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There is some experimental evidence fora n v resonance, 0, of mass

about 400 MeV. 1,2 A model for K and n - 37 decay, in which these decays - |

' .go via an 1ntermed1ate 0 + 7 state, has been proposed by Brown and Smger3
(see Fig. 1a).  This model allows a calculation of the pxon spectra in K, n
de‘cay as a function of the resonance parameters mg, T'O,. A recent study of

97 n— 'n+1f n0 decays showed that the m° spectrum in these events was con-

sistent with the model for my = 381 % 5 MeV and T, = 48 % 8 MeV,* a

g nd

this observation has been considered additional evidence for the existence of

‘the. O resonance. 2,5

We have studied the kinetic-energy spectrum of the at

meson in T' decay

from 10 MeV to the maximum value of 53 MeV., The energy of the charged |

.sec0ndary was measured in .3400 exe,mples of 7' decay at rest. The wt |
energy distribution in a bias~free sample of 1792 of these decays is shown

.in Fig. 2.

| The best agreement between thxs spectrum and the predxctxons of the

| v.Brwkon and Singer model is achleved for m, = 337 = 4 MeV and l" =87+ 9 MeV;
the corresponding )(v2 value is 5 .9 compared to the e‘ipected value of 6. The

vvprobabillty that our data eould be fitted by m, 2'381. and % = 48 MeV is less

than 0.1%. It is evident that the Brown and Singer model is not simultaneously

compatible with the experimental observations on T' and 7 decay, and that
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this.model carinot be used to determine resona:nee parameters. The probability .

that our spectrum could be fitted to the model usmg the resonance parameters

.given in references { and 2 is less than 0.5%.

*®

ComEariSOn with 7, KZ’ and n Decay |

In the M = 3w decay (M is K or n), the final state is described by two

- independent variables. One possible combination is the Dalitz ;Fabri variables .

x= '\/—(T - Tz)/Q and 'y = (3'1‘ - Q)/Q, where T is the plon kxnetxc energy.

and particle 3 is either the unlike pionin 7, 7' decay or the neutral pion in

z,q» nte” 'n° decay Altcrnatwely. one may use the Mandlestam variables

and (s" - sé). with s,

(= (kM - q.) , where kM‘ CH is the 4-@ementa of the

83
decaying particle and pions, respectively, and i = 1, 2 or 3.
‘, For decays su.h as K,ﬁ"’ 3nm, where Q is smdller than the particle '
masses, ‘the decay amplitude A can be approxlmated by the first few terms

6,7

of a power series in 8 - An expansion about the symmetry point s‘o =

ts,t 53)/3 gives | |
o~ - 2 L I .. |
A=C[1+ a.(s3-rso) + O(si) +- ].
When the expansion is made in the variables x and Y, ‘the terms up to first '
® mass differ-
ence is neglected.

' Wemberg has shown that if the three pions in T and 7! decay are in a

_pure isospin state I =1, then t_he coefficients of the linear terms in the

, expa.neion of A are in the ratio -2/1 for T'and 7'._‘6" .Deviations from the

ratio -2 are expected because of the inexactness of isotopic spin invariance

in the two decays. In fact. the expenmental v‘.lue of the ratio depends upon

the choice of variables. Thus, ' 7,.'/a =B, /ﬁ Q /Q

A
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.The nt 8pectrﬁm 'ir{.Fla.‘ 2 is consistent with a ]_.i.near matrix element
~ with Gt = 0.24#0.02 for 8y in units ofi (m;‘r)z. ' The corresponding 'xz is
6.7, compared to an expeéted value of 6. Smdieé of 1% decay show that it

is also well described by a linear matrix element. 8" % We find DU

a'./a. | = -2.3%0.4 . |

The w° spectrum in 83 K%- wta no decays is consistent with a linear "

| matrix element. 10 One consequence of the Al=1/2 rule is tha.t the n°.
spectrum in K; -'-.ﬂ+1r_-‘n°, decay should be ide‘rxlti;ial witﬁ thg 'rr+ ”s;pecitrum in
7' decay, 1 and 'this implies.thét au,r./aKg = 1_.' We find - ..
o.,r'/aKo =1.4 = 0_.3.
- These observatlons on 7, 7', and K decay are thus consistent Wlth the
Al = 1/2 rule but do not exclude violation of the rule.
The pxon pole model of n— 3'n and K - 3w decay (Flg 1b) postulates
‘that these decays proceed via an intermediate one-pion state. 12 -Barton and
. RoL&:en have shown that, for this decay r_nechavniﬂsm. ‘the coefficient a is the
s'amle iﬁ 7' and 7 rdeca.y. 13_ ‘I‘his .deduction":depends upon the assumption .
" that as mM varies from the K to the N mass, the change in structure of

the three-pion amplitude can be neglected A companson of the n? spectrum

- in m decay with our 7' spectrum glves
aifa, = 0.780.12,

" invagreement with reference 13. However, it has been shown that these

spectra would also be 'identica.l in the event that both decays lead to a totally
| 14,15 -

symmetric I =1 state with subsequent T-m interaction.
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Experimental Details

The IK+>'-mesons were brought to ,rést in the Berkeley 30-inch hei;wy- |
liquid bubble c':hamb_e.r.fvi.lled with freofx C3F8."‘ The';r" décay mode was |
ident‘;iﬁe‘d by the decay nt - Q+ + v. of the. chargéd;-pion_ éecondary after it

' had come to rest; the range of the p meson from © ‘d‘e‘c"ay at 'r‘est' is 1.44vr.nm.‘in. '
'freor.x. The nt energy was determine.d by a range measuremeﬁt in all .
eveﬁts. o

'It was essential that the scanning efficiency for ' deca.y be inciependent
of the range of thev.. :n* meson. -For this reason the final spectrum was
restricted to the 1792 _décays in which the angle between th'e wt meson and
the film plane was . $l45 deg. This insured that the projected range in the
film piar}e of all events in the spectrum exceeded 5 mm. A rescan of 55%
of the data confirmed that' scanning efficiency was constaﬁt across the
spectrﬁm. .4 |

The spectr’unﬁ shown in Fig. 2. has Been qor;ected f:or the following -

effects: ’
‘a. ,Contamination by T' decays in ﬂighf in the I<.'+mesbh momentum
interval 0 to 200 MeV/c. Above 200 MeV/c, K' decays in freon can be
identified by ionization of the primary track. |

b. Contaminatioﬁvby Kp3 decays in whilch the u meson‘scatte'vred» # ‘few
millimeté‘rs before stopping, thus simulating a 7 = u + v decay.

c. _Loss of events due to the wt interacting, decaying in flight, or ._ .
going out through the 'ﬁhagnber walls. - | |

The_éérrectionéva‘.relisted in Table 1. . i‘hey are .ve_‘ry small and,léé.vé o

the éxperirn‘entai, values almost unchanged.  Full details concerning the

- estimation of these corrections will be provided in a later report.
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- ) 1n vconclusir.on.fyoit;’r fééuits a.re cons_is_fent With the AI= 1/2 v‘rul.e,' thé
- ,Iiheﬁr;xmtrik-eleHiént 'a’pproximav..tion'.’: and the piéxi pole ingdel"ior K,'q - 3
_‘ c_ie.caysv. However, t.he.y'raivse- doubts c_on_cei‘ning the vaiidity of the Brown
vand‘Sing.'er mbdel _6! T, ’T", and .q decay. . | | | |

-

'Th,e authors wiéh to thank the bubble chamber crew under the direction o

- of Larry O. Oswald, and the staff of the Be\;atron, We are indebted to
Dr. W. F. Fry and to Dr. C. Zemach for helpful discussions and to

. Dr. R, W. Birge and Dr. R. P. Ely for their work on the K+ beam.
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Table 1.. Corrections to the 7' spectrurh.";.

.Energy . Observed Corrections Corrected
interval D - ) T T et D «

o (MeV) - ecays. a b e T ecay:s>_
10415 217 .47 .03 00 - 272
15-20 270 -5.1 .4 19 | 265.4
20-25 287 .54 1.4 4.0 284.5
25-30 C262° .48 0 14 6.3 2624
30-35. - 241 44 4.4 - 8.0 . 243.2
35-40 200 -3.9 1.5 9.0  203.6
40-45 ; 129 -3.4 - . -5 1.6 1347
*45-50 | - 96 2.9 . -7 1.1 99.1

50-53 30 1.5 1.2 2.6 - 29.9
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FIGURE LEGENDS

v Fig 1. Feynman diagrams (a) for the decays K. - 1r+'n°1r . 'q-> -n'+'n -n-°, -

assuming domma.nce of a dipion intermediate state, and -

(b) for n and 7' decay, assummg a one-pion intermediate state.

.. Fig. 2. ~Histogram éf ot vkinétic energy ‘I‘3 between 10 and 53 MeV in
K - wta0nO decay. The smooth curves are the distributions .
expected for a constant decay amplitude, and a decay _amplit\ide :

having a linear dependence on T3. The curves are normalized to

_ the 10 to 53 MeV interval.
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