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Abstract

We estimate the branching ratio of ¢ — KO_I—{T')(, by includ-
ing a non-resonant smooth amplitude in addition to the scalar
resonance poles. This transition is relevant to precision mea-
surements of CP-violating parameters in the kaon system at a

¢-factory, which have been recently proposed.
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The possibility of precision measurements of CP violation in correlated K° — K0
pairs from ¢ decays, to be copiously produced at a high-luminosity eTe™ — ¢ machine,
has attracted much interest recently [1-4]. The point is that the p-wave K° — K©
complex from ¢ decay must be antisymmetric, therefore automatically pure K — K,
so that cleaner determinations of the CP violating parameters should be allowed in
principle.

Backgrounds to this configuration are due to events where the ete™ annihilate to
an even-wave K® — K0 state, which must be symmetric, and therefore either Ay — K,
or Ks — K. This issue has been investigated in details in Ref. [5], where the various
possible sources of such contaminations have been assessed. According to that analysis
the most important background should be represented by the radiative transition ¢ —
K°K%y. In this mode the K° — K9 system is expected to be in s-wave due to the
small Q-value, and indeed in the estimate of Ref. [5] the transition amplitude has been
assumed to be dominated by the lowest-lying S*(975) and 6(980) scalar mesons. such
that ¢ — K°K%y should proceed via ¢ — $*/§ v followed by §*/§ — K°K9,

In this regard one could observe, however, that both the 5* and the ¢ lie some-
what below the K — K threshold, so that they decay into K — K through just the
tail of their Breit-Wigner shapes, instead of exploiting their full widths. Thus the as-
sumed scalar meson dominance may be not obvious a priori. Consequently, in such a
situation, it should be sensible to look at the possible effect of a non-resonant, smooth
amplitude, which in principle must be added to the resonance poles. Obviously this
would lead to an improved theoretical estimate of the background to CP violation
experiments at a ¢ factory. In addition to that, such a question is relevant to the
attempts made to clarify the (as yet not quite established) nature of the S* and of the
4, by the observation of ¢ — S§* v and ¢ — § -, as recently proposed in Refs. 6] and
[7].

With these motivations, we will try in what follows to supplement the calculation
of Ref. [5] by an estimate of the non-resonant amplitude for the process ¢ — K°K07.
To this purpose we shall adopt the familiar framework of current algebra and PCAC,
plus the vector meson dominance of the electromagnetic current coupled to the photon,
as this scheme seems most suitable for the kind of calculation we wish to make here.

Thus, neglecting d-waves, we start by defining the transition amplitude for the
process ¢(p) — K%(k1) K°(k;) v(q) as follows:

T(¢ = Koﬁ‘}') =E ﬂA(P)fa(Q) [QAPO' = (P‘ Q') ‘5z\o'] B (V: VBskf!kg) ) (1)
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where e is the electron charge, 7 and € are the ¢ and the v polarization vectors

respectively, and
(k2 —k1)-(p+4q)
4 ﬂ/[cs
(1 - k2)
2 M,

(2)

vp = —
For later purposes it is convenient to introduce also the (K°K?) invariant mass squared:
t=—(ki+k)’ =—(p—q)’ =—ki-k +4Movp = M3 +2(p-q).  (3)

Clearly, at the kaon mass-shell k} = k3 = —m},. However, we let the amplitude B in
eq.(1) to explicitly depend also on k} and k3, as this allows the extrapolations in the
kaon mass which are characteristic of the current algebra approach.

Indeed, by the application of standard soft-meson techniques [8], one can derive

the following low-energy theorem:

m}e F2 T(é(p) = K°(k1)K(ka)v(q))
(mik + kF) (mi + k3)

= ky, ko, M, — g(m, +ma)S.  (4)

In eq.(4) Fk is the kaon leptonic decay constant (Fx =~ 1.2 F, with F, = 93 MeV),

and
M,, = izfa(q)/d"xd“yexp(—i(kl 2+ ks y))

_ (5)
< OIT (A5K(2) AR (3)Vm(0)) I6(p7) >,

0 0 =
where V7™ denotes the electromagnetic hadronic current, and AE;K 4 AY) are the

axial vector currents, whose divergences interpolate the K° and K fields:

b
AT = i5y,y5d,

AT = idy, s, )
Moreover, m, and my in eq.(4) are current quark masses, and
B=ie(q) [dzexp(=ilg-2) <OT(SOVI™@) o) > (7
with S(z) the scalar quark density:
S = d(z)d(z) + 3(z)s(z). (8)
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Using the SU(3) notation, we can rewrite eq.(8)

—2\/‘50"53“(581 (9)

S = Trﬁ_b%%ba (10)

where

with 1 the basic u, d and s quark (flavor) triplet. Analogously:

1
V;-m- = Veo.3 e \/;VU.B- (11)

Eq.(4) directly follows from well known, model independent current algebra Ward
identities and equal-time commutation relations, plus the PCAC principle.
The next step is to expand X in eq.(7), which is reminiscent of the familiar

o-term of pion-nucleon scattering, in a gauge invariant form analogous to eq.(1):

2(p, q) = 1a(p)ea(q) [grPe — (P * q) 6ae] H (t,¢* =0), (12)

where we directly put the photon on its mass-shell ¢*> = 0.
From eq.(4) we can then derive the following two conditions on the amplitude B,

rigorously valid at the soft-kaon points k; — 0, k2 = 0 and k7 = 0, k; — 0 respectively:

1

B (v,0,0,0) = ———(m, + ma)H (t = 0,¢* = 0), (13)
2 FZ

B(-14,0,0,0) = ———(m, + ma)H (t = 0,¢* = 0), (14)
2 FZ

with vo = ; M.
Two more conditions follow from the constraint that the amplitude B should

have Adler zeros [9], at the points ky — 0, kf = —m% and kI = —m%, ky — 0
respectively:
B (10,0,0,—m%) =0, (15)
B (—v9,0,—m%,0) = 0. (16)

Obviously, conditions (13)-(16) are symmetric under the exchange K° « K?°, as im-
plied by the s-wave character of eq.(1).

In order to turn eqs.(13)-(16) into a prediction for physical (k¥ = k7 = —m}%)
kaons, we try a linear extrapolation in the range 0 > kf'z > —m% and v and vg

in the neighborhood of the physical region, which should be quite reasonable for the
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non-resonant, smooth transition amplitude. To this we add the resonant amplitude,
determined by the lowest lying s-wave poles (S* and §) coupled to K°K°. Accordingly
we write the amplitude B of eq.(1) in the form:

G,
B(V,Ug,kf,kg):A+B1kf+sz§+CU+EW—_£, (17)
where G; = G $iyGj05cc Tepresent the residues of the poles (i = §*,6). By imposing
the constraints (13)-(16) on eq.(17), we obtain for the kaon on-shell amplitude:
ry
2R

1 2 1
+2.6; {Mg B i v gav

B (V) VB, _mE{’ —mzK) (ma + md)H (t = 0,q2 = 0)

(18)

One important point to notice is that the procedure followed to arrive at eq.(18)
has allowed the extrapolation of the on-shell amplitude to the soft-kaon limit without
forcing ¢ — p and thus ¢° — p? = —M [10], so that the photon is kept on its mass-
shell ¢ = 0 all the way down. Also, we have tacitly assumed in the parametrization
(17) that the dependence of the amplitude on the K°K? invariant mass ¢ is entirely
generated by the poles. Regarding these, we shall account for finite width effects in
actual calculations by adding, as usual, imaginary parts —iM;I'; to the denominators
in eqs.(17) and(18). As a matter of fact we should observe from eq.(18) that, be-
sides providing the non-resonant amplitude, the current algebra conditions somewhat
modify the form of the resonant amplitude from the simplest scalar pole dominance
expression. As we shall see, this can have appreciable effects on the final numerical
results for the rate of ¢ — K9K 0+,

We must now estimate H (t = ¢> = 0), which appears in eq.(18). This can be
done by vector meson dominating the current V™ in eq.(7). To this purpose we

write ¥ for convenience as:
Z =na(p)es(q)Hnros (19)

where for ¢> = 0 gauge invariance requires that
Hka == Hl(t$0)6Ad +H2(t10)Qr\PO’ (20)

with
Hl(tso) +(p'Q)H2(t:O) ZO: (21)
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giving eq.(12) with H (t,q*> =0) = H; (t,¢q* = 0). Here (p-q) = —3 (]\/Ii - t). By
vector meson dominating H;(0,%) we have (only the ¢ contributes for an ideally mixed

vector nonet):

Cs F.
2 ¢
s 22
Hl (07Q) Mé_l_qz; ( )
where Cs is the s-wave coupling for
< ¢|5(0)|¢ >=Cs (n-¢) (23)

and Fy is defined by

<0iV7™[g(q, €) >= Fy €-(q) (24)

with Fy = 0.08 GeV? from the measured ¢ — eTe~ width. Using eq.(21) at ¢t = 0, for
which (p-¢q) = —-;-M;, we obtain:

2 H,(0,0) 2 Cs Fy
Mg My

H(0,0) = H,(0,0) = (25)

We may notice that the extrapolation in the photon mass from ¢*> = —Mj to ¢* = 0,
which is implicit in the vector dominance approach, has been done here in an explicitly

gauge invariant way.
To estimate C's in eqs.(23) and (25), we recall the familiar form of the chiral
SU(3) x SU(3) symmetry breaking Lagrangian density:

2
Lsg = Z miq;qi = \/émoSu + E(ﬁ — m,)Ss, (26)

t=u,d,s

where mo = 3(my +mq +m,) and W = 1(mu + mga). With |¢ >= [s5 >= \/ng -
\/ng, the OZI rule suggests:

<maw>=—¢g<a&w>, (27)
< ¢|Ss]¢ >=0, (28)

so that, in eqs.(9) and (23):
< 3|5(0)|¢ >= —V3 < ¢|55(0)[¢ > . (29)

Using
< Vi|Ss|V; >=dsij D, (30)
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with 7,7 = 0,...,8 as implied by the nonet symmetry of eqs.(27)and (28), we can
relate the reduced matrix element D to the mass splitting among the vector meson
nonet induced by Ss. In this way one finds:

Mg — M2.

My, — M

Osi=3 (31)

Replacing eq.(31) into eq.(25), and then into eq.(18), we can write the complete
¢ — K9K%y amplitude defined in eq.(1), in the following final form:

—FIZ{Mi M; me — M

1 2 1
e ZJGi[Mf T M-y +Mf—t]'

=S

B (V, vg, -—mfr{, —mzK)
(32)

The rate is obtained by integrating from 4mj to M} the differential spectrum
in the (K°K?) invariant mass, which in terms of the amplitude B can be expressed

as:

[R— 1

dl'(¢ — K°K) a ez s 3 4m§{) S

= ~(M;—t) (1-—=) |B|". 33

dt 128m2 M3 3 (M5 ~4) t 151 (33)

Numerically the non-resonant (n.r.) amplitude, which corresponds to taking

G; = 0 in eq.(32), is Bn.». ~ 3 GeV ™2, irrespective of the value of m, > m. This
would give, using eq.(33):

T'(¢ — K°K%),
I'(¢ — K°KDO)

= ~ 1.4 107°, (34)

We should emphasize that the estimate of the non-resonant amplitude presented here
is model independent to a large extent, as it relies on some general, well established
principles which underlie the theoretical description of low energy hadronic interac-
tions.

To complete our calculation we need the values of the constants G; in eq.(32),
which cannot be fixed a priori, and therefore in principle should be taken from exper-
iment. This is not possible, because the couplings Ggs+~, Ggsy and G5 are not
measured, while only G, p 7 is roughly known, so that one has to rely on theoretical
predictions. However, the structure itself of the scalar mesons is not quite understood.
Consequently, theoretical estimates of these constants dramatically depend on the as-
sumed nature of S* and é (®P; ¢g quarkonium, glueball, ¢ggg four-quark states, K K

molecules).



To cover a range of interesting possibilities [5,7], we consider the values Gs. =
—Gs = 0.6, and Gg- = —Gs = 2.4 as significant ones. The former choice is represen-
tative of the gg model for S* and §, and would give in the simplest scalar meson pole

dominance (p.d.) approach (i.e. without any non-resonant amplitude):

I'(¢ — K°K%%),.q.
(¢ — KOK°)

=210""°, (35)

The latter choice is representative of the description of S* and § as KK molecules,

and gives in the same approximation of eq.(35):

I(¢ — K°KO%),.4.

—2= —3.71078. (36)
I'(¢ — K°K")

We have taken opposite signs for Gs- and G5 because negative interference between
S5* and § (as well as positive interference in the mode ¢ — K+ K ~v) seems to be a
general fact [5,7]. Actually this would exactly occur, in general, for S* and ¢ belonging
to an ideally mixed nonet of scalar mesons, since G, 0775 = —G ;o7 in that case,
leading to a cancellation, modulo differences in the total widths.

Replacing the values of GG; reported above into the complete expression of the

amplitude (non-resonant plus poles) in eq.(32), we obtain the predictions:

I(¢ — K'Ky)

—— = (0.7-6.3) 10~° (37)
I'(¢ — K°K?O)
for the ¢gg model of S* and é, and
— K°KO.
Tt = K ) =(2.8—5.1) 107" (38)

(¢ — K°K°)

in the case in which the S* and § were K K molecules. Two values are reported in each
of eqs.(37) and (38), because we have allowed for more generality an unknown phase
between the current algebra and the polar amplitudes in eq.(32), which we have varied
between the extreme values 0 and 180 degrees. This seems the best determination we
can offer, at present, of the process ¢ — K"K’E‘y.

Comparing eqs.(37) and (38) with (35) and (36) respectively, we see that for qg
scalar mesons the presence of the current algebra determined non-resonant amplitude
makes a large effect, as its size is comparable to that of the purely polar term (see
eq. (34)). In the case of the interpretation of § and S* as KK molecules, the effect

of the non-resonant amplitude is reduced, but is still quite appreciable. This is due
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in large part to the modification of the polar term by the current algebra constraints,
mentioned following eq.(18). Finally, had we assumed equal signs for Gs- and G5 (thus
positive interference instead of negative interference between these two resonances),
the numerical results reported in eqs.(35)-(38) would have increased by about one
order of magnitude. However, as previously mentioned, such a possibility should be
considered as unlikely.

In conclusion, our estimates of the branching ratio for ¢ — K 0K% indicate it
to be of the order of 10™® — 2 10™®, depending on the structure of the $*(975) and
the §(980), and assuming in general partial cancellation among these resonances, as it
is verified in explicit calculations. This result has relevance for using a ¢-factory as a
facility for precise measurements of the CP violating parameters in the kaon system
at the ¢ resonance. Indeed, although confirming the process studied here as the
dominant potential source of contamination to ¢ — K Kg, it indicates that the size
of this CP-conserving background should not reach the level of significantly affecting
the feasibility of CP-violation measurements at the precision planned at a ¢ factory.

Our study of ¢ — K°K9+y shows that in principlé it may also provide a se-
lective test of the structure of the lightest scalar mesons, if the ¢-factory luminosity
were high enough. If not, the process ¢ — K™K~y would be more promising in
that regard, owing to the expected positive interference between S* and §, provided
one could distinguish experimentally very low energy “direct emission” photons from

bremsstrahlung ones.
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