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EVIDENCE THAT THE n MESON HAS 1-8PIN ZERG"

A D. Duane Carmony. Arthur H. Rosenfeld. and Remy T. Van de Wallet

lawrence Radiaﬁion Laboratory and Department of Physics
Univeraity of California, Berkeley, California
December 26, 1961
Pevsner et al, have rcaported the existence of the n meson (mass

550 Mev) produced by 1.23- Bev/c positive pions on neutron targets in
ciev.;tcs«:'inmx '

; . . _

v+ 8 (+p) =~ p+p) + 0, ()

The no then decaye by its charged mode

Moy~ w tw b 4135 Mev. (2)

The n is,aiso produced by‘?'
I(--%p-»:A-bn. ‘ (3)

0 has a width I’ £15 Mevand a neutral '

It is observed that the ]
decay mode. whigh in fact is the dominant branching fraction. That ig, the
chargéd branéhing fraction ioh is less than 1/3, where
gh & (n - w+w w )/ (all modes). As discussed by Bastien et al., this
means that radiative modes must be preaent in no decay. 2 From

' reaction (3), ‘we gee that n can have only I-epin 0 or 1. The purposge

of this Letter is to rule out I = 1, |

Using the impulse approximation, the Hulthen wave function for
the deuteron, and the -experimental,croosv section for the sequence of
reactions (1) and (2), Pevsaer et al. calculated the cross secfion for the
reaction

v rnept nl (1')
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They found 0 (n*)° | = (150230) yb. > 1f we assume ©, <1/3, it follows
that g(v' ¢+ - Pt n % i greater than 3(150 - 30) ub = 360 ﬁs
To rule out I = 1, we now postulate that p is an-I-spin triplet.

"l‘ n?. ny j+ Then it must also be produced on proton ta.rgeta by the

reactions o~ + p -p+ n induced by phm of the same momentum, 4 and

a triangle inequality requires
io‘mi)J Ve, v (np] Ve z[zomi‘)} 2, @x360 /2. )
. The fina] state p + ﬂ will produce events with both two and four
visible prongu. sfnee n- can decay into three charged parttclea (brmhﬁng
£raction fh ) or into one charged particle plus neutrals (!‘* Yo
We have used data from two-prong events made by l.ZS-BeQ/c o, 5
| v 4p-=pt e’ tnestrals, | (5)
and have looked for a peak near 550 Mev in the mass npectrum of |
(1: + neutrals). In studying the p meson, we previoualy obtained a sample
of 3200 mainly inelastic events of the type (5) yieldlng a alqy proton
Prap, < 400 Mev/c). |
About one-fifth of theAn measons of Pevsner et al. are associated
with protons with PlapS 400 Mev/c; 3 ns'm the triangle inequality (4) applies
at all pro&uctién angles. Thus, in terms of partial cross sections 0% for

slow protom. Eq. (¢) becomesn

[ 4 11/2 11/2

. sY/2 1/2
o]+ o]

> [%6 (ng)J z (1:¢144 yb) .

, : | (4')
Since the dominant decay mode of n is radiative, (n = v° ¢ y,

Yt ¥» etc.), it seems likely that the charged n decaya dominan:ly by its

branching fraction f] at least half the time (fy > 1/2). For simplicity,

we shall assume this here; below we show that the assumption is not

necegsary. Aesuming ff >1/2, we must find -



- ‘ UCRL-9978
s V2 . a,b/2 1/2 | :
{gu (ﬁ; 'q):} + fgs "71 f‘:"f. > {12 ub) . {4v)
Among our 3200 two-prong measurements, we found = 350 that would not
e singile wo production {(or elastic éca_ttering) and hence must be mainly
reactions guch as | -
w& +tpep+ u*-r zw"
or else might correspond to (6)
u'* +tpept ne. .

Integrated av'ar‘au (w* + noutral) masses, the total cross section

D>

it + néinrals) is 160 ub, and a?’(w“' + neutrals) is 71 uh. These events
display ai{#mooth mass spectrum, 26 one would expact for ot + 240, Our

mass resolution is 411 Mev. In the region 5504 16 Mev, we find - & -

" 8aNE vf events, representing S.4#% 2 pb. This setg the scale for our
estimate that we would have detected a superimposed peak of 6 pb among
the w+ events. Bimilarly, we find 22 V2 w""events "(l.zal wb), m.:d woul&
have noticed an extra 3 pb. Thus we find ‘ |
" | /2 /2

{“ m’{t‘f):é’/ ‘4 {w m;:‘{‘)}'vz s 6 w2+ am"? = 6.4’/
| | (4%)
‘ 'Thia {® in evident contradiction to Eq. (4"), which was based on the
: postuhte that the n, had f-apin 1.
. Next we drop the assumption thaz n decay is dominantly radiative, |
(For instance, if » is a epinless meson, the mode n -~ « + .7 is lorbidden;
Then no could decay radiatively into two gamma rays, but n" mig&f decay
entirely into three pions.) If three-pion modes dominate, it can be shown
that, for any spin assignment, our ezperitnént loses gensitivity énly by a
factor of three, so 1 = 1 is atill ruled out (see Appendix). |

It should he pointed out that Prowse et al. have done a similgtr
experiment looking for the other (r) decay mode of ' n’f and have failed to
find it.® These twb experiments, taken together, seem to exhéust all

- poseibility that the n meson has l-gpin 1.
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APPENbIX:’ CONSIDERATIONS IF THE CHARGED n DOES NOT
| DECAY VIA A y-RAY
QMce the Q-value for n- 3n .ia only 135 Mev, we assume that

. this mode will dominate only if it is allowed by G parity. Then I-spin will
be conaerved. We must then discuas the three poﬂsible three-pion states,
J= O.I.audl.auwithlﬂl . _

Firet we discuss J = 0°. (Apart ix;em Q value, this is the familiar
¥ méoon. )} Ite 1-5pin state is mainly the symmetric vector

1= mylzp- mgdt2p(my e my) + mgley e mp)

‘-‘Hrl(w 93-»112«2**«21?3)4”“ dooeee

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

'_ branching fractions f p for the n?

-0

.+
4} LR 2
$h® F=O, 000" B¢

. vaw te W
and f* for the n+
"3 1
+_ ¢ -
'\ LA 4
f z — W = > . :
® v+w+1r ¥ '1r+,u ” 5
. Thue, in their four prong events, Pevsner et al. see two-fifths

of all 0" g events pro@uced; in our two-prong cvents we gee one-~fifth,
i.e., our sensitivity is half ag good as theirs, whereae for the radiative
assumption our sensitivity was three-halves theirs. They eee

c(nl) l O = {1502 30 ub), so their parttal cro6s aection associated with
~slow protons ¢ ("l) ‘0 ch is (3026 ub). Our sensitivity being half as

- good - as theire “1 /fch = 1/2) we expect a"(n?)o i; = (1543 ub). Inequality
{4'*) then becomes |

v IR V2 R 1/2
igl(nl f*} / {9'("Iff)}! > %(30&6 p.b)] / .
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which is again in contradiction to Eq. (4'"). Some added radiaslve decaya
will only increase our relative aensitivﬂty. '
| lﬁaxt we discuse the 1% states. 'rheee can hava some component
of thé I-symmetric form 1 ., but f.here will also enter one of the nonsymmetrié
form, of wﬁich a typical term is A : ’

Ig=ag X (2, %7,

SR PR SV P10 SRS P

Inthe total rates, ths 1, and Is pgrt’a will not {uterfere, since they
are aasec’:iatéd with different spatial symmetries. Since Ly is antisymmetric
in one jpair of pions, it can contain no 3«‘0 ‘ét':ln:'zponéx‘a;t.:and ite branéhing
£réc§ibn fo is 100%. Collecting terms. we find f = 1/2. - Thus again -
our seneitivity campared to that of Povaner et al. is one-hélf. regardleas
of which l~states are present, and again 1% _smes (1 = 1) are ruled out.

We wish to thank Professor Aihud Pevene.r iér helpful diécussiona
and to aclmowledge the cooperation of Profeesor L. W. Alvarem and .
membera of his group. The data were taken in the n beam ef ?rofeuor
‘~ F. 5. Crawford, Jr. We also wish to thank meeasar Murray Gell-Mann
and Dr. R. w. Huﬁ for helpfnl discuésions.
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