PHYSICAL REVIEW D, VOLUME 62, 034019

KL—V)/V;in the light front model

C. Q. Geng, C. C. Lih, and C. C. Liu
Department of Physics, National Tsing Hua University, Hsinchu, Taiwan, Republic of China
(Received 13 January 2000; published 12 July 2000

We study theC P-conserving and -violating contributions to the decayKef— yvjin the standard model.
In our analysis, we use form factors f&r— vy transitions calculated directly in the entire physical range of
momentum transfer within the light front model. We find that the branching ratios fo€ Bxeonserving and
-violating parts are about X010 *® and 1.5<10'® respectively.

PACS numbses): 13.20.Eb, 12.15.Ji, 12.39.Ki

I INTRODUCTION decay ofK, — =+« vv. However, the decay branching ra-
tio is small and the background fer” 7~ is large[15]. In
Wit_h the prospect of a new generation of ongoing kaonyig paper, we study the radiative decaykqf— 77/7, where
experiments, a number of rare kaon decays have been Sugere is one photon at the final states. The mode was consid-
gested to test the Cabibbo-Kobayashi-Maskd®&M) [1]  ered previously in Refd16-18, and it is believed that the
paradigm. However, it is sometimes a hard task to extract thgecay is short distance dominateld,18. However, the de-
short-distance contribution, which depends on the CKM macay branching ratios predicted in Ref47] and[18] do not
trix, because of large theoretical uncertainties in the longagree with one another. Furthermore, all the discussions
distance contribution to the deca}]. To avoid this diffi-  were confined to th€ P-conserving contribution due to the
culty, much recent theoretical work as well as experimentaliector part of the structure-dependent amplitufi&s,18|.
attention has been devoted to searching for the two modeBhe decay branching ratio was found at levels of #0and
K*—m" vy and K — 7 v. It is believed that the long- 10 **in Refs.[17] and[18], respectively, which are differ-
distance contributions in these two modes are much smallént by about two orders of magnitude. To clarify this issue,

than the short-distance ones, and therefore they are negh® will re-examine the decay by using the form factors of
gible [3-6]. the K— y transition calculated directly in the entire physical

range of momentum transfer within the light front frame-
work. We will study bothC P-conserving and -violating con-
tributions to the decay branching ratio, respectively.

It has been shown that the decay branching ratidk of
—a v is close to 101°[7,8] arising dominantly from the

short-distance loop contributions containing virtual charm The paper is organized as follows. In Sec. I, we present

and top quarks. This decay_lsGP-conservmg process, and the relevant effective Hamiltonian for the radiative decay of
probably the cleanest one, in the sense of theoretical uncer-

ve ne rac ;
tainties, with which to study the absolute value of the CKM KL— Y7, and study the form factors in th€"— v transi-

elementV,. Currently, the E787 group at BNI9] has seen tion within the light front framework. In Sec. Ill, we calcu-
one eventtd 1.‘or the der;ay with the branching ratioBgkK * late the decay branching ratio. We also compare our result

— . . . i with those in the literaturgl7,18. We give our conclusions
—m vr)=15'93x1071° which is consistent with the  'gaoc v, €718 J

standard model prediction, and it is expected that there will

be several events when the analysis is complete. The ap-

proved experiments of the E949 group at BNL and E905 at Il. EFFECTIVE HAMILTONIAN AND FORM FACTORS

Fermilab [10] will have sensitivities of 10'* and 10 '?, _

respectively. The processes df — vy (I=e,u,7) arise from the
On the other hand, the dec# — 7#°vv, depending on box andZ-penguin diagrams that contribute s~dw v,

the imaginary part oy, is a CP-violating procesg11], with the photon emitted from the charged par_tlcles in the

and offers clear information about the origin 6P viola-  diagrams. The effective Hamiltonian fas—dvv at the

tion. In the standard model, it is dominatedypenguin and quark level in the standard model is given by

W-box loop diagrams with virtual top quarks, and the decay

branching ratio is found to be at the level of 18 [7,8], _ G¢ o 2 |

whereas the current experimental limit is less than 5.9 Heif(s—dvrv)=— . A X

%1077 given by the experiment of the E799 group at Fer- eit J2 27 sin? by |=e,,m[ ¢NL

milab[12]. Several dedicated experimental seardi&s for —

this decay mode are underway at KEK, BNL, and Fermilab, M X(X)]-dyu (1= ys)

respectively. However, from an experimental point of view, - _

very challenging efforts are necessary to perform the experi- Xsvy"(1—ys)v, (1)

ments. This is because all the final-state particles are neutral,

and the only detectable particles arg'® from 7°. where xt=mf/M\2,v and \;=VjViq (i=c,t) represent the
As an alternative search, it was propo$éd] to use the products of the CKM matrix elements, and the functions of
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X'NL andX(x;) correspond to top and charm contributions in
the loops with the next-to-leading logarithmic approxima-
tion, respectively; their expressions can be found in Ref

X{L=7.47x10"%, ©)

[19]. In the Wolfenstein parametrization, we have

)\2
Re\ = —)\(1— eal

A2 A2
Re)\t=—(1—7>A27\5(1—p+7p), 2)

IMmXA=ImA=A2\57.

For phenomenological applications, we use

X(X¢) = nxXo(Xp), ©)
where
nx=0.994,
X _ Xt 2+Xt 3Xt_ 6 I 4
o= T Tk T a2 @

with the MS definition of the top-quark massg,=m,(m,)
=166+5 GeV. For the charm sector, from Table | in Ref.
[19], for example, one has

Xpf=11.00< 104,

with the central values of the QCD scala =A%

=325+80 MeV, and the charm quark masg=m¢(m.)
=1.30£0.05 GeV.

From the effective Hamiltonian in El), we see that, to
find the decay rate, we have to evaluate the hadronic matrix
element(y|J,,|K%, whereJ,=dy,(1- ys)s. The element
can be parametrized as

_ F
<7(q)|dv“ysle°(p+q)>=—eM—i[e*"(p-q)

—(€*-p)g”],

— _F
(v(@)|dy*s|K (p+a))= —|eM—1€vas§ Psdy:
(6)

whereq and p+q are photon and&-meson four momenta,
F, andF, are form factors of the axial vector and vector,
respectively, and is the photon polarization vector.

The form factors ofF, andF,, in Eq. (6) can be calcu-
lated in the light front quark model at timelike momentum
transfers in which the physically accessible kinematic region
is 0=<p?<p2,,; they are found to b§20—27

142 > )
ky 1 [1-me+BKO 2my-AKO
F 2)=—4Mf ®(x,Kk?) - 2 -
" ) 2mp TYTH E T mEE F me
dx’d?k, I 1 —ms—(l—x)(ms_md)kf@
Fo(02)=4M f ® X,k2‘ +
TR x| 3 mZ+k?
2 my—x(Ms—my)k? ©
3 at ke ’ (®)
mg+Kk?
|
where » o
X_X’<1—W), k:(ki,kz),
A:(l—zx’)x(ms_md)_zxrmd, X
B=[(1—2x")x—1]mg+(1—2x")(1—x)mg, with
112 R
2X(1—x) dk, N:4(—>
2y _ dk, Al
®(x,k7)=N M2Z= (mg—my)2 ax o2
< 1 m2—mj
XeX[{_zwz)’ © kz_(x_z Mo+ M,
K (10)
1 dd(x,k?
O=—— <2L> ,_ KE+mi K m?
d(x,k?)  dki 2 X P
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wk is chosen to be 0.34 GeV, fixed by the decay constant ofn the K, rest frame, the partial decay rate Kf — yvv is

fx=160 MeV.

To illustrate the form factors, we input the valuesmj
=0.3, mg=0.4, andM=0.5 in GeV to integrate the whole
range of p?. It is interesting to note that ap?>=0, we

obtain [FA(0),F\(0)]=(0.0429,0.0915), compared with

given by

e 11
(2)3 8Mg

| M|?dE,dE,, (17

(0.0425,0.0945) found in the chiral perturbation theory atwhere we have used two variables to describe the kinematic

the one-loop level23].

Ill. DECAY BRANCHING RATIOS

From the effective Hamiltonian fok°— yvv in Eq. (1),
and the form factors defined in E¢6), we can write the

amplitude ofK°— yvv as

M(K%— yrv)=i

o S X A X ()]
J2 2w SI? Oy 16, ¢ ONE T U
X eXH"u(p;) v,(1— ¥5)v(p,), (11)
with
FA r 4 i FV apn’
H/U/:M_K(_p q guv+p#qv)+le,uvaﬁM_Kq p '81
(12

wherep’ is the 4 momentum oK®, and the form factors
Fay are givg by Eqs(7) and (8), respectively. Sincé&
=K,=(K°-K?%/\2, we may write

MK — yvv)=Mcpct Mcpy, (13

where Mcpc and Mcpy are the amplitudes corresponding
to CP-conserving and -violating contributions, respectively,

which are given by

GF a 2

__°F < |
Mcpc= 2 2 S Oy A |:§W [ReNc Xy

vaf FV * .
+Ren X(Xp) ] e M—Keﬂqap,;U(p:)n

X(1=vys)v(p,) (14
and
_ GF o 6 | X FA %
MCPV__EME m Ay (Xt)M—KE,,,
X(=p'-q g+ p g )u(py) v.(1— ¥5)v(p,).
(15

Here we have neglected the imaginary part of\gnfor
Mcpy.

To evaluate the branching ratio, one needs to repiece
into (p’,q). In the physically allowed region df, — yvv,
one has

(16)

of the decay. For convention, we defirg=2E, /M and
x,=2E, /My as the normalized energies of the photon and
neutrino, respectively, and we have the form

p?=Mg(1=x,). (18
The differential decay rate is then given by
d’r My
= M|2. 19
%~ 25605 M (19
By integrating the variable, , we obtain
dlir  dr dr
d_: dCPC+ dCPV, (20)
X7 X7 X)’
where
dFCPC 4o GFOf 2 |
dx, 3 |16a7sir? 6y, .:e,#,T[Re)‘°XNL
+ReN X(x) ?[Fy|>x3(1—x, )M} (21)
and
drcp\/ G,:a 2 2.3
dx, =42 162257 Ow [Im A XO)FAIG
X(1-%,)Mg.. (22
To illustrate the numerical results, we useny

= 0.3 GeV, mg=04 GeV, m; = 166 GeV, m; = 1.30
GeV, My = 0.5 GeV, A = 325 MeV, a(Mz) = 1/128,
sir? 4,=0.23, w=0.34, and the CKM paramete}8,24,29
A=0.22, A=0.83, p=0.13, andn=0.34. The differential
decay branching ratios ofdB(K, — yvv)cpc/dx, and
dB(K_—yvv)cpy/dx, as a function ofx,=2E, /My are
shown in Figs. 1 and 2, respectively. The decay branching
ratios are found to be

B(KL—> ’yV;)cpC: 1.0x 10713, (23)

B(K_.— yvv)cpy=1.5x10"15, (24
From Egs.(23) and (24), we find that theCP-conserving
contribution to the decay branching ratio is about a factor of
67 larger than that of th€ P-violating one. It is clear that the
numerical values in Eq$23) and(24) depend on the values
of the CKM parameters g6 and 7, respectively. Neverthe-
less, one could conclude that a measurement of the decay
would determine the real part &f.

We now compare our numerical result for the
CP-conserving contribution in Eq23) with those in Refs.
[17,18. Our value is about two orders of magnitude and
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FIG. 2. The differential decay branching ratiodB(K_

FIG. 1. The differential decay branching ratiodB(K_
— yvv)cpy/dx, as a function ok, =2E, /M.

—yvv)cpeldx, as a function ok, =2E, /My

e_lfactor 2 Sm"?‘”er than that in Ref’ﬁl?].and[ls], T€SPEC-  \with the form factors forK — y transitions calculated di-
tively. The main reason for the latter difference may be duerectly in the entire physical range of momentum transfer
to the different form factors employed and the uncertainties " .

. . within the light front framework, we have shown that the
inherent to such a calculation, whereas that for the forme P-conserving part is much larger than that of the
one is unclear. It seems that one needs to restudy the A& b _violati .

: . . P-violating parts. We have found that the decay branchin
proach in Refl17]. Finally, we remark that the ratio between ratio is at tf?eplevel of 10*3, which could be accegsible at ag
the CP-conserving and -violating branching rates agree withfuture kaon proiect such a’s the KAMI at Fermilgis]
those estimated in Reff18]. Proj :
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