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1. Very little is knowjn at present on the '70 lifetime. The experimen
tal upper limit on the 7 © width only tells us that %° lives longer than
~ 10722 sec(l). The 79 quantum m‘lmbersT(JP =07, G = 0+)'imp1‘y that % ©
decays eiectromag.netically. The expected lifetime is thus much longer.‘ The
only theoretical prediction, at this rhoment, on the % O lifetime is based on
the compariSon(z) of the % 0 =227 tothe 70 —>2¢ amplitude, on the
basis of full invariance of strong interactions under SUg. The predicted
%0 —> 27 rateis w(4°—>27%)=22w(x° —=>27). Witha &#°—> 27 1
fetime of 1.3 x 1016 gec one has a rate of 70 = 27 of 1.7x 1017 gec-1,
According to Puppi(3)v the expected branching ratio into #© —> 27 is about
38%. ‘

Proposalsto determine the % © lifetime have already been advanced.
They all bear on very difficult experiments. Beiletti»ni et al, have proposed
to measure the % ° Primakoff effe"c't‘on a heavy nucleus from high energy
(4 -5 BeV) photon beams(4), The % O Primakoff effect consists'in the cohe-
rent phot’QproductiOn ofa 7 O on the Coulémb field of a nucleus. Much care
must be used in discriminating against coherent nuclear photoproduction.
Cdntogo‘uris and Verganelakis have proposed proton Compton scattering with
polarized photons to 'c‘ornpa're‘the relative irx.lportance bf the %0 intermediate
state to the 2% intermediélte‘ séwave(‘r’). Ceieghini and Gatto(G) have propose-d
the electron positfon colliding réactions et+ e — 404+ 7 and eT+e™ — %0+
-}-.7Z'+ +Z'" to obtain a direct information on the #° = 27 and $0 > Tt +
+X~ + 7 vertices. According to Puppi %© —> T +>."/¢"' + ¢ occurs only in
about 6% of the fimes(3), In spite of this fact e’ +e™ — %%+ X" +%Z~ seems

tc')\‘f)arti(iularly promising for a determination of the %9 lifetime because of



-

the broad maximum associated with the emergence of the two pions in a re

sonant p-wave.

2. Puppi has pointed out the convenience of peripheral production pro-
cesses of the 4+ /U system for a determination of the ’70 1ifetirn_e(3). In

this note we discuss in particular the process
(1) 7 +p > n+9%+xt

in view of the possible utilization of its peripheral contribution of fig. 1, for
,7/'.-/' ‘ a determination of the %© lifetime. Our conclu-

sion is that, for experiments performed above

2 -3 BeV incident photon momentum, the peri=~ |

pheral contribution may in fact be easily detected

and provide an excellent determination of the m°

" lifetime.

In reaction (1) we call: k, , q(z), ar};d‘
q&i) the four-momenta of the initial photon, of )

the 4© and of the final pion; pl‘(‘l) and Bﬁg)' the

Fig. 1

four~momenta of the initial and final nucleon respectively. We define the
7!),‘& 7%  amplitude, occuring in the upper vertex of fig. 1, as

(2) et B € ol a@ ¥ €,

where qﬂ") is the ,Iintermedié"ce pidn fouf—mpmenﬁum, é/“' is the photon pola
rization ‘vectof and G(szv, ,1:2) is a form féctor depending on g2 = -(q(vl) —q(3))2
and w? = ~(qg *+ q3)2. We assume that the known vector meson resonances.
‘(.g and w ) are the ‘db‘f‘ninant | 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 ¢ pole only,coﬁtributés in the s channel. We thus write

£
(s2 - m2)+il

3) G-

with /7 = f(% g2 —‘mf_)?’/z, with &= 0.4 m;t.l. The value of |£12 can be rela
ted to the 90 - 27 lifetime by the fdllowih'g procedure. We calculate, with
the amplitude (2) and using (3), the rate of ’70—.5 TY+7" +79. We find
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4 w(9® > & +27+7) =112 mdx 3. 03x 107

The ratio R = (ﬂlo - TYt+a- +7 )/ (9° - 2 7)is already approximately -
known; and it will be better determined in the next futur_e(7). Following
Puppi we adopt R=0. 16(3), Using the above unitary symrnetry prediction
for the %0 = 27 rate, w(4°—=> 27) = 1. 7x1017 sec_l‘, we obtain lflz =
= 1.42x10727 cm2, With a higher R or a higher w(4°-> 27 ), \f\z would
become proportionally larger.

The peripheral (fig. 1) contribution to ¥+ p = n + 90+t gives

9’6 & 2 42 { 9 9

— = . 2W°ve T+
9429u2  ppgar)d (mEw??  (w?- 42)(m2-42)

2 m2 -u')'- v2

+[—(w2+ m%umg.)A2+(w2+ 2mP- mz,,’- mjzz.) wzjlog m +
(5) | S

2 2 2 2

" 2[+m~27A4 -(mf %+ mhw? + mimd - mim - my+ mpmBA” +

-
4 2.2 9 .2 ] v
¢ T Mym,~ msorn,, m M} (mZ-at)Z _ 42 }

1

2

where: Az = - (p(l) --p(z))2 is the squared momentum-transfer, w? =.-(q(2)+

+ q(3))2 is the squared c. m. energy' of the produced ”)+F system, W2 =

2 2

‘=v‘-(p(1) + K) is the squared c. m. energy of the reaction, and u® and v

are deflned as

2 A2 '
2 _ 2 2 Wi+ 2 2
(6) u® = mo+4 (w® + my —m)
’ o 4 z‘mE | 7
R o w2 _A42 7 | 2 271/2
(7:)’ | »V= ——;{;—2— [(w2+mi-~ m27) - 4m,23w2]‘/

We have 1ntegrated Eq (5) between the klnematlc 11m1ts to obtain the cor-
' respondmg total cross-sectlon The result is reported in f1g 2, full-line
curve, assuming for 'fl the above value of 1.42x 10" “27 om?2, 1t w(9°—> 27)
is increased over the unitary symmetry prediction of 1. 7x 1017 sec™l, orif
Rbis 'iricrevased the cross~section of fig, 2 (full-line) must be proporﬁonally

increased.




3. We now consider another contribution to reaction (1) that we expect
to be a dominant one, in order to draw some conclusmn as to the relative

‘ weight of the perlpheral graph of fig. 1. We shall examlne in detall another

1"-',\11 f"/’ RS peripheral mechanism based on the possible
' t?’ ', excitation of the second nucleon resonance (N
o .,{2 at 1510 MeV, with I=1/2 and JF =3/27),
Voo L

The cross-section cor.responding to the periphe

ral mechanism'of fig, '3 can be written as
Fig. 3

P Sy Aoy 1 CIRSUE: Clus C:ia] M DO
® &= zrwzlk’ﬁ'/d““ lQ“ '['*(3),1 AR 2o

‘where, as before, ‘ 1«% R q(2)’ and q(s) are the four-momenta of the photon, |

- of ’70, and of 7T, In Eq (8) they are taken in the reaction center of mass -
| ‘system (i. e. for whlch €+ pl = 0), The v1rtual pion momentum Q is taken _
' instead in the c m. frame of the final %+ n, Asbefore we call w? =,-(K+p )
the squared energv 1n the reactlon c. m. frame; and we have 1ntroduced

;,uz-= -(q2 + pz) , the squared M+ n energy in the "7+ n c, m. frame. In
‘Eq (8) the cross—sectmn 1s expressed as an 1ntegra1 of G‘(u), the cross=

| section for T+p - '7 +n. We now assume that 6‘(u) is dominated by the '

N contrlbutlon and can be approximated by

b‘(u_Mxx)'Z »+_(,|-2./4)

(9) 6(w) =

Where M™ is the N=* mass, Mxx 271510 MeV, r is its width that we take
~ “130'MeV, and r and Ty are the partial w1dths for decay of N’m into p+ T~
‘and into nh o+ ﬂ7° reSpectively Very little is known on these partial widths.

: ”Followmg Barkas and Rosenfeld(s) we assume that the decay into p + /"
‘ ‘occurs in about 80% of the tlmes We wr1te, for small values of l al ,,p =
= 9'2 lQ |5 and r’q 72iQ(2)’ 5, where Q(z) is. ", ‘momentum in the "]+n

e . system The ' reduced width" 9’11‘* with the above values of I' and r}r/F
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is ~2x107% mz®. In the lack of better information, we assume that %2 =

= 2. We find Iy |lp =3x 10"‘3 With these data we have computed the
v‘cross-sectlon & of Eq. (8) It is reported in fig, -2 (dotted 11ne)
. » One sees‘ from fig. 2 that the perlpheral contrlbutlon of fig. 1 beco-
mes larger, as the energy increases, then that from the other mechanism,
VA lready at 2 BeV incident photon energy in the lab. system the peripheral
‘mechanism through the % - 2/ +7 vertex comes out to be about ten ti- |
‘mes larger than the m'echanism based on N’!K. Unfortunately the figures we
have used for N** are rather tentative. The rather peculiar angular distri- -
bution of the peripheral mechamsm of f1g 1, should possibly be used to iden
tify the 1mportant production mechanism. In ‘any case our calculations strongly»
support the possibility that a reliablé measurement of the '7 O lifetime may

soon be posmble from perlpheral photoproductlon of 9+ I“" on proton
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