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ABSTRACT
. + -+ +
Approximately 19,000 events of the type m p > 7 ™ m p produced

at pion momenta ranging from 3.2 GeV/c to 8.4 GeV/c have been com-
piled from various groups. The data are dominated by the well-known

®++
peripheral pN production. An analysis of the ww scattering has been
performed, yielding values for the T =0 s-wave phase shift in agree-

- -+

ment with those recently obtained in an analysis of m p -~ 7w 7 n. The

results reinforce the earlier conclusions that there exists a T =0 scalar

meson o(730).
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We present here a ww phase shift analysis using the reaction

Tpoa N (1)
The basic sample of 18,593 Tr+p - Tr+TI'—1T+p events was compileol'1 from
several laboratories. The distribution of beam momentum and total
center -of-mass energy, E*, for this sample is shown in Fig. 1(a).
The method2 (referred to hereafter as I) used in the analysis has
as its essential feature that prior knowledge of the helicity amplitude
magnitudes is not assumed. In a previous applica’cion3 of this method

(referred to hereafter as II) to the final state

TP~ T WD, (2)

the sample was sufficiently large that the data could be divided into
three regions of the ww center -of-mass production cosine, GCM’ and
the spherical harmonic moments, <YLM> , evaluated in the 7w rest
frame as a function of = effective mass, m_rm, separately for each of
these GCM regions. Thus the wr helicity amplitudes in reaction (2) as
well as the wr phase shifts could be extracted from the data using the

method outlined in I. The constraints discussed in I were very well

satisfied for 600< mmT< 900 MeV, a result which lends much credence
to the validity of the analysis.

Although in the analysis, presented here we start with a relatively
large sample of events, the selection of the N*++ (we use 1160<m 4

m™p
< 1300 MeV) leaves us with a much reduced sample of reaction (1).
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We thus do not attempt here a detailed study as a function of momen-
tum transfer t to the N*, but simply consider the sample for t< 0.3 GeVZ.
The following points summarize the results obtained in this analysis.

(1) The same three T =0 s~wave wr phase shift solutions found in
II are found for reaction (1), The solution (constant 62 ~ 90°) with the
worst confidence level is the one that we concluded in II was unlikely
from comparison with ©7° mass spectra. 4 Thus, these results, aside
from providing us with good evidence that we are actually measuring ww
phase shifts and not something characteristic of reactions (1) or (2),
reinforce the conclusions of II that there exists a T =0 scalar meson
o(730).

(2) The p parameters obtained in the best fit to reaction (1) agree
well with those obtained in II in the fit to reaction (2). This result, in
contrast to the results of Roos5 obtained in fitting mass spectra alone
of reaction (1) and (2), is understandable in that the ratio of s- to p-
wave wr systems formed in reaction (1) is not the same as in reaction
(2). In fact we would expect this ratio to depend on E* and t as well as
on the reaction type. Thus the varying amount of s/p wave relative
contribution to Roos' mass spectra would be sufficient cause for his
observed effects.

(3) As a means of obtaining additional confidence in the one-pion-
exchange nature of reaction (1), we have examined the pn-+ scattering
angle at the N*++ vertex as a function of m + in the manner described

pw
by Gellert et al. 6 The scattering angle is taken between the initial
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+
state proton and the final state proton as seen in the m p rest frame.
Figure 2 shows the <%8 > moments of this angular distribution as a
+
function of w p effective mass m + from 1100-2000 MeV. Superim-
LU

+
posed on these data points are the real particle = p elastic scattering

results as summarized in Gellert et al. 6 Agreement is found for m +

m™p
< 1600 MeV, ! a situation which lends support to the validity of the one-

pion-exchange description.
As discussed in I, the joint distribution for the scattering at the

+ . .
mr and 7 p vertices can be written as

- - MM . Y/
D, ) > oty e g, (3)
L, M ’
£
in which § and ¥ are the unit outgoing vectors defined in the ww and

ale
E

N * systems, respectively, of reaction (1). Here we take the coor-
dinate systems in each of these systems to have the ¥ axis along the
normal to the production plane A ~ 1;H1 X ﬁ>k++ and the Z axis in each
case along the helicity axis (i.e. direction of motion) of the = or N*
system, as the case may be. With the N*JHr selection 1.16 < mo, <1.30
GeV in reaction (1), P3/2 dominates and onlydf_ = 0,2 need be considered
at this vertex. 8 As in II, we assume only s - and p-wave scattering for
the mm interaction in the mass range considered 600< mmr< 1000 MeV;
thus we consider here only L.=0, 1, 2, ?

The Cfﬁcoefﬁciemts in Eq. (3) given by the experimental quan-

tities in Eq. (4) are shown in I fo contain a dependence on the ww

scattering amplitudes determined only by the L value of the moment
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(the Yaa moment in the wr system). Thus, all L.=0 moments are linear

’2

J,

S P>,< )

T 7w

P2
and lAmr , all I.=1 moments ~ Re (A
P ’2
T

superpositions of ‘A1TS1T
and all L. =2 moments ~ [A The coefficients of these quantities are
the helicity amplitude factors defined in I. To the extent that the helicity
amplitudes are independent of mm mass over the range considered, the
experimental quantities of Eq. (4) directly reflect the m__ dependence of
the mm scattering amplitudes. We find that the tests suggested in I are
well satisfied by the complete set of moments, namely that all moments
of the same L are compatible with having the same m__ dependence.
Some of these moments are shown in Fig. 3.

Despite the large amount of information contained in the complete
set of correlation moments, the major contribution still comes from

the N< Yf?§> and N< YZO;/:> moments. We report here the results

of an analysis in which we fit the data to the equations

N:K1!A§w|2+K2lAi12 (4a)
N<Y§%’> =K, IATrSTr 2 K4’A1TI:T > (4b)
N<Y;’Re?21> - K, IAf’_rr % 4 KélA:T % (4c)
N<Y§Re%> - K, ’ATrS'rr ® 4 KS’A:T 2 (4d)
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N<y %7/% -k Re<ASAPq\) (4e)
1Yo 9 T W
2
Pl (4f)

T

0 ,,0
N<Yz?o> = Kyola

The data is divided into twenty 20 MeV bins between 600 < M.l_rTr <1000

MeV yielding 120 independent data points. In addition, we use the

- o
twenty N<Y1O> moments from the reaction 7 p - 7 7 p used in the

- + 2
m m n analysis to obtain independent information on the T =2 s-wave

+ -
interaction. The m m elastic scattering amplitudes are assumed to

have the form

i60 is °
S 2 s . .o 1 s . .2
A", =3e sing ~+3 e siné _ (5a)
m T
i6
AY e Pgins. (5b)
-t P
T T
The unknowns are therefore: K1 through K1 0’ 6;) in each of

2
the twenty m_ intervals, 6S at seven different m values, and two
Breit-Wigner parameters, Mp and 1"p, for determining the p-wave

amplitude using the form:

cot6p = [mpz - mjﬂ:”i + (q/qp)2 ]/[Zmpfp(q/qp )3 },

where qp and q are the mm c. m. decay momenta for mm systems of

mass mp and m_ respectively. Two additional parameters are
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included in order to give a quadratic m__ dependence to the Ki's as
in II. Finally, the unknown constant multiplying Re (AfﬂAﬂfj) in the
'rr_'nop data brings the number of variables in the fit to 42 and the
number of constraints to 98.

The same three solutions found in II are again found in our fits
to reaction (1). These solutions are summarized in Fig. 4 and Table I.
The excellent agreement between the results on reactions (1) and (2)
implies quite strongly that we are indeed measuring properties of the
mw system rather than of the reactions as a whole. It seems unlikely
that if final-state-interactions or the like were playing a significant
role in reactions (1) and (2) we would find these same solutions.

It was pointed out iﬁ IT that the more slowly 6;) varies with m__,
the more important it is not to make false assumptions concerning the
m__ dependence of the helicity amplitude quantities. The steepness of
the lower Chew-Low boundary [see Fig. 1(b) ] for the low E* events in
the sample could cause difficulties in the fits due to the fact that the t
selection then depends strongly on mmr. Since the helicity amplitudes
do not have the same t dependence in general, this can result in dif-
ferent mmr dependencies for the Ki's in Egs. (4), a situation which is
not allowed for in the analysis. Therefore we have rerun the fits using
only the 1179 events for E*> 3.5 GeV, for which this question is less

important as seen in Fig. 1(b). The s- and p-wave phase shift results

are found to be compatible with those for the entire sample; however

the XZ for the UP-DOWN solution decreases somewhat. Table I includes
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some of the results from these fits. It is seen that the UP-DOWN
solution has a confidence level of 0.1%, a factor of ~ 25 below those

for the UP-UP and DOWN-UP solutions, thereby reinforcing the earlier
unlikelihood of the UP-DOWN solution which was based on the entirely
independent argument of the comparison with the few published exper-
imental mass spectra4 of the 7o’ system all of which show a drop-off

above ~ 800 MeV.

The p parameters, rnp and ]."p for the preferred UP-UP solution
are 765+4 and 154+ 8 MeV. These agree well with the values for this
solution found in II in the analysis of reaction (2): 7672 and 149 +5 MeV.
The amount of p-wave to s-wave present in the nm system before scat-
tering is given in Table I by the column labeled K2 /Ki' Thus it is seen
that for the UP-UP solution, reaction (1) contains more s-wave component
in the mass spectrum than reaction (2), where the comparable ratio was
found to be 3.0+0.2. This may be understood in view of the expectation
that the virtual pion cloud in reaction (1) is smaller than that in reaction
(2), thereby leading to a smaller average effective ww impact parameter.

We are grateful to the groups who contributed their data to this
analysis and thank C. Baltay (Columbia-Rutgers), G. Goldhaber (Law-
rence Radiation Laboratory), T. Ferbel (Rochester-Yale), and
O. Piccioni and P. Yaeger (University of California, San Diego) for
their help. We also want to thank E. Colton for his assistance in this

analysis.
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10111 view of the increased number of helicity amplitude quantities in
reaction (1) due to the spin three halves nature of the N* we have not
yet attempted to extract the helicity amplitudes as was done in the
TT_1T+n analysis. 2 As discussed in I simultaneous extraction of the
helicity amplitudes and wm phase shifts would require that the analysis
be performed on data which has been selected in relatively narrow bins
of momentum transfer and possibly center-of-mass energy. Despite

the 19,000 events available in the present analysis, the statistics are
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not sufficient for an analysis with that complexity. We therefore per-

form an analysis of the t and E* averaged type discussed in I.



Table I.

Phase Shift Solutions.

Data M Dependence:al XZ (Constraints Mp Tp
Solution Used of K, -K,, K, /K1 = 98) C.L.. (MeV) (MeV)
DOWN-UP— ALl 1-0.01A-0.96A%  1.40.8 125 0.041 766+9 167413
UP-UP All 1+O.03A-O.98A2 1.9+£0.5 123 0.046 T765+4 1548
UP-DOWN All 1-0.85A-1.40A°  5.4%1.3 167 <10 762:4 158x4
DOWN-UP— E. C. M: 1+O.OOA-O.99A2 1.2+0.6 128 0.023 7668 160+14
UP-UP <3.5 1+O.01A—1.01A2 4.0+1.3 127 0.025 765+4 149 +8
UP-DOWN GeV 1—0.9A-1.0A2 5.7+1.9 147 0.001 758+3 140+2

qA =M - 0.750 GeV
T

0¢90¢
781-INL

_'P'D-
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FIGURE CAPTIONS

Fig. 1. (a) Distribution of total center-of-mass energy for the combined
sample of events. (b) The lower boundary of the Chew-Low plet for
various E™ in the sample shows how the MTrTr dependence of the
helicity amplitudes can be expected to differ for events having dif-
ferent E*. (c) (d) Momentum transfer distribution for the 4193
events used in the analysis. The two B* regions are plotted sepa-
rately.

Fig. 2. <5¢;n> moments of the 1T+p scattering distribution as a function
of 1r+p effective mass. The curves are derived from the real par-
ticle 'n'er elastic scattering experiments.

Fig. 3. (a) The wm mass histogram and the "'correlated mass spectra, "
(i.e. theo€= 2 moments at the 1T+p vertex multiplied by the mass
histogram) shown as a function of mm mass. These four sets of data
were used in the fits. (b) The uncorrelated moments at the 1T-Tl'+
vertex multiplied by the mass histogram. Only the M = 0 sets of
points were used in the fits.

2
Fig. 4. 680 and 6s as a function of mw mass for the three solutions

discussed in the text.
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