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Energy Dependence of the Parameter CN& in pp Elastic Scattering between 2 and 6 GeV/c~
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We have measured the spin-spin correlation parameter C~z at 2, 2, 4, and 6 GeV/c
over the ~t ) range of 0.1 to 2.0 (GeV/c)2 and have observed a striking energy and (t~ de-
pendence in C„z. Polarization data were simultaneously collected and are compared to
previous results.

The successful acceleration of polarized pro-
tons at Argonne National Laboratory has made it
possible to do a detailed study of N-N scattering
amplitudes at intermediate energies. As a first
step in an experimental program to determine
these amplitudes and their energy dependence,
we have measured the spin-spin correlation pa-
rameter, C», in proton-proton elastic scattering
at 2, 3, 4, and 6 GeV/c. '

The parameter C» and polarization P, ex-
pressed in terms of t-channel helicity amplitudes,
are'

IQ = —2 im(NO -N, )N, *,

i,e„„=2 Re(U, u,*-NP,*+ IN, I '),

where &, = [N, ['+2[N, ( +/N ['+2[Do)'+f U2/'is the
unpolarized cross section, and N„N„and N,
represent natural-parity exchange terms while
Uo and U, represent unnatural-parity terms.

The parameter C» has been previously meas-
ured at momenta of 1.0 to 1.9 and 6.0 GeV/c. '~"
Although the lower-energy data have large statis-
tical errors, they suggest a strong energy depen-
dence. The 2-6-GeV/c region is thus of interest
in explaining the striking difference between
these energies. We note that phase-shift analy-

ses exist up to about 2 GeV/c and high-energy
models typically only go as low as 6 GeV/c; the
present data should then help to connect these two
different theoretical approaches.

When both the beam and the target are polar-
ized normal to the scattering plane, the differen-
tial cross section is

1(f)=f,(f)[1+J. ~(f) +I,I (t) +I~+„„(f)],
where P& and P~ are the beam and target polar-
izations, respectively.

The target used was ethylene glycol doped with
K2Cr,O,. It was aligned in a 2.5-T magnetic field
and maintained in a He' cryostat at -0.4 K. Po-
larization was dynamically produced by micro-
wave "spin pumping" and was continuously moni-
tored via an NMR system. The average polari-
zation was -80% for the free protons in the tar-
get, Target polarization was reversed every 2-
3 h to provide matched running conditions.

The proton beam at the target was -1&2 cm'
in cross section and had a beam divergence of
-10 mrad. Beam polarization was reversed each
spill, thus providing well-matched running con-
ditions between enhancements. The average beam
polarization was (65*5)%.
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FIG. l. Experimental apparatus. BC, IC, and SC are multiwire proportional chambers. The 8 L and S counters
are scintillation counters and j//IH is an array of scintillation counters used to determine u t 't f bermine ups ream position of beam.
PPT is the polarized proton target. The drawing is illustrative only and not to scale.

The experimental layout is shown in Fig. 1.
The beam trigger was determined by a coinci-
dence of So, S„and S, and anticoincidence with a
hole counter AB. The event trigger was defined
by the beam trigger, anti counters, and the I-
and B counters.

The beam and scattered particles were detected
in an array of multiwire proportional chambers
of -3000 wires with a wire spacing of 2 mm.
Four chambers were used to determine the beam
trajectory; five large scattering chambers out-
side the magnetic field and two small chambers
inside detected scattered and recoil protons.
Each chamber consisted of a horizontal and a
vertical wire plane.

The relevant kinematics were defined by the
particle scattered into SC5 and 8C11 (see Fig.
1). The polar angle, 8s, and azimuthal angle,
pz, after magnetic field corrections, define t
and the production plane. Chamber resolution
and vertex uncertainty yield an error of -0.05
(GeV/c) in t at ) t (

= 1.0 (GeV/c)' and a beam mo-
mentum of 6 GeV/c. By choosing suitable IIs and

y~ bins a strong elastic peak is observed in the
recoil-particle angular distribution, 8z, for
small I &yl, where

4y = 'II ~-9'8-180 .
Signal-to-noise ratios varied from 3/1 to 8/1 de-
pending on the

~ t~ region. Background, from
quasi-elastic scattering off carbon and oxygen in
the target, was subtracted using 8~ distributions
for events with ( 4y~ values larger than the elas-
tic events and then matching to the background on
either side of the elastic peak.

Once the elastic events and their statistical
errors were found they were used as input, along
withe'&, AP~, P&, and beam normalization, into
a g' minimization program to determine simul-
taneously a best value for P(t) and Cs„(t) over

the entire )t ) range.
The data presented here include only events

with
~ ys) «5'. This sample ensures that possi-

ble contamination from the correlation term
(s, s;0, 0)' is less than +8@. The analysis for
the full aperture of j ps~ «15 will be presented
elsewhere.

In Figs. 2 and 3 the results of P(t) and C„~(t)
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FIG. 2. Polarization at 2, 3, 4, and 6 GeV/c. Com-
parisons with existing data are made at 8 and 6 GeV/c
(Hefs. 6 and 7). The solid curved for 2 GeV/c is a re-
sult of a phase-shift analysis. The dashed curves for
2 and 6 GeV/c are Hegge fits.
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pronounced at 4 and 6 GeV/c. It should be noted
that C„N at large j t ( with its slower falloff with

energy is in qualitative agreement with an eikonal
model. ' Results of a phase-shift analysis at 2.14
GeV/c are compared with our 2-GeV/c data as
shown in Figs, 2 and 3. '

At the present time, further experiments to
measure correlation terms such as (s, n;0, s),
(s, 0;0, s), (n, 0; O, n), and (0, n;O,, n) ' are under-
way as part of a program to determine the pp
scattering amplitudes uniquely.

We are indebted to R. Paly and W. Haberichter
for their help with our multiwire proportional
chamber system, to R. Miller for his assistance
in computer-program development and polarized
target preparation, and to Dr. S. T. Wang for
assistance with the superconducting target mag-
net. We also wish to thank O. Fletcher, T. Kas-
przyk, E. Millar, F. Onesto, and A. Rask for
their help in setting up and running this experi-
ment.
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FIG. 9. C„z at 2, 9, 4, and 6 GeV/c. Existing data
are compared at 6 GeV/c (Ref.4). The solid curve for
2 GeVjc is a result of a phase-shift analysis. The
dahsed curves for 2 and 6 GeV/c are Regge fits.

at 2, 3, 4, and 6 GeV/c are presented. The
errors shown are purely statistical. Our data
are compared to existing data4~' at 3 and 6
GeV/c. Systematic errors due to beam and tar-
get polarizations and to background subtraction
are estimated to be less than 10/ of the asym-
metries shown.

We observe that C» has a stronger energy de-
pendence than polarization does particularly at
low j f j (&0.8). This is not in agreement with
Regge-type predictions. For example, the dashed
curves at 6 and 2 GeV/c represent a parametri-
zation' in terms of Regge poles, absorptive cor-
rections, and possible lower-lying contributions;
the fit was done utilizing previously available
data on NN and NN scattering. While the results
for polarization at 2 GeV/c are in reasonable
agreement with experimental data, those for C»
differ by a factor of 2-3.

Two points of interest at 2 and 3 GeV/c are the
rapid increase of C„„for small j t j and the clear-
ly defined dip at j f j-l.O; these effects are less
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Phys. Rev. D 12, 2594 (1975), in which a 6-GeV/c meas-
urement with scattering plane extending to y&

——+15'
was reported. We note here that the present data were
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reversal of beam polarization, and in general lower
systematic errors than those reported in the above
paper.
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