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permis d'interpréter un ensemble de résultats
experimentaux.. Nous en avons étudié certaines
conséquences, sans tenir compte, pour l'instant,
des autres processus avec lesguels il interfére.
Nous avons montré que cet effet peut donner une
distribution de masse du systéme des mésons de
désintégration présentant des pics qui ne sont
nullement d@s 4 des résonances mésiques, mais
qui, dans certaines conditions cinématiques,
peuvent les simuler.

Je tiens 4 remercier spécialement Monsieur
P.Kessler du soutien et de 'aide qu'il m'a ap-
portés dans ce travail.
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1. Very little is known at present on the 5° life-
time. The experimental upper limit on the 5°
width only tells us that #© lives longer than

~ 10722 gec 1). The n° quantum numbers (/£ =
0-, 1G = 0%) imply that ° decays electromag-
netically. The expected lifetime is thus much
longer. The only theoretical prediction, at this
moment, on the 7 lifetime is based on the com-
parison 2) of the 179 — 2y to the 7° — 2y ampli-
tude, on the basis of full invariance of strong in-
teractions under SUs. The predicted n® — 2y
rate is w(n® — 2y} = 22 w@® — 2y). With a

79 — 2y lifetime of 1.3 x 10~16 sec one has a rate
of 10 — 2y of 1.7 X 1017 sec-1. According to
Puppi 3) the expected branching ratio into n9— 2y
is about 38%.

Proposals to determine the n° lifetime have
already been advanced. They all bear on very
difficult experiments. Bellettini et al. have pro-
posed to measure the 70 Primakoff effect on a
heavy nucleus from high energy {4-5 GeV) photon
beams 4). The n° Primakoff effect consists in the
coherent photoproduction of a n° on the Coulomb
field of a nucleus. Much care must be used in

discriminating against coherent nuclear photo-
production. Contogouris and Verganelakis have
proposed proton Coimpton scattering with polarised
photons to compare the relative importance of the
10 intermediate state to the Zr intermediate s-
wave 5). Celeghini and Gatto 6) have proposed

the electron positron colliding reactions et +e- —
N0 +y and et +e~ — O +7t +7~ to obtain a direct
information on the g0 — 2y and n° — 7t +7" +
vertices. According to Puppi 70 — rt+7~ +y oc-
curs only in about 6% of the times 3). In spite of
this fact et+e~ — n%+71%+7~ seems to be partic-
ularly promising for a determination of the n©
lifetime because of the broad maximum associated
with the emergence of the two pions in a resonant
p-wave.

2. Puppi has pointed out the convenience of peri-
pheral production processes of the 5 +7 system
for a determination of the 0 lifetime 3). In this
note we discuss in particular the process

y+p— n+n°+7t (1)

in view of the possible utilisation of its peripheral
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contribution of fig. 1, for a determination of the
n° lifetime. Our conclusion is that, for experi-
ments performed above 2-3 GeV incident photon
momentum, the peripheral contribution may in

fact be easily detected and provide an excellent
determination of the n° lifetime.

In reaction (1) we call: &, qu(z-) and ‘-7#(3)
the four-momenta of the jnitial pHoton, of the 75°
and of the final pion; pu(l) and p, (2) the four-
momenta of the initial and final nucleon respec-
tively. We define the y7 — 57 amplitude, occurring
in the upper vertex of fig. 1, as

—iG(Sz, t2)€7\lJ-Vp q>(\1) qﬂ(.LZ) ql(;?’) ED s

where ¢ Ll(l) is the intermediate pion four-mo-
mentum, €, is the photon polarisation vector

and G (s2, t#) is a form factor depending on s2 =
~(g(1) - g(3))2 and w2 = -(gy + g3)2. We assume
that the known vector meson resonances (p and w)
are the dominant intermediate states affecting
the form of G. From I-spin and G-parity one
sees the w pole does not contribute in any channel
and the p pole only contributes in the s channel.
We thus write

¢=—5—L 3)
(s@- "y ) +irr '
. _ 1 2 2 3_ . _ _1

with T' = y(zs -mg“)2, with y = 0.4 m,"+. The
value of | f ]2 can be related to the 70 — 2y life-
time by the following procedure. We calculate,
with the amplitude (2) and using (3), the rate of
7° — g+ 4+7~ +v. We find

wmO — 1ten" +9) = }f |‘2 m% X 3.03x 1078, (4)

The ratio R= (n° — 7t +7" +9)/(n° — 2y) is al-
ready approximately known and it will be better
determined in the next future ). Following Puppi
we adopt R = 0.16 3). Using the above unitary
symmetry prediction for the n° — 2y rate,
w(no — 27/%: 1.7 x 1017 sec'l, we obtain |f]2 =
1.42 x 1027 cm2, With a higher R or a higher
wmn®— 2y}, |f| 2 would become proportionally
larger.

The peripheral {fig. 1) contribution to
y+p —n+9°+7t gives

where A2 = —(p(l) -p (2))2 is the squared momen-
tum~transfer, w2 = -(g{2) + 4 is the square
¢c.m. energy of the produced n+7 system, w2 =
-(p(1) + K)? is the square c.m. energy of the re-
action, and u? and v2 are defined as

2 2
2 WHAT 2 +m% - m2)  (6)

2 = 2
U< = ms + A
2(.02

w2 - A2 . 3
V= 202 [(w?+m2 - m2)2 - 4m2w2]?. (1)
We have integrated eq. (5), between the kinematic
limits, to obtain the corresponding total cross
section. The result is reforted in fig. 2, full-line
curve, assuming for |f| 2 the above value of
1.42 X 10727 cm ‘. If wp©— 2v) is increased over
the unitary symmetry prediction of 1.7 x 1017
sec~1, or if R is increased the cross section of
fig. 2 (full-line) must be proportionally increased.

3. We now consider another contribution to reac-
tion (1) that we expect to be a dominant one, in
order to draw some conclusion as to the relative
weight of the peripheral graph of fig. 1. We shall
examine in detail another peripheral mechanism
based on the possible excitation of the second nu-
cleon resonance N** at 1510 MeV, with 7 = 3 and
JP = 47). The cross section corresponding to the
peripheral mechanism of fig. 3 can be written as

- SR UM TP )
7= 2 |73 il | (®)
q,(3) 2,3)+|q(3)|
[ 9@ 8 L B @) 2o,

where, as before, k#’ qu(z) and qli(3) are the
four-momenta of the photon, of #° and of 7+. In
eq. (8) they are taken in the reaction centre of
mass system (i.e. for which K + py = 0). The vir-
tual pion momentum Q is taken instead in the

c. m. frame of the final 5 +n. As before we call
W2 = - (K+ pl)2 the squared energy in the reaction

52 2 2
ATt 128iw)3 (MZ{WZ)Z (wz_Azimﬂz-Az) R O AL )
mp2-ul-y
+ (w2 +2m§ - m%- m%)wz] log m+ 2[+m%A4 - (m§w2+m§w2+mgmg‘— mgmg - mg+m§m72r') A2
0
+ (m2w2+m4+m2m2— mem? - m‘?‘mz)wz] v +
p P mm pm oo (mg_u22_02’
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Fig. 1.
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Fig. 2. Full line: total cross section for y+p » n+7°+m"
calculated from the peripheral graph of fig. 1. The cross
section is calculated for a value of 1.7 X 1017 sec—1 of

w(N® ~ 2v) and for a value of 0.16 for R = (N-2my)/(M~2v).

For larger w or R the cross section must be proportion-

ally increased. Dotted line: fotal cross section for the

same reaction from the peripheral graph of fig. 3. The

elastic cross section is supposed to be dominated by the
N** resonance.

Fig. 3.

c.m. frame; and we have introduced u2 =

-{q9 + pz)z, the squared n +n energy in the n+n
c.m. frame. In eq. (8) the cross section is ex-
‘pressed as an integral of o(x), the cross section
for 7 +p—n+n. We now assume that o(z) is
dominated by the N** contribution and can be ap-
proximated by

2w In Fn

(9)
|Q]2 (u-drk¥)2 4 (112)
where M** ig the N** mass, A% = 1510 MeV,
T"is its width that we take ~ 130 MeV, and I';
and Fﬂ are the partial widths for decay of N#¥*
into p+7~ and into 1 +n0 respectively. Very little
is known on these partial widths. Following Bar-
kas and Rosenfeld 8) , we assume that the decay
into p + 7~ occurs in about 80% of the times. We
write, for small values of £Q| , Ip = 7w2‘Q| 5 and
Ty = 752|Q(2)|5, where Q(2) is n momentum in
the  +n c. m. system. The "reduced width" '}/772,
with the above values of I' and I',. /T", is 2 X 10-3
mﬂ'4. In the lack of better information, we as-
sume that vp2 =y, 2. We find I'y /T, = 3 x 10-3.
With these-data we have computed the cross sec-
tion o of eq. (8). It is reported in fig. 2 (dotted
line).

One sees from fig. 2 that the peripheral con-
tribution of fig. 1 becomes larger, as the energy
increases, than that from the other mechanism.
Already at 2 GeV incident photon energy in the
lab system the peripheral mechanism through the
n — 27 + 7y vertex comes out to be about ten times
larger than the mechanism based on N**. Unfor-
tunately the figures we have used for N** are
rather tentaive. The rather peculiar angular dis-
tribution of the peripheral mechanism of fig. 1,
should possibly be used to identify the important
production mechanism. In any case our calcula-
tions strongly support the possibility that a reli-
able measurement of the 1° lifetime may soon be
possible from peripheral photoproduction of n +7+
on proton.
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