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1S THE 1 MESON THE 0~F X MESON?
Artnur H, Rosenfeld D Duane Ca*mony, and Remy T. Van de ‘v’?.?ull@
' N Lawrence Radiation Laooratory o
‘University of California
Bexkefey. Calzforma o
S February 20. 1962.

' Pevsner et a.l P"

w+w wG and has isospin = O.ja They callea it n. the name gwen by Saku'*m '

disco‘ver-ed a meson of masgs 550 Mev which decays into

-to his proposed second vector me 8o (1 €n & me_son whose spin, parity, _and R
lG-pa.mty we write as 17 ); 3. How‘ewer, any im 4] com_ﬁguraﬁ;i,on of three pions
muét be antiéymmetric in all pairé of pions, The original data were insufficient
w ma.ke this test, buﬁ;-B‘astien et al, later reported édditional 7} events thée
Da.llitz plét tended not to éaﬁsfv this I=0 sy‘:rmne?:r‘;?.4 Their alternative postu-
late was that w had pé%ﬁ&ive G-p&riir}r and that the G-forbidden decay n - 3w .
occured anly becauee mrtual ph otbns cabrrv oif one unit of isospin. They |

concluded that Dalii:z plot md secm 1o :rule out all aaaignmemﬁ exca;.-pf»: i”

. . ..~§- . - B
- and 0 , and tha.t. of these two, O *’mted their data elig ghtly better. At aboul

' ﬁhe same time. Feinberg (umwa:rc: of the 0 emdence} paﬁ;mec‘i out that the
{177) n should be present in a 80 fa.:»: unreported mode of @ c‘mem,

p 7 + m > We find expemmentally that this moc’ic has & braasching

f'mr ‘less than 0.6% and point out that this may be evidence that n has even
G-parity, i.e., is 07, S
It is well-established that p iz a l‘+ meson vﬁm mass 750 Mew, width

=100 Mev, and a two-pion decay mode, -

. + - 0 ) + ' ' . g9%

p = tw, - : i i
via a p-wave. Each 7 has a ¢.m, momentum p_ = 350 Mev/c, If v is
. ' W :

177, then the nr decay mode of p is allowed,
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- and. subeequent decay accordmg to reaction {1).
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again via a p-wave with p = 123 Mev/ c. A crude e.»ﬁimate oz the decay rate

. 2 , : .
_is g -~ qw) & 2 . 14 {28 + l)R . where the fizst factor accounﬁs
m T . .
HPR)

for p-wave barrier penetratzon, p/m@ ‘is the Lorentz-amvamam: phase space,
(ZSW + 1) =3 is the multaplzcﬁ:y of the 1 snim-‘and R is sbme radius of

interaction, We can write a sivnﬂar e?pres.,mn for Ti{p = 2%). If we assume

: equal radii R= n/Zm for both processes, then we 1;11&6

I‘(p - m')/'f‘ é@ - Zw) 1/4.' R R 43)
‘1"0 co*npare the two decay m@dea. we c¢hose a sample of,'Z'OOO events
w b p=p+u -+ neutrals e )

produced in the 72-in, hydrogen bubble chamber ' by 1,25-Bev/c
Of these,1684 fit the hypaﬂaesis ‘.-{s.- + p ~ p' + -nﬁ' + ‘E?O. and 1100 of the
1684 have a twd-pion mass m,q falling in the p peak, We attribute 500 of

these to p production

ok
.
i

aepepret )

8 e
Cox '?capczgahg} to these 300

p - Z':r eveniza. our estimate {3) calls for 580/4 = 125 p - w7 evente, Now thoe
n‘ decays with a branching fraction ¢ = 3/4 entively into nouirals, and

with f ® 1/4into v w w . Hence 1259 should produce 125 X 3/4 = 200

harged
two-proag stars fulfz.llmw the £wo condumzm

- {a) m(neutrals) = 550 & TMev, S (b)r'm{‘% neutrals) = 750 = S0y,

.Enat"ac’l if the events are plotted in a ﬂ;wo-dxmansicma& m(neuﬁ:al md+, neutral)
space, we find a flat dxstl‘mbuﬁmn csmm"ﬁng in the area of interest only five
evema, all of whick appear to bc p-a &ag background and of which at most a
few (= N5) can be attributed tQ p - 7 -!‘.m"} 7
| In summary of the expenmemal siteation: ‘300@ ymi L J—S— 7 decaying

via

eutrals 27d therefore £ '?;" NB = 3 9 altogether; Le.,
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e = nw)/r‘(p - 27) < 3/500 = 0‘.6%.' with an unéerta.inty of 0.2%. Since ous
estimate (3) was 25%{ instea& of . 0.6%,. wé conclude either that ouf estim‘até
- must be too high by a fa.ci.or 40, or that p - n+ wis ig:rbidden by G paﬁty, :
and hence that nis 0™, . | | |
In cur _expe‘iziencg,c‘:rude_ phas e-gpace esnmates guch as ex prcumon {3}

' ~are selddin wrong by large faé;‘cors: In other worda,,where strong in’seractians v
are involved, rates are usua.lly controlicd only by pha.,e space factors Elﬂ\.x
sclectmn rules. H ewever. n this case we must pomt auﬁ that an inde oenc}ent

umafse of the strength of tne pfa' '11 - Vb?tek can be ma,de based on the known
‘1’0 deca.y rate I’\{w I Zy) via. the dispersion aheory diagram of Fzg. 1. (If.
is not a vector meson, the 1 lefr.of tl"ae dla.gram'can .be only the w, and C.@H_-
Mann et a.l a.lrea.dy used this d.iaoram to calculate the strengm of of ilm
TP W verzex. 10 If the '"1 is a vector mﬁu(’)ﬂ then the WP e vertex wﬂl
presumabl*y be the domina,nt factor in WO decaﬂ Glashow and Salzgr&i hlave
used the wpcl.rf vertex as calculated by Gen »Mmm et al, "or the -w meson o

calculate a width for the reaction we soupght. They Eva.u.d ﬂ"( T e 223 Dot

Since we know I{p = 2%) 2100 Mev, their verzion ¢

1% instead of our 25%, and we would have expected to see only 500 X 15 3,4 = &

events ev_éxi i."c.r a 3" T, IRES0N, Hc?anc‘e,, as we we
' involﬁng Fig. 1 are correct, then G‘u;' exéerinﬁe*ﬁ: may not be sui, ciently
‘ Sensiﬁve to rule out the vect.or-_ﬂ. : f

~As an altern:a.m exp"ana tion for the u}.GYV rate of wo decay, Cnew poiats out

thaﬁ the couplmg beeween a. state of odd C—mariw necessa fihf mvolveu heww

mtermedzaﬁe paruclefa, a.nd "ma&; conaequenﬁy the n l....\g matrix element couid

11

be subcmntxally less tbem e. ’Ehen the 'n'g:a 'ﬂg“ coupling cmz,.d be Tnormmal, I

and our estzmate (a) wouid stzll be Jusufzed

r’
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Ve conclude that this experiment suggests that n has even G-parity,

but theoretic...l uncertainties are guch that, with our data alone, we can claim
iz ) L o ' S
13

no proof
In the "8~£c31d way" G’zﬂll-xfann yredicteld the fot;.z: étréngéne‘ssfzéro
mesons listed in Table .1'11 and named thém 'n'-@ r Y e Acé:»o_rdingiy, it |
becvins to a,ppea.i' as though the shculd be rechrisvﬁened Yo Endepen&ent of‘ the -
details of the exght-uold way. we note that these four me sons have apmn, parities,

- and Geparity consistent with the *ncdel; in which ‘chey can dlSSGCIo.w into WN -

pairs, bound inlg or 3¢ states,
' : 0 |

Table I, Strangeness of zero mesons

‘Spin I R ¢ {pseudoscalar) 1 (Vector)
- " . —
o . - ooxtey w{l )
o weTy o p2™)

We wzsh to than}' Prafesso s G, F, Chew, M. C.’;"e}; -l’v«amz. @. L., Clashow,

&nd J. J’ Sa.‘imrm far helpfml discussions,

= '(‘w? ‘Lm d.dn*..s‘f::i‘fi;
Fig. 1, Decay of w’ via vector. e sons,

TS
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D, D. Carmony. A, H Rosenfeld, amd R. T. Van de Walle, Phys. Rev.
Letters 8, 117 (1%2). |
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g 114 (1962). |

G Fembera (subrmtted to Phy o Rev. Let eraj,.

G Femberg (refe‘ence 8) als;o assumes R = ﬁ/Zm o but assumes a

1“

specific matriz elemenﬁ ard estimates I, J 1"  3/4,

-
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D D. Carmcny and .ax. T. Van de Walle, Phys, Rev, Lelters 3,

——

. and Lawrence Radm’mcn z.aé:aor«.a.tery Report UCRL-Y933, Feb, 1942

(submitted to Phys. hev.), D D, Carmo LQ’T‘y, Lawrence Radiation Laborae

’tory Report UCRL-9826 { Thesis), @ct.: 196%,
That is, we appbi'tioxi the évem&: in ﬁhe peak region into 600 backgrou el

“events and 500 due to p pr oducmon. V’e then estzm& te ilﬁ&t the numbeyr of

p; ac's':uaﬁ.ly produced might be between 300 and 700. The large uncerizinty

arises because part of the backgroun& can interiere with the p events,

changing the population of the peak and its central value,

4 - B .
The weaker n decay mode into w 7 w ' leads to four-prong stars, whica
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10,

i 1',

12,

13,
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have not been measured; since they give a less seasitive test, it is

doubtful thae we would f{ind any ’)eak among them,

'“Decay Rates of Neutral Ne..ons", M, Gell- J!.ann. D. Sharp, and W G

Wa.gner, California Ins»itute of Technolo@y, Pasadena. Ca,hf (;o be

: nublishe d)

B R.. Desal, Phya. Rev. 124, 124«.8 41961)
We must aluo adr‘zit our surprme that thc thz ee-pmn 7 decay modca are
faster than the -rr+1r Y and Y m@des (see v efexence 4)

M. Gell-iviann. Califnrnia Instituts of Technology Scwhtxfxc Laboraiory |

: Repori: CT-SI-ZO. J’a.r;.»_c.o, 1961 and tha. Rev. {to be publxs_heu).‘
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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 hehalf 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

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.



