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In a study of multipion final states produced by‘ 1.23-Bev/c n" inter- ‘
actions in deuterium, Pevsner et al. have reported that, in addition to a‘
peaking in the mass distribution for neutral three-~pion eystems at M = 764 Mev
observed pre’vious}y in antiproton annmilations‘. a marked peaking occurs at
M = 546 Mevr with é full width at half-maximum I’ < ZSAMev. 1 This latter
peaking has been interpreted by them as evidence for the decay. via strong
.interactions. of an unstable particle. the n meson, into a three-pdon state
whose isotopic spin, angular momenmm, and parity remain undeterminadz

- ; The threshold for 7 production by K  mesons on protons

\:3 ‘,..x : . 0
S K +peA+n (-

is at a K  momentum of 725 Mev/c. Reaction (1) with subsequent three-pion
decay of 'n,O via the charged mode, nghé‘i produces the ﬁnal state

K +p=sA+nts0” 400, (2)
while a neutral decsy 11,: e“ti'?' yields

K +p - A +neutrals. {3)
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We have observed ai total of 606 events of the topology of types (2)
and (3) produced by 760 and 850 B&ev/e K mesonl‘l in the Lawrence Radiation
Laboratory 15-in. hydrogen bubble chamber. On the basis of the mass
distributions shown in Figs. 1 and 2, we conclude that r.;o production ts.
involved in both réactioﬁe' (2) and (3). As indicated in the s\'mxmary.given
in Table I we find the croes section for no production at 760 'Mév/ ¢ to be
(0.6320,11) mb, and yet, disconcertingly, at 850 Mev]c i 4 (no) appears

to be £ 0.04 mb. The braaching ratio nch/ at 760 Mev/c is 0.3120.11.

Teut

‘Figure 1 and Fig. 2 (bottom) are histograms of the mase of the neutrals
in reaction (3). Figure 2 (top) shows a histogram of the effective mass M 3
of the three pions in reaction (2). Using the errors calculated by the fitting
program KICK, we have obtained the resolution of our system from a
reaclutiém iuncﬁan generated in a manner described in detail by Maglié' et al. 2
We have further calibrated our errors by using the reacﬁon
| K+p- B+ n | (4)
to calculate the mass of the neutron and its error. The ‘f;.eutral values were
obtained by plotting Gausaian ideegramc.' The results are summarized in

our experimental

Table II. Considering the uncertainties in m widths of GoF mtogeRmm, W
estimate an upper limit of I" = 7 Mev on the width.

It is of interest to determine the extent to which our data may be used
to constrain the aasigziment of pagsible spin-parity states to tﬁe n. We

assume that the n has I = 03

and consider two cases, :charge conjugation

C =-1 and +1. Since the G parity of 2 neutral meson obeys the rule

G= C(-l)x. then for I = 0, we have G = C, For G = C = -], decay into
w+w'w° represents an allowed transition. Ho&ever. the complete spatial
antisymmetry of the I = 0 three-pion state (a) forbids decay into wgwowo
and (b) ensures six-fold symmetry for the density of points on a Dalitz plot.

Though this latter condition is not well-satisfied by our data (see Fig. 3),
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we may tentatively assume that the deviations represent a statiatical
fluctuation, and examine the 'ccmeistency of the data with the simplest spin-
parity, G parity assignments for the three-pion system: 0°", 177, 1t
The general behavior of these spatial states has been discussed by
Magli¢ et al. 2 In particular, the matrix element for the 1”  state must
vanish at chef soundary of the Dalitz pioz.‘ while for the 0™~ and 17~ states,
its value must tend to zero in the center of the Dalitz plot. Though of limited
etatistical significance, our data do nat favor any of these hypotheses. 45

If C and G for the n are +1, decay into two or four pions might be
expected but haas not been abserved. Four-pion decays may be absent because
the Q value in that case is approximately zero. For J <1, there are four
spin-parity aasignments'- 0 . 07, 1* » 17, The first, 0+. would decay
strongly énng. the last three cannot. Decay into three pions may still occur,
but only via virtual electromagnetic e:.'ansit‘iono. which change G to -1 and
Ito l. 6

T (%% 0/t re0)< 3/2. The measured branching ratio ngfnch, 3

“With I = 1, dacay into vpu w {8 possible with the branching ratio

leads to the conclusion that radiative decays must be present. Since the decay
reactions are invariant under charge conjugation. the neutral decay mode
9 is forbidden +
n-—>y+anynumberof v /while n= w +v +y andn-y+y (the latter only
for 07) are allowed. We have systematically examined all events leading
to A v w in the final state for consistency with the hyﬁoﬁh'eaio K tpeAtn
followed by n~ ot + et Yo with a negative result. We conclude that
I‘(ﬁ v y)/I‘(tr v ) <1/20 and. lfthe nis 0 . P(ﬂ @ y)/!“(w) < l/lO.
It is unexpected, but not impossible, that thes*e two radiative modes are as
+he G-forbidden :

slow as O 3« mode,

‘I‘able 11 liste the ﬂmpleat forms oi' the matrix elements for the

three cases under conslderation. The simplest natriz element for the case

0™" 1s a constant. We see from Fig. 3 that the Dalitz plot is not uniform,



but rather favors lew-energy T However this result could still be

L0
consistent with a 0 meson. 'l‘hat is, the population of the Dalite plot in

the almplest case of a forbidden three-pion decay could be nonuniform for
various reasons; for example, as a result of strong final-state interactions

or because of the effects of electromagnetic interactions in the decay process
iteelf (for example, if the three pions are formed between the ouﬁgsion and
absorption of the virtual photon, then the reabsérpzion of the photon would
distinguish betweeﬁ charged and neutral pions). '

The simpl‘eat matrix element for the case 1t requires tbat the population
of the Dalits plat tend to gzero a!mxg the T ) axis and the boundary., Similarly,
for the case 1°* one would omct a vanioh&ng population at 'i‘ <0 = 0. Again
with limited statistical aigniﬂcance. the Dalitz plot in Fig. 3 does not favor
either of these possibilities. &

We conclude that our results are most consistent with the quantum
numbera 0" * for the n (these are the same a9 the qmmm numbers of the
X meson introduced in the "eight-fold way" of Gell-Mann). Statistical
limitations and‘baekgrsmd do not permit us to rule out the case 1~ with
certainty.

We wish to acknowledge the help of Professors L. W. Alvares,

M. Gell-Mann, and M. L. Stevenson, Dr. R. W. Huff, and Mr. J. Kiéa.
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- The authors of reference 1 inform us that, within their equally limited

statistics, their Dalitz plot is consistent with 1",

¥nis 1 " (like w) then the following co:ipdricon suggests that its width
should indeed be much less than our 7-Mev upper limit, It ie known that
I, <24 Mev, andT = |E, P, P,|2Q? (the matrix clement M is

proportional to E l(ﬁzxﬁs) and the area of the Dalits plot varies as

Q.z a (mu - msﬁ)z ) which drops by a factor of ~ 100 when we substitute
m, = 550 Mev instead of m_ = 780 Mev. Thus we expect a partial width
I' <0.24 Mev, Presumably the dominant decay rate is T (n - no + v
which hag been estimated at 0.03 Mev [see J. J. Sakurai, Phys. Rev.

. Letters 1, 385 (1961)] in which cage I‘(nch) is about 0.01 Mev,
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8.
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The 3w final state must have G = -1, but C must stili be +1. By ‘
the rule G= C(-l) for neutral particles, I must then have cha.nged
to an odd number. We assume emission and abgorption of a atngle

' photon (Al £ 1 for each ,process). 8o I = 0 can lead only to I=1,
~ This analysis is equivalent to-'thé‘tﬁ?of H. P. Duerr and W, Héieenberg

{The Quanzum Numbers of the £2 Meson, " mmbliahed work) ‘
Max-»Pla.nck-Iuetitw fur Phyaik und Astrephysik, Munchen. Germany.
M. Gell-Maan (California lnstittne of ‘rechnology. Panadena. private

communication) has estimated P(yv)/l"(@;hr v)= ﬁ not ter doms. ot

mw& \hconsistent with oov— data

Anotheér argument against 1"% ana 1™t {8 that they have no way to

‘decay copiouely into neutrals. F(vo 0 0}/17‘(1: v )rmut be << l.
and& y+v o ¥4t mro. and y+ y am ali forbidden.

M. Geu-Mam. California Institute of 'rechnology 8c£entiﬂc Labaratory
B.eport CT-81.-20, (unpublished)
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T_able Preduqtioa of v mesons and haCkground a

760 Mev/e 850 Mev/c
¢(mb) ' kvente ' o(-mb')v ' Events
a{Atneutrals) 6,020, 4 408 . 4.120.4 148
a{n°neut)  0.4820.10 33 - <0.0240, 02 <
otar v 2%) 0.20£0.05 27 0.1520,05 23
o(nch) 0.1520,05 20 © <0,0240.02 = <3
Elc. m,)-{m AFm) 20 Mev? 63 Mev

a. The plath lengthe scanned for r-eacﬁians (z') and {3) weré in the r&ti-o
b, This row is the Q value for A+ n production

| Table I, Calculations of masses and widths

Central value

r - ) S
resolution histogram of ideogram
{Mev) ___AMev)  (Mev)
e s - j . e
M peut in regctian (4) 14 12 B $5041,.5
O,y inreaction(’) .1z 12  54882.0

Neutzron in K~ +p-K°*n 29 22, 941%1.0
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~ Table IIL The G-»iorbidden 3w decays

Dominant
, B . ‘ o radiative =
- Maeson l,L. Simpleat matrix element . = Vanishes at  decay modes
) ot 0,0 . aeP '_nowhaéta 2 w+u‘v
At e 7 a7 T a0 w'wTy
- ' - e - iy . w . ¢ -
1 2,2 alp x;q)-(p°§) g Tgaxisand wowy
. . : : . ' ® bo i ry

a. “The matrix element is analyzed in terms ofa w’ﬂr' pair and a .
The n'e” pair is assigned momentun 3 and angular'momemurh L.
The flémaining no is described in the 3uw rest ﬁame by momentum
' p and angulsr momentum T. o
b. The factor o (fine-structure canstant) appears ei.nce G-forbidden
tra.naitions require that the decay proceed via electromagnetic

imeraction. ‘




FIGURE LEGENDS

Fig. 1. ‘Miséingi-nmsa gp@ctrum for 408 eventscorresponding to reaction (3).
The peak to the left corresponds to the final state Atro. Mostf of the
eve#tato the right of the wa peak and below a mass of 434 Mev correa-

0

pond.qto %" production where £%+ A ;t*i\v-.' In the peak to the right

33 events have been attxibuted to n'o (qee Fig. 2, bottom), ‘I‘he other
posaible final states are £%:00%, Ar®y0, and AvOrOr’. The dashed
curve repxeuuts the phase epace allowable by chuge independence |
£or A«&m. (:1f we assume that all our. Aﬂ‘ " so are background events
(i.a. s 010 M production) then charge iadependme requires

alae’ e s )/G(Avro 0 0) > 2/3.) Phase space for Anewg starts at 2.w°.

. and phase space fox znouo at 285 Mev, It should be noted that the
maximum cross eection for ﬁiﬁp«no is abeui ?. 35 mb,i.’e.., “we khow that
the ratio ok p *A'aaw')/a(fi.ep-— Ae's") = 1.4 from K" in deuterium
at 760 Mev/c (Prowse et-al., UCLA, ‘private communication). We
know further that a’ﬁk'p -An'g’) = 2;9 énb from K~ in hydrogen at
760 Mev/c. Using these facts and charge mdependence. one gets a
maximum cross section for Aweuﬂ of about 0, 35 mb.

g, Z {(Top) The M specttum from macﬁan(Z). The solid curve is
Lorentz-invariant phaae space normalized to the 27 Av' " wo events,
Such a curve predicts 14 events below 530 Mev which are not there.
Consequently another dashed curve has been drawn normalized to the‘
four events to the left of 530 Mev. This implies that there atre three
background events above 530 Mev, It chould be remarked further

that the cross secﬁon for K'n = A r'# w0at 760 Mev/c is about

zero ED Prowsel) U C L. A.. private communication], meaning that
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the A 3w chamnel.aeema tobel=0at that momentum. .Therefore there
should not be aay K™ p = Yo oao final gtate present at 76() Mev/c. (Bottom)
The high-energy part of Fig. L. The fact that the width of the resolution
function is larger than the histogram wiéth can be attributed to a statietical
fluctuation or a slight misagsignment of our errors.. .
'Fig. 3. Normalized Dalita plot for 23 of the 27 eveats of th. 2 (top). The
four events with M, < 530 Mev were interpreted as background and excluded.
) As shown in Fig. 2 {top), thréé 4or four of the remaining events are proﬁably
alse ba-ckground. Charge-conjugation invariance allows us to fold the plot
about t.he T o axis. For G = «1, the plet can be folded again about the

T (BYand ()

T, and T . Bxes., No conti'ek-region plot is presented. gince we have .
w W

only four events clearly outside the "gh peak.



K +P=—«~A+ neufmls (408 evenfs)'
38 evenfs in ul peok
L 048...10 mb

e
4
a4
H
§
Iy
A4
Y

Prneut”™

.l

QAO%i

Lttt et sttt R SR

30

lof

_‘Ev.eh'if‘s" per20~Mev 'infferVavl'

= ““rJ'V':l"“| :"/'f%| ﬁ¢D
0. "-‘;’;‘OO 20‘04 300\ 1400 500 600




KiP=>Aem*emew® (27 events)
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