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EVIDENCE THAT THE , MESON HAS I-SPIN ZERO! 

1). Duane Carmony. Arthur H. Rosenfeld. and Rerny T. Van de Wallet 

Lawrence Radiation Laboratory and Department of Physics 
University of California. Berkeley, California 

December 26. 1961 

Pevanea' et ó.1. have reported the existence of the t meson (mass 

550 Mev) produced by 143-ev/c positive pious on fleutron targets in 

.deutertuxn 1  

+ n (+p) '.ep(fp) +. TiO• 	 (1) 

The n then decays by its charged mode 

'7ch 	+ 	+ go 135 Mev. 	 (2) 

The v is also produced by2  

+ p A + 
	

(3) 

It is observed that the q has a width r < is Mev and a neutral 

decay mode, which in fact is the dominant branching fraction. That is, the 

charged branching fraction 	is lees than 1/3. where 

(O -ø wFwlrO)/(all modes). As discussed by Bastien et si. • this 

means that radiative modes must be present in 	decay. 2  From 

reaction (3). we see that v can have only I-spin 0 or 1. The purpose 

ofthie Letter isto rule out I = 1. 

Using the impulse approximation, the Huithen wave fianctionfor 

the deuteron. and the experimental. cross section for the sequence of 

reactions (1) and (2). Pevaner et al, calculated the cross section for the 

reaction 

iT+høp+ no
ch 	 (1') 
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They found c °)f0 es (150±30) 1jb. 	U we assume 	1/3. it follows 

that c(r' + u p+ 110 Is greater than 3(150 30)pb 360 

To rule out 1 1. we now postulate that i is an-I-spin triplet: 

. 4 nj. Then It must also be produced on proton targets by the 

reactions i + p p + n&
induced by pions of the same momentum. 4  and 

a t$áigle inequality requires 

I - + 1/2 r 	•' 1/2' 	1 i/z 	 1/20. + [(ni) j 
	

[zcn1  )J 	(2x360 b) 	. (4) 

The final state p + e will produce events with both two and four 

visible prongs. 4we ,j can decay Into thiee' charged particles (branching 

fraction f) or into one charged particle plus neutral. 

We have used data from two-prong events made by 1.25-3ev/c 

(5) 

and have looked for a peak near 550 Mev in the mass spectrtzn of 

+ neutrals). In studying the p meson, we previously obtained a sample 

of 3200 mainly inelastic events of the type (5) yielding a .ei proton 

'1ab . 400 Mev/c). 

About one-fifth of the , mesone of Peviner et al. are associated 

with protons with lab$400  Mev/c; 3  now the triangle inequalIty (4) applies 

at all production angles. Thus, in termS of partial cross sections oor 

slow protons. Eq. (4) becomes 

	

+ 1 	r 	1/2 	r 2 	1/2 	 1/2 are > [TC (17 	(144pb) 

	

J 	 J 	 3 	 (4') 

Since the dominant decay mode of 170•  is radiative 	... l 0 

+ y. etc.). It seems likely that the charged 17 decays dominantly by its 

branching fraction at least hail the time (4> 1/2). For simplicity, 

we shall assume this here below we show that the assumption Is not 

necessary. AssumIng i > 1/2. we must find 
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1"r 	
é 1 1 	 . 

	

+.ef)j . 	> (72 &b) i/z . 	(411) 

Among our 3200 two-prong meaøuremente, we found i  350 that would not 

At single w production (or elastic scattering) and hence rnuat be matnly 

reactions such as 

+p-p+iy +2 0 

or else might correspond to 	 (6) 
* 	 ± 

+ Integrated over all (ir + neutral) masses, the total cross section 

+ neutrals) to 160 Pb*  and G(v + neutrals) is 71 pb. These events 

	

display ajamooth mass spectrum. as one would expect for 	w + Z °.Our 

mass resolution is *11 14ev. In the region 550* 16 Mev, we find 
kç 

events, representing 5.4* 2 jAb. This sets the scale for our 

estimate that we would have detected a superimposed peak of 6 i&b among 

the V events. Similarly, we find 2 ± IZ1T events (1.2±1 pb). and would 

have noticed an eatra 3 b. Thua we find 

6 (v4)} 
i/z 

+ [ 
	

L 1 )] I 	
(6 )

1/2 
 + (3 pb)1"2  (16.4 

(4t1) 

This La in evident contradiction to £q. (4 1 ), which was based on the 

postulate that the n, had l.epin 1. 

Nest we drop the assumption that 17 decay is dotninantly radiative. 

(F'ox instance. U v is a spInleeG meson4  the mode v w + y is forbidden. 

Then could decay radiatively into two gamma rays, but v might decay 

entirely into three piona.) If three-pLea modes dominate, it can be shown 

that, for any spin aeMgnznent, our experiment loses sensitivity only by a 

factor of three. øø I = I is still ruled out (see Appendix). 

It should be pointed out that Prowse at al. have done a similar 

experiment looking for the other () decay mode of 4 and have failed to 

And it.  6 These two experimonte, taken together, seem to exhaust all 

poeeibility that the , meson has I-spin L.  
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APPENDIXi CONSIDERATIONS IF TWE CHARGED v7 DOES NOT 

DECAY VIA A .RAY 

Since the .Q-value for yj - 3vT is only 135 Mov, we assume that 

this mode will dominate only if it Is allowed 'by 0 parIty. Then I-spin will 

be conserved. We must then discuss the three possible three.pioñ states. 

J'0. 1, andl. allwithX = 1. 

lrst we discuss 1 = 0. (Apart from Q value, this Is the familiar 

4 meson..) Its 1-epin state, is mainly the syznxnetrlc vector 

IS 	 113(111 )  

Collecting all these terms (some cancel), we can calculate the 

branching fractions 	for the 

0 

and4forthe 14 

if ________ 4 
;: +.__.+0p = 

g. 
IT ir IT 	If it 

Thus, in their four prong events, Pevener ot al. see two-fifths 

of all 0 i events produced in our two-prong events we see one-fifth, 

I. e., our senaltivity is half as good as thetro, whereas for the radiative 

assumption our sensitivity was three-halves theirs. They see 

(150±30 pb), so their partial cross section assocIated with 

slow protons a 1(n)' 0ch 	(30±6 &b). Our sensitivIty being ball as 

good.as theirs 4 /f 	1/2) we expect c '(). 4 (15±3 	Inequalitych 

(4") then becomee 

T + 11/a I 	 11/2 
tcV(Tii i)j 	 > (30±6 b)j 
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which Is again In contradictIon to Eq. (41 " Some added radiative decays 

will only Inc reaae our relative sensitivity. 

Next we discuss the l  tatee. These can have some component 

of the I-symmetric form X, but there will alaó enter one of the noneymmetric 

form, of which a typic&l term is 	 S  

IN13X (!lx.r2) 

1 iz•1 3) 	Wa). 

In the total rates. the 1A  and I parts wilhiiot interferej, since they 

• are aasoàiated with dLUerent spatial symmetries. Since IN  is antiaymmetrtc 

in one pair of pions, it can contain no 3ir cornpnent, and its branching 

• fraction f is 1001ya. CoUecting terms, we fInd 4 1/2. Thus again 

our senaittvity compared to that of Pevanez at al. Is one -hall. regardless 

of which I-states are present, and again I states (1 a 1) are ruled out. 

We wish to thank Professor Aihud Pevsner for helpful di&cuasiona 

and to acknewledge the cooperatIon of Professor L. W. Alvarez and 

members Of his group. The data were taken In the v beam of Professor 

F. S. Crawford, Jr. We also wish to thAnk Professor Murray Gell-Mann 

and Dr. R. W. Huff for helpful discussIons. 
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