PHYSICAL REVIEW D, VOLUME 60, 093012
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We investigate the relations between g and r— K 7v . decays using the meson dominance approach.
First, the experimental branching fractiof&F) for K;; andKY, are used to fix two normalization constants
(isospin invariance is not assumedhen, the BF ofr —K*(892) v, is calculated in agreement with
experiment. We further argue that the nonzero value of the slope parawetethe K,fs andK23 form factors
fo(t) implies the existence of the” —K§ (1430) v, decay. We calculate its BF, together with the BF's of the
Kig, K23, =K 7, andr —K°r~ v, decays, as a function of thg, parameter. At some value af),
different for charged and neutral kaons, the calculated BF's seem to match existing data and a prediction is
obtained for ther— K 7v decays going through th€f (1430) resonance[S0556-282(199)02821-(

PACS numbes): 12.15.Ji, 13.20.Eb, 13.35.Dx

With a new generation of high statistics and precise data Mo =Cl[f. (DD +f_(1)a*Tuy. (1— ve)v 1
aboutK 3, i.e., K—mlv,, decays coming soofi,2] it is ko= CLTOPEHT- (e luy, (1=ys)v, (M)

possible to think ab_out mvesuggtmg thg problems th_at Wer%vherep (q) is the sum(differencs of the four-momenta of
not fully resolved in the previous series of experiments

; . : 'the K and = mesonst=q?, andu andv are appropriately
which ended approximately in the early 1980s. . : : : . )
One of the as yet undecided issues is that of the value, chosen Dirac spinors of outgoing leptons. This relation de

he si tthe s i the i e f(}fnes, up to a normalization factor, tkg; form factorsf . (t)
even the sign, of the slope, in the linear parametrization o andf_(t). The normalization used most frequeniths,g is

the form factorf,, the definition of which we give below. 4 a0 byC=G¢|V,d/2 for the K5 and C=Gg|V,dJ/\2
us| us|

SomeK; experiments indicated a nonvanishing negative, yq K decays. It is customary to also introduce the form
value, some positive.The situation was analyzed by the factor [14]

Particle Data Group in 1982/] and a recommended value of
0.004+0.007 was chosen. A very recent experiméjtwith i
its result of 0.0620.024 influenced the recommended fo(t)=f (1) + ———F_(1), )
value, which has now become 0.006.007(3]. my —m:,
The situation with thev, parameter in th&?— 7 u v
(K%5) decay seems to be a little more definite, at least judgwhich corresponds to thd=0 state of theK—a system,
ing from the recommended value of 0.026.006[4,3] and  whereasf  (t) corresponds to it§=1 state. After integrat-
from all the experiments in the period of 1974-1981 agreeing over angular variables, the differential decay ratd,in
ing on the positive sign. which also has a meaning of the invariant mass squared of
In this paper we speculate about the consequences whidhe | v system, comes out as
may stem from conclusively establishing a nonzero value of

No- Its purpose is not to compete with the elaborate calcula- dr Ky Cc2 (t— m|2)2 P .

tions of theK,; form factors, se¢6—9], or of the kaon pro- at 3 3 At mig ,m?)
duction in 7-lepton decay$10,11. Our aim is to show on a 3(4mmy) t

phenomenological basis in a simple and transparent way the ><[(2t+m|2))\(t,mﬁ ,m2)|f+(t)|2

possible relations between tKg; and7— K v . decays. We i

mainly argue that a nonzero value of thg parameter of the +3mA(mz—m2)2|fo(1)]?], 3)

K,s decays implies a nonzero decay fraction of the
—K3 v, decay. Judging from our results and the contem-where \(x,y,z) =x2+y?+z>— 2xy—2xz—2yz. Thet de-
porary experimental upper limit, this decay may be observeghiendence of all form factors is usually studied experimen-
soon. The tool we are going to use here is the meson domially in linear approximation
nance hypothesis, s¢#&2] and references therein.

If we believe in the validity of the standard electroweak
model in the leptonic sector, we parametrize the matrix ele- f(t)="7(0)
ment of theK; decay in the forn{13,14

t
1+)\F), (4)

w

although such an approximation was shoj] to be im-

*On leave of absence from Department of Theoretical Physicsproper, at least for thé, (t) form factor of theK ;; andKZ,
Comenius University, 842-15 Bratislava, Slovak Republic. decays. The authors ¢16] found big discrepancies among
We refer the reader tf8] for references and more details. N 's from different experiments if a linear approximation
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was used. They clearly demonstrated the existence of a quaxherem,, is the mass of th&* (892)" resonance, as seen in

dratic term inf_(t) by showing that its inclusion led to the hadronic production experiments. The absence of a non-

better fits. infinitesimal imaginary part in denominator is justified by
There is a peculiarity in the present experimental situatiorbeing below the threshold of th€* — K7 decay channel.

which is worth mentioning. The/e universality requires the But the actual form of the propagator may differ fraim

form factors be equal for thié.; andK ,; decays. Assuming even in the subtreshold region. The success in describing the

the validity of Eq.(4) we can express th&®=K ,3/Kgs K5 form factors gives am posterioriphenomenological ar-

branching ratio as a function of two parameters: and\. gument in favor of an approximate validity of E().

Knowing the experimental values of the latter we can evalu- If we fix, for simplicity, the normalization of the form

ate R and compare it with the experimental ratio. TKg  factors by requiringf  (0)=1, we find the following corre-

data pass this consistency check without problems, wheregpondence of5) with the quantities entering Egl):

the contemporary recommended values of i form fac-

tor slopes lead to a little lower ratio than the experimental Gy
one (0.676-0.009 against 0.7G10.008). To restore the C:F’
\%

consistency, one has to sacrifice thée universality and
allow a higher value of tha , parameter in th¢(23 decay.

A remark is required at the very beginning about our m\2,
treatment of theK,; decays of neutral kaons. We will work fi(t)= 2y (8)
with the K°— 771, andK°— 7 *1~», decays, despite the v
fact that what is really observed are decays ofKfleandK 2 .
mesons. If we ignore a small violation of tkP invariance, f(t)=— K~ Mg
then the decay rates of the former two decays are identical - m2—t

and each of them is equal to the decay rate Id_f
—*|* v, where summing is understood over the two final\ye 4150 have
states shown. The same is true K¢— 717 v.

The assumption that thi€,; decay is dominated by the fo(t)=1. )
K*(892) pole leads to the following matrix elemefsee,

&g.[17.12): Inserting ourC, f_(t), andfy(t) to the general formulé3),

s integrating overt, and comparing our result with thi
GV Mg —m_ — 0 .
My y= pH— g“ |uy,(1— ys)v, (5) (Kg3) decay rate calculated from the experimental values of
3T md—t Z a the K= (K?) lifetime and theK ;3 (K%,) branching fraction
\Y L e3 e3
we arrive at G{72=(1.037+0.013)x10 *? and G{"?
where my is the K**(892) mass anddimensionlessG,,  =(1.974-0.021)x 10 *2 If the isospin invariance in the
collects the coupling constants from all vertices. It also in-K* K7 vertex were exact, the ratio of the former to the latter
cludes theV,, element of the Cabibbo-Kobayashi-Maskawawould be equal to 1/2.
matrix. As the isospin invariance is badly broken in &g Before proceeding further with our form-factor issue let
decays(see, e.g., the discussion[ib5]), we have two inde- us notice that the same overall coupling constants govern
pendent constants. One figf; decays oK™=, another folk® 3150 the decays —K 7%, and 7~ —K% v_ in which
(K%. We do not need the explicit form @,’s, because we the K system is produced via th€* ~ resonance. Let us
will fix their values from the experimental values of the cor- first calculate their branching fractions using tGg’'s we
respondingk .3 decay rates. Nevertheless, in the notation ofhave just determined. This will test the soundness of our
Ref.[12] we have approach and of the approximations made and will give us
the confidence for calculations for which the comparison
. Ok =K+ 70 with data is impossible as yet.
G{) =GV gwyxm ——— (6) The main problem we are faced with when attempting
9 such a calculation is that of the propagators of resonances.
. _ ) _ , We are now above the threshold of thér system,s
and a similar relatlon foGy, . The cpnnecﬂon with (trj)e st?n- >(mg+m.)2, wheres is the square of the four-momentum
dard notation [15.8] is given by Gy’/my  pflowing through thek* resonance. As a consequence, the
=Gg|V, S ™ (0)/2. ForG{? | the factor of 2 is replaced propagator acquires an important imaginary part and may
by V2. differ substantially from the propagator of a free vector par-
Let us note that when writing Eq5) we took the propa- ticle also in other respects. For example[18] it was pro-
gator of theK* resonance in the free-vector-particle form posed that the lowest ord&v= (Z°) renormalized propaga-
tor in the unitary gauge can be obtained, at least in the

my

— gH"+gHqYIm? resonance region, by a simple modification of the free propa-
—iGA"(q)= f\’ (7)  gator(7). Namely, by replacing the mass squarefl every-
t—mytie where in Eq.(7) by mé—imyI'y, with Ty being the reso-
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nance width? For resonances with strong interaction such a+0.6)x10 3. We proceed similarly to obtainB(7~
simple prescription is not justified, as discussed, e.d20h K%y )=(7.1+1.2)x10 3. After adding these two
Nevertheless, i6=p? is in a close proximity to the resonant branching fractions we obtain
mass squared we can write

) — g+ w(s)phpls B(r~—K*(892 v,)=(1.10+0.18%. (14
—i v p =

, 10
s—mi+imyIy(s) (19 _ .
The experimental valug3] is (1.28+0.08)%.

whereI'\(s) is thes-dependent total width of the resonance L&t us now return to the form factors. The §a|ient feature
normalized byl'(m2)=T"y, and w(s) is a complex function. Of the one-vector-meson dominance model is the constant
It reflects the properties of the one-particle-irreducibleKis form factorfy, which implies a vanishing parametes
bubble and is, in principle, calculable. There are differentdefined in Eq(4). There are at least two ways to accommo-
ways of treating it in practice. For example, when considerdate a nonvanishing value ofy in the meson dominance

ing thea, resonance in the intermediate state, the authors PProach.

[20] eliminated its influence by choosing transverse vertices. One possibility is to add more strange vector resonances.
Alternatively, various choices have been made in the literaJ he case of two vector resonances was considered already in

ture. Very popular is the free-particle choiegs)=s/m?, [1*7]- In addition to the well established* (892) it was
recently used, e.g., in RefL1]. In experimental analyses a K*(730), which was abandoned later on. But the fo_rmulas
spin-zero propagator is used even where not justifase of [17] are general, and could be used for inclusion of
discussion if21]). This corresponds tex(s)=0. The same K™ (1410) as well.

choice was made if22], where the branching fraction of the ~ Another way of modifying the meson dominance ap-
7~ —K*(892) v, decay was also calculated. proach to theK,; decay is to include the scalar resonance

Fortunately, thek* (892) resonance is relatively narrow K3 (1430). The advantage of this approach is that, as we will
(I'y~51 MeV) and we can hope that the systematic errorS€®, it does not modify the, (t) form factor, which seems to
connected with the propagator ambiguity is small. NevertheDe well described already with thk*(892) alone. The
less, to assess it we will calculate every quantity of interesfnodification influences only thé_(t) and, consequently,
twice. Once withw=s/[mZ—imyI'y(s)], then with w=0. the fo(t) form factors. Willis and Thompson alreadg3]
This procedure yields an average and an estimate of its sy&iscussed this possibility, but at that time there was no

tematic error. known K- resonance with spin zero. Later on, the
The differential rate of ther-—K 7%v_ decay in the Kg(1430) dominance was used, together with the low-
mass squared of thé system is given by the formula energy theorems of hard-pion current algebra, to constrain
the parameters of thi,5 scalar form factof24].
dFT—HK—WoVT 1 (mf_S)Z " . To calculate the contribution to thi€,; matrix element
ds = 64 3 s A (s,mic,m7) from the Feynman diagram with tH€§(1430) in the in-
(47m,) S termediate state, let us first define the weak decay constant of
X[(2s+ mf))\(s,mﬁ ,mi)||:+(3)|2 the K§ . As usual, it can be done by means of the matrix
I ) element of the vector part of the strangeness-changing quark
+3mZ(mig—m?)?|Fq(s)|?], (1) current
where — .
(0[u(0) y*s(0)|p)s ~=if kx ~p*. (15
G
Fo(s)=——— (12)
s—my+imyl'y(s) The considered part of the matrix element then becomes
and
(+) M Cs_ g (1— ve) (16)
G{[1-w(s)] K55~ 5 L d7Uy(1l=vs5)V,
Fo(S)=— (13) 95 g

s—mZ+imyIy(s)

The presence dfy(s) in Eq. (11) reflects the contribution of Wherems is theKg (1430)” mass and

the off-mass-shell vector resonarié to theJ=0 channel.

It would disappear if we chose(s)=1, as seen from Eq. G

(13). After integrating(ll) and using the experimental value Gs=—FVust§ Gkt KO- a7
of the 7~ lifetime, we arrive atB(r —K™ 7%v,)=(3.9 V2

Because Eq(16) does not contairP*, the constantC and

2For later development and references to alternative approaches toe form factorf . (t), as shown in Eq(8), will not change
the weak-gauge-bosons propagators see [R6F. after adding(16) to (5). New f _(t) andfy(t) become
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TABLE |. Branching fractions of the<’;; and =K 7%, TABLE II. Branching fractions of thek® w3 and K,
decays calculated within the meson dominance approach assumisigcays calculated within the meson dominance approach assuming
various values of thi;; parametei,. The recommended experi- various values of th&’; parameted . The recommended experi-
mental value¢3] are shown in the last row. mental value$3] are shown in the last row.

Nox10°  B(K,3) B(r —K'a’v) B(r =K a’v)x10  \ox10° B(KDy) B(r —K%7 »,) B(r —K'm »,)X10°

(%) VIaK (1430)" totaP (%) VIaK (1430) totaP
-10 303002  5310° 3.9-0.6 -10  243%0.17 89105 7.2+1.2
-5 3.06:0.02  1.3<10°° 3.9-0.6 -5 2465:0.17  2.10°° 7.1£1.2
0 3.1050.02 0 3.9-0.6 0 24.91+0.17 0 7112
5 313:0.02  1.310°° 3.9:0.6 5 2518018  2.¢10° 7.241.2
10 3.17:002  5.3%10° 4.0+0.6 10 2546:018  8.910° 7.3+11
15 321002 1.10°" 4.0£0.6 15 25.74-0.18  2.0<10°* 74511
20 3.25:0.02  2.1x10°* 4106 20 26.02:0.18  3.6<10°* 7.6£1.1
25 3.20:002  3.x10°* 4.3206 25 26.31-0.18  5.6<10°* 7.8+1.1
30 3.33-002  4.8<10°* 4.4:0.6 30 26.61:0.19  8.0<10°* 8.1+x1.1
35 337002 6.5¢10°" 4.6-0.6 35 2691019  1.1x10°° 8.4x1.1
40 341002 8410 4.8-0.6 40 27.21:019  1.410°° 8.8x1.1
45 345:002  1.Ix10° 51+0.6 45 2752:0.19  1.8<10°° 9.2:1.1
50 349-002  1.%10° 5.3+0.6 50 2784019 22107 9.6+1.1
55 353:0.02  16<10° 5.6:0.6 55 2815020  2.710°° 10.1+1.1
60 358002 19<10° 6.00.6 60  2848-0.20  3.¢10°° 10.7+1.1
6x7  318-008 <9x10° 5.2+0.5 25+6 27.17:025 <1.7x10°%° 8.3+0.8
#Total=K*(892) +Kj} (1430) tinterference term. #Total=K*(892)” + K§ (1430) +interference term.
bEstimated as a half of~— 7~ K%, nonK*(892) . bNonK* (892)" »
mg-m?  Gg my G{1-w(s)]  Gf) s
fo()=—— +G_ 2_ Fo(s)= 2, t= 2. :
my—t v mg—t s—my+imyl'y(s) mg—m; s—mg+imgl's(s)
(18) (20)
fo(t)= 1+G_ mg t The changes needed to get a formula for the same quantity in
GvmZ—m2 mi—t 7 —K%r v, are obvious.
The parametek, now acquires the value S A e
T > Ky,
2 12 06

_Gs mv mz (19 A, = 0.030

Gy m3 (m2—m?2)

o
3

<
~

We see that the nonzero weak decay constatfof leads
to deviation of thex, parameter from zero. But to check
whether a nonvanishing value af; is really caused by a
K3~ in the intermediate state of thg; decay, we must look
for other consequences of the weak interactioik§f and
their consistency with th&,; decay phenomenology. The
most obvious candidate for such a program is the decay of 2
7~ lepton to neutrino andk§ . Or, to be more precise, to

| TIN R SR E I
o
w

1/B xdB/dMg, (GeV-1)
o
N

o
=

LN L L B B L B B

Sl MR E PR R b SP P 0.0

':?&K 7~ system which originates from the strong decay of 6 08 ] T2 14 16
o - . . . _ Mg, (GeV)
When calculating the branching fraction of the m
—K™ 7%, and 7" —K°r v, decays, we include the pos-  FiG. 1. Mass spectrum of thi€ system produced in the™

sible interference between th€* (892)" and K§(1430)" — K7~ v, decay withK* (892)" andKZ(1430)" in the interme-
channels. The resulting differential decay rate formula forgjate state assuming the 5 parametei o= 0.030. Solid curve: the
7 —K~ 7%, coincides with Eq.(11). FunctionF(S) is  total branching fraction: dotted curvé*(892)" only; dashed
again given by Eq(13) because the scalar resonance cannogurve:K%(1430)" only. Notice a different scale for masses above 1
contribute to theJ=1 channel, but GeV.
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Now we have all necessary formulas and constants pre=8x10 4, is higher than would correspond &~ 7° and
pared and can calculate the quantities of interest for variougospin symmetry.

values of the slope parameteg. The results are shown in

On the basis of our estimates we expect the branching

Table | for the charged kaons, in Table Il for the neutralfraction of ther™ — K% (1430) v, decay to be around 0.1%.

kaons.

When inspecting Table I, we see that to simultaneously

obtain the correct branching fraction of bol&ﬁ3 and 7~
—K~ 7%, decays, we need to picky~ 0.020. This is
higher than the present recommended value 7§x 10 3.
But with eyes on the recent experimd] with its 0.062

In Fig. 1 we show the mass spectrum of Hr system

produced in ther- — K%~ v, decays assuming,=0.030.

We concentrate on thi€; (1430)" mass region to show dif-
ferent contributions to the final yield. The tail of the
K*(892)" resonance modifies the resonance shape signifi-

+0.024, we do not consider the discrepancy of our value ofantly, whereas the interference between the two contribut-
\o with the recommended one to be disastrous. Our valudd intermediate states is negligible.

also agrees with\j=0.019 obtained on the basis of the
Callan-Treiman relatiof25] (see[8]). With reference to the
experimen{5] it should be said that >0.04 contradicts the
estimate of the upper limit for the ndf*(892)" K~ =°
production in7~ decays. On the basis af;~0.020 we ex-
pect the branching fraction for producing the 7° system
in 7~ decays via the scalakj(1430) resonance to be
~2x10"4

Similar analysis of numbers in Table Il points to\g for

We hope that in the near future the high statistics and
precise kaon decay data on the one side, and data from the
factories[26] on the other, will enable us to study the rela-
tions between th&; and 7— K7v decays in more detalil.

Finally, let us note that the role of th€f(1430) reso-
nance inD—PK and7—KPv, (P=, 7, 5') decays has
recently been investigated j27].

The author is indebted to Dave Kraus and Julia Thompson
for discussions. This work was supported by the U.S. De-

the K5 decay somewhere around 0.030, which is in agré€partment of Energy under contract No. DOE/DE-FG02-
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previous case. The higher value is required by K

91ER-40646 and by the Grant Agency of the Czech Republic
under contract No. 202/98/0095. The hospitality of the

branching fraction. As a consequence, the branching fractio@ERN Theory Division, where a part of this work was done,

of the K%~ production from ther™ — K3 (1430) v, decay,
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