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We have analysed the Kr apectrum (4827 evants)

of the resction K'n -+ X'n p at 9 GeV/e and find inde-

pendent of any particular assumption of the production

mechanism the existence of & broad S=wave enhancement.
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Sinza its phase with respaet to the K (39)) P-wave ig

correctly given by & relativistic Breit-Wigner amplitude,
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we intexrpret this snhancement 8 & resonance of mass
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1.305 2 .030 GeV/c? and width 0,330 £ .060 Gev,
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Tae datermination of S-wave fﬁloylnﬂai in the Ku spactrum and the exist-

1
1

anca of O nonete 1a of considerable 1ntarant.l Whereas there ares saveral
proapective fsogpin ﬂlnnd 1 namhera,2 the existence of the isospin k com-
ponente have not yet been conclusively showm, The Kn phase shifr nnnlyaeaa'ﬁ
give two ambiguous molutions for the S-wave phase ¢hift, one exhibiting a
gharp resonance at the K*{BQU} and the other rising monotonically to betwaen

50 and 70 degrees ac 1.1 CeV/e?, Bvidence that the X S-wave avatem is
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resonant '{n the maas region between 1.1 and 1.4 GeV/c® has been presenced
rhy threa groups but the remopance parameters are not well decermined. Chien
et anl.-'lr found & mass “"near 1,1 GeV/c® and & width consistent.with 0.4 GeV,
Yuta et al..'r'r found a maas "about 1.2 GeV/c®' for one of their solutions and
Firestone &t al.ﬂ found a mass " 1,37 GeV/e®' and a width "less than 0,15
GaV", In addicion, Antich et ll.g raport thag tha low mass aide of che
Kn(lﬁ?ﬂ} is dominated by P-wave. Our Analyais was carried out with 2 sample
of 4827 events af the reaction K*n = K'e p (10 events/ub per nucleen)
obtained from an expoaure of the Brookhavem B0 inch deuterium-fillsd bubble
chamber to a 9 CaV¥/e rf separatad beam and finds unambiguous evidence for a
broad S-wave enhancement at 1.3 'GeV/e®.

We present the Kn maes spectram for 16328 evante with -t < 0.1 Gef.-"c*
(Fig, la) and for 2111 events with 0.1 <t <0,4 GeV/e? (Fig, lb) where t
ig the four-momentum tranefer squared batween the incident E* and the ocut-
going X*n . The uppar histogram for each momentum transfer region shows
the polar evante, |cos E.IJ'| >0.7,and the lower histogram shows the equatorial
events, lcol 3J| {ﬂ.f, shere BJ is the Jackson angle. The promingnt structures
arg the K*{Bﬂﬂ} ‘3'_1. _htha KN{IEZI}}. In the low momentun transfer regiom thare

is an excess of eventa betwesn thess twe resonances in the equatorisl region,

Thie is & clear indication of S-wave structure,

In order to isolate the S-wave sontributlon we parameterizée the En
aystem up to 1.6 Gev/e? by {ts apin densicy matrix elemente apd fit to the
relative fractions &f 5 F-and D-wavee. ‘While thesa density matrix elemwnts
can dg determined in a completely modlal independent way the erroys are sub-
stantial, Since all the density metrix elementa N with m ot m' equal to
2 are found to be coneiscent with zare, we constrdin them te be zero., In
the region of interest {m{Km) > 1.1 GﬂWﬂ*}ilI of the natural parity exchange

contributions to P! with m or m' equal to 1 are also consistent with eero.



Wa have cherefors assumed that only urnnatural parity exchange contributes. We
employ a maximum likelihood fit which constrains the density matrix ta be pos-
itive definite.ln The resulta of oyr £it are shown by the relative amounts of
the partial wavesin Fig. 2a and 2b for the two Intervala in ¢ used previously.
For tha D- and P-waves we find the K (1420) and the K'(890) at the expected
positiona. In the high t interval a P-wave amplitude peraists through
moat of the mases region and o reproduces the result of Antich st nl..Igl The
S=wave amplituda is racher i{ll-defined for 0,1 < -t < 0.4 GaV/e®, For
-t < 0,] it is, however, clearly resolved inte & narrow spike under the
K*{BBD) and a broad enhancemant centered near 1.3 Ga¥/e®, Asouning that the
broad enhancemeant 1; 8 reponance we find & maas of 1,305 % ,030 GeVv/e® and
a width of 0,330 : ,060 Gey,

In tha K*(BBD) region tha Treiman-Yang angles (Fig. 3de) is fquits
anfgotroplie aven for -t < 0.1 ceV/e®. This plug the observation that
Proyr wvhich {8 a massure of the differemce between natural and unnatural
parity, is zaroll showe that & model ignoring natural parity exchange cannot
be correct in thie region. Without Further assuaptions regarding the pro-
duction mechaniem we cannot distinguish true s;wnve from depolarized
P-wavt.lz Since the S-wave snhancement at about 0,89 GeV/c? cloaely follows
the P-wave K*(EFD) atructure, we drgw ne concluerion as to ita 1nterpr¢tatl¢n.13

We turn now to the enhancement at 1.3 GeW/c®, The S-wave is sizeabls
in the 1.1 - 1.3 GeV¥/c® mass reglen (whare there i1s sssentially no P- or D-
wave present) and thus cannot be depolarized ¥- or D-wave. Note also that
the Jackaon angle distribution is rather flat. One can justify the assumption
of unnatural parity dominante in the high mass region as folloeww. For the
region between 1.1 and 1.3 gev/c® the S-wave dominptes and it can only be

produced by umnatural parity exchange, In the zreglom of 1.3 to 1,6 Gev/c®

we observe that Che moments of the decay distribution cen be expressed:
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Agsuming thet pgz = (0 ¢one obtains

@2 - sty =2 250+ ohe o8 w e (o - oE)). @
Experimentally for -t < 0.1 Gev?/c? and 1.3 <M{Km) < 1.6 GeV/¢® we find thatm
{w:‘) - 5(1';) = =0,05 & 0.04, (4)
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Since the three terma om the right hand mide of equacicn (3) are &1l positive,
they must be wvery small., Therefore, the only remaiping contributiecns to
the isotropic rerm are P:]Jn and pgﬂ which can -Only be produced by unnatural
parity exchange (pgg is smal]l dug to the smallness of che P-wave at low t).
Thua our agsumption of wmnatural parity dominance ip valid in the region of
interast, and hence we have definice evidence for a broad S-wave anhancemenc,
Moreover, 1f we drop the conscraint of unnatural parity exchange dominance in
our fit we find similar results for the region of interast buct with larger erxors.
We now conaider whether the enhancement at 1.3 Gev/e® 1is resonant by
examining the S-P-wave interfersance, In Fig.3a we prasent the forward -
backward vatioc of the outgoing K* in the Gortfried-Jackson frame for -t <
0.1 Gev3/e®. We observe a strong forward asymmetry below 0.9 Ce¥/c?, a
well defined croas-over to negative values at 0.96 GeV/c® and a return to
peaitive values between 1.1 and 1.2 GeV/e®,
In order to calculate the 5-P-wave interference, we assume pure o
exchange and weglect all D-wave, It has besn nhuwn3'5 that a relativistic

*
Breic-Wigner representacion of the P-wave amplituda reproduces the K {890)

phase shifte vary well, We thevefore adopt for our §- and P-wlves such a
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Breit-Wigner parameterizacion with a conventional choice of masa dependent
widtha.lEII The P-wave ia elaskic, It ie reasonable to assyme thac the
S-wave balow 1.4 GaV/e? ia completely elastic am well, since a JP = ¢ object
cannot decay inte 3 pseudoscalar mesone and four mesomns are omly produced
in our 6-prong data with effective magees sbove 1.48 GeV. We neglected the
nmalll? and slowly varying Lsaspin 3/2 contribution.

The actual comparison batwean the caleulsatsd forward-backward ratio
aryl the data points 1is prescentaed in Fig., 3a, The eolid curve representd
the superposition of the P-wave and the S-wave at 1.3 Cev/c®, calculated

18 ¢ the K"(890) and the mass and width obtained

with the known mass nnd-wid£h
for the brosd S-wave enhancement in Fig, 2a, We see& that thie curve roughly
follows the trend of the data points, A superposition of the P-wave and the
low mass narrow S-wave snhancement of Fig, 2 alone would not even come cloae
ke & deseription of the negative valuea of the forward-backward ratio. The
dashed curve (ncludes, in addition, & narrow S-wave resonance (M = (.34
Cet/e®, I'= 0.045 CeV) but it would be beyond the sophistication of our model
to ¢lain more than compatibility with the existence of a naArrow S-wave
reaonance, The model used to ¢11¢u1;ti the selid curve in Fig. 3a ia
cercainly more simple tham vealisy, since the assumption of piot-exchange
dominance aven for -t < 0,1 GeV3/c? {s not totally correct for masses below
1.1 Ce/c®. MWevertheless, it has been shown that the forward-backward
asymoetry is 4 batter measure of S-P-wave interference than the Jackeon angle
19

distribution in such aitvations.

In summery we have eetablished the existence of an S-wave

wnmmuhhans—mna—&wclmmmaa 10,06 Gev., Fricm
: éha obaervation that the phase relationa between Breic-Wigner amplitudes
correctly reproduce the obssrved S-P-wava interference terme, we conclude

that this enhancement =dy be interpretad as a reasonance, Its lacapin gasign-

ment is %, since no such structure has bean obaarved in reported K°#" spectra.l’
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We find no compelling evidence for & narrew S-wave resonance underncath

the K*{BEG}, since our fits in thia region depend cruvcially on the assumption

of no natural paricy exchange for small momentum transfers apd ailnce the forward-
backward asymmetry is roughly accounted for by the K*{Bﬁﬂ} and the broad

S-wave resonance at 1,3 Qe¥/c? alone, On the other hand, we canoot exclude

the existence of such & narTow S-wave rescnance,
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Fig. 1.

Fig. 2.

Fig. 3.

FIGURE CAPTICNS

M{Kn} effective mass spectrum {a)} for -t « 0.1 {Gev/c)®
(b) - for 0.1 < =t < 0.4 (GeV/e)®. The upper histogram in
each case is for polar events | cos BJI > 0.7 and the

lower for equatoyial evente [ LY BJ l # 0.7 where Ei Le

the Jackson angle and t is the four-momentum transfar squared,

Fitted nhnuntl of 5=, P- and D-wvaves for {(a) -t < 0.1 and
tE} 0.1 € -t < 0.4 Ge¥" /c® where t is the four-momentum

transafar equared.

{a) Forward-backward ratio for the K+ {n the Gottfried-Jackson

frame for =t < 0.1 Geﬁa!ca {b=d) Jackson angle distributiona
for the Kn mass intervale, 0.B3+0.95, 1.1+1.3 and 1.3-1.%

Gev/c?. (e=f) Treiman-Yang angle distributione for the

.-:aané Kr masg intérvalﬁ._..'
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