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A STUDY OF RESONANCES OF THE Z+w SYSTEM®
Margaret H. Alston, Luis W. Alvarez, Philippe Eberhard,t Myron L. Good,e
‘ : Lol
William Graziano, Harold K. Ticho, and Stanley G. Wojcicki
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Recently a T = 1 resonance in the A-w system called Y; has been ob-

served with a mass of 1385 Mev. 1-6

Two types of resonances have been pre-
dicted that might relate this observation to other elementary-particle inter-
vactions: (1) P 3/2 resonances in the A-%r and Z-w systems predicted by
global symmetry,7'8 corresponding to the (3/2, 3/2) resonance of the w-N
system, (2) a spin-1/2 Y-.w resonance resulting from a bound state in the K-N

9,10
system.

The position and the width of the observed Y’; resonance agree
with both theories, but since the spin and parity have not yet been determined,
we cannot distinguish between the two theoretical interpretations,
Global symmetryu(including a phase-space factor) predicts a branching
ratioR =(Y) *= 204 v )/(Y} 2+ A%+ n*) = (¥] 2o w0y (] 2w 2040
= (1/4)(0.2251 5% The K=N bound—“state model suggests values of R consid-
erably larger than 5 %. However, when nonzero effective ranges are taken into
account,lz R can become quite small, especially if the Z-A parity should be odd.
To investigate these possibilities, we have continued our study of K -p
interactions at 1.15 Bev/c in the Lawrence Radiation Laboratory 15-in. .Hydrogen
bubble chamber by studying events in which a X is obserQed. The total cross
sections for these interactions are shown in Table I; only statistical errors are

indicated. The separation of s*Fiats w0 and T +uh 4 Zvro events was difficult
because many of the latter events cwillzlalsoc fit ttherofirati hypSthesisi. TheThe

numbers given in Table Y and in the Tmiis plots below!.were:' corrected  « - .* %

N
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to account for this ambiguity. The correction factor was estimated by using our

*+e" events.

23* +1r':‘ +w
To obtain an upper limit for the branching ratio, R, we combined the I-2n

events into different charge states of the Z-w system. All chargod Z bvhyperons
were obse;-ved; however, in the _Zo cases only two~thirds of th‘e events were
observable because of the neutral decays of the Ao. Furthermore, we had esti-
mated that about one-third of the In '~ events also fitteda Aw' v~ inter-
pretation and had been included in alfeady published data. 1 Consequently each
20v+w' evefxt was given a weight of 2.25, 'ﬁae resultant mass epectra are shown
in Fig. 1. In the caees of (E-ﬂ’)+ and (Z-v)" there appears to be no excess of
events in the region of M = 1385 Mev. Using the number of (A -1r+) and (A -n)
evente with 1355 Mev < MA-n < 1415 Mev from réfe’rence 1, and assuming that"
all ch;rged Z-n systems in the same mass regions of Fig. 1 are Y’: » we obtain
Rmax < 8%. Thie treatment yields an unr‘eaflistié upper limit, since there is
no evidence of any peaking above background. The ¥ 4 w:+ qu events possibly
'mieidentifiéd As E$+ v:r'-t 110 (or vice versa) do not fall into the mass band used in thie
analysis. |

| We conclude that the /A brat_xching ratio R for the strong decay of the
T=1 Y,; is at most a few percent and is consistent with zero. This result 'agrees
~ with the value of R obtained by Bastien et al. 13 As indicated above, this value
of R does not rule out either the global symmetry or the K-N bound-state model

*
of the Y, resonance. -

Next, we wish to report the results of our study of the three reactions:

K‘+p-2++w-+%'+1r+ (1) :
K +p>Si+n +a 40 (2)
K *p-’EO + wo+w*+n". v (3)

Reactions (1) and (2) are readily identified and measured, but reaction (3) cannot

be identified unambiguously. Accordingly, we discuss first the results pertaining
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to reactions‘(l)and {2). In a search for possible X-w resonances, we have
plotted in Fig. 2 histograms of the invariant masses of the £ and each of the
three pions in reactions (1) and (2). Figure 2b refers to the X and pion of -
‘like charge; Fig. 2a to the X and each of the pions of unlike charge. For this
reason twice as many events appear in Fig. 2a ae in Fig. 2b. The plotted curves
are mass distributions expected on the basis of a uniform phase-space population,
The histogram of Fig. 2b agrees with the phase-space curve, but the T and unlike-
charged pion distribution appears to exhibit an anor_naly. indicating a concentration
of events with a Z-w mass of about 1405 Mev. A more detailed investigation of the
distribution of our events in the four-particle phase space suggests that it is quite
unlikely thaf we are dealing with a statistical accident. In fact, in practically .
everyA event one of the neutral E-w»syateﬁw has a mass which lies in the reso-
nance region. If one interprets the observed distribution as a resonance, its
peak corresponds to a mass of 1405 Mev, and its full width at half maximum is
about 20 Mev after unfolding experimental errors.

To investigatg further the posesibility of a T-n resonance, we studied
the 39 two-prong events associated with a A that did not fit the K™ +P-= A+ 7 4"

or K +p- Pt en interpretations. These events could be:

0.

K tp-=PL+atss +u (3)
K +p= A +v’ 4+ v +in® (4)
K +p- z°+.wf+w'+u°+u° (5)
* K'*-#‘p-' A P S P R (6)

Identification is very difficult because only reaction (4) is sufficiently over-
constrained to permit a kinematical fit. Furthermore, most of the events that
are actually examples of reaction (3) fit hypothesis (4), but generally with a

larger xz value.
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Of the 39 events, 16 had xz >2 when kinematically fitted to the one-
constraint hypotheslé (4). Most of thease events are probably due to reaction
(3), sincé a priori only 17 % of the events due to realc.tion (4) should have xzzz.
Also, only one example of the reaction K +p—~A+ n+§ w4+ nhw” and no examples

+ 0. T were observed; thus reactions (5) and (6) are

of K" +p—~ z¢+w;+n tn 4w
probably rare. Even though a kinematical fit to hypothesis (3) is impossible, one
can obtain the invariant mass of the Eo—--:ro system from the incident K~ momentum
and the measured momenta of the two charged pim‘xa.v However, since no kinematic
constraints can be impﬁaed on such events, the experimental errors will, in |
general, ‘be larger than for fitted events and fluctuate more widely. Therefore,
the data are better represente‘d by ideograms.

Figure 3a shows the ideogram of the mass distribution of the 16 events
with xzaz. The three events with M < 1320 Mev can be interpreted as the tail
of the xz distribution of reaction (4); the four events with M> 1450 Mev are
probably due to reactions (5) and (6). The remaining nine events fall into a
narrow band centered at about 1386 Mev and are most probably due to reaction
(3). The plotted curve is the mass distribution of 20 _"0 systems based on
phase space and normalized to nine events».' It is worth emphasizing that due to
our experimental errors of ~20 Mev, the actual peak is expected to be somewhat
sharper than shown. |

Figure 3b shows the cofresponding distribution for the events with x2< 2.
In order to permit a direct comparisbn with Figure 3a, again only the measured
momenta of the charged pions were used to obtain the mass ideogram. The
measured distribution appears to agree with that expected from phase space for
Auon*n' events. No anomaly at M ~ 1390 Mev is observed. Thus there does not

o -~
appear to be any evidence of the T = 1 Ylo resonance in the Auow*n’ data. Further-

more, if one fits all 39 events to the Au0w+w' hypothesis and then calculates the
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A -ﬂ’o, A-w',and A-1" masses from the fitted values, there is stvi‘-lvl no evidence
for the YI resonance:. In particular, the peak of Fig. 3a vanishes. Thus we
cannot attribute the vobaerved peaks in the mass distribution shown in Figs. 2a or 3a
to the Y’; resonance, especially in view of the low X/A branching ratio discussed
above. Because of this and t?are sele;ti’on ¢riterion used in isolating the events of
Fig. 3a, the nine events probably represent a }30 —uo resonance linked by charge
independence to the X'-1" and T -r' resonance already discussed.
It is easy to show that the branching ratiq azNzowO/(Nzﬁm_‘-sz_ “4)
‘uniquely determines the i{sotopic spin of the resonance. For T =2, 1, or ¢,
we have B = 2, 0, or 1/2, respectively. Neglecting possible backgrounds, and
correcting for neutral decays and escape of the A hyperons in the Ec—uo case,
we have B=0.6+ 0,2. Hence, the isotopic spin of the indicated resonance is zero,
and we will call it Y. |
O_ne difficulty of our interpretation of the data is the difference in mass

of 19 Mev % 6 Mev between the two peaks of Figs. 2a and 3a. However, since
there are two identical pions in the charged I cases an& not in the }30 cases,
it is possible that the effect of Bose statistics could cause a shift of the peaks.
‘Alao. from the fact that the charged Z can resonate with either of the two unlike
charged pions, one would expect interference éffects between the two resonant
amplitudes. Another possibility is interference between the resonance and non-
resonant backgrounds. Both these interferences might alter the observed posi-
tions of the peaks. Electromagnetic mass differences in the E*-wn, E’-w*, and
Eo-wo have a vnegligible effect on the position of the peaks if one agssumes tran-
gition probabilities that are proportional to the decay momentum.

The Y; could also be produced in the events in which the final state con-
sists of a ¥ and two pions. If it is produced, it should appear in the (E-n’v)o mass

plot given in Fig. lc. No significant peak is observed; however, the number of

events in this region of the mass plot is uncertain because of the difficulty of
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- v
1?: vono production. The absence of the Yo in this final state

correcting for z*
(Y_; +w) could be easily understood if the interaction took place mainly through
the T = O initial channel.‘ The equality of the cross sections for Z-2w reactions
producing T of all charges (Table I) is 'consist.erlxt with this possibility. A
stronger test of this possibilityiis provided by the interaction Ro-t»p {apure T = 1
state) currently being studied by Adairy. 4

We believe that our data for '}3 .énd three pions are most naturally.inter-
prefed by invoking a T = 0 Z-v resonance. However, both because of the small
number of events involved and the complexity of the final state, we cannot regard
the evidence as coﬁciusive. Evidence for a (Z‘* - w?) resonance hae been obtained
by Eisenberg et al., who have studied K -meson interactions in emulsion and find
.' a p‘eaking in th‘e‘(}.‘.-v)o mass spectrum at 1405 Mev. 14 This peaking could be at-
tributed to a Y;. In addition, Schult and Capps have recently invoked a T = 0
resonaqcé at a mass of about 1410 Mev to explain the hyperon branching ratio in
low-energy K~ -d interactions. 15 |

Dalitz and Tuan have sﬁown that the (b~ ) solution for the scattering lengths
in K-N low-energy interactions will result in a Z-w resonance in the T = 0
state.9 Recent values for the zero-energy K-N scattering lengths obtained by
D,:;\li.tszl6 using the data presented by Alvarez at the Kiev Conference, 17 indicate
that this resonance will be at lb4l‘5¢ 3 Mev, with a half-widtk (I'/2) of about 20 Mev.
 If this explanation of the T = 0 resonance is cbrrect. it should have J = 1/2; the
observed T = 1 resonance could be the resonance predicted by global symmetry
with J = 3/2. 18 palitz has pointed out that the.valuea of the (a”) solution given in

19 both of

reference 9 are consistent with both a T =1 anda T = 0 Yu resonance;
these resonances should then have J = 1/2,
The authors wish to thank the many members of the Bevatron and bubble

chamber crews and the scanners who made this experiment possible. We also
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- Table I. Cross sections for the T producing interactions at 1,15 Bev/c

No. of events . Cross sections

Reaction = ' (uncorrected) (mb)
Ko+p- Z +n' 87  1.40%0.16
- e | 84 1.3440.18

- i sl 57 0.97£0.16

- Tt e 54 0.8340.20

~ 5%t en ' 27 0.972 0.20
- E+y+u‘+w0.+1r°' o130 © 0.1840.06

O N T AT T 9 © 0.12#0.05

- steat i 4w . 19 .0.19%0.06

O T R AT M : 13 0.12£0.05
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FIGURE LEGENDS

Fig. 1. Masse plots of the charged and neutral Z-w systems, including curves
representing phase-~space distributions.

(a) Mase of (E«w)”, from the reactions: K + p- o

wx sl
: + - 0 _+: % -
(b) Mass of (£~w) , from the reactions: K +p= X +w +w

+ -
-z +1rc+tr

(c) Mass of (E-ﬂ)o, from the reactions: K +p - AR S z°

-z + at s wo
Fig. 2. Mass plots of the neutral and doubly charged X-w systems.

Fig. 3. Ideograme of the miseing mass for the 39 events in which a A and two
charged pion's were obse-ved and neutral pions were also produced.
(a) Events with xza 2 for the Aﬁow+w" hypothesis. The superimposed
curve is the phase-space distribution for the 4%t~ reaction :norm-

alized to nine events. (b) Events with xz< 2 for the A ﬂon*n' hypothesis.

'The superimposed curvesis the expected Azrow*w' phase-space distribution.
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