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In.arfécegfhleffer Das, Mathur and Okubo 1 have obtained some
interesting sum rules, 1nclud1ng two sum rules obtained earlier
by Weinberg 2, by postulatlng that the chiral symmetry sU(2) x
- x 80(2), which is broken in nature, becomes exact in a certain
asymptotic limit. They have considered the Fourler transforms,

F"(q) and F”(Q) of the vacuum expectation values of the time-
ordered product of two vector and axial-vector currents,
respectively, and aséumed thaﬁ the difference of these Fourier

transforms tends to zero as qz ~>w . The sum rules they have

-obtained on this assumption seem to be well satisfied. E

The idea of the chiral symmetrk-béing'éiact, in an asymptotic
limit, admits, however, of a wider generalization. -Since exact
chiral symmetry implies in some sense conserved current operators,
one can assume with equal validity that not only the differences
between Fourier transforms of vacuum expectation values but also
the differences between more general matrix elements of the time~
ordered product of two vector and axial-vector currents tend to
zero asymptotically. 'In ‘this letter we want to report on such a
generalization by considering the matrix elements of Tmproduct of
two vector and axial-vector currents between one-pion states and
the sum rules which can be deduced from it. The relevant Fourier
transforms are essentially the scattering amplitudeé of a pidn
and a vector or axial-vector meson. We are hére'regarding the
vector and “"1a1~veCuor currents as sources of vector and axial-
vector fields, respectively. The asymptotic limit in this case

is the limit of the centre-of-mass energy beconing infinite. We
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are assuming, in short, that the difference of two suitable
invariant amplitudes representing the scattering of a vector
particle against some target and the scattering of a "correspond
ing" axial-vector against the same target satisfies a super--

convergent dispersion relation and gives rise to a sum rule.

Following the notation of Alfaro et al., 4 the appropriate

Fourier transforms are written as

T}YV:u. a*x eiqex<1r(p2)lm(vpci), v, (0))|m(py)> (1a)
Tiﬁ, | ax o19-% <mlp) 1A () A,€0N)|m(py)> (1b)

These Feynman amplitudes can be decomposed into invariant

amplitudes as follows:

1
T§§A) = €,0P E,0P 2R 4 = (E1eP €240 +£7.Q e_Z.P)BV(A)

+ €100 500 CVCA) 4 £ g, cf(A) (2)

We assume that the A,-meson is the axial counterpart of p-meson
in the sense that A;-meson dominates the axial~vector current
Just as p-meson does for the vector current. Then Av, BV, etca,
refer to p-m scattering and AA, BA, etesy to Ay =r scattering 55

It can be shown by arguments based on unitarity that

6, B g1FE and A~8"2YE 55 s - 0 4 where

asymptotically Cl’a'VS
€ is a real positive number., Our postuléte about chiral sym-

metry being exact when the c¢.m. energy (V/s) becomes infinite
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implies that the difference of any one of these invariant
amplitudes for p=m scattering, and the corresponding one for
A1==v scattering, becomes convergent or superconvergent depend-
ing upon € . However, in the absence of a definite knowledge of
€y it would be reasonable to assume that the amplitudes (BV(s) -
- B8%s)) andar(A(s) - 2%4(s)) are superconvergent in any isotopic
spin state even though AV, BV or AA, Bv may not be. The result-

ing sum rules may be symbolieally written as

il
Im[gg(sﬁ) - Aé{s*) dst = 0 (3a)

ro.
(st ) - Bh(s?)]asr = o0 (3b)

4

where the suffix I denotes the isotopic spin state in the s-chan
nel. In exploitimg these sum rules we assume as usual that the
integrals in eq.(3) are saturated by the contributions of a few
low mass states. In deriving the relations between coupling
constants implied by the sum rules (3a) and (3b) it would be
simpler to consider specific reactions. The reactions we
consider are: #i + po(Ai) **ni:+ pg(ﬁg) and v°+vp°(A§)~»v° +

+ p?(A7). The important poles that contribute to the first set
of reactions are my; A and p, while for the second set these are
Wy £, and f;(1500)° We evaluate the sum rules in the forward
direction. With the intermediate states mentioned above, the
contributions of s= and u-channel pole terms cancel for the sum
rule (3a) which is therefore satisfied trivially. The non=-
trivial sum rules, following from {3b), as specialized to the
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. 6
set of above reactions, are as follows ~:

n, =-m 2
2 = P . 1.5 '’ (4)
4gw— B gL" . gT Al
P ma mAl
_ P
2 . 2. 4%/ 2
..5/3 + — + - + >
gi‘oAl'lr 2 3 ("’n £
- fo
.
4 mﬁ""’f g
'3 2
m
i‘o |
L 4
+ - 5/3 + —— (= o +~ m2+V) +
gf‘Aln' 2 B % N\ £3
e, )
- o
2 2 7]
m- o+ V.t
4 L fo
+ o
3 e
fo R
-+2ggfm-<2;& +m§>=0 (5)

wh V, ¢ 53 (mno .-2.-'2. v, = & VZ,..Z..Z .

k is ec.m. momentum in Al-decays
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g1, and Ep refer to longitudinal and transverse couplings of Al
to p and m. We also give here the relation of the width of Alm
decay into pw In terms gy and gq which i1s given by

mA1 2 . 5
1 2 2\.2

I — 4+ 2 _ - {6)
I}if,Pm/mAl Tom mp mﬂl (?L + 2 gTj)mﬂl

6

Gilman and Harari ~ find from superconvergence relations in
p=m scattering that gp=0. If we assume gp = O and calculate
the width of A, using egs. {4) and (6), we get Iziﬂ>pw"J7o MeV,
which is to @e compared with the experimental value of [Liﬁ'pw=
= 130 + 40 MeV. 7 Considering the large error in the
experimental value, the calculated value seems to be consistent

8

with experiment. Ml ternatively, treating eqs. (4) and (5) as
a simultaneous set to determine gg, and gp in terms of the
experimental value (130 MeV)}, we ge% g%/g% = 5.8, a value which
can be checked experimentally by measuring the ratio of
longitudinal to transverse polarization of the p-meson in By =
decay. PFurther, if we take gfoAlw a:gfgﬂlv, eq. (5) gives a
value I}onyﬁlﬁ ~ 2 MeV, which is consistent with experiment. In
addition we find I"}é_, A ™ 50 MeV, which is probably large to
be consistent with experiment. But by assuming.én fo—=f; mixing
angle one can substantially reduce the value of the width
[}.;_,_ aym e obtained.

The successful predictions coming out of our Sum rules lend

considerable validity to our generalization of chiral symmetry

belng exact at high energies. Other applications 6f the same
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idea to various other reactions will be reported elsewhere.

The above analysis of chiral symnetry can immediately be
extended to strangeness-changinglcurrents. Assuming that K*
and K, dominate the strangeness-~changing vector and aﬁial-vector
currents respectively and considering the reactions m + K*O(Kg)

*—>wih¥K*°(Kg) we get a sum rule similar to (4), namely

ad 2 2
"Ka ” mK*) k! . :
4 gK*K'rr = > g, - 1.5 g mKA 7

. 4 ¥
where k' is the c.m. momentum in KA-decay into K*r and g1, &p are

appropriate coupling constants of KA to K* and 7. Taking g;==0,
the width of K, decay into K*r comes out to be 67 eV, which is
to be compared with the experimental value 80 * 20 MeV, which is
an overlap of two modes K*mr and KP. As the phase=-gspace favours

the former mode, our result is consistent with experiment.
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