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v ABSTRACT _
v An analysis of = N interactions at 1,5 to 2.4 BeV/ec, and KN interactions
at 1.0 to 1,7 BeV/c in the 72-inch liquid-hydrogen bubble chamber has been
‘j‘completedtrecently. The T = 2 Zw system, the Y (1660 MeV) resonance, and the
| 725-MeV Knu resonance, or ."kappa meson, ! i‘q diacuased with reference to both

- axperiments,
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May 6, 1963

We have been analyzing v p and K p interactions in the 72-inch liquid-hydrogen
bubble chamber at Berkeley., The exposure armounted to approximately 250,000 |
pictures of v at 1.5 to 2.4‘BeV/c and abéut 600,000 pictures of K~ at 1.0 to 2.0 BeV/c.
1 would like to discuss primarily the v~ data; however, some reference to the K~ daia
{8 necessary for aake.lof consistency. The topics I will cover are {a)the T = 2 Ew
system, (b) the Yl*(1660 MeV) resonance, aﬁd (é) the 725-MeV Kn resonance or -
"kappa meson,' The people involved inthe Berkeley experiments are (r~) G. Alex-
ander, O, Dahl, L. Jacobs, G. Kalbfleisch, D, Miller, J. Schwartz, and G. Smith,
and (K~) M. Alston, G. Kalbfleisch, and S. Wojcicki, | |

' Figure 1 is related to a discussion of the T = 2 Zw systém. In this experiment
{n addition to the hydroge_:n film about 30,000 pictures of m in deuterium at 2,26 B!eV/c
were taken and have been analyzed for the reaction = n - Z"w'K+. The obvious intent
here was to look at the = n" aystem, which i8 in a pure T = 2 state, In the top portion
of Fig. 1 we have plotted the square of the invariant xnas§ for all outgoing particies o
(excluding the proton). This is a check to see if the reaction .with‘the deuteron was an
impulse type of coliision in which the protoxi is a’vspectator. There i8 some smejar
due to the motion of the deuteron plus the intrinsic beam resolution, which was aibout
#(2 to 3)%. However, it appearé to be baaicaliy an impulse type of collision, In the
middle portion of Fig, 1 we have plotted the Kl+1r‘ mass-squﬁred distribution, bne can
- see that in the region thch co-rre.sponds to a mass of 885 MeV there is a very strong

K" production. In the bottom portion of Fig. 1 appears the £ n~ mass-squared
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distribution. The curve reflects the effect of the K" plus nonresonant phaée ,a-pace.'
Although the statistics are somewhat re'é_trictive,‘ there is no evidence for any nigni;ﬁ-u
cant deviation from background in the T = 2 Zw system,

Table I lists the channels wé have been studying in ﬂ'b collisions, I have
listed only the two and three-~body final statés plus cross sections which are tentative
in that corrections for only neutral decay loss have been applied where required, I
would now.iike to discuss the Yl*(1669 MeV),resonaan, Figure 2 shows a plot of
the neutral 7 mass-squared distribution. One clearly sees in K% the effects
of the 1_405- and 1520'_-Mev resonances and, in addition, the Y]* resonance at 1660
MeV, The 1660-MeV res'onance was first suggested in the data of Alexander et al, 1
and later given a positi”e definition by Alvarez et al, 2 In the E’K"n"" data we see the
1405~ and 1520-MeV resonances, but no apparent enhancernent in the 1660-MeV region.
Based on charge independence, the amphtudes for the Z‘, * and T n' modes of the
decay of the 1660-MeV resonances sh ould be equ,al However, an examination of the
Dalitz plots (Zm vs Kr) for these reactions is very informative, In the 'K n |
reaction the K n~ system is pure T = 3/2, thereby eliminating the possibility of inter-
ference with any known K res_Oné.nces, - The Dalitz plot for = K’ w+ indicates a very
strong K*(SSS-MeV) band \»;vhic’h almost completely dominates the 1660-MeV region,
suggesting.possible interf'érences ?.nd thereby offé:ring an explanation for the absence
of this resoha.nce on the projection,”

Figure 3 shows the Aw system and the negatxvely charged Zw systern; the
latter includes only the isospin T = 1 and 2 states., In the A'rr systc,m {pure T = 1),
one sees the Y (1385 MeV) resonances produced very copiously plus the Y (1660
MeV) resonance, thus confirming the T = | assignment for the latter. The T "n°
system clearly shows the 1660 MeV resonance; the 1385-MeV regmn has been
indicated, since there is still some speculation as to how much it decays into the
Iw mode. There is essentially no evidence for exther the 1385- or 1660-MeV
iesonanées in 2%, Again, the &~ w0 and %2 amplitudes for Yl (1660 MeV) decay
should be the same based on charge independence'. An examination of the Dalitz plot

- . ) *
for =°K'r" indicates a strong K*(BSS MeV) production. However, outside the K
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band there is evidence for the 1660-MeV resbna:;xce. Also, there is-a suggestion of
the 1385-MeV resonance; however, it should be pointed out that this. ﬁarticulat ‘.rea'c_t.ion.
is somewhat kinematically ambiguous with A°K+1r'. We have a confidem‘:e'of ab_oﬁt
90%in our separation; but since the 1385-MeV resonance is so si:"'rong_in the A° events,
it is difﬁcult to add any signiﬁcant_information' to that aspect of the Yr(l 385 MeV}) "
decay. Since the strangeness of the 1660-MeV resonance is minus one, and the baryon
number plus one, we would expect it to decay into the ’RN mode,

In Fig. 4 we have plotted the two reactions which involve a kaon and nucleon
in the final state, X°®’n and K%K p. Since the K? and K? are indiatiﬁguishablg, _th'e:je
are two points plotted for each event. In the Kp data we see the lSZO-MeV resonance
plus an enhancement in the 1660-MeV region, whereas in the R’n data the 1660-MeV
resonance ai)pears to be shifted to a slightly lower mass. Some time ago it was
reported by this group (v ) that there is a rather large enhancement at low K°R? mass
{~ 1020 MeV). We interpreted this as a final-state S-wave scattering of the KR |
éystem.3 We are looking at K1° pairs only and an argument based on CP invariance
leads to the fact that only even Angular -momentum states of the KK system _aré involved,
A comparison with K 'K° which is pure T = 1, lead us to believe thgt itisa T=0"
effect. The quantum numbers would then be 0°*, Nevertheless, such a strong effect
in the final state again could modify the presence of the 1660-MeV resonance in thev
K%n mode. It is energetically possible for the 1660-MeV reaonaﬁce'to deéay into
A2m and Z2w, An examination of the ma.ss plots for these triplets made in four-body
| final states indicates enhancements in the region of 1660 MeV in both cases (several
Taw | modes ax\'é missing because .they are underconstrained.i‘n kinematic fitting).

We may summarize the branching ratips for all Yl* decays (neutral and
negative charge) by expressing the ratios Am Zm A2m T2m RN = 7:6:1: (un.d‘ete'r_-
mined) : >3x1,5 in the v p experiment, Theae are to be compared with the results of
Alvarez et al. in the .K'p experiment which are 7:6:4:4: < 1. There are perhaps two
incbnai_etencies between the experiments: (a) the A27 mode and (b) the KN mode.

We cannot take the former too sericusly, because our statistics in the 7 p experiment
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are very poor in the A2w channel. 'i‘he only signiﬁcant difference lies in the RN
channel, which was essentially unobserved in thenK'p experiment. However, this 1s |
probably not too surprising, since we are obaervhig a ies_onant ataté'with an 'ez.':t.ra |
particle in the final state in both experiments. The resonance i; wide-- ~ 40 MeV-.
giving a ehort-liv‘ed particle, and in tBe final state there may be interactions with the
' other ""gpectator' particle. | |
Lastly. I would like to comment that the recent work of Bastien and Berge at

Berkeley rela.ting to the direct production of the resonances in K p interactions at
760 MeV/c has indicated that the spin definitely {8 greater than 1/2, It is most likely
3/2, but S/Zlhae not been ruled out, According to the hypothesis of ap’in-—ﬁ/z, their |
data suggest tha.t the BN mode could be a‘.sAlarge as 50% of all the channels involved,

It is clear that an e:?.pe'rirhent should be done to observe the resonance production in

K p interactions in the region 710 to 720 MeV/c. Such an experinﬁent could meaaufo
the correct branching ratios and presumably even the spin and parity of thé state,

I would now like to discuss the 725-MeV Kr resonance. Last summer at the

CERN conferenlce we (") presented evidence for such a resonance and have sinéq-
added é.bout 70% more data to the analysis. 1 Figure 5 shows the Kv mass spectrum
for the Z-K°W+ and E'K+w° reactions combined. We see clearly the K*(8_85 MeV).. plus
a large enhé.ncement with mass centered at ~721 MeV. The r»esolution of the ay#tem
is 24 MeV. Wheﬁe one would expect to see about 38 events, one actually observes 6§;
a Monté Carlo type of aixalyeia indicates that the effect is at least three standard .
deviations, Note thé.t this is at 1,90 and 2,05 BeV/c only, In Fig. 6 we have the ;
A°K°+w°f‘ aixd Z+K°w'v events plotted separately at and above 1,90 BeV/c. The data
are qualitativeiy similar in this momentum range and thus have been combined for inf
creased statistical significance, The = K%r" events show no effect, either at 885 Me‘Vh
or 725 MeV, and since the K%n~ system is pure T = 3/2, this leads us to believe that
the 725-MeV isotopic spin is 1/2. There is a very weak effect in the A‘o eventa at
slightly higher mass, but it is hardly significant enough to discuss any further. A plot
of the £~ events above 2,05 BeV/c indicates little if no effect in the region of 725 MeV,
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In f‘tg. 7 we have broken down the 3~ éventa into the Z"K°=" and = "K' »° chaﬁnels. _
Charge independence would require a K"/KJr branching ratio of 2/1 for isotopic spin
T =1/2, and 1/2 for T = .3/2. Since the isotopic spin of the K*.(BBS MeV) is known to
be T = 1/2, we may use thig resonance as a test ‘ot' our abﬂity to uﬁe the f)ranching-ratio
argument for an isotopic -'spin detgrmination of the 725-MeV r‘esonance. We clearly
see e‘ffecta of interference in both the width and shape of the K* in these two channelsﬁ
thivs, plus the .subjéctivity required in estimating the background curves, leads us to-
believe thét such arguments lead to inconclua‘viw';e results on the isotopic spin of the
725-MeV resonance. Assuming that the 725-MeV effect is a resonance, we may in-
quire about its spin p?operties. Figure 8 shows the breakup of the Kw aystem in itse
own rest frame with respect to its line of flight in the production center of mass at
1.90 and 2.05 BeV/c. On the left side of the figure we see the = K%' events and o:‘n'
the right the Z'K+rr° events, e have defined two control regione-, one immediately'
below 725 M.eV and one immediately above it. The anisotropies in the Z°K’« data
can be understood in terms of reflections of the étrong Y* resonances on this angular
distribution, However, in the.Z'i‘K+w° channel there are no kﬂown strong feaona-nces
| inthe T = ] or 2 ¥.n system (we are below threshold for 1660-MeV production). In the
control regions, the data are consistent with isotropy, whereas in the 7235-'Mev region,
isotropy fits the data with.‘o'r’ﬂy 1% confidence, A sinaﬁ curve gives a 5.% probability
for a fit; we dorlt mean to suggest that thie is a vector meson by such arguments, but
rathe;"want to emphasize that isotropy is not a particularly good fit to the data,

I would nov;'. like to lreport on the work of Wojcicki, Alston, and Kalbfleisch
(X7) in the K-p experim‘eni. Figures 9 and 10 summarize thgir afforte in the re-
_action K p- R’r"p. Figure 9 shows the complete B 7~ mass spectrum at incident
momenta of 1.0 to 1,7 BeV/c. One sees a very striking K*(885 MeV) resonance, and:
the only statistically significant enhancement aside from the 885-MeV resonaﬂce is
found in the ;IZS;bfi‘eV mass region, To put the effect into the right perspective, we
' shc;w in Fig. 10 a portion of the same data in the lowver mass region. In the interval

from 720 to 725 MeV there is an effect of approximately four standard deviations,
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| The resolution in thi-é system is 6 MeV. A plot of the 5§.me data in éma.llér intf:rvalﬁ
indicates that the width of the resanance could be as much as iZ MeV. |

To summarize the 725-MeV resonance, in two independent experiments wé have
observed significant effects at this mass in the Kr system, thereby obtaining very |
stiong evidence for its existence as a resqnaﬁt state, Because of the better resolution
in the K p experiment, an upper limit of 12 MeV is placed on the width of the resonance,
The vvres\_xlts of the 7 p éxperiment—indicﬁte that the isotopic spin is 1/2, There is né
clear evidence for a spin assignment, a.lthough_ the 1r_'p experiment very weékly suggests

- J>0, No decays of the type «—~ Ky_' or Kmy have been observed,
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. DISCUSSION | |

S. Goldhaber: In the Dalitz plot for 3 "Kon' do you have an intérference-reglon

‘ T *
between the K (725 MeV) resonance and the ¥ ?

Smita: When one iooks at the Dalitz plot in the region of the 1405- and lSZO-MeV‘. ”
resonances, the.re indeed appears to be a sharp increase in density, particularly in
the 725-MeV K regio‘n,' One might argue that this is evidence for a finite wic'ith to
the 725-MeV resonance, since the effect could arise from interferences with vth‘e
Y*'s. I would liké to comment that we are currently running at the Beva';érén,in this

region and hopefully increased statistics will help to clarify thie point,

E, Fowler: I'm encouraged to ask a similar question about the T = 2 En system,
Do you have enough events that you could see any effect in the Dalitz plot if you looked

outside the K* band.

Smith: As far as I can tell, there's nothing outside the K* band to indicate an inter-

action,
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Table 1. Strange-particle events in " P collisions at 1.5 to 2.4 BeV/c -
(3 body final state)

: " ! o : s - ..:ww _
Final state Total No, events Cross sections fub)
{observed) {corrected)

1.69 BeV/c 2.05 BeV/c 2.36 BeV/c

A’K?® ” 2110 , 170 £30 150 30 110 £20
oK 555 | 96 + 12 90 12 90 * 12
S 1376 - 130 + 20 63 8 3725
Ak 1009 699 140 + 20 100 £ 10
AKOO 403 7718 120 £20 120 £20 .
20K*e - 530 | 10 43 48 49 ';  56 + 8
£’K%°2® = not analyzed
K 575 174 - 4548 3745
£KOwt 1257 365 85 £ 10 95 14
.ﬁfx‘%" o 425 15 +4 25 £5 3745
KK °n | ) 10 29:11 6518 99 + 18
K'Kp ' 137 321 3049 | 30 £3

Total 8478
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FIGURE LEGENDS
I'. (a) Squa.'rev of the invariant mass of all outgoing particles (exéluding the
spectator) for the reaction 7 n - 2°-v'K+ at 2<.26 BeV/c;
.'(b) square of the K+v- invarié.nt mass; ' |

a.nd (c) square of the = n" mvariant mass,

, 2, The Tw mass- squared dxstributions at incident momenta of 2,17, 2, 25, and

2.36 BeV/c for the reactions £ K%r” and £ K’x".
3. Avrand Zw méss-squared distributions at incident momenta of 2,17, 2.25,

and 2.36 BeV/c for the reactions A°K®'n? 2"K'#?, and £°k*s",

4, The KN mass-squared distributibns at incident momenta of 2, 17, 2.25,

and 2,36 BeV/c for the reactions K°R’n and K°.K"p.

5. The Kw mass;squafed distribution for all_. s events (1':"'1{"’-"+ and Z,-wao)
at 1.90 and 2.05 BeV/c | '

6. The KT mass- squared diatributions for = K " and A’K*Tn" at incident
momenta of 1. 90 to 2.36 BeV/c

7. The Kw mass-squared dxstributions for Z'K'n® and 2'3 K"'rr at 1,90 and

- 2.05 BeV/c.

. 8. Decay of the Kv system with respect to its direction of flight in. the

production center of mass as seen in the Kr rest frame for =" events at 1,90
and 2,05 BeV/c, |

9. The Kn mass distribution in the reaction K p- K'pn” at incident momenta

| oflOtol?BeV/c

Fig. 10. The Kv mass distribution in K'p = K’ p 7~ in the 600-to- 850 MeV mass

interval,
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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