
C@~ =(S,S;0,0)

C~~ = (S,L;0, 0)
n„=(o,s;O, S)

ass =(N, S;0,S)

INol'+ ZINsl'+ INol + IUol'+
I Uol

—2 Im(NO —N)) N)*/0

2 Ite(UoU, *-NoN, *+~N, I')/e
—Z Re(UoUo*+NoNo+ —IN, I')/o.

ilNol'+ 2INil'+ INol'- IUol'-
I Uo I') /e

2 Re(N, U, *-N, P,~)/~
2 Re(U, + U, )N, */a
(-'I(e(No+No)Ni'»no~-(INol'- INol'+ IUoI'- IUol') e»O)d/e
[-2im(UoUo* —NoNo*) siu8s+ 2 1m(No+N, )N&*coe&j/cT

~See Bef. 12.
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FIG. l. Unit vectors N, L, and S. N is normal to
the scattering plane; L is in the longitudinal direction;
and 8=N& L lies in the scattering plane.

larized in the plane of scattering but perpendicu-
lar to the incident momentum. (See Table I and

Fig. 1 for the definition of (.ss. ) There have only
been a few measurements of spin-spin correla-
tion parameters which involve spin states that
are in the scattering plane. ' These experiments
require a simultaneous measurement of the spins
of the scattered and recoil proton and hence have
a low statistical accuracy.

The differential cross section for a particular
spin direction of beam and target I" is given by

I "(t)=I,(t)Il + o.(I)P P(t) + n(t)P P(I)

+ (+P,)(+P,)(-ss (I)J,

where **refers to beam and target polarization
parallel/antiparallel to the 8 direction, respec-
tively; I {k) ois the unpolarized cross section at I,
the square of the momentum transfer; P~ and P~
are the beam and target polarization, respective-
ly; P(t) is the polarization parameter at I; and

a(t)Pe and n(t)Pr represent the N component of
polarization when P~ and P ~ are not exactly in
the scattering plane. ' We have assumed parity
conservation which states that the terms (S, 0;
0, 0) and {Q,S;0, 0) are zero. (See Table I for
these notations. )

The above four measurements, I", allow us to
eliminate Io(t) and oP(l). Thus the parameter
C» is found to be

1 (I"+I ) —(I' +I ')
ss =P P (I ++I )+ (I+ ~I +)--~--

We note that since the values of P~ and P ~ for
positive and negative spin directions are not the
same, the expression for C» is more complicat-
ed.

The experimental layout is shown in Fig. 2.
The spin of polarized protons emerging from the
ZGS is in the N direction. A superconducting so-
lenoid with a field of 12.0 T m has been construct-
ed and placed downstream of the last quadrupole
magnet. This solenoid was used to rotate the
spin of the incident beam from the N to the 5 di-
rection. The integral field required for a 90 ro-
tation at P = 6 GeV/c is

m/2B dl =( / ) /
——11.2 T-m,

where g/2 =2.79. The beam polarization was re-
versed each spill, thus providing well-matched
running conditions for positive and negative po-
larization. The average beam polarization was
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FlG. 2. Experimental apparatus. CHl to CH12 are multiwire proportional chambers. The So, S&, S2, and AB are
scintillation counters. The drawing is illustrative only and is not to scale.

(71 & 5Pp.
The proton beam at the target was 1x2 (cm)'

in cross section and had a divergence of -~5
mrad. The beam intensity was -5 X 10'/pulse for
sm»I-I~ I!0o5- lt I-o 6 (GeV/c)'J and I »&1o'/
pu»«o»»ge-I ~

I
measurements I.0 6 ~

I
~

I
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(Gev/c)'].
A polarized-target magnet providing the direc-

tion of spins in the scattering plane has been can-
structed. The configuration of the superconduct-
ing magnet' used for this target is similar to the
one constructed at Saclay. ' The target was 2~2
X8-(em)' ethylene glycol doped with K,cr,O, . It
was aligned in a 2.5-T magnetic field and main-
tained in a 'He cryostat at -0.4 K. Polarization
was dynamically produced by microwave "spin
pumping" and was continuously monitored via an
NMR system. For the free protons in the target,

the average polarization was (80+2@~. Target
polarization was reversed every 2-3 h to provide
matched running conditions. The beam and scat-
tered particles were detected in an array of mul-
tiwire proportional chambers of -3000 wires with
a 2-mm wire spacing. The experimental details
and the data analyses to obtain elastic events are
similar to our previous C~ measurements which
have been described in Ref. 1.

Figure 8 presents the result of C»(/) up to It I

=1.5 at 6 GeV/c. The errors shown are purely
statistical. The systematic errors are estimated
to be less than the statistical error. Since our
measurements contain a small component of C~~
(see Ref. 6), the final value of C» is measured.
The results of a Monte Garlo amplitude analysis
using the existing 6-GeV/c data up to It I

=0.6
show the value of Cs~ to be less than 0 1 s
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FIG. 3. Cz& at 6 GeV jc. The solid and dashed curves are Hegge fits as described in the text.
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Accordmg to Table I, the parameter Css Is ap
proximately expressed as the following:

I,C =2 Re{N,U, *)=2(lmN, ) (ImU, ),
where we assume

l X, l »lX, l
following Field and

Stevens, "and
l U, l=

l U, l. (X, is taken to be pure-
ly imaginary. ) The data imply that the imaginary
part of the U, term {corresponding to m exchange)
is negative throughout the P-range measured.
For compal lson we show two existing attempts
by Field and Stevens to describe the pP elastic-
scattering process. The dashed curve calculat-
ed by using the super-Regge model involves a.

large number of poles (I', f, ~, p, A„w, and B)
and corrections due to absorption (Regge cuts).
The solid curve, calculated by using the Kane
model, involves the same Regge poles and ab-
sorption corrections calculated according to the
Sopkovich prescription, "but does not require ex-
change degeneracy. ' In addition, inelastic inter-
mediate states play an important role in the Kane
model. The difference of the two is primarily in
the treatment of absorption correction m, (B,).
The data clearly favor the Kane model.

During the same running period, we also mea-
sured parameters D» =(0, S;0, S) by analyzing
the spin of recoil protons. The results of these
measurements will be reported elsewhere,
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