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ABSTRACT
We present further results from an isobap—model phase shift analysié
of.the nnfﬂ_ system produced in T p +,nﬂ+n—n at 8.45 GeV/c. vhs-ﬁiqé,’}n
. 4 Z
addition to the narrow (T~ 25 MeV) D mesbn with IJP = 01+ at 1.275 Ge&j'a
broad (T n 100 MeV) 00- object centered near i.26 GeV and decaying mainly

into §w. There is an indication of a second broad pseudoscalar near

1.40 GeV._decaying into en. -
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In an earlier paper” submitted to this Conference we presented first

results from an isobaf—model phaselshift‘analysis of the nﬂ+n- finél state
produced ih_ﬂ—p > nn+ﬂ_n, n -+ yy, at 8,45 GeV/c. lThe main result of that
paper'wés the very sfroﬁg evidence for .assigning IJP = 01+ quantum num-
bers to the D meson. Rapid phase moﬁion through nearly 180° was shown by
the 01+Aane relative to a 11+ backgfoénd. |
In that_anélysisAthe non—ﬁ baekgréund (i.e., éhe backgroﬁnd7of even;s.

for which yy did not come from an n) was treatéd app;éximately by includ—
ing‘the-IJP = 06_ €N ané, which resembles phase sﬁace, inéoherently Qith

' the other waves to abso'rbvtlhis.backg‘roundr Although the number of events
assigne&-by ﬁhe fit to this background was not totélly-ﬁnreasonable, it
appeared'to be somewhat larger than the estimated bagkgroun& undér fhe n
ahd contained suggesfions of structure.

.Since‘that paper was Qritten, we have made gubstantial improvements in

the analysis:

1) bptimum cuts were found which redqced the nonfn.background by 40%.at
the expense of 10-15% in signal loss.

2) vCareful fits to the yy mass spectrum were aone for several bins of yymm
mass to deterﬁine the actual aﬁount of backgfound undef the.n peak, It was
found that the“speétrum of'“pure.backgrbund" events having 0.40 < M(yy) <

- 0.48, when muitiplied‘by a suitable normalizing factor (0.29), describe the
non-n background és a fhncfion oflM(nnné very well, .Figure la shows the
resulting nnm spectrum and the correctly—normalized non-n béckg?ound. The

.

fraction of background as a function of M(nwm) is shown in Figure 1b.
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It can be seen that although the events below-l.l»GéV are mostly background;

the background fraction above 1.2 GeV is ‘typically ~ 17%.
3)  An amplitude analysis was done on the "pure background" events to de-
termine their partial-wave content. It was found that the background is in-

deed well-described by thé 00 en wave, with only a 10-15% mixture of other

Al

waves necessary. Thus in each bin of M(nwm) both the aﬁqunt and the partiall

wave content of the background are knoﬁn.

4) The amplitﬁde anal&sis proéram was_moaified to allow three incoherent

sets of waves rather thén two. One of:these is ‘assigned to background; the
others‘correépdnd to the two states of relative inigial and final ﬁucleon;

.helicity;

The éartial wave analysis was then redone, hqlding the background fixed
in amount and wave content in each bin of M(nnﬁ). A‘soldtion with improved
likelihood was found which contained‘substantial pseudoscalaf‘contribution.
This new solution is shown.in Figufés 2" and 3.'Iﬁ this mass.region we have
used the § isobar2 in nm, and the € ah& p isobars in n+w?. The notation
for the partial waves 1is IJP = isospin, spin, éarity; M" = ﬁagnetic'substate
and naturality of the exchange in the t-chanmnel.:

‘The axial vector‘and vector partial Qavés for the new solution are
~shown ié Figure.z. Theireéults for the IJP = 11+ and 11~ waves are very
similar to those in Referencé'l:‘there is no pbvious B peak in ll+6n, and
the 11 np contribution-rises toward é peak near 1.6 GeV which may'be asso-
ciated with the p' (1600). The IJP = 01+6n .wave,has a narrow peak at
1.275 GeV, and its phasé relative to‘the‘11+6n wavé (both with M" = 0+) has
a rapid phase variation through almost 180°. Thus, the new soluytion also

definitely assigns IJP = Ol+ to a narrow D meson. However, this D peakvin



01 1is even narrower than in the old solutionl, and contains only half as

many events. The Mn =1 substate of‘the D, which was formerly.a 20% con-
vtribution, is ‘no 1onger statistically significant.

The major new result from the improved analy31s is presented in
Flgure 3 which displays the IJP = 00 partial waves. Both Gn and €n de-
:cay modes were found to be needed in the mass interval 1. 1 - 1.5 GeV. The
contribution of the OQ_dn wave is almost entirely contained in'a peak'of
width ~ 10d MeV,centered at about 1.26 GeV. This peak is thus consider;
ably broader than the Ol+»peak of the D meson, which is ~ 25 MeV wide, and
.occurs at. a slightly‘lower mass. The OO_Gn wave is consistent with zero
above 1.35 GeV.

The 00 en wave is present throughout the mass 1nterva1 1. 1 - 1.5 GeV.

' With the present statistics it is not clear from the 00 en intensity whe-
ther this wave also.peaks'near 1.26 GeV; the peak, if present inlthis mode,
must_be superimpoSed on some‘nonresonant background. The phase of the OO_SW
wave reiative to 00" en shoWs’a modest forward,motion of ab‘out.60o across the
peak, and the two waves are very nearly 180 apart at the center of the peak.
This phase behav1or is at 1east qualitatlvely consistent with the idea of a
resonance which. couples strongly to 8w and 1ess strongly to en with a
coupling of opp031te sign. The modest phase motion would then come from

the presence of a faliing nonresonant background in the en channel.

The total 00 contribution is shoun in Figure 3c. Because.of the
destructlve interference between the &7 '‘and €n modes the 1.26 GeV peak
is less promlnent in this total signal than in the 8w prOJection There

is a strong suggestion of a second broad~peak, occurring almost entirely



in ;ﬁ, néar’é mass of 1;4 GeV which accounté for'the bulge in the raw mass
' spectrum in that region. Thg assignment of 00~ quantum.numbers tg this -
bulgg at 1.4 GeV is still somewhat tep;atiVe becauée of the potgntially
larger choice of partial waves in this region, but the 00-'fi; isAquité
good. . | ‘ '

. The fits strongly prefer to have the 00~ waves in fhe opposité state of
relative nucleon helicity from the Ol+ and 1i+'wéves. This is consistent
With the idea3 Lh;t pseudoscalar and axial vector meson proﬁuction are domf

¢ .

inated by different states of relative nucleon helicity, as evidenced by

" pnear t' = 0.

.the very differeﬁt behavior of n' and go production
A séheﬁatic representation.of the new solqtion is given in Figure 4,
which shows how the_vériouS‘partial wave intensitieslcombine to give the
observed mass spectrum. This Figure Qgs obtained By draWing smobth free-
hand curves through the data points in Figures 2Aand 3, andlfﬁen adding

the curves graphically. It demonstrates clearly how the broad 00~ and

narrow 01+ peaks produce the peak in. the spectrum at 1.275 GeV.
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Figure 1.

Figure 2.
Figure'3.

Figure 4.
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FIGURE CAPTIONS °

+ - . )
Effective mass of nm m for the events used in this
phase shift analysis. The shaded curve is the

normalized non-n background. -

* Fraction of évents which are non-n background versus

N mass.

Results from the phase shift analysié for axial vector

and vector partidl waves.

Results from the phése shift analysis for

pseudoscalar partial waves.

 Schematic representation of -the contributions of the

various partial wave intensities to the observed mass

spectrum,
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