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Proposal for an experiment to establish if the

0 . .
£ . meson has or has net lsospin %ero

Te Magesam, Th, Muller and A, Zichichi

: . . o .
The zero~isospin assignment to the £ meson is based on the
fact that no peak has been observed in the invarient mass spectrum of

BN
the (m#°) system (in the neighbourhood of 1250 MeV) in the reactions
+ +
7Tp > WD . (1)

It is worth emphasizing that the "non-existence"” of a peak in the
+
invariant mess spectrum of the (777°) asystemsin the reaction (1) has

the following experimental basis; call

*
o+ the apparent ) crosgwsection for fa production in resction (1) wip > fip
o
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the experimentsal results are:

g,* ’
£ 20,5 at 3 GeV/c incident 7
O'fo

n < 0,25 at 4 GeV/o " "

Recently Frazcr ¢t al. {(preprint and PoR.L. 1964) have proposed a model
which predicts for the above quantitiecs the following valuest
o
O‘fo
Moo= 0,25 at k4 GeV/c " n .

= 0,20 at 3 GeV/c incident ¥

In order to see a bump it must be above the valley. If the wvalley
between the two bumps (p and £) is not deep it is hard to see the
bump., The apparent cross-section is in fact the value of the bump
above the wvalley.
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This model is based on the peripheral production of the 0 via one-pion
and one-omega exchange processes, The interesting point is that to the

T production contribute

\\11’ 7'/ o /P
i<
N _ ///
1) the one-pion . (J_Mm_.g -
- 7
‘exchange process A
A
y
I p* P
as well as +
Com

ii) the one-omega

exchange process

While to the £° production only the

one pion exchange process

can contribute, because the exchanged particle must be charged. It is
this difference in the production mechanism between charged and neutral
f's that produces the above mentbioned differences in the apparent Crogg-
gections for production of charged and neutral f's,

This medel of Framer et al, throws serious doubts on the
velidity of the isospin-sero assignment of the £ meson. Moreover, the
angular distribution of +he decay.prqduots strongly favours J = 1 (sce

fig. 1 which is taken from the paper‘of Frazer et al. ),
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Noticing that the mass and the width of the £° are equal
(within errors) to those of the B meson, the ologant suggéstion of’
Frazer et ol, becomes sxtremely plausible, namoly that the B and the f mesons
are nothing but different decay modes of the same particle, called pf by

Frazer et al.

This particle o’/ must have I = 1, as can be deduced from the
fact that the B meson decays strongly intc a wand an w . It follows
that the decay of the £° meson into 2 1°'s,

£2 (ox p') » #° +2°,
has to be forbidden.
On the other hand if the isospin of the £9 is zero, the branching
ratio of the neutral to charged ¢ ~decay mode ig expected to he
£2 > g0

N AR
7 - frtw o2 (3)

We propose here an experiment to establish if the decay of the £ into
two neutral pions takes place according to the predicted rate (3).

We have considered the following production processes:

1) ﬂ—p > fn (hydrogen target) 7 besm

L»ﬁovre

2) 7'n - £°p (deuterium target) + 7' beam
L O
3) d+d - ‘He+£° (deuterium target) + deutercn beam .
' s _0
7
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1) The advantage of the first reaction lies in the fact that
everything is known from bubble chamber data about oross~secﬁi9n and
gngular distributions of the decay producis of the £ produoed. In oxrder
to sstimate the expected raﬁe‘wé consider ﬁhe following examﬁle:
Take a 4 GeV/c 7™ beanm (m5 bosm) with ~ 5 x 107 7 /burst
~ 20 om Hydrogen target
C o 3% efficicncy for néutron detection
~ BO% ecfficiency to detect and mecasure
 the high-cunergy 7° from the 0 decay
~ 40% efficiency to detect the low-energy
7° from £° decay |
~ 15% so0lid angle for n recoil
~ 10%?solid angle for £° decay

wo gel o o o
: i A 1
16 events/hour L mmemewmegregomoon
£0 + 2

- T

See figs. 2 and 3% for details,

The background from other processes has been considered and it appears to

give no troubles up to & level of 1/10 of the expected £° - 7°7° rate, This
point has to be egtablished experimentally during the test run. Also the
triggering rate from unwanited processes has to be determinsd during the test
run, This vital information will be obtained by varying th@"primary T energ
For instance, bWy working bvelow £° production we will:geﬁ very useful information

on background,

2) The advantage of the second rcaction lies-in the presence of
the proton instead of the neutron in the final state. On the other hand this

proton comes from a neubron bound ia the D nuclcus,

3) The third reaction has the advantege that only I = O states
can be produced, If the £9 nas isospin zero it can he produced via this process
and its neutral y~decay mode ig expected to be-% of the charged 7 «decay mode, .
If the £° doos not have igogpin zero it cannot be produced,

The study of this reaction appears very clean to us.
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SET-UR
The main part of the sei-up is the high-cnergy 7° detcotor,

This detector consisty of a 0.5 om Pb foil followed by an 8-gap thin foil

spark chamber (to allow kinematicel reconstruction of the shower originating

in the lead radiator) and by & totel absorption lcad-glass E counter,

total

K ‘ﬁﬁ N 1;f i_, !J | | atsorption
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Y
The lead-glass ¢ counter will trigger ocur spark chamber if the energy of the

gamma ray is higher than g fixed thresheld., Our triggering system will only
select those 7°'s with forward y decays.
The low-energy w° detector is either a sandwich type or a heavy

plate spark chamber type detector,

Machine time required

Twoe weeks of parasiting time for calibrations of the #° detector,

for checking all other parts of the set-up and for a test run.

Two weeks of main users with maximum intensiiy in target 1 (machine
&

energy 17 GeV, f£lat top 300 msec) for data taking.

Final remarks

The elegant proposal of Frazer ed al, seems to us exitremely
plausible, as we have tricd to point out in the first part of this proposal,
The velue of an experiment which should cetnblish if the £° meson hag or hag

not igospin zero is therefore remarkable,

We proposc this experiment to be performed wvery quickly. This
is why we should like 1o know as soon as posgsible 1F we have to go on with this

proposal or not.
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Figure Captions

Bigure L, Coa %nr distribution of peripheral events from the reaction

7p e with M. in the £ peak, (Taken from Frazer et al,).

Pigure 2, Kinematics for @ +p-f%mnat 4.0 GeV/c plon momentum, The
sheaded region of the curve is the region ian which we ohserve
the neudrons, The centre-of-mass angle of the 9 and the
corregponding £° laboratory angles and momenta are marked on the

CULVE .
Figure 3, Kinematics for the 7°n° decay mode of the £ ab 4.0 GeV/ca

The shaded regions correspond to the angular and energy ranges

selocted by our set-up.
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