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We study the generalized superconvergent sum rules for a number of processes of
the kind P+P— P+ V, where P and V stand for pseudoscalar and vector mesons, re-
spectively. We find simple algebraic equations for the parameters of the leading Regge
trajectories which are exchanged. The results are in good agreement with experiments.
The limit of SU(3) symmetry is also considered.

Several authors! have shown that supercon-
vergent sum rules can be generalized to cas-
es in which the Regge trajectories are not low
enough, by use of analytic continuation. On
the other hand in a recent paper? we have em-
phasized the possible importance of the Reg-
ge-tail contribution even in the case of super-
convergence. As a whole, in both cases, the
program can be thought of as relating high-
energy parameters (Regge trajectories) with
low-lying resonances by means of equations
of the form

Yo B)
'/(; IIIIA(V, t)dV(Im (1)
This procedure has successfully been checked®
in some detail for 7N scattering in a range of
the momentum transfer . Meson systems,

even if less accessible to experimental data,

can still offer, with suitable assumptions, in-
teresting tests of these ideas.

In Ref. 2 we stressed the possibility that the
continuum could be important in meson systems
and we attempted saturation of vector-meson
(V), pseudoscalar-meson (P) scattering sum
rules including the Regge-tail contribution.

Here we consider P +P —P +V scattering.

In fact, only the vector and tensor mesons*
dominate the low-energy region. These same
states are known to control the high-energy
behavior when their trajectories cross into

the physical ¢ region. Furthermore, crossing
adds new relations in terms of the same param-
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eters, by exchanging the role of resonances
and.trajectories. Equation (1) may then be re-
garded as a consistency condition for the pa-
rameters of the Regge trajectories and, in this
sense, can be thought of as a bootstraplike
equation, a point of view emphasized by other
groups as well. A number of problems still
remain to be solved in order to bring this ap-
proach to the level of a consistent dynamical
theory.® These mainly concern unitarity, ¢
dependence of the residue functions, the num-
ber of equations for higher moments to be con-
sidered. Some of the parameters appearing

in our approach as constants will turn out to

be smooth but perhaps complicated functions
of ¢.

We first restrict ourselves to isospin sym-
metry and consider a number of testable sum
rules. In particular, from 7+7—-7+w we get
very nice bootstrap conditions for the p and
from m+n—m+p we obtain a very good result
for both the p and A, trajectories. We also
look at possible SU(3)-symmetric solutions
and we find an interesting and unique solution
including a mass formula among 7', V, and
P mesons and exchange degeneracy of V and
T trajectories.

We consider the family of processes

PYp )+ PP (b))~ P (b)) + V0@),

where a, B, vy, 6 are SU(3) indices. The scatter-
ing amplitude is of the form (e m is the polar-
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ization vector of the V meson)
[}
TOlB'Y (v, 1) =

Wpc i)
v=—5(p,+q)(py+Dg) =5(s—u);

b p. A% ),

10" 2p° 30

t= —(p1—q)2- (2)

Conservation laws and Bose statistics imply that the intermediate states must have JPC +17 7,27
377,.+- or, in the Regge language, the states lie on the well-known vector and tensor trajectories.

The nontrivial, lowest moment sum rules are

fVIVImAaBYG(v ;‘)dv —f——ﬁﬁd f (even crossing) 3)
o ’ a, O+1"at’rpy &)

v
j(; 2ImAaBy (v, t)dv 7:57()—)]()\016 ABy (odd crossing), (4)

ay and ap being the trajectory functions and the B functions being defined through the equations

V

Aeven(v’ f — s1n1roz (t) Shra B¢ ﬂaV(t)](V/vl)aV(t)—ldaé)\f)\ﬁy’ )
e, t)u-; smmit) ® ey 1](V/V2)QT(t)’1fm5dABV' (©)
The couplings of the resonances are defined as
S'P P =i o Py p ) e (72)
£(V16V2AP "= @, 68 vvp€ L po® ule qupp 30° (7o)
e R 2 I 1e)
£(r : YV ) f)\ GgTPVE)\/.L quxeup3u(p3‘q)oepoT' (7d)

With the available formalism we start by
considering only SU(2) symmetry. We start
with the reaction 7+7—7+w. There is only
one isospin amplitude, and use of Eq. (3) leads
to

p,2

4 p
- 2_ 2 2 =2 P2 2
gpmr p7rw( mp mw 3m )= T (ap+ 1)° (8)

Since the left-hand side of (8) vanishes at
t==2mp®+my?+3my® ~-0.53 BeV?, we pre-
dict that the other side vanishes at this point
as well. The most natural interpretation is
to say that B contains a factor ap () because
of the helicity flip and our prediction is then
ap(—0.53)= 0. This corresponds to the dip point
known to be present in 7N charge-exchange

Iﬁscattering at about £=-0.59 BeV? as a conse-

quence of the exchange of the same trajectory.

We can also use Eq. (8) at t=mp2 By means
of Egs. (5) and (7) we have
Pl 2= "om 2
B (mp ) e, (mp )gpmgpw, 9)
and Eq. (8) gives
21 2_ 2_ 2 ’ 2
vy 2(3mp m, 3mn )/ap (mp ). (10)

We can go one step further assuming linear-
ity for the trajectory function, ozp(t) =at+b,
and the ¢ dependence of B as® ap(t)[ap(t) +1]B,
where B is practically constant in the interval
under consideration. Expressing the mass
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through mp2= (1-b)/a, we get from Eq. (8) two v, =0.8 BeV?, which is also quite reasonable.
algebraic equations in terms of the three pa- The analog of Eq. (8) for ¢ scattering still
rameters a, b, and v;: has the p trajectory contributing to the right-
hand side. Since the mass of the ¢ is much
v,2=1/2a%, (11a) different from that of the w, consistency with
the previous results has the only solution Epmp
(mw2 + Smnz)a +3b =2, (11b) =0, in agreement with experiment.
We analyze now the reaction 7+7n—7+p in
If we insert m,?=0.6 BeV?, we obtain a=0.89 the various channels having either p- or 4,-

BeV ™2 and b =0.47 which are very good, and trajectory exchange. This yields three sum
—l rules that read

2 2 2 2 2 p 2
- 1 —_ —- - =
gpﬂAng]’ITAz( +2mA2 mp m17 2m77 )(M+ +2t)=48 vy /77(ap+1), (12a)
24
gpmrgnpp gmA2 nmA, (M_2+21)= 2,3 vz/naAz, (12b)
t+2m, 2-m %-m 2-2m (M 2+2t =(t+m 2-m 2-2m ? 12
( 4, " Ty M _ )gpﬂAzgmA ( m*-m, =2m )gpmgppn (12¢)
where
M 2=[m  2=(m %2+m %=2m 2)x(m 2-m ®(m 2-m 2)/m  2].
5=l 2=m P 22 ) (m P %) m, 2= 2)/m,, ]
Linearizing as before, the resulting system is essentially satisfied by the following solution’:
ap(t)=0.42+0.96t; u1=(«/2'ap')—lz 0.75 BeV?;
a, (£)=0.35+0.95¢; v, =V3(2a, ')—1=1.25 BeV?; =5 BeVZ2. 13
2,0 p=V3(2a, ) &y Epna Enra, (13)

We consider now reactions involving strange particles. In general, they lead to relations between
coupling constants; however, in a few cases all the resonance contributions vanish at some value
of ¢, predicting a sense-nonsense zero in the residue function. In particular, the sum rules corre-
sponding to T+K~w+K, 1+K—-p+K, and 1+K —7+K* are, respectively (in units BeV?),

- —gP, 2

8 sk SR K w? 1(+0. 47)+gK vk 8K K 3(t+2.86)(t +0.40)= 8 vy /71(ap+1), (14a)
_ w2

& pexkcn® KK p 5(t+0.49)-g K “Kn gK Ko 3(1+2.88)(t+0.42)=8 v /n(aw+1), (14b)
1 _,P 2

& ek n BTk £(t+0.56)+g K - ng*K*ﬂz(t+2.95)(t+0.5O)—B v /n(ap+1). (14c)

We now turn to consider the interesting limit of SU(3) symmetry. We find that three independent
sum rules exist (one for V exchange and two for T exchange) if the external multiplets are supposed
to be unitary octets. After linearization the p’s can be eliminated and we get the system

t+mV —3mP2‘2u 2o (t)aV , (15a)
- 2 =4y 2
EppySyyp T Gt rmptom A =3m e oy p 8 pyy = 3y (@t VA e 8y (15D)
2_ 2 = 2_ 2_ 2 2_ 2_ 2
t+m S =3m "y pEppy +("U’zmT My =3mpE) @t m Fm A =3m g b o 8 p e (15¢)

The solution of Egs. (15) contains as a consequence exchange degeneracy and, more precisely, all
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the parameters are expressed in terms of my and mp in the following way:

= 1-3x t L s = 2.
aV(t) aT(t) 2_3x+2sz(1--—2-x) , X (mP/mV) ; (16a)
V3 EppvEvyp
v.=2a )Y v ==a, Y ==2(t+2m, 2-m_2-3m_2). (16b)
1 14 2 V2 T gPPTgPVT T Vv P

The present work, as well as the results of Ref. 3, confirm this point: The interference model
would not satisfy our equations and would yield double-counting effects.

Finally, we want to comment on the validity of Schwarz sum rules® deduced under the hypothesis
of the absence of fixed poles at the wrong-signature integers. In cases we can check their validity,
with the present scheme they are not satisfied. A similar result was found in Ref. 3.

The authors enjoyed useful conversation with D. Amati, R. Gatto, D. Gross, D. Horn, and R. L.
Omnes.
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The differential cross section for K - elastic scattering for K~ laboratory momen-
ta in the interval 110-160 MeV/c has been measured in a helium bubble chamber. The
data, together with measurements of the total absorption cross section in the same re-
gion, have been fitted with a partial-wave analysis involving s- and p-wave scattering
with complex phase shifts. These parameters are used for predicting the expected re-
sults of a K-mesonic Xx-ray experiment, viz., that >98% of the K~ capture is from the

2P state.

We report here a first measurement of low- of three views by searching for the scatter of
energy K~ -a elastic scattering. We analyzed any beam track >10° in either view. Each scat-
film from the Argonne National Laboratory— tered beam track was then followed and required
Carnegie 25-cm helium bubble chamber,! which to decay or interact inside the chamber and
was placed in a separated, stopping K~ beam? have an additional track or tracks present at
at the zero-gradient synchrotron (ZGS). The the second vertex.* This requirement yields
magnetic field in the chamber was produced a sample of K~ - scatter candidates with the
by a superconducting magnet with a central large background of K~ decays and high-mo-
field of ~41 kG.3 mentum scatters removed. This is a conse-

The film was scanned at least twice in two quence of the fact that a K~ -decay secondary
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