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view recently discussed. "," These interactions are
chirality-invariant, can be cast more readily into a
two-component form, ' and are invariant under strong
and (or) weak mass reversal. ' Although these specula-
tions are somewhat formal at present, they might not
necessarily be void of physical content.

Perhaps the most disappointing feature of our whole
investigations is that we have been forced to use the
language of local field theory, and in particular to rely
heavily on the Lagrangian formalism. Whether we
regard CI' invariance or G invariance as a fundamental
invariance principle in order to obtain the parity re-
strictions, we must assume that the interaction Lag-
rangian contains either nonderivative-type couplings
only or derivative-type couplings only. We feel that
such assumptions are extremely unsatisfactory.

However, the possibility exists that the use of field
theory is unjustified and yet symmetries or relations
among symmetries implied by the theory are still valid.
For example, the requirement imposed by the CI'T
theorem may turn out to be of greater generality than
our preserst field theory by means of which the theorem
has been proved. Another example of this kind is the

"R.P. Feynman, Bull. Am. Phys. Soc. Ser. II, 3, 55 (1958).

empirical fact that parity conservation holds at least
to an accuracy of one part in 108 in intensity~ whereas
the inadequacy of local field theory is already reQected
in that, in order to account for various self-energy
effects, some sort of I'eynman cutoff becomes necessary
at energies not too high in comparison with the nucleon
rest energy. " We believe that in elementary-particle
physics today only those arguments that are based on
symmetry principles are on a Arm and permanent
footing. We may hope that relations between internal
symmetry laws and space-time symmetry laws similar
to the ones discussed in this paper are still valid in a
more satisfactory theory of elementary particles.
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From dispersion relations an efFective range formula is derived for E+p scattering. In the expression for
the effective range, the integrals over the cross sections are certainly convergent and weighted against the
contributions from the unphysical region. This expression is then analyzed under the experimentally sug-
gested hypothesis of rather constant E+p cross sections up to ~110 Mev; it is observed that the effective
range is rather energy independent and the integrals contributing to it are estimated to be all of the same
sign. The expression for the efFective range is then quantitatively evaluated, and it is shown that the com-
parison with the low-energy dependence of 0.+ indicates equal A. and Z parities with opposite E parity (E
pseudoscalar). The possibility of evaluating the coupling constants from the low-energy behavior of the E+p
cross section is then briefly discussed.

(I) INTRODUCTION

S EVERAL attempts have been performed in the last
year' ' to obtain the relative parities of the strange

particles from the analysis of the meson-nucleon dis-
persion relations. The results were, however, rather
ambiguous; no definite conclusions were possible at
least in the absence of information about the sign of
the E ppotential (sign of t-he corresponding scattering

* Present address: CERN, Geneva, Switzerland.
' P. T. Matthews and A. Salam, Phys. Rev. 110, 569 (1958).

See also C. Goebel, Phys. Rev. 110, 572 (1958).
2 K. Igi, Progr. Theoret. Phys. (Kyoto) 19, 238 (1958).' S. Barshay, Phys. Rev. Letters 1, 177 (1958).

length). The main difficulty for the low-energy dis-
persion relation analysis lies in the fact, generally be-
lieved, that only subtracted dispersion relations can
be used in order to have convergent integrals. These
relations involve the scattering lengths as undeter-
mined parameters and are tautological at zero kinetic
energy (Trc ——0).f Matthews and Salam' noted, how-

ever, that if 0. —o+ vanishes for infinite energies

)Note added in proof. —In a recent paper by K. Igi LProgr.
Theoret. Phys. (Kyoto) 20, 403 (1958)j an analysis of E+p-
scattering cross section with such dispersion relations is performed.
However, the indetermination of the sign of the E -p scattering
length do not allow for definite conclusions.
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sufficiently quickly, then a relation between the K=p
and E+ ps-cattering lengths can be obtained by sub-
tracting the corresponding dispersion relation for T~=0.
This relation is not sufhcient, at present, to specify the
parities of the strange particles.

In this paper we shall make use of the information on
the low-energy behavior of E+-p scattering: we shall
show that this will allow for rather clear-cut indications
on the parity values. 4

In the next paragraph we shall derive an effective
range expression for K+ p(or K-p) sca-ttering by direct
subtraction of the corresponding dispersion relation. It
will be shown that for low energies the effective range
r+ is very weakly dependent on the energy. Besides, in
the expression for r+, the integrals over the cross sec-
tions are convergent and are weighted against con-
tributions from the unphysical region. It is shown that
the contributions of the integrals over g+ and p= are
both of the same sign; these contributions are then
evaluated by approximating in a simple way the experi-
mental cross sections. Then it is seen that the isotropy
and the very weak energy dependence of K+ pscatte-r-
ing for low energies gives a clear indication for equal
A and Z parities and opposite E parity. It is also pos-
sible to guess, with the support of good arguments, that
the high energy contributions (where there are no ex-
perimental data) would not spoil the conclusions ob-
tained, but rather add weight to their correctness.

In the following, the relative E-A and E-Z parities
will be called Pp and Py, respectively. If P~=P„
(Ps= —Pz) the relative A-Z parity will be +1 (—1).

The conclusions reached here are completely inde-
pendent of the ventilated possibility of opposite E+-E
parity. In such a case, the parity we are dealing with in
this paper is that of the charged heavy meson.

We shall call x, E, S, A, and Z the masses of the
corresponding particles and use units in which A =c= 1.
If not specified otherwise, the energies and momenta
are those of the heavy meson in the laboratory system;
we shall use frequently E as an energy unit.

(2) EFFECTIVE RANGE RELATION

The unsubtracted relativistic dispersion relations for
forward K+ pand E pscat-tering can -be written in
the following way. '

D+(co) =Bs+(co)+By+(co)

4 In a forthcoming paper I Amati, Galzenati, and Vitale, Nuovo
cimento (to be published)] dispersion relation analysis of low
energy E -p scattering and absorption will be performed. The
conclusions reached are in agreement with the present ones.

For the conventional derivation see D. Amati and B. Vitale,
5uovo cimento 7, 190 (1958).A rigorous proof for heavy-meson-
nucleon dispersion relation has not yet been obtained; see, how-
ever, Sremermann, Oehme, and Taylor, Phys. Rev. 109, 2178
(1958).

where D+(o&) and D (~) are the real parts of the for-
ward E„+ and E„scattering amplitudes at energy co,
0+ and o= are the total cross sections, and (P denotes the
principal value of the integral. The lower limit of the
integrations is E for the integrals containing o+, while
it is

(2)

for those containing o=, owing to the possibility of E
absorption processes. The bound-state contributions By
(I' stands for A or Z) are given by

gr' (I'+&+o r )Br'(») =+ if Pr =+I, (3)
2F & oi+oir )

where
ar= (I"—X'—K')/2Ã.

By performing a subtraction in the dispersion rela-
tions (1), we obtain'

D+(co) =D+(E)+(o~—K)r+(a),
where

r+(&o) =Rs~((o)+Rx+(o~)

(6)

1 ~ k'o.~(co')dko' 1 p k'o-+(co')da)'

(co' —oi) (o~' —E) ir" (co'+co) (cu'+E)

the bound-state contributions Rr(a&) being given by

gr' ( &+&+cor
R~ (~)=~ i for Pr=+I, (8)

2V ( (~~&gr)(K~oir))

gr' ( F—X—(or
Rr+(oi)=&

~ [ for Pr= —1. (9)
2F k (eo~oir) (K~~r) 3

We note that the subtracted forward dispersion relation, and
therefore their analysis, are completely independent of the exist-
ence or nonexistence of a direct K~ interaction.

7 I. Ia. Pomeranchuk, Zhur. Eksptl. i Teoret. Fiz. U.R.S.S. 34,
725 (1958) )translation: Soviet Phys. JETP 34(7), 499 (1958)g.

The vanishing of o+(o~') —o (co') for &o' —+ eo, which is
a rather general statement, ' ensures the convergence of
the integral expression in (7) and, therefore, the
meaning of (6).

From now on we shall fix our attention on K+-p
scattering and restrict the discussion to not too high
values of the energy co. (let us say 7@&110 Mev).

We first note that for small values of the energy,
r+(&o) is very weakly dependent on co. This fact is clear
in the expressions for Rr(o~) and the second integral
in (7). As for the first integral, we note that since o+
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is practically constant at small energies, ' ' the principal
value integral is also rather independent of co. Then the
expression (6) is really a conventional effective range
relation; the difference from the normal potential
scattering lies in the fact that r+ can well be negative.
We shall see later that this seems to be the case for
E+ pscat-tering.

As for the contribution of the unphysical region to r+,
we see that the denominators of the last integral of (7)
are slowly varying and rather large in that region. Then
even if A (co') =k'o (co') has cusps or kinks' there, the
integral over the unphysical region will be rather, small
and, in some sense, proportional to the mean value of
A .

We shall discuss now, in a qualitative manner, the
signs of the integrals contributing to r+(to). The con-
tribution of the last integral in (7), for the physical
region, is clearly negative. As for the first integral, let
us begin by noting that the very-high-energy contribu-
tion can be grouped together with the very-high-energy
contribution of the integral over 0=. But since 0+—0
is quite probably negative for all energies (owing to the
greater number of channels at disposal for a E p re-
action), then the high-energy contribution to r+(co) is
also expected to be negative, even if probably small.
Let us now discuss the low- and intermediate-energy
contribution of +cr( c)oto the first integral in (7). We
noted before that

t
k'a+ ((o')

(P dGO )
M CO

extended to the low- and intermediate-energy range,
will decrease when co increases provided that ~ is always
contained in the range of energies for which 0-+ is very
slowly varying. Then, by considering the subtraction
made to obtain (6), it is clear that the principal-value
integral in (7) is expected to give a negative contribu-
tion. This conclusion can also be reached by the direct
analysis of that term on the basis of the low-energy
dependence of 0-+. Then, just by qualitative analysis,

' See, for instance, Proceedings of the Padua-Venice Conference
on Fundamental Particles, 1958 (Suppl. Nuovo cimento, to be
published) and 1958 Annlal International Conference on High
Ertergy Physics at CERE, edited by B. Ferretti (CERN, Geneva,
1958).' We want to stress that all the arguments of this paper rest on
the evidence for small energy dependence of 0.+ at low energies,
The experimental data, even though the errors are rather large,
give a good basis for that evidence from ~30 Mev to at least
~120 Mev. If for energies lower than ~30 Mev 0+ would present
some unexpected behavior (for instance some abrupt decrease),
then the analysis of Eqs. (6) and (7) would be rather complicated
and the evaluations given here would no longer be valid. Not-
withstanding, a rather similar study would be possible for an
equation similar to (6) but obtained by subtraction at an energy
such that, from there on, cr+ presents the characteristic slowly
varying behavior. For such an expression, many of the qualitative
arguments drawn here would be applicable so, probably, the con-
clusions on the parities would be similar to those obtained here.
We note, however, the great interest that the experimental
measurement of the E+-p total cross section at very low energies
can have.

we are able to estimate that the integral contributions
to r+ are all negative. Since the value of Er+(to) is
negative for Fr=+1 and positive for I'r= —1, the
possibility of relating the sign and magnitude of r+(co)
to the relative parities of the strange particles is evident.
But to carry out this comparison, it is better to give
some more quantitative details of the magnitudes of
the different terms of (7).

b 10/E' c~55/E' d 10/E. (12)

The rather large experimental uncertainties make the
values for ft, c, and d given in (12) rather dubious. We
can, however, hope that the values of cr+ and cr given
by (10), (11), and (12) are not too bad, especially at
low energies. We estimate the error on the integrals
over the cross sections to be probably not greater than
20 or 30%. It will be seen that the conclusions we shall
reach are practically unchanged by it. We note that
the contributions involving b, c, and d all have the
same sign, so that the error in each will not be enhanced

by cancellations.
If we allow 0 to vary from 2E to 4E, the computa-

tion shows that the total contribution of the integrals
to r+(co) remains unchanged even though the separate
contributions of the terms containing 0+ and 0= are
modihed.

The contribution of the unphysical region, calculated
as described before, turns out to be very small: less
than 10%of the integral containing a over the physical
region.

We shall write down the result of the computation
both for very low values of the energy (k'/E'«1, where
r+ is a constant), and for a higher value of the energy

'0 This estimation is similar to that of Matthews and Salam'
even if some new experimental results are introduced Lsee for
instance the analysis of Ascoli, Hill, and Yoon, Nuovo cimento 5,
813 (1958), and Proceedilgs of the 1958 Amrtttaf Conferertce ort
High-ENergy Physics at CERE, edited by B. Ferretti (CERN,
Geneva, 1958)g.

(3) QUANTITATIVE EVALUATION OF r+(ro)

For the low- and intermediate-energy region we shall
approximate o+(co') with a constant b. Let us call 0 the
upper limit of that energy region; then we put

a+(co') =b for E &to'&Q.

For 0=, owing to the absorption processes, we shall use
the approximation

a (oo') =c+d/k' for E (co' &0,

with constants c and d. For the unphysical region we
shall simply continue o (co') =d/k' either to coo LEq. (2)$
or to some lower limit between coo and E.

The analysis of experimental data for E+ pand E --p

scattering gives for b, c, and d the approximate values".



IN D I CATION FOR E, Z RELATIVE PAR ITI ES

In the first (second) bracket of (13) and (14), the
upper value must be considered if Pq=+ 1 (Pn ——+1)
and the lower one if Pq —1 (P——n ———1).

In writing (13) and (14) we have neglected the con-
tributions of the high energies (a&') 0) that are obviously
rather difficult to evaluate. But as discussed in the
previous paragraph, this contribution is expected to be
negative, even if probably small. Then the actual values
of r+ should be possibly somewhat lower than (13) and
(14); we shall see that this can favor our analysis.

(4) DISCUSSION AND CONCLUSIONS

The experimental evidence for a weak dependence of
cr+ on the energy implies a low value for r+. To make a
more quantitative statement we must find out which
values of r+ are compatible with the experimental re-
sults. It is not feasible from the present experimental
data to obtain a value for r+; it is possible, however, to
find a maximum for its absolute value.

Let us first express o+(a&) as a function of t+(o&),
making use of the experimental fact that the angular
distribution for E+ pscattering is essen-tially isotropic,
in the c.m. system, for the energies we are interested in.
Passing to the c.m. system and making use of the
optical theorem, we get

or

k'
D+2 ((y) =—$4n 0+((g) —kt, 0'+ (hl) )

kg'

X+E
I D+ (E)

~

= piro+(E) jl,

(15)

(15')

where k& is the momentum in the c.m. system. Inserting
(6), we find

k/0+'(cv) (kt,(X+K)) '
~+(~)— [ cr+(E)

i
(C0 E)kg ( ((o—E)kt, ) ' r+'(a))

D+(K).+(~)+
~

2xk

As for the sign of D+(K), we know from experiment that

which we choose to be co= 1.22E (TIr= 110 Mev):

1
- —11.6 (g,2/4~)-

r+(E)=-
E' 0.95 {g&'/4n')

1 —10.3 (gn'/4n. ) 10
(13)

E2 1.1(g,'/4~)

1 —9.5 (gg'/4ir)
r+(1.22E) =-

E' 0.78(gz'/4m)

1 —8.5 (gn'/4n. ) 11
(14)E' 0 92(.g x/4 ri) E'

it is negative due to the sign of the interference with the
Coulomb potential. Then an increase in 0+(co) for in-
creasing energy, as seems to be the case for higher
energies, will essentially characterize a negative r+. We
are interested in ending some limitation for this nega-
tive value (i.e., a minimum value for r+) in order to
draw from (13) or (14) some condition on the signs of
the bound state contributions.

The experimental data' indicate that up to T~ 110
Mev, o-+ is nearly 14 mb, with errors of about some
millibarns. It is very difficult to judge which are the
real limitations given by these numbers; however, the
data allow us to believe, with sufficient confidence, that
when going from very low energies (T& 0) up to 110
Mev, a+ has not increased by more than 5 mb from
about its mean value of 14mb. If this is indeed the case,
we can obtain from (15') and (16) the following limita-
tion for r+:

r+(1.22E) & 7.5/E'— (17)
I

We see then, comparing with (14), that the bound state
contributions must be positive, and this is a clear indi-
cation of Pq=Pn ———1. The possibility of Pq=Pn=+1
is obviously inconsistent with (17); that of different A.

and Z parities (Pq= —Pn) is possible only if gii' and gx'
diGer by nearly a couple of orders of magnitude, and
this is really implausible. "

We see that the generally believed rather constant
behavior of 0-+ at low energies, suggests clearly that the
parities of A and Z are most probably the same while
the parity of the heavy meson is opposite. In order to
con6rm this result it would be very good to improve
the experimental information on the detailed behavior
of E+ pscattering -at low energies (from Tx 0 to
T& 110 Mev for instance), especially by giving an
upper bound for the variation of the total cross section
and confirming the isotropy of the angular distribution.
Indeed, if experimental data will show with better pre-
cision that the variation of 0+ with energy is quite
smaller than the maximum variation which we were
confident to assume, all the arguments made previously
will be strengthened.

We want also to note that the determination of r+
can supply a good method for investigating the value
of the coupling constants. As a poor indication we note
that a value r+= —5/E', which gives an increase in o+
of about 3 mb in going from 0 to 110 Mev, would be
given by gz'/4r =gz'/4 3.5.
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