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1. — The experimental determination of the v° lifetime appears to be a rather
hard problem. The accepted set of quantum numbers for n%(J =0, P= —1, I =0,
U=G=+1) implies that its decays occur electromagnetically. A theoretical pre-
diction (*) on the rate of 7°— 2v (one of the dominant modes) is based on unitary
symmetry and leads to a rate w(n® —2v) =22w(x®— 2v). For a =0 lifetime ~1 3-10-16g,
‘and with the assumption that 79— 2y occurs about 409, of the times, one finds
a lifetime for =° of 2.4-10-8s. The experlmental upper limit on the Wldth only
excludes lifetimes shorter than 10-22g (2).

A possible method for determining the n° llfetlme has been suggested by BEL-
LETTINT et al. (3) and it is based on the coherent 7° production by a photon on the
Coulomb field of a nucleus (Primakoff effect). The method may actually work pro-
vided one disposes of a photon beam of relatively high intensity and of energy of
{4+5) GeV, and one can separate the n° Primakoff effect on a heavy nucleus from
all nuclear production events. It has also been suggested by ConTocoUrIis and
VERGANELAKIS (%) that proton Compton scattering with polarized photons can give
at least a lower limit on the =0 lifetime. Perhaps more promising are poss1ble expeu-
ments on the peripheral production of the m-v system (% 6).

' In this note we show that experiments with colliding electron posfmon “beams,
now in preparation in different laboratories, may a]low a determmatlon of the n°
lifetime. We shall dlscuss the two reactlons )

o O erre sty
{2) B - ette =04 mttn

(1) N. CasmsBo and R. GarTo: Nuovo Cimenio, 21, 872 (1961).

(3) P. L. BASTIEN, et al.: Phys. Rév Lett., 8, 114 (1962).

(®) G. BerLETTINI, C. BEM:PORAD P. L. BRAOOINI L ¥oid and M. ToLieR: Phys. Lett., 3, 170
()A CoNTOGOURIS and A. VERGANELAKIS: Phys. Lett., 6, 103 (1963). T R
(5) G. PuppP1: Ann. Rev. Nuclear Sci., (1963) (edited by E. SEGRE, Palo Alto Cah_forma),_ 325.
(*) E. CELEGHINI and R. GATTO: Phys. Lett., (to be published). 2
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658 E. CELEGHINI and R. GATTO

Both reactions are thought to occur through single photon exchange. From the
first reaction -one can measure the 7n%— 2y vertex with -eme photon off-mass shell
with a squared four-momentum K?2=— 4E?, where K is the colliding beam energy
(2B is the total center-of-mass energy). From the second reaction one can measure
 the vertex of n°— y+4nt+n~, again Wwith the photon off-mass.shell and with

K?2——4F2. To relate the off-mass shell behaviour of the #°— 2y and »*—>~y+nt 47~
vertices to their values for real photons, which determine the partial lifetimes for
these decay modes, we make reasonable guesses on the momentum dependence of
the relevant form factors. Specifically we assume that the form factors are essentially
determined by the resonant intermediate vector states (p and o). On these assump-
tions reaction (2) appears to be particularly convenient, mainly because of the broad
enhancement that occurs when the two final pions are produced in the resonant
p-wave.

9. — We discuss first the reaction (1)
et-te =>4y,
We write the vertex n%—2y in its general form as

(3) : 19(K2, 6% P?) eupag Fu @) F 3o K)

where K and ¢ are the photon momenta and p is the »° momentum; F,,(q) is the
appropriate Fourier component of the electromagnetic tensor; ,,;, is the antisym-
metric tensor; g(K2, ¢, p?) is a form factor. We call g(K?) the form factor when one
photon and the n° are on the mass-shell: g(K*?)=g(K?, 0, —m;). For varying K2,
the form factor ¢(K?) appears in the description of different experiments. For K*>=0
all particles are on the mass-shell and the value of |g(0)| is directly related to the

n°— 2y decay rate

0 - mi} . 2
(4) : w(n’— 2y) = S [g(0) % .

For K20 the form factor is in principle obtainable from coherent »® production
by a photon in the Coulomb field of a nucleus (%) (such as y+Pb—7°4-Pb occuring
coherently through vy (Coulomb field)— 7). In practice only very low values
of K2 (K2~0) will be reached in this experiment. For —mn<K2<0 the values
of |g(K?)| can in principle be obtained from the distributions of the invariant masses
of ere~ and of yt+u~ in > y+et+e and 70— y+ut+p (8). For K*— may,
the value of |g(K?)| can be obtained from the colliding beam reaction e*+-e~— 7° “|‘Y
at a total c.m. energy 2F = /— K2

We assume that the resonant p-wave plon term dommates the absorptive part
of g(K?) in a nonsubtracted dispersion relation. The form factor is then given by

’ 2
m
K2) = g(0 e
) gD =90 K ma)

() A. PRIMAKOFF: Phys. Rev., 81, 899 (1951).
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POSSIBLE DETERMINATION OF THE 7° LIFETIME -ETC. , 659

with y=~0.4m3'. The cross-section for et+e-—n9+v in c.m. can be written as

: do = 3 9 g(— K*?) |2
(6) “ m = ;n_%w(ﬂo—>2Y)ﬂn(l + cos? 9)\ W »

where f, is the c.m. n° velocity and § is the production angle. The cross-section is
proportional to the rate for 7°— 2y. A measurement of e*+e~— v 4y will principally
be useful to provide an upper limit
for such a rate.

One can make use of the relation )

1 /m.\3 10 7 -
(7)) wln—>2y) =3 (—") w(r— 2v)
Mo

obtained from unitary symmetry (%)
after correction for the phase-space.
With a lifetime of 1.83-1071% s for
7®— 2y one obtains in this way a 10 1
rate of 1.7-107 g for n—2v. In

]
!
!
|
|

/1 I L ! 1
Tig. 1 we have reported (full line) the 300 400 500 600 700 800

1

‘total cross-section for et-+e —n+vy £ (MeV)

n n 2 5
for a form.factm g(K ) as given by Fig. 1. — Full line: total cross section for e*+e——>
(5) normalized such that the n%— 2y  —42+v with the form factor (5) for a rate of 1.7-1017 gt
rate agrees with the above unitary- 7° — 2v. Dotted lines: total cross-section for e++e-—
symmetry prediction. The cross- — 1+~ with the form‘faetor (8) for a rate of 1.7-10%75*
R . for 7 — 2v. For a different value of 7° — 2v rate the
section expected on the basis of :

vertical scale must be changed proportionally.

the unitary-symmetry prediction for ,
the 7°— 2v rate is very small and —
would be hardly detectable. Conceivably, with the present design parameters of
Adone, the process may become detectable if the rate for n*— 2y is of the order of
~ 1019 g1, rather larger than the rate suggested from unitary symmetry. In any
case the experiment will provide an upper limit to the »° rate.

In Fig. 1 the dotted lines give the total cross-sections for e*+e~—n’+vy for a
form factor g(K?) given by

2
Mg

- (8) g(K?) = g(Q) ['” me + K2 — iy(— %_Kz; m2)

which contains also a subtraction term. For v=1 one has again the form factor
with no subtraction term. The value v=0 corresponds to a constant form factor.
A very tentative, and perhaps unreliable, determination of v was considered in
ref. (8) by using S U, arguments to-obtain the value of v from the measured derivative
at the origin of the n° form factor with respect to the mass of the off-shell photon (9).
The value obtained in this way was v= — (7 4 5). In ref. () the braching ratios p,
and p, for v°—y+et+e- and 7°— y+ut+yu~, respectively, relative to n°— 2y were

(¢) E. CeELEcHINI and R. GaTTO: Nuovo Cimento, 28, 1497 (1963).
(*) N. P. Samios: Phys. Rev., 121, 275 (1961).
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‘660 - E. CELEGHINI and R. GATTO

determined as functions of »:

o, = (55.8 + 21.9v + 2.74¢?)-10-° and . p,= (16'.2 + 0.47v + 0.035v7%) - 103 .

“

Measurements of these rates would determine wv.
3. - Before discussing reaction (2) we shall examine here the decay mode

9 : - . V)O—Tﬂ.‘*—i—rc——{—’\{-;

we call p@=(p9,iE,) the momentum, pP=(p,il,) and p=(p,iE_) the =t
and =~ momenta, and K, e, the photon momentum and polarization vector. We
write the decay matrix element as ‘

T 54(p(0),_—29i—)fp(+)_K) G5t e i p(+)p S
27)* A/16E,E.E wrhotuly ‘

(10)

where G{s?, 12) is a form factor depending on s = — (p 4 p)2 and 2 = — (p, + p-)%
It is easy to see that only the s-channel can feel vector meson (p, w) TESONANCES:
specifically an intermediate p-me- ‘
son state can couple to n°+y and
‘to wt-+7x7. In the {-channel an in-
termediate « state cannot couple
‘t0 n+n beeause of isotopic spin,
and an intermediate p cannot coup-
le to m+m because of G-conserva-
tion. From these considerations

we approximate the form factor — — N‘*\FO 300 200 500 0 E
G(s2,12) as £ 279 s(MeV) 548
f Fig..2.— Invariant mass distribution. of the ﬁ+-rc— gystem

(11)  G(s, 1) =

2 — m2 +ir > in 3°—nt+n-+v. The right-hand vertical scale is
e * obtained for a value|7|2=1.42-10~27 cm?, corresponding
to a rate of 1.7-10*7 s for n°* —2v and a ratio of 0.16

where F 18 given, as 10 (5)’ by of »° —>r:++r:——l~} with respect to this mode.

I'=y(}s2—m2)%. The spectrum
in s?, the square of the invariant
mass of the =+-Fr— system, is reported in Flg 2, in absolute units, with f2 undeter-
mined (left-hand vertical scale). The value of f2 can be defermined from a knowledge
of the (9°— nt4+n==+7v)/(m°— 27) braching*-ratit"j if the 7»°—= 2y rate is known. We
‘také for the (n®—wt+r—-+v)/(n°— 2v) ratio a value of 0.16 (5). For the v°— 2v rate
we use tentatively the value obtained from unitary symmetry-(eq. (7)). The total
‘rate for #°— nt+4r~+vy, obtained by integration of the spectrum of Fig. 2, is

(12) L aw(nd—> mry) -mzm .3.03-10-5 .

yCompaJring with the rate predicted from the above branching ratio and from the
unitary symmetry prediction for m°— 2y we find [ﬂzz 1.42-107%7 ¢m?. The right-
hand vertical scale in Fig. 2 is obtained for such a value of | fla o

N
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POSSIBLE DETERMINATION OF ‘THE 7' LIFETIME ETC. 661
4. — We now discuss the colliding beam reaction (2)
etfe = nt+n 7.
We write the matrix element for reaction {(2) at lowest electromagnetic order, ‘ag

(13) e _ mefs(q‘“+£—p‘°)—p(+)—p( ) (7(82 2R e, p(+)p( )]9(0) 1
| (2m)* VBE, B B_eie_ ) Suho s e

(wy,v),

- where p'® = (p®, i) are the pion momenta, p@ = (p®, iE,) is the n° momentum,
¢ = (g, iey) are the electron and positron momenta, m, is the electron mass,
u and v are the electron and positron spinors, and K is the virtual photon momentum.
The form-factor G(s2,12, K2), with s2= — (p™ + p)2, 2= — (p'® 4 p2)? coincides
with G(s?, 12) when H2=0 - : ‘ ’

(14) Gy, 2, 0) = (s, 17) |

The reaction (2) would permit a measurement of |G(s?, 2, K2)|2 for /Kz negative and
less than — (2m,; + m,))%. For negative K®larger than — (2m; — m,)* the form factor
G{(s%,1*, K?) appears in the description of -n°—> wt+rn—+-et+e~(%). This process
however occurs as an internal conversion of the v of 7%+ n+-+x~+v, and thus only
very low values of K? are important. For K2?=0 the form factor G appears in the
description of 1°— mwt-+n—v, that we have already" discussed. It also appears in
the peripheral contribution to y+p—=t+4n+47° through single pion-exchange (°).
The determination of the form factor for K> 0, for instance through - n+mt
in the Coulomb field of a nucleus appears particularly difficult.

From G invariance one sees that the K2 dependence in the form factor G(s?, 12, K?)
may be strongly affected by the p-meson resonance (but not from the w). Taking
into aceount the considerations developed in the preceding section for G(s? 12);
which led -ug to the form: (11) for such a. form factor, we assume for G(s?, {2, K?)
the form . ' : ‘

k

(15) . : o :G(SZ’ tZ, _KZ): P '. "2'~ - 4
: - ' (82— mg + DY E 2~ mg + id)

where h is related to f by
h

16) . =

{ / —mg + il

With our determination of [f12, obtained from the unltary symmetry prediction

of 79— 2y and from a ratio of 0.16 for (v°— 2r-+v)/(n°— 2v), we find |k|2= 59m2.
In Fig. 3. we give the K? spectrum

for 0 — wt-tntette- (K2 is the in- 4

o
variant mass of et--e~) caleulated ' 10
E " 10"
1L
£ 10
Fig. 3. — Distribution of the invariant e*+e~ 2
mass in n'— wt+n-4-et+e-, assuming a rate © 10k ' . t -
of 1.7:1017 8! for 7®* — 2y and a value of EE 0 20 40 60 80
0.16 for (10 —2m+v)/(m® — 2v). K] (MeV)
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662 E. CELEGHINI and R. GATTO

from the matrix element (13) with the form factor (15), with the above value of
|h|2= 59 m2.

The cross-section of (2) in the c.m. system is given by

= do o G(s%, 1%, K2)

17 = +) N2 gin2 @,
v dE,dFE_d(cos8) (2m)? 256 (p A\ pT)tsin

where 6 is the angle between the incident electron momentum and the normal to
the production plane. The angle ¢ between p™ and p is given by

1
(18) CO8 @ == W [4:E2——-4E(E++ E_) + 2E+E_—’mi —+ 277?/311] ,

where F=e,=e¢_ is the colliding beam energy. In (17) the virtual photon momen-
tum K2 is given by

£

K2=—4E%.

Fig. 4. — The total cross-section for e*+e-— mt4n=+7°
as a function of the colliding beam energy K. The cross-
section has been evaluated assuming & rate of w=
=1.7-10?s- for »°— 2y and a value of 0.16 for
) ‘ . R=0° —2ny)/(n® — 2v). The cross-sections for other

500 1000 1500 values of w and R are simply obtained by altering
413.3 E{MeV) the - vertical scale proportionally to the product wk.

The total cross-section has been calculated with the expression (15) for the form
factor G(s?,t2, K2). The curve reported in Fig. 4 has been obtained assuming the
value |h|2= 59m}, correspondmg to a rate of 1.7-10%7 s~1 for w(n®— 2v) and a ratio R
of 0.16 for v°— 2n-+y to 7°— 2y. According to (16) and (12) the cross- -section is
proportional to both w(n®— 2y) and B. Thus one can obtain curves corresponding
to other choices of w(n°— 2y) and R by multiplying by a factor the curve given
in Fig. 4. The broad maximum in Fig. 4 can simply be explained through the occur-
rence of the enhanced channel et+e—— p0-+7° whose threshold lies at

B = & (mg -+ my) = 650 MeV .

The pole at K2=—m] lies below threshold and only affects the initial rise of
the cross-section. '
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