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'rr+-r 'n, and -r+1r Y- modes

and that 1t decays v:.a all neutral

In tne currcnt 72-1nch hydrorren bubble-chamber expenment the

. chamber ha.s been e*cposed to 2 45- 2 55- 2. 63- and Z 70- GeV/c K mesons

‘.,_from the Bevatron Anproxxmately 500 000. pxctures have been ta.ken to date. |

.

"AThe reactions of mterest in th1s papcr are '

: K p ->A+ n(w + ™ ) for na 1

—>A+n(1r,+'n' )+(1r ory)forn '1{

—>A+m(1r hits )+MM form O

.

: sclectce a. subset of the events from reacnons (1) -——(3) in whxch the ma.ss 3

_ the system recozlmg aaa.mst the A 1s in a w*de band a.bout: 959 MeV |

[0 80 M2 . :..04 (GeV) ], a.nd ﬁtted these events to the f:.na.l sta.tes A‘IT g »\I‘»

and An- ™ n [mcludmg the subsequent deca.y or tqe n for reactxon (") w:.th

n= 2] m addztzon to the usua.l hypothescs 1 We can separate out the An " y_.

.—..nd Aw 1r ‘n fma.l sta.tcs thhout a. momcntum-transfer selecnon in th:.s wa.y.

G -

o However, : £or the ana.lysis of the Da.litz plots, we use only those events w‘tn




Thc d‘ata for tne Tr+1f n dc.cay ot »h(. 999-MeV:me°on are shown m Flg

’ a '

ba.ckrrrouncx is lcss tha.n about 5 o The mr svbtems show ‘no apparcnt '

s

s‘tructure, ‘\vhereas tne -rr -rr systcm (Fw._ lb) 1nd1ca.tcs 2 po%:;ble 'oeakm.g‘
a.i'ound 350 McV We cons der thc n’-r sy°t(,m a.s a d1p1on a.nd a.n 'q, a.nd

deno e the anrrular momcntum o the d1p10n a.s 2 a.nd tha.t bctwccn the d1p1on

'a.nd the 'q as. L All J stu.Lcs cnceot 0 are allowcd “‘or J thc o

_ sxmplcst matrn. elements a.nd annula.r dcnendenc;cs of the deca.y are g:.ven m

‘._Ta.ble I 3 Tne a.ndula.r d1str1butlon of the dcca.y as v1ewed in thc chpmn rest

*framc 1s cssentmlly 1sotrop1c as 15 shown in Fig, 1c Th1s rulcs out J

.,.a.nd 2 for C= and O for C -1 Of thc remammg states shown m -‘5"5"

':i_lTa.blc I the JP 1,+ state for C 4 peal\s tne M2 ('rr ™ ) d1str1but10ns at

_ elther the low or the h1gh end Apa.rt from sma.ll peal;' around_350 MeV, the

"‘:,,da.ta. do not mchcate tha.t J 1 (s hkcly

We now- Lurn our attentzon to the ev:.dcnce for the 1r+1r Y decay moae.

~

':_The N (xr e y or 'n'+1r r ) d1str1butmn for all Arr ™ 'y or A'IT 'rr°1r events._

that do not fit - A'n' v -and’ (or) L°1r ™ “are snown m Fxg Zb These events f:.t.

'v-_both hynotneses. ‘ 'I'ne better fit is chosen as eo*‘rcct however The M.M2
;:chstnb\.t:.on (not shown) for these vents show two Just-resolvcd peaks at the '

'y and 7° masses. 'I‘hus we sce th t the M (w s y)pea.ks at a. mass of 959 MeV.

.'[o.éz (GcV) }‘.‘ whereas the M(ﬂ 'n' g ) does not In add:.tmn, we scarched fo“
~"'.:.gamrno.s which are'_"vis:.ble" due to pa:.r conversxon or Compton scattering m
: V,I‘Lhc l*quld hydrocen of the chamber | The sex “ch ha.s yzelded thus far four
;evcnta that: fzt the ;-co'lstra.lnt A'rr L4 y hynothes1s and do not f1t c1ther 5‘°~rrf1r

"or A-r 1:- 2 where the 1r decay yxelds a non/-..ro energy for tl*e second

.»"an'J.Slle" gamma. These four events all havc Mz(-n- -n- v) m the range

_o 88 to 0 94 (GeV) w1th two also havmg A A\VO._S__(GeV)_ .



BT, y are g1ven in Table II

. of the Dahtz plot’ as do the data 'However, the observed depopulated area at

o ~_absence of 3w decay (see Fig. Zb) implies tha.t the decay into n2.1r is not

o assignment of the quantum numbers TJ

C e umtary singlet as conJectured by Gell - Mann5 and Schwmger 6 or the -»

St .3- . UCRL-11431

5

The Dahtz plot of the X TI' y system is shown in" F1g Za The events

have 2 background of less than 30% (see Flg Zb) The data show a strlkmg

devlatlon from umformlty. The 51mp1e st matrix elements and angular

dependencies for electric (E D.) and magnetlc -dipole (M. D.) transitions into"

4 OnlY JPC o~t {ranishes all around the boundafY‘ / G .

._:'h1gh gamma energy requires 1n add1t1on a strong -rr+1r interaction, which can’
| -"vonly be the P for the (T!’ m ) masses ava1lab1e in’ the decay "Thus C = l—1
- 'appears to be ruled out by the -n m_y.Dalitz plot, With a strong P f1nal state i o
_ihteraction, vanishing of the density on the boundarles can be tested only along‘ .‘ o
" the n-iy axes. The observed density of points decreases along these axes,. |
We 'conclud‘e that JPC =0"" is consistent with the 'rr+'n'-y data; the 27F state is
hpossible, whereas :t++ and '1-+ appear to be ruled out. _
If we eonsider both 1r+1r-r| and _11'+1r-y decay modes, J?C:[ ():"'-*‘is

probable, although 2~ is possible for C=+4; C=-4 appears unlikely. For the";."'_‘f."

. m2m system, C=G=+{ implies T=0 or 2 for the final state of the decay. The

- electromagnetic. Thus the 959 -MeV meson decays strongly into wiw" mas o e

well as electromagnetically into v-,"-rr Y. Then the 959 -MeV meson has T= 0

. since T =2 is ruled out by the production re'actlon, The branching ratios _w111

. not-be discussed here due to lack of space, .However, they appear to be.rouvghl‘y'ril

PG _ -+

~ consistent with the theoretically expected rates for TJ =00

In summary, we conclude that the 959 - MeV meson.is consistent with the .‘-‘
PG- 00 +, a heavier eta-hke meson

It remains to be seen whether it is the ninth pseudoscalar meson, i, e. v :

T=0 member of a heavier pseudoscalar octet as congectured by Zemach 7
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L. Table'
: i Here we have’ p p + - p
: ' I is the unit dya.chc a.nd 6 is thc angle between the T a.nd
: S . the n in the dipion rest frame, ".('See" reference 3;)'

Matrix element




2 S e6= 0 UCRL~11431°

‘ Sxmplest matnx'clcments for decay mto the 'n'+1r y system )
Hcre we ha.ve p p 1+.i-"»p' ,"ki'.E;- a >< p k = (a X By )X p

: et VS D
p xk Koy and aM = p Xk M' a is a umt pseudovector along

the chrect:.on of thc magnctzc fxcld of thc photon, a.nd 0

'Mode. - Matrix elemeht L Angular-dependence'-‘j»

4 M.D. - pek sin®g

L S

1E,D e

i

. ,. 1+ cq'sz_e :

R éoslzev.,w

ot E.De Pkp tkgp -(2/3)Ip kg 6.+ sin"6

plﬁ\d+kh4p (2/3)Ip k

6.+ sin ZO i
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FOOTNOTES AND REFERENCES

* Work done under the auspicés of the U. S. Atomic Energy Commission.

-4,

C. Zemach has shown that the zé_roes on the Dalitz plot for higher J

G. R. Kalbfleisch, L. W. Alvarez, A, Barbaro-Galtieri, O. I. Dahl,
P. Eberhard, W. E. Humphrey, J. S. Lindsey, D. W. Merrill, _
J. J. Murray, A. Rittenberg, R. R. Ross, J. vButton-Shafer,

F. T Shively, D. M. Siegel, G. A, Smith, R. D. Tripp, Phys. Rev..

- Letters 12, 527 (41964).

M. Goldberg, M. Gundzik, S; I._Jichtman,. J.'_Leitn‘e‘¥, M. Primer,

P. L. Connolly, E. L. Hart, K, W. Lai, G, London, N, P, Samios, -
S. S. Yamamoto, Phy'rs. Rev.l‘.Ix_,etters E, 546 (1964).

values are vervy similar to those given in Table I when AJ is 2,4, "
[Phys. Rev. 133, B12041 (1964)]. |

We use here the sug‘ges‘vtion of H.-P, Duerr and W, Heisenberg' [Nuovo
Cimento 23, 807 ('1962)], according to which the matrix element for
an electric -dipole transition must contain the factor lf.E =2 X..Ey" and_.

that for a magnetic -dipole transition must contain If.l\/l = (a.x py)x py.

Here a is a unit pseudovector along the direction of the magnetic field

' of the photon, so that k.. is a vector and Kyg 2 pseudovector,

~E

M. . Gell -Mann has long conjectured the existence of a singlet 0o~*
meson, [Califorx;ié. Institute of Technology Synchrotron Laboratory

Internal Report No. CTSL-20, 1961 (unpublished); Phys. Rev, 125,

| 1067 (1962)].
J. Schwinger has proposed a 07 0 meson at a mass of ~ 1500 MeV

[Phys. Rev. Letters 12, 237 (1964)].
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7. c. Zefnach [Phys.r‘fRev.‘ 133, BiZOi‘-‘f(iViQ()é})] suggests that since t_hé
‘members of the TT»"'I» K octet may g_é_bound S-wave vs.ta.te‘s of
bé.ryon-antibaryon;v_tpairs, then.the bmdmg force is so strong there

- fi.j,. E - could Be one or m“c_;re higher enAergy. tbound S states, These;would
have the same una.i%'it_um nurﬁbei‘s as the "ground-state' 7, 7, ande,.

but would be hea.vit;lj“l". , v
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FIGURE LE GENbS :

. : Fig.'v'l.(a). Dalitz plot of those m m 7m events having 0. 90 3G (‘ﬂ’ T 'q) 0.94

2

(GeV) and AZ < 0.5 (CeV 2, whcrc M has been normalized to

p.AT
_ ’ o 0.92 (GeV)Z‘ for the .plot. Here e denotes m - -n-+'rr°11'- or 'rr+1r-\{»,w

while my denotes m — all neutrals. (b) Projection of the Dalitz plot on.

‘ "_‘chc Mz(w+w') axis. The solid curve represents phase space,

: " normalized to the total number of events. (c) Angular distributidn, in
the dipion rest frame for the same events, in the angle On'rr+ between'

o ‘the 7 vand the w'. The dashed lines represent.flat distributions. .

Flg Z(a) Dalitz plot of those atn” y events ha.v1no' 0.90 < M? ('n' ny) £0.94 .

2

(GeV) and. Ap A < 0.5 (GeV) , where MZ has been normalized to

5
t

" O.-92 '(GeV)Z for the plot. (b) The effective -ma.s.sA-_squared distributions

for the .« w7~ and -n-+-rr-y events, The two dashed straight lines are -
approximations to the background, while the dashed curve represents;

the resolution function for MZ(-n'+1r “v).
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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.








