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Recently sum rules’ for strong interactions
have been derived on the basis of a dispersion-
theoretic approach. In such derivations, one
makes assumptions? concerning the high-ener-
gy behavior of scattering amplitudes, which
specify the convergence properties of the rel-
evant dispersion relations. If the dispersion
integral is approximated by a sum consisting
of intermediate resonant states, the masses
and widths of different resonances are related.
Thus AFRF consider pm forward scattering
and show that

2_n. 2 _ 2 2
gcpp‘n =0; £ opr —4gp ﬂﬂ/mp . (1)

The interesting feature of relations (1) is that
they are the well-known coupling-constant re-
lations?® that follow from the considerations

of higher symmetries. This suggests the pos-
sibility that some of the results of higher sym-
metries can be derived from certain dynami-
cal requirements. With this point of view, we
consider meson-baryon scattering within the
framework of SU(3) symmetry and discuss the
relations between masses and widths of bary-
onic resonances with different total angular
momentum J,

The invariant amplitudes A(v,#) and B(v,t)
in meson-baryon scattering have different as-
ymptotic behavior.* Thus, if A(v,t)y=sv% (t),
B(v,t)5=—v® (£)-1, In a Regge-pole model,
a(t) refers to the dominant Regge trajectory
in the crossed P+ P—~B+B t channel. Now,
from our present knowledge of the meson mass
spectrum, it is reasonable to assume that o ()
<0 (¢ =<0) for 27, 10, 10* trajectories. Conse-
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quently one is led to three sum rules: the crossing matrix® and BR’ are the SU(3) ei-
genamplitudes in the P+ B—~P+B s channel.
2 RR,fw ms" (V,t)dl/=0 From crossing symmetry, the sum rules in the
case of 10, 10* representations in the ¢ channel
(t<0; R=217,10,10%), (2) are trivially satisfied since ImB(v,?) = ~ImB(-v,t).

Therefore, just one nontrivial sum rule,® due

where Cpp' are the appropriate elements of J to 27 crossing, is obtained,” viz
= J ’ *

0 *

f 2B (v, 1)L B, 1)L 1™ (u,z)+11m383(u,t)-11mB8A(u,t)+lImBl(v,t)]dv=o. 3)
o |40 12 5 3 8

For the further discussion of the sum rule (3), we approximate the integral by a sum of direct-chan-

nel resonances. In the narrow-width approximation,

2

ImB(v,1)=3] R t)F 6(s—Ml ),
+

where

@,)-P e, )} M, MP(Z, )] (4)

1

(t) t(47r/qli {(M —M) —u}{P’l s

and s =M?+ 2+ 2v—3t. M (u) denotes the external baryon (meson) mass. Tzl and Mj, are the total
elastic width and mass of the resonance of total angular momentum J =1+ 3. q1, is the center-of-mass
momentum given by

q;, =01, +MP—2PR01, -MP-1FP2/2M,
Z:i: Z:l:
and l
Zl - 1+t/2ql 2. (5) low-mass resonances,
+ * M, M > (Ml —M)2— 2, (8)
Now, if we consider the forward scattermg * *
amphtude and retain only the JP = =3t decuplet Hence from (4),
and JF = 3t baryon states, we obtain the follow-
ing relation between the 33 resonance [A(1238)] R, = 7167 ’(Z ) 9)
width T's, the parameter f,® and the NN7 cou- I "li Iy

pling constant g:

[2m*M~{Ma*-my~12}]T, /g ,°

Pz, i) is an oscillating function of £. Thus,
in order that the sum rule (3) is satisfied for

a finite range of ¢, the sum rule should hold
=8[37%-(1-1)?] g%/4n, (6) for each set of resonances which have the same
orbital angular momentum / and nearly the
same mass.'® Hence, an approximate sum
rule for separate ! can be obtained from (3)
and (4) by setting =0 and summing only over

J =1+ % states. Empirically, resonances with
higher / have larger mass, so that the approx-

where M * is the mass of A(1238). With T'p

=120 MeV and g2/4n =15, f=0.42 which is re-
markably close to the value of f=0.4 correspond-
ing to a D/F ratio of 3. We can express (6)

in a more familiar form in the limit M *=M

=0.4:
andf =0 199 A3 g2 imation leading to (9) may not be valid. There-
T =c—=——|-), ) fore, we expect the sum rule for separate /
A 25 M*®\4n
to hold for small 7.

which is essentially the SU(6) relation® between To test the above arguments, we follow Barg-
A(1238) width and NN7 coupling constant. er and Cline'! and assume their classification

The approximation made in deriving (6) can of baryon resonances in terms of Regge tra-
be justified by the following argument. For jectories: the o octet, the 6 decuplet, the y
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octet, and the y singlet. Since the o octet and
the 6 decuplet have positive parity, there are

pairs of resonances with the same Z, i.e.,

N, (938) and A5(1238), N, (1688) and Ag(1924),
etc.; likewise for the y octet and the y singlet,
N),(1512) and Ay(1520), N,/(2210) and A.},(2110),
etc. From the sum rule (3), if we assume the
same D/F ratio along an octet trajectory, we

obtain

el

TR, T RA(1924)

ATA TA

=—=(2f 2+2f -1), (10a)
2 I b
6e° Ty"Ry(688) ° ¢

el el
1"A RA(1520)_1"A RA(2110)

el N el
rN RN(1512) I‘N RN(2210)

Aora,or
=57 2+2f -1),  (100)

where the R’s are computed from (4) for the
specified resonances by setting 7=0. I"Nel
and TA®! are the elastic widths in 7N channel.
T'pelis the elastic width in the =7 channel;
fa (fy) is the parameter f for the o -octet—BP
(v -octet—BP) interaction. If we use the quot-
ed numbers!! for I'p€1(1924) and T'y€1(1688),
we obtain el

I‘A RA(1924)
ol =0.49~0.69,
Ty Rp(1688)

to be compared with
el 2
PA RA(1238)/6g =0.51.

Thus the agreement of (10a) with experiment
is fairly good. A similar comparison of (10b)
with experiment cannot be made at the present
time because the widths are not known with
any accuracy.

Clearly any further quantitative comparison
has to await further experimental information.?
However, it is interesting to note that the sum

rule (3) for separate ! cannot be satisfied with-
out having two or more SU(3) multiplets of bary-
on resonances with the same ! (but possibly
different J). Also, these resonances must have
nearly the same mass. This indicates a close
relationship between the sum rule and possi-
ble supermultiplets of baryons.
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