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It is well known that the main contribution to proton
Compton,écattering in the energy region of and below the peak
corresponding to the 3 - 3 pion-nucleon resonance comes from
the one;nucleon and the pion-nucleon intermediate.étates (dia
‘grams (a) and (b) of fig. 1). However, in the range of photon
lad, energy Ey = 150 + 230 MeV, the experimental results are
in disagreement with the dispersion theoretical predictions,
which'are based on the abovenmentioned‘intermediate states(l).
‘This indicates that certain contributions of thevexchaﬁge t}—
pe, the most important of- which are given in the dlagrams (c),
(d) and (e) of fig. 1, may be of great 51gn1f1cance. Now La-
_p1dus and Chou Kuang- chao(z) have given arguments in support
»of the fact that the one- plon exchange contrlbutlon (dlagram'
(c)) makes the d1<agreement even stronger.(x) Thls being so,
it is the purpose of the'present letter to show.ghat:'(l)‘ln-
clusion of the contribﬁtions (d)-and (e) may acCoun£ f6r'the
difference in a natural way; (11) certain extreme values of
the 7° -lifetime in its decay into two photons must def1n1te-

ly be excluded_by the proton Compton scatterlng experimental

(x) -'The‘aCCeptable value for the lifetime of Z°> 27 is 2 «x
x 10-16 sec, With this value, the contribution (c) is
.rather insignificant, 1rrespect1ve of" 1ts 51gn.
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data, and (111) experlments‘w1th polarlzed 7“5 (which now are
reasonably easvcs)) can g1Ve 1nformat10n about the relative
importance’ of thc contrlbutlons (d) and (e) and therefore a-
bout the: order of magnitude of the 11fet1me of 7->23ﬂ
‘Recent.. eV1dence concerning the quantum numbers of the*?

partlcle(4) supports the assngnment JPC-O * therefore, an Y,

ged_between a photon and a. nucleon._If the
: enter-of momentum amplltude for the ‘sca

 ;“‘0ns 1n the form(z)

»tﬁfk | il |
| v—wr/mz/ﬂ}, i ))*fﬁ//ﬁé)/éz, z“’// /?é)/‘? )

we flnd that the 7% and Y7 contr1but10ns,to the scalar ampli -

tudes Riv(i = 1,250004y0) are as follows:

Alk)
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O _n(é’}: /*1("")
and OC n, = ihé‘c;m, scatterlng angle. In (3)_and'(4)ﬂM;is the

nucleon mass, k the c.m, photon momentum, Ey the c.m, proton
energy, m the mass‘of thefexchanged particle (9° or 7°Y, 1:
the 11fet1me of the exchanged particle in its decay into two

a-rays and g the coupllng constant in the nucleon vertex. Now, .'
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in this phenomenoiogical procedure the phases of the ekchange
.contributions aré not determined. Following reference (2), we
will take the Z° contribution with the lower sign in Eq. (2).
However, due to the difference in the G-parity between #° and
%?, the sign of the ?° contribution may well be different; in
the calculations presented in figs.2 and 3 the upper sign has
been used. We also take 7 = 2 x 10'165ec, m = 550 MeV and,

in agreement with the predictions of unitary Symmetry(s),
€5y 2 > 4% =

Flnally, comparlson with the x”—llfetlme and phase -spa~

«gg.ﬂ‘”’ 's‘suggest that 7, is of the order of 10- 185ec,

A%7p ”lebno way, ‘however, to exclude smaller val-
3ues(6)fand for thls reason we shall treat Z@ as a free parame
' ter. ‘

The nucleon Compton effect also receives contributions
~from two-pion exchange\processeﬁ»(diagram (e) of fig, 1).;;f
tis the\energy variable in the crossed channel, these proces
ses produce a branch cut 4n\'<£<c» . Calculation of this con-
tribution by means of the Mandelstam’represenﬁation has alrea
dy been considered(7+8), Numerical results are not yet availa
ble, however, because the resulting expressions involve the
T = 0 s-wave J%-& phase shift and the total cross-section for
+%i-> 7+x, on which the existing'infqrmatioh,is rather unréli
able. In any case, there is some evidence(g) that the s-wave
7o-J amplitude exhibits a 51gn1f1cant enhancement Just above

threshold (X), 1p order, thus, to estimate the two-pion exchag

(x) - A pure resonance is unlikely since thereiis no centrlfu
gal barrier to trap an s-wave.
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'ge}effect we.eheli replaee"the,corresponding cut'by a pole at
t = f 4m2 aﬁdrsimulate'the whole contribution as excﬁange
of another."partlcle" with quantum numbers 0%, which subse-
quently will be denoted by 6 . In this approx1mat10n and for

a,y 300 MeV, the -z exchange contribution to the amplitudes
eRi is of the rorm(lo)

/e DI é&%// x)
| R o (7= 3,9,5‘,6)

. Now, the ovcr-all strength G which is a free perameter
‘has been very roughly estlmated as follows:: Flrst, for the cou _
pling constant of the "part1c1e" & with the nucleon (vertex ey
of the dlagram (e), fig, 1) we haVe used thc ana1y51s of

Scotti and wOng(ll) which gives

Secbnd‘ to-analyze the vertex ez (diagram (e) of'fig.-l)vwef"
have assumed that the 6'14 coupled to the two photons by means
of a s T pa1r and we: ‘have subsequantly applled lowest order,
fperturbat1on theory. Wlth a coupling constant gé,' ,Of the or
der of 1 ‘and with g NN g1Ven by Eq. (7), the over- -all strength
G of‘Eq. (6) turns out to be _ |

S . 6~

Thls is expected on grounds of certaln general arguments advan'

:ced in reference (8)(x)

- (x) - Not1ce that an experlmental value of ggxﬂ-can be obtal-
ned by considering photOproductlon of z*-7x~ pairs (in
‘the very forward direction) in the fleld ef a nucleus,
(anakoff process for -x" production). DR




“In this way we have added the diagrams (c), (d), (e) of
!fig. 1 to fhe dispersion theoretical predicticns of reference
1'(Table‘IV) which take care of the contributions (a) and (B)v
to the ampiifudes Ri. The values of the c.m, differential cross-

phelows

Lo s
section (zji)unpol for scattering of unpolarizedYon protons at

Oc. m. = 90° corresponding to a number of choices of Z@ and G

C.
are given in fig. 2. From this calculatien it is clear that
the 7” and /% exchange effects ‘may well be responqlble for
,the dlsagreement between the dlsper31on theoret1ca1 predictions
and the experimental data in the region Ey = 150-230 MeV, If
,2%'> 10"20sec as is most probably the case, a 51gn1f1cant a=
mount of #&-% exchange is necessary for a good agreewent (cur
ves I ITI and V). It is also clear that values of T < 10721,
can be def1n1te1y exc*uded (curve VII) and in fact for either
ch01ce of the sign in Eq. (2)(the present experlmental limit
on the width of the 470 resonance allows &3 = 10~ 22sec(lzy
.Not1ce, f1na11y, that 1f the ?“ contribution is significants
(2% < 10 18sec) and 1s added w1th ‘the lower sign in Eq. (2)
no agreement~w1th data canibe‘obtalnedrxor any G.

e consideévzhe'c.m; diffe}ential crosé-section for scat
tering on nuCIeone of photens polarized perpendicular'(«@Z)
or parallel (d6;) to the plane of scattering, At Gc'm.= 90°,
where the'difference dé; - o6, takes it's/maximum value for g‘ivé‘ﬁﬁ

Ry, we find:

|
‘-

L6; ’ s |
EZZ? = /% iva%/;‘2/%2/{*/Qn/3waé/3"2X&aﬂQ:k%-**5*22)

—2 = /e/+z/,e /,‘/@/ #HRs) +/,e‘/ 4 2Re m/egwe; l(’e)
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Using these expressions and the values of Ry determined as be
fore we have calculated the ‘ratio aﬁ;/d _at Qc.m;= 90“ for a
'number of values of Z@ and G (flg. 3)

We see now that-from the curves of flg. 3 the following
can be remarked(x)‘ the two plon and the %#* contributions act
on cl,y/iﬁl ‘in onp051te dlrectlons (curves 1 and § of fig. 3).
Notlce that this is contrary LO what happens in the case of
flp. 2 where the X-& 'and ;“‘contrlbute in the same direction.
Hence if thec experiment glVes data(w1th small erroré) on the
upper side of curve (3) (flg. 3) we conclude that the JT-IT ex-
change dominates over the % contrlbutlon and therefore Ty>
>10"18sec. On the contrary the #° Will‘domiﬁate and 7 < 10-19%sec
if the experimental data lie below curve (3).

We wish to emphasize fiﬁally that ciearly observable
differences between the values'df A6, /d6; appear below the thrg(
shold for photopion production. This is very helpful because
beiow this threshold the effect of the diagram (b) decreases
and therefore the small,uﬁcertainties of the photoproduction

analysis will be unimportant.

We would like to thank Prof. J.E. Bowcock and Dr. D.Zwan

ziger for a number of helpful»diSCUSsions;

(x) -~ Due to time reversal invariance the same information for
a8y /46y could, in principle, be obtained if one uses an
unpolarized beam but measures the final photon: polarlza
tion. _
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Fige -1 = Contribtitions considercd in the present analysis of
proton-Compton scattering.
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