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Structure Observed in the Spin-Spin Correlation Parameter CLL = (L,L;0, 0) in

p -p Elastic Scattering around 8, = 90' in the Region p„b = 2.5—5.0 GeV/c

E. P. Auer, '~ C. Chang-Fang, E. Colton, H. Halpern, (- ~ D. Hill, H. Kanada, '~ H. Spinka,
N. Tamura, ~ G. Theodosiou, '~ K. Toshioka, D. Underwood,

R. Wagner, and Yokosawa

High Energy Physics Division, Axgonne National Laboratory, Axgonne, Illinois 60439
(Received 16 October 1981)

The spin-spin correlation parameter CLz ——(L, L;0, 0) has been measured for p-p elastic
scattering around 0 = 90' up to p & t, = 5 GeV/c. An interesting energy dependence is
observed in C&z and the results are interpreted by comparison with other available data.

PACS numbers: 13.75.Gs, 21.30.+y, 24.70.+s

We have previously reported the energy de-
pendence of the spin-spin parameter C~~ =(L, L;
0, 0) up to 3.0 GeV/c. ' We interpreted the struc-
ture revealed in the above energy region in terms
of the presence of a 'F, dibaryon resonance, and
this interpretation has been confirmed by sever-
al phase-shift analyses. ' '

We searched for a possible structure beyond
the energy region already investigated by using
polarized beams from the Argonne National Lab-
oratory zero-gradient synchrotron, and discuss
here an experiment that measured C» in the
incident-momentum range 2.75-5.0 GeV/c. The
experiment was similar to that reported previous-
ly' in that it was performed with a simultaneous
measurement of 6cr~(pp) and used a nearly iden-
tical setup. As before, data were obtained in the
center-of-momentum angular range of -65 -115
in order not to interfere with the 4v~ measure-
ment. The experimental setup is shown schemati-
cally in Fig. 1. The spin of the vertically po-
larized beam from the zer o-gradient synchr o-
tron was precessed into the longitudinal direc-
tion by a combination of a solenoid and horizontal-
ly bending dipole located just upstream of the
setup shown in Fig. 1. Beam particles traversing
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the entire length of the polarized target were
selected in fast logic with use of scintillation
counters. The beam intensity at the target was
maintained near 10' protons/pulse. The beam
polarization was monitored continuously during
running by a liquid-hydrogen polarimeter located
near the beginning of our beam line. ' The target
was composed of K,cr,O, -doped ethylene glycol
and contained (9.2+ 0.1) /o hydrogen by weight.
Polarization was produced dynamically by micro-
wave pumping and an NMR system monitored the
polarization continuously during running. The
direction of polarization was reversed every few
hours to minimize systematic errors. Through-
out the experiment the target polarization aver-
aged near85%. ,
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FIG. 1. Experimental setup. Scintillation counters:
SO, 81U, S1D, 82L, 82R, BA2, BAU, BAD, BAL, BAR,
R1—R6, Fl—F7; multiwire proportional chambers:
CHl —CH7.

FIG. 2. CLz, (L,L; 0, 0) data from 2.75 to 5.00
GeV/c. The errors shown in the figure are due to
counting statistics only. Systematic errors are esti-
mated to be less than 5% of Ci.i. value.
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FIG. 4. k (C~~ —CL,i 0 dQ at ~c.m.
= 9(}

C»(6, ) is then found to be

1 (o +o ) —(o' +v +)

PaPr (o"+(x )+ (v' +g-+) '-0 I (2)
I

3

FIG. 3. n = k Cz,l. do./dQ at Oc. m.
= 90 from the fit.

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

Figure 2 shows the angular dependence observed
for the parameter Cii from 2.75 to 5.00 GeV/c
incident-beam momenta. The errors shown are
purely statistical and dominate over systematic
errors (-8~/0). The values of C» are positive

The forward- and recoil-proton directions were over the lower momentum range, but are nega-
measured by wire chambers CH4-CH7 and ex- tive at the higher momentum range.
trapolated through the field of the target magnet We pay special attention to the data at 0, = 90
to give angles at the event vertex. Scintillation because (i) the number of scattering amplitudes
counters F1-F7 and R1-R6 were used in the involved is much smaller than at other angles
trigger to demand a. track in both arms. Elastic since we have only three s-channel helicity ampli-
events were selected by using the polar-angle tudes': y„y„q, =- -y„and y, =0, and (ii) one
correlation from elastic kinematics together with can obtain lower statistical errors at 0, = SO'

a coplanarity cut. by using surrounding data and fitting these data
with an expression given below.

Figure 3 shows the behavior of Q. , which is
O'C»do/d Q at 8, =90, obtained from a fit by
O'C»do/dQ= o+p cos'6, plotted versus the
incident momenta. ' This quantity is dimension-
less and a.llows us to study the contributions of
partial waves more directly. We observe two

where I'~ and P~ are the beam and target polar- dips at p»b —-2.0 and 3.75 GeV/c, and a rapid
ization, respectively, and + (-) refers to the decrease around 2.75 GeV/c following a, peak at
spin state parallel (antiparallel) to the L direc- 2.5 GeV/c.
tion of the beam; v,(9, ) is the spin-averaged We now attempt to interpret these structures
differential cross section. The parameter by assuming them to be resonances in terms of

the quantum numbers. Ne note that

O'C~i do/dQ ~ —
i spin-singlet terms

~

' —
i coupled triplet i

'+
i uncoupled and coupled triplet j

'.
We observe no structure in the behavior of k (C~~ -Ci„)do/dQ, which contains only coupled triplet
terms, in the region of the incident momentum of 3.0-4.0 GeV/c as shown in Fig. 4 (parameter C~~
data are from Ref 8). There. fore, the second dip seems to be due to a spin-singlet term; in a similar
way, the first dip is attributed to a spin-singlet term, namely, 'G4." The contribution of spin-singlet
partial waves to O'C» do/dQ is written as follows:

& Clg(d&/dQ), p, „„„g„—i'So+ 5P,(cosO)'D, +9P4(cose)'G, +13P6(cose)'I, +. . . i', (3)
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Mass (MeV) Quantum state

TABLE I. Resonance candidates. K. Imai on the interpretation of the data. This
work was supported by the U. S. Department of
Energy.

Singlet
g, '(2.14)
S,'(2.43)
B,'(2 90)

Uncoupled triplet
B,'(2.22)
B&2(2.43

2(2 70)

2.14-2.17
2.43-2.50
2.90+ 0.10

2.20—2.25
2.43

2.70 + 0.10

D2
fG

4
il

3F
3

Triplet R~ z
Triplet Rz z

'Ref. 1. Ref. 12.

where P„(cos0) is the Legendre polynomial of de-
gree n. It is possible to attribute the second dip
(mass ~2900+ 100 MeV) to a 'I, state because the
dip around 0, =90 disappears at 0, --75',
where P,(cos9) =0.

The rapid energy dependence around 2.75 GeV/
c as shown in Fig. 3 coincides with a similar be-
havior observed earlier in C» data 8, io and also
coincides with a, hint of a bump around 2.75 GeV/
c in 4ai preliminary data. " The structure also
occurs in k'(1+C») da/dQ versus the incident
momenta, which contains only the triplet waves,
but is absent on the curve of k'(C» —C») do/dQ
versus the incident momenta, which contains only
the coupled triplet. If the above structure is due
.to a resonance, the mass would be -2700+100
MeV and due to an R„„state.

In Table I we summarize the resonance candi-
dates.

Finally, we note that the structure at a mass
of the proposed 2.90-GeV singlet resonance co-
incides with a peak observed earlier in the for-
ward differential cross section in the reaction pp
-d&' when plotted against incident proton mo-
mentum. "
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