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Precise measurements are reported of the spin-correlation parameter A~~ for 500—800
MeV pp elastic scattering at 8~ ~ = 7t/2. While not reproducing the large value of A~~
reported earlier at 697 MeV, the data show a pronounced maximum in the 90' triplet-to-
singlet ratio near the location of the reported I 3 dibaryon resonance. In contradiction
with an earlier report, structure is not found in the moduli of the singlet and triplet am-
plitudes.

PACS numbers: 24.70.+s, 21.30.+y, 25.10.+s, 25.40.Cm

In studies of the spin dependence of nucleon-
nucleon scattering at the zero-gradient synchro-
ton (ZGS), Yokosawa and co-workers' found a
striking structure in the total-cross-section dif-
ferences for longitudinal initial spin states, 40~,
in pp scattering. Hidaka. et al. ' have interpreted
this as a manifestation of an I= 1 'F, dibaryon
resonance. Hoshizaki's single-channel fits to
his set of phase shifts' indicated the existence of
the diproton resonances 'D, (2.17 GeV) and 'F,
(2.22 GeV). Recent analyses by Amdt et al. have
also shown sharp energy variations for the I= 1-

'D, and the 'F, phases in the 2.08-2.25 GeV re-
gion. A recent experiment' at the Clinton P.
Anderson Meson Physics Facility (LAMPF) has
corroborated the earlier ZGS &OL, data. Whereas

the correctness of the 60~ data is no longer in
doubt, convincing proof for the existence of these
resonances is still lacking. For instance, sev-
eral theoretical analyses have shown that, al.—

though it seems to be compatible with resonances
of the type that have been suggested, the existing
limited data base does not demand such reso-
nances."High-precision measurements of some
carefully chosen set of observables may remove
this ambiguity. Measurements of the energy de-
pendence of the spin- correlation parameter,
A», for pp elastic scattering at 8, =m/2 are
especially important since together with measure-
ments of do'/dQ(90 ), they uniquely determine the
modulus of the singlet amplitude. (See MacGreg-
or, Moravcsik, and Stapp, or Beretvas, Ref. 7.)
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The importance of polarization measurements for
PP elastic scattering at 90' has been emphasized,
most recently by Goldstein and Moravcsik. ' In a
recent experiment at I AMPF we have measured
the angular distributions of the spin-correl. ation
parameter A„„for PP elastic scattering at 500,
600, 650, VOO, 733, and 800 MeV incident proton
energies. In this paper the results for 0, = 90
are reported. We find the triplet dominance at
1.34 GeV/c to be much less strong than reported
earl. ier. '

The polarized proton beam from I AMPF was
focused onto a dynamically polarized proton tar-
get. The momentum of the scattered protons was
measured with a magnetic spectrometer and the
corresponding recoiling protons were detected in
a multiwire proportional chamber array (see
Fig. 1). The polarization of the proton beam,
typically -0.80, in a direction normal to the
scattering plane, was continuously monitored
with a polarimeter consisting of up-down and l.eft-
right monitor systems. All eleven detectors,
four for left-right and seven for up-down sys-
tems, viewed a 3.2-mm-thick CH, target. Only
the left-right component of the pol. arimeter is
shown in Fig. 1. The sum of up pl.us down yields
was used as the primary-beam intensity monitor.
The sum of left plus right yields and an ion cham-
ber provided independent checks on the primary
monitor. The typical beam intensity was -1 pA.
The polarized proton target consisted of -1-mm-
diam beads of propanediol (C,H,O, ) doped with
Cr(V). The cryostat containing the target cel.l,
20 mm diam && 40 mm long, immersed in liquid
'He, was placed in a normal (vertical) uniform
magnetic field (2.5 T). A beam profil. e monitor

was used periodically to monitor fluctuations of
the spot size and position. The incident-beam
polarization direction was reversed at the source
every 2-3 min. No beam motion correlated with
spin reversal was observed. The target polari-
zation was also reversed twice in a four-run
cycle (&&&&), which took 5—6 h. Absolute beam
polarization was determined by the "quench ratio"
method, a technique which is capable of polariza-
tion calibration to + 0.4%.' In this experiment the
accuracy of the beam polarization measurement
was -1%. Absolute target polarization was ob-
tained by using improved NMH techniques. "
Typical. target polarization was -0.80 and was
measured to within 2%%ur.

Measurements of the time of f l.ight, s cattering
angle, and momentum of the scattered protons
together with the direction and velocity of the
conjugate recoiling charged particle permitted a
nearly complete separation of the signal from the
background due to quasielastic scattering from
the nonhydrogenous component of the polarized
target (background was typically 3%-5% of the
signal). The shape of the quasielastic scattering
was obtained by taking data with the propanediol
beads replaced by hollow graphite beads of ap-
proximately the same density.

A check on the accuracy of the measurement of
the scattering angle was provided when the ana-
lyzing power for pp elastic scattering near 90'
(where A must equal zero) was extracted. The
result obtained was A (89.9') = 0.003 + 0.005 for
800-MeV PP elastic scattering. From the values
obtained for PP analyzing powers near 90' it is
determined that the angle measurement is ac-
curate to + 0.1'.

The results of these measurements of A»(90')
are given in Table I and shown in Fig. 2 in com-

IC
p

PM

TABLE I. Spin-correlation parameter A~~ (90 c.m. )
for pp-pp at 500—800 MeV. Overall normalization un-
certainty of 3% is not included. The error AA~N is the
standard deviation from the mean of several measure-
ments.

T, (Mev) +ANN

Im

FIG. 1. Experimental setup. Only the left-right
component of the beam-line polarimeter monitor (PMj
is shown. Scintillators: Sl, SS, SH; wire chambers:
Wl —'f76- ion chamber- IC.

500
600
650
700
733
800

0.497
0.606
0.672
0.715
0.744
0.684

0.005
0.004
0.007
0.005
0.005
0.004
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FIG. 2. Spin-correlation parameter &N&(90 ) for pp
elastic scattering. The error bars shown for the pre-
sent work are the standard deviation from the mean of
several measurements while for the rest of the data
only statistical errors are given. The previous data
shown are as follows: circles, Ref. 8; triangles, Ref.
11; diamonds, Ref. 12; squares, Ref. 13; crosses,
Ref. 14. The result of Amdt et al. (dashed curve) is
obtained from their SP82 solution whereas Hoshizaki's
prediction (solid line) is from Ref. 3,

parison with those of previous measurements. '" '
The error bars shown in Fig. 2 for all data sets
except the present work are statistical. For the
present LAMPF work shown in Table I and Fig.
2, the error bars are the standard deviation from
the mean of many (typically eight) measurements.
The overall normalization error, mainly due to
possible errors in beam and target polarization
measurements, of 3%o is not included. Our data
show a peak value at 733 MeV which implies c, /
o, =6.8. Near 500 MeV our A„„value is -5%
larger than the value quoted by Besset et al."
Similarly near 650 and 800 MeV we find that
A»(90') is -4% l.arger than the corresponding
values reported by McNaughton et al." Both the
Besset et al. (396—578 MeV) and the previous
LAMPF (647 and 796 MeV) measurements" dif-
fered from our measurements in that they were
carried out with an experimental setup which did
not include a magnetic spectrometer and thus
lacked a momentum measurement for the scat-

tered protons. At 500 and 800 MeV the ZGS re-
sults, also obtained with a magnetic spectrometer
in the detection system, agree remarkably well
with the present measurements. We find striking
disagreement with the ZGS measurement' at 1.34
GeV/c (697 MeV) which gave A»(90 ) of 0.872
+ 0.035, implying tripl. et-to-singlet ratio v, /c,
=(1+A„„)/(1—A»)-15, whereas our value at
700 MeV (0.715+ 0.005) leads to cr, /a, = 6. Be-
cause A.» for PP elastic scattering exhibits very
little angular dependence near 90 c.m. in the en-
ergy range of this experiment, differences in
averaging over angles in the two measurements
wil. l not account for this discrepancy at 700 MeV.

The principal sources of error in this experi-
ment are the normalizations of beam and target
polarizations. As a check of these normaliza-
tions, a substantial. amount of data were taken
for 800-MeVPP scattering at 0, ,„-48', where
the analyzing power is a maximum. Measure-
ments of the analyzing powers A(P»P) and

A(PP &, ) for 800-MeVPP scattering at 48' c.m.
agreed with each other and with the previous high-
precision LAMPF measurement' to within - 3/o

relative.
Figure 2 also shows the predictions of the en-

ergy dependence of A.»(90') from the phase-
shift analysis (PSA) of Hoshizaki' and from a re-
cent PSA of Amdt et al. (SP82). The present
data are not included in the data base of the PSA
program of Amdt et al. whereas the ZGS data'
are included. The present results which show a
smooth increase from -0.51 at 500 MeV to -0.74
at 733 MeV are clearly not in agreement with the
predictions of Hoshizaki s PSA, in which the ex-
istence of the 'L?, and I', resonances was empha-
sized. The energy variations of A~„(90') from
500 to 733 MeV can be understood qualitatively by
considering the results of our measurements of
the spin correlations for the pion production chan-
nels in the 500-800 MeV energy range. The pre-
liminary results show that A» for the PP -dv'
reaction is large and negative at all energies in
the angular range covered in this experiment.
Similarly, our preliminary value of A.» for the

PP -nP~' reaction at 650 and 800 MeV for two
kinematic settings is large and negative"; to our
knowledge, this is the only spin-correl. ation
measurement for this dominant inelastic chan-
nel. " The total cross section for the dm' chan-
nel peaks to -3 mb at -620 MeV whereas that
for the nPm' channel increases from -0 at 500
MeV to - 19 mb at - 900 MeV. Large negative
values of A» imply that the pion production proc-
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FIG. 3. Energy dependence of the singlet amplitude
lf l

' (solid curve) and the total triplet amplitude l g l

'
+

I @3l~ (dashed curve) . Curves are drawn merely to
guide the eye. The dotted curve showing the triplet-
to-singlet ratio is derived from the solid and dashed
curves.

lgl'+le, l'=, —„,
' (1+A„).

Using our values of A»(90') and do/dt (90 ) from
tPe phase-shift parametrization of Amdt et al. ,
which fits the data" well, one can determine the
energy dependence of the singlet amplitude

l f l'
and the sum of the triplet moduli lgl'+ lp, l'. Such
a procedure shows no structure in the moduli
(see Fig. 3), in direct contradiction with the con-
clusions of Svarc, Bajzer, and Furic. " Never-
theless the 90 triplet-to-singlet ratio, o, /o, ,

esses are taking place predominantly from anti-
parallel spin configurations of the initial. pp sys-
tem. Thus, as the pion production cross section
rises as the energy increases above 500 MeV,
the elastic pp channel will reflect a relative de-
crease in the spin-antiparallel. contribution,
thereby causing an increase in A»(90').

For pp elastic scattering, only three independ-
ent amplitudes survive at 6„.~ =s/2 because of
the symmetry properties and identity of the parti-
cles. An important feature of such a scattering
process is that a subset of observabl. es uniquely
determines a subset of the amplitude param-
eters. '" For example, in the notation of Ref.
17, the modulus of the singl. et amplitude

l f l' and
the sum of the moduli of the triplet amplitudes,
lgl'+ lp, l', can be obtained from do/dt (90') and
A»(90') as follows:

4

also given in Fig. 3, shows a distinct peak at 733
MeV. The sharp decrease in the triplet modulus
is interesting and warrants more experimental
and theoretical input.

Amdt" has pointed out that the angular distribu-
tions of A», which will be discussed in a later
paper, will constrain the PSA much further and
are expected to have a substantial impact on the
question of the dibaryon resonances.

One of us (T.S.B.) wishes to thank Professor
Richard Amdt and Professor Bruce Verwest for
useful discussions on possible dibaryon reso-
nances in the LAMPF energy range.
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