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Precision measurements of the analyzing powers for the reaction p&„~ +p-d+ ~' have
been made at =550, 600, 650, 700, and 800 RIeV. The data have been analyzed in terms
of Legendre polynomials. It is found that excitation functions for both even and odd
Legendre coefficients exhibit very similar resonant behaviors. It is concluded that the
triplet amplitudes are as strongly dominated by the D(1232) as the well-known singlet
amplitude, 'D„and that the data do not exhibit any anomalous behavior suggestive of
dibaryon resonances.

PACS numbers: 13.75.Cs, 25.40.Qa, 24.70.+s, 25.10.+s

Great progress has been made recently in the
understanding of the fundamental NN interaction
below the threshold for single pion production. '
This success follows from a l.arge body of high-
precision data for cross section and polarization
observables in NN el.astic scattering. In contrast,
inelasticity in fundamental NN collisions is poorl. y
understood and precision data for its observabl. es
have been scarce. However, the success achieved
below 300 MeV and the excitement generated by
the possible existence of dibaryon resonances'
have recently spurred several experimental pro-
grams to provide detailed, high-precision data
in the inel. astic region. In this Letter we report
on precision measurements of the analyzing pow-
er A„(8) for the reaction p~„+p-d+ w' at = 550,
600, 650, VOO, and 800 MeV. Since none of the
existing theories of pion production are found to
be successful in explaining our data, we analyze
it in a phenomenol. ogical manner and show that
the L(1232) intermediate state appears to domi-
nate pion production separately in both singlet
and triplet initial states of the pp system. We al-
so note that in contrast to the results of recent
phase-shift analyses the data exhibit no anomalous
behavior which might be interpreted as suggesting
the presence of dibaryon resonances.

The experiments reported here were done with
polarized proton beams at the high resol. ution
spectrometer facility at the Clinton P. Anderson
Meson Physics Facility (LAMPF). Details of the
experimental setup and the A»(8) measurements
at 800 MeV have been described elsewhere. ' The
random errors in the present measurements,
6 A»(8), are ~ a 0.015. These are smaller than
the size of the data points in Figs. 1(a) and (b).
It is estimated that additional systematic errors,
primarily due to the uncertainty in the absolute
value of the beam polarization, are less than + 2Q

of A„(8).
For a beam with pol.arization P„ incident on an

unpolarized target,

do'(8)/d 0 = a(8) = zoo(8) + P» ~ skv»(8),

&(8)~ —o(8)~ o,.(8)
P, (r(8)& +(r(8)& oo,(8) '

o ~(8) = (1/4m) g a„P„(cos8), n = 0, 2, 4. . .,

o»(8) = (1/4w) Q b„P„'(cos8), n = 1,2, 3. . ..

As is well. known, '~ the odd associated-Legendre
coefficients (b»b»b, ) relate to products of a
singlet and a triplet pp amplitude. The even co-
efficients (b„b„b,) relate only to the products of
two triplet amplitudes and thus provide us with
an effective "spin fil.ter" for isol.ating tripl. et-
state eff ects.

In order to determine the coefficients b„ from
the A„,(8) data, we need to construct o'»(8)A»(8)
& Ooo(8). To do this, we have made a consistent
reanalysis of the available world data' for v~(8),
made smooth fits to the resul. ting excitation func-
tions for the individual coefficients a„, and inter-
polated the values of the coefficients a„ listed in
Table I. We use these coefficients to generate
vo, (8) and thus analyze our v»(8) ~ The coefficients
b„so obtained and the random errors in them due
to al.l known sources are l.isted in Table I. We
note that the precision of our results is an order
of magnitude better than that of the old CERN
data' for A, „(8)= A»(m —8). Below 600 MeV our
results are in excellent agreement with the re-
sults of comparable precision which have recentl. y
become availabl. e from A» measurements made
at Schweizerisches Institut fur Nuklearfor-
schung. ""

As shown in Fig. 1(c), Legendre-polynomial
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TABLE I. Summary of the results for the reaction p &~~
+ p-d+ z. +.

Coefficients
(mb) 547 598"

Proton energies (MeV)
648 698~ 793

ao
a,/ao

—a,/a t)

-a6/czo
bi
bg

b3
bg

bg

b6
x'i

2.980(50)
1.045(20)
0.060(10)
0.000(10)
0.894(7)
0.122(6)
o.455(5)
o.033(4)
o.ois(4)
o.oo3{4)
0.63

3.180(50)
0.970(20)
O. 145(1O)
0 ~ 003(10)
1.262(6)
0.145(5)
o.503(4)
o.osv(3)
o.o23(3)
o.oo3(3)
0.48

2.810(50)
o.89s(15)
0,217(l0)
0.020(10)
1.162(7)
0.144(5)
0.421(4)
o.ov2(3)
0.014(3)
O. 003{3)
0.65

2.270(70)
o.82s(1s)
0.237(10)
0.038(10)
O.818(5)
o.o94(4)
o.27o(3)
o.o66(3)
0.009(2)
o.004{2)
0.55

l.226(10)
o.v9s(15)
0.242(10)
O. 057(10)
0.291(2)
o.o25(2)
0.103(1)
0.037(1)
0.006(1)
0.000{1)
0.72

1.22 6(10)
O. V95(15)
0.242 (10)
o.osv(io)
o.2vo(3o)

—0.019(29)
O.O45(24)

—0.007(26)

0.93

'This experiment. The coefficients a are based on the world data in Ref. 7.
Reanalysis of the Ao, (8) data of Ref. 8, assuming coefficients a as listed.

analysis of our data reveal. s strong peaks in the
energy excitation functions of both the even and
the odd b coefficients. Since it is well. known
that single pion production is dominated by the
'D, state of the pp system, the peak in the odd
b coefficients is no surprise. However, the peaks
revealed by our experiments in the even b coef-
ficients were unexpected and clearly indicate that
the triplet states also make an important reso-
nancelike contribution to single pion production.
We also note that whil. e the peaks in al.l b coeffi-
cients are essentially similar looking and strong-
l.y suggest a common origin, the peaks in the even
b coefficients occur at =650 MeV, i.e., at —50
MeV higher energy than those in the odd b coeffi-
cients (at = 600 MeV).

Mandelstam" recognized the importance of
Nh(1232) as an intermediate state in pion produc-
tion in 1958. Niskanen and co-workers ' put the
6 on equal footing with the nucl. eon and devel. oped
a NN-NN . NN- Nb, coupl. ed-channel formal. ism.
In the past few years the so-called "unified theor-
ies" have been developed, in which the three
coupled channels NN- NN, NN-NNm (including
NN-dm), and md- wd are treated together and the
resulting set of unitary coupled equations, which
have the form of Faddeev equations, are solved.
Several. such calculations now exist. They yield
qualitatively similar results. As representative
of these, in Figs. 1(a) and 1(c) we show the re-
sults from the calculations of Blankl. eider and
Afnan, ' along with the coupled-channel predic-
tions of Niskanen. ' We note that neither predic-
tion fits our A»(&) data or the corresponding b

coeff icients. Both Niskanen a,nd Bl.ankleider pre-

dict the 'D, related resonancelike enhancement
in the odd b coefficients. However, neither author
predicts a similar behavior for the even b coeffi-
cients, or correspondingly for the contributions
of the triplet states of the initial pp system.
Blankl. eider and Afna, n' have noted that the suc-
cess of their unified-theory cal.culations in ob-
taining NN phase shifts is poor, particularly in
the triplet states. Our results suggest that this
failure is directly reflected in the pp-dm' chan-
nel. in the failure to predict the observed enhance-
ment in the even b coefficients.

In a, model such as Niskanen's, ' in which K1V

-N4-NNm is the dominant mechanism for pion
production, the intermediate X4 state can be ex-
pected to leave its characteristic resonance sig-
nature in contributions from both singl. et and
triplet states, which differ only in the relative
angula. r momentum of the NA. The dominant
singlet state in pion production is 'D,. It leads
to%A in relative 8 state and to the characteristic
peak in the odd b coefficients. The next most im-
portant state in single pion production' is the
tripl. et state, 'F„which leads to Nb, in rel.ative
P state. It should also l.ead to similar peaking of
the even b coefficients. The fact that Niskanen
greatly underpredicts the values of both b, and

b4, and does not obtain a peak in either of them,
suggests that his coupling potential. s do not lead to
enough production of the 1V~ in relative P state.
We note that in a recent paper Niska, nen" has
shown that the threshold for P-state N 6 produc-
tion (from 'P and 'F initial NN states) is expect-
ed to be about 50 MeV higher than for S-state N4
production (from 'D, initial NN state). Thus we
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I IG. 1. Summary of the results for the analyzing power of the reaction p &
+p —c/+&+. (a) Measured A. 0(0)

with Legendre-polynomial fits. The other curves marked "N" and "li" refer to predictions by Niskanen (Ref. 5) and

Blankleider and Afnan (Ref. 6), respectively. (b) The curves marked S and D refer to phase-shift solutions by Hiro-
shige et al. (Ref. 11). (c) Excitation functions for the coefficients b: present experiment (solid points), Hef. 9
{crosses), Ref. 10 {squares), and Ref. 12 at 1.03 GeV {triangles). The dashed curves have been drawn through the
data points merely to indicate their trend.

should expect the peaks in the even b coefficients
to occur at - 50 MeV higher energy than those in
the odd-b coefficients. This is what we observe.
It therefore appears that our data support the
hypothesis of a common "cause, " namely theN4
intermediate state, for the peaks observed in all.
b coefficients, and suggest no need for exotic ex-
planations such a,s diba. ryon resonances.

The conjecture of dibaryon resonances arose
originally from phase-shift analyses of global
¹V-NN data. It is therefore worthwhile to see

if any evidence for diba, ryons follows from phase-
shift a,nalysis of the global data in the NN-dz
channel. Such an analysis has been recently done
by Hiroshige et al." They obtained two sets of
equivalent phase shifts. The S solution was re-
jected because it violated unitarity. The pre-
ferred D solution possessed a 'D, enhancement
and was considered supportive of a 'D, dibaryon.
As shown in Fig. 1(b) our new A„o(6) data dis-
agree with both the S and D solutions. Further,
the data, do not show the anomalous oscillations
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predicted by the D solution at 650 and 700 MeV.
We believe that this rules out the D solution as
well as the support this solution might have pro-
vided to the dibaryon conjecture. We believe that
the inclusion of the precision data presented in
this paper will impose serious restrictions on ad-
missible phase shifts in any future analysis of
the pp —vd channel. These results, together with
the new results in the elastic channel, should
contribute greatly towards a definitive conclusion
about dibaryon resonances.
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