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Regge behavior of scattering of unequal-mass
particles, Freedman and Wang'* introduced

the notion of daughter trajectories. The first
daughter trajectory of the Pomeranchuk has
Y=T=0, G=+1, and odd signature. So the
lowest physical particle on this trajectory (which
has JP = 17) has the same quantum numbers

as the % meson (see, e.g., Low).
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K,°-K,° MASS DIFFERENCE AND THE INTERMEDIATE VECTOR BOSON*
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(Received 6 December 1967)

The K;"-K,’ mass difference is calculated to lowest order in the intermediate-boson
model, using Weinberg’s first sum rule. A finite result is obtained without requiring
equal coupling of strange and nonstrange mesons to the corresponding currents.

_ The K,°-K,° mass difference has recently been calculated by Biswas and Smith! from the current-
current form of the weak Hamiltonian, convergence being obtained by the use of the Weinberg sum
rules? for the spectral functions of the propagators of vector and axial-vector currents of chiral
SU(3)® SU(3). Doubts have been expressed® concerning the validity of Weinberg’s second sum rule
applied to SU(3). In this note we point out that a convergent result may be obtained without this sec-
ond sum rule, if we assume the existence of an intermediate vector boson of finite mass.* An es-
timate can be made of this mass from the observed K,°-K,° mass difference, but depends on some

poorly determined parameters.

We follow the method® used by Biswas and Smith.! The mass difference is®

AM=E(K ) -AE(K,°) =Re(2n)% Jatz(xO T{H (@)H (0}IK°). (1)

The second-order weak coupling will be taken as

T{Hw(z)Hw(O)}=ZGzMB4 Ja*xdya BB( y-2)a LT (5)7 @) 0 o), @)
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where’
N o T CR /7 e P Y (3)
and
J o= T a TN osorv B ya K g (@)
" m m m

y T ks
m

As in Ref. 1, the kaons are now reduced out using the hypothesis of partial conservation of axial-
vector current, viz. 8 A“(K) =iF K(p(K)sz, and taking the soft-kaon limit. This gives

aByb

1“+z§2“), ete.

A(M ) = —Rel8iF (GM 2 ind cos6)2fd4xd4yd4z AaBB(y—z)AYGB(x)M ,9,2)], (5)
where MaByb("’y’Z) is a sum of terms like
(m+) (m=) (m+) (m=)

oIy, v e wv, " ono. ©)

These are approximated to lowest order by the contribution of a vacuum intermediate state, in this
case

ity )y (""(o)}:oxo;r{v ‘""(z)v "wpo=a,, (a YV(z-x). 0

We can throw away terms like A,g V( y—z)Ayst(x) [which gives a divergent contr1but10n] because
it is not a continuation of any term than can occur when the kaons have nonzero mass.?
The current propagators AaB aBA’ A BKV and AaBKA have spectral representations® such as
2

A BA(x)=-i(2ﬂ)_4fd4ﬁeiprduz{pA(l)(uz)[(gaB-paPB/uz)(pz—uz)_l+6a4664#_ ]

+pA(°)(u2)[papB(p2—uz)'l—ca4ﬁﬁ4]}- (8)

On substituting (7) and (8) in (5), divergent terms can be removed by use of Weinberg sum rules of
the form

Jau{p D) =py P + o O (W) =pp ,(0A)]}=0 ()

and similarly for the vector terms; p®(u?) are assumed to be saturated by massless particles, e.g.,
©f;2) ~ 15 25,2
PA (ﬂ)"a;Fn 6(IJ-)-

Hence
o . - d’pd ju.%d p,® o 1y?) o 1,?)
2) _ 2 2 2 4 1 2 1 2
AWM )-Re[ZzFK (GM ;2 sin6 cos6)*12(2n) (pz'MBz)z(pz'“lz)(pz'“22)] (10)
where
Wy, .2 (,,2)_ W(,2)_ (&
o(w?) =p W) +p , P2 =py P (WD) =py , P0?). (11)

These spectral functions are approximated by assuming single-particle dominance in the usual way,
e.g., py(p?) =~ ~gp 26( 2 -m, %). Particles used are p(760), 1(1080), K*(890), and K 4*(1320).

The integral in (10) converges without the requirements that g =gk v’ and g4%=gg A% However,
since these quantities are not well determined by experimental data, we shall use the results of vec-
tor-meson dominance applied to the second Weinberg sum rule, for SU(2)® SU(2),' i.e.,

847785 Epamggy (=8 (12)
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We also take!! gp2 ~iF.? m,, ; this leaves ( gK/gp)2 to be estimated. From sum rules of type (9),
2 - 2 2\f1_ 2 2 o 2
gy /gp mpe 4 /mp ){1 (FK /F_ )(mAl m )/mAl 1 (13)

and

(ng/mKVZ)—(gpz/mpz)=—stz, (14)
where we have used pg *”(u?) ~1Fps26(u?) (corresponding to the so-called kappa meson).

We consider the following possibilities:

(a) We put the experimental result Fg/F,; ~1.28 in (13). ThlS gives gg*=0.575¢,"

(b) Fpe in (14) is assumed negligible; so gx®=(mg V/m )? g, This agrees, in the vector-meson-
dominance model,? w1th the observed ratio ['(K*-~Km)/ [‘(p mr)

(c) Assume gg?= g as in Ref. 1.

The result in each case is compared with the experimental result AM7(K,°) = —0.48 to attempt to
estimate Mp. We take F =187 MeV, sin6=0.21, 7(K,°) =0.87x10~™ sec. Then (a) gives Mp~T BeV,
(b) gives Mg ~30 BeV, and (c) does not come w1th1n an order of magnitude of the experimental re-
sult for any Mp.

The above values of Mp are obviously very sensitive to the value of ( gK/gp)2 taken. We would al-
so expect correction terms, ignored in approximating expressions like (6), to have an appreciable
effect (possibly by an order of magnitude) on the estimate of Mp.

In case (c), we obtain AM7(K,°) ~~0.02 in the limit M g~ However, there is some further am-
biguity in this case since the full set of Weinberg svm rules for asymptotic SU(3)® SU(3), giving

p gA =gk A’ =8KV?, is inconsistent with the experimental pa.rtlcle masses, consequently differ-
ent subsets of these sum rules will give us different estimates of g =gg*®. One such alternative
estimate is™

2=F ’m %1~ (m

8k "k "kv (15)

}—1

KA K K V ’

which was used in Ref. 1. Taking the value of Fg”sin?§ from the decay rate I'(K - uv), we obtain
AM7T(K,°) ~-0.08 in the limit Mpg— . (The somewhat different value obtained in Ref. 1 is due to the
use of larger numerical values for Fy and 6.)
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