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ABSTRACT

The CK/C" ratio has been evaluated as a function of

the usual n-X mixing angle and is found to be in quite
good agreement with experiment. This calculation is based
upon chiral symmetry algebra, equal wave-function renormal
ization constants for the nine pseudoscalar mesons and
the possibility that the n-X mixing be generated from the
vacuum when this vacuum is SU(3) non invariant. No use of
the symmetry breaking Illamiltonian density is required. The
consistency between this calculation and another one based
on PCAC and giving CK/CTT as function of the 7,K and n mas-
ses is discussed, and it is argued that in this case the

Hamiltonian density must contain a term which explicitly

takes mixing into account.




I. Introduction

Recehtly, By considering the vacuum non invariance
“under SU(3) in the Gell-Mann, Oakes, Renner(l)and Glashow,

. : Weinberg (2) nodel for the divergences of the axial cur
rents, the CK/CTr ratio has been evaluated as a function of

the pseudoscalar masses(3'4)

. Although the result obtained
was elegant and in quite good agreement with the available
experimental results, the link between the usual n-X

mixing theory and the SU(3) non invariance of the vacuum was
not established. The same formula for the CK/Cn ratio has
also been obtained by considering operator product expan-
sions at short distances(s). In this last work, the n-X
mixing has been exploited, but there is a disagreement of
about ten percent between the calculated mixing angle and
that arising from the usual n-X mixing theory with quadra
tic masses.

In Sec. II of this paper a different evaluation of
the CK/Cn ratio is presented-this time as a function of
the mixing angle of the usual n-X mixing theory-and is in
quite good agrcement with experiment. An interesting fea-
ture of this calculation is that the knowledge of the sym
metry breaking Hamiltonian density is not required. In Sec.
III, the consistency of these calculations.and those of

: (3-5)

refs. is discussed and it is concluded that the ef-

fective Hamiltonian density which breakes SU(3) 8 SU(3)

must have the following form




|
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where € is necessarily different from zero in order toavoid
inconsistencies. In.Sec. IV the results are discussed and
. conclusions are presented.

II.Usual n-X mixing and a formula for the CKignAratlo.

The constants C“,CK and C8* are defined by

<of AM(y,t)|n(q)>zic q'e’ (A Y79o%) (L)
<o | A;szt)lK(q)>EiCKquei(2;Z:qot) ' (23.
<o Ag(L,t)in(q)ﬁiCscosequ ei(ﬂ;x:qot) (3)
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The angle O, which appears in the last two definitions,

is the usual n-X mixing angle, is value being given by

M2 - M2
+ 8 i
tano = % (5)
, 2 .2
My~ Mg
2 _ 4.2 1.2
Mg = 4 Mg - 3 M. (6)

Information about Cps CK’CS and tan® is obtained from
the vacuum expectation value of the axial charges and the
fields of the pseudoscalar mesons, under the assumption of
saturation by one particle intermediate states.Let Q? be the
axial charge and ¢j be the field of the pseudoscalar meson,

then

*when used as indexes, m stands for 1,2,3 and K for 4,5,6,7.




Cy = =i <ol Q0 ] 1o (7)
ey = -1 <of[ Qg ¢ ] lo> (8)

. , A ; o
C8cose = -j <oy[ Q8’ ¢n] | 0> (9)
Cg send = -i <o|[ Qg, ¢x:]i°> (10)

To evaluate the left hand side it is necessary to know
two things: 1. the representation of SU(3) ® SU(3) to which
the physical particles belong; 2. the relation between the
fields of that representation and those of the physicél
particles.

With respect to 1, it is assumed that fhe fields of the
theory belong to the (3,3) + (3,3) representation of SU(3) ®

SU(3). About 2, some considerations must be made. It is
known that the n and X physical states are mixtures of‘én
SU(3) singlet and octet. In the usual n-X mixing theory,
where the vacuum is assumed to be a scalar of SU(3), this
fact is taken into considerationVWheﬁ fields composed of
singlet and octet parts are used aé interpolating ficlds for
the physical n and X particleé. When ghé possibility of
SU(3) non-invariance of the vacuum is considered, a field
belqnging to a pure SU(3) multiplet can create, nevertheléss,
from this vacuum, a mixed stafe. In other words, the SU(3)
non-invariahce of the vacuum can generate the n-X mixing.
Because of this it is assumedtthat the following identifications
can he made.
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where the V's are the pseudoscalar fields of the (3,3) +
(3,3) representation. Furthermore, the wave-function

renormalization constants are all assumed to be equal:
2, =2, =12, =1 =1 (12)

These assumptions are to be taken as working hypotheses;
the quite good agreement of the results with experiment will
be used as an '"'a posteriori" justification of them.

It is now straightforward to obtain from (8-10), and

the above assumptions, the values of C"; C C8 cosf® and C851n6

K’
as functions of

and

A .
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From (15) and (16) A can be obtained as a function of

tan 0




A = VE? tano (17)
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Dividing (1 ) by (1 ) and then substituting the value

of A given by (1 ), we obtain

. A tan®
k% .V "7 _ 1+7W7 (18)
Co Y2 + A 1+ 2tane
\Z
Since it is known by experiment that

CK/C“>1, the minus sign can he chosen in eq.(5),leading to
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When the experimental values of the pseudoscalar masses(ﬁ)
are introduced into the above expression, CK/Cn = 1.25 is
obtained, agreeing very well with the measured value

1.27%0.03.(7)
It must be noted that the above formula for CK/C"exhibits

the correct behavior in the limit of exact SU(3) symmetry,
that is, tan6-=»0 leads to Cg = C,.As pointed out earlier, it

is not necessary to know the symmetry breaking Hamiltonian

density to do the calculation; the only hypotheses are the




(3,3) + (3,3) representation for the fields, n-X mixing ge
nerated by the SU(3) non-invariance of the vacuum and equal
wave-function renormalization constants for the nine
pseudoscalar mesons. The quite good agreement between the
consequences of these hypotheses and experiment is used as
an ''a posteriori" justification for thenm.

Now it would be interesting to reproduce some of the

results of refs. (3-5) using the hypotheses already made,

and check the consistency between those results and ours.




III. Axial current divergences and another formula

for the CKLQH ratio.

{

Let é(. =u, *cug +e Vg Vg (20)

be the symmetry breaking Hamiltonian density; where
u,,» ug, v and vg are fields belonging to the (3,3) + (3,3)

representation of SU(3) ® SU(3). The term ¢ Vg Vo is
introduced to take n-X mixing into consideration in the
effective Hamiltonian density.

In this model the axial current divergences are

given by
- _
[ = 3 A = -1 A =
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To evaluate the expectation values of du AE between the
vacuum and states of one pseudoscalar”pérticle it is necessary
to know the matrix elements:

<o v_ u, | Pj > and <o v, u. | Pj>.

8 1

The use of the pole approximation, which proved to be so

fruitfull in Sec.II, gives




<oj v Uil P.> = <o|vo| X>«<X| uil Pj> = VE'<X|uil Pj> (22)

o J
 J
<o | Vg uil Pj> = <°‘V8l n><n| uil Pj> ='V_Z—'<nluil pj> (23)
For the matrix elements that appear on the r.h.s. the
following ansatz is made:
‘ <Py lug [ Py>= ad,y (24)

when i, j and n are all different from zero.

| P. > = b d,. (25)

when at least one index is zero.

Eq.s (23) and (24) now be comes

<o| v_ u.j| P.>
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Using PCAC, definitions (1-4), eqs. (21) and (26) and

the same hypotheses made earlier, it is possible to write,

for particles on the mass shell,

! 2 ¢ . Ny
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H 2
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. From these equations a '"corrected" Gell-Mann Okubro mass

formula can be obtained

2k 2 2
3Cg cos® M_ - 4 C M+ C_ M =0 (31)
Equations (14-16) lead to
3C8 cos6-4 CK + C" = 0 (32)

The elimination of 3C8cose from these equations gives

another formula for the CK/C1T ratio:

Cy Mr21 - Mfr
—= AT (33)

C, G b

whose numerical value is 1.25, also in very good agreement
with experiment. This formula is contained in refs.(3-5).
The consistency between this calculatipn and that of
Sec.II can be fully exhibited. To do this, eqs.(27-29)are
devided by eqs. (13-15) and then the parameters
N [c+e 2 (a+b)] , A and Z/Ao are obtained as function of

3
the pseudoscalar masses:

) M2 kkz + 31\12 M2 _am® M2
[ere 2 @] - |7 3Kk TN (34)
3 : ME ME - 3ME ME soMé M
n K K = n
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3M§ - amd o+ 2 '
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"In Sec.s II the value

~ MG“ tané
VEﬂ+ tanb (17)

A

was obtained. Using eqs.(5-6), this value becomes

R N
\ = '2——| V4MK 3Mn M_" (37)
2 2 2" 2 2 2
VGMX - 8M + 2MD - V4MK - 3MC M

Substitution for the experimental masses in eqs. (37) and
(35) gives respective by A = —1.44\/5' and A =-1.43\/E:

So the evaluation of X by two differcnt ways gives the same
result, showing the consistency between calculations of
Secs. II and III.

Using eqs. (34-36) in eq.(30) devided by eq.(16) it is

possible to write
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M2 = C‘,"EVZ; (2b ) Z_ [c+ev:22’;(a+b)] + e’V—g (b-a) 2z
X Y A A
: 0

(38)

2 2 2y  £(a-b) r, o, 2.2 ,z.z]
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2 2
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Equating this expression to the measured Mf value, it

is possible to obtain the numerical value

which shows that it is impossible to have € = 0 in the
SU(3) O SU(3) - breaking Hamiltonian density.

On the other hand, the consistehcy conditions do not
limit the range of values of c, so it is possible, for
instance, to have c=o0, when SU(3) would be broken by the

mixing term, or c=- VZ » With now the mixing term being

responsible for the SU(2) 8 SU(2) breaking.
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IV. CONCLUSION

In this work the CK/Cﬂ ratio has been calculated twice:
firstly, as a function of the usual n-x mixing angle; and
secondly as a function of the masses of the w,K aﬁd n mesons.
The numerical results of both calculations are equal and in good
agrcement with experiment. This fact is the main support to the
hypotheses that have been made and are summed up below.

Although many representations of SU(3) R SU(3) can lead
to the formula for CK/C“ depending on 7, K and n masses,(4) it
“has been shown to be essential to the first calculation of
',CK/Eﬂ that the fields of the theory transform according to the
(3,3) + (3,3) representation.

The possibility of n-x mixing be gencrated from the
vacuum was used and, besides being the simplest explanation for
n-x mixing, it also proved to be a 'sine qua non' condition for
both calculations.

| The wave function renormalization constants were assumecd
equal for the nine pseudoscalar mesons and the good results of
Sec.II depend strongly on this assumption, but for the second
CK/Cn calculation it is not important. To achieve consistency
it has been necessary to introduce into the llamiltonian density
a term which explicitly describes mixing. At t@is point one might
be tempted to say that this term cquld be dropped and different

wave function renormalization constants for the singlet and

octet pseudoscalar fields might lead to a consistent result.
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. j - It must be noted, however, that this would introduce an error
of ten percent on -the n-x mixing angle.
' Finaily_it must be remarked that the properties of the

scalar mesons have not been used,simply because they are not

~ needed to obtain the results of this paper.

+
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