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Vector-meson contributions do not explain the rate and spectrum irkK, —@%yy
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We analyze the recent NA48 data for the reactiqn— 7%yy with and without the assumption of vector
meson dominanc&/MD). We find that the data are well described by a three-parameter expression inspired by
O(p®) chiral perturbation theory. We also find that it is impossible to fit the shape of the decay distribution and
the overall rate simultaneously if one imposes the VMD constraints on the three parameters. We comment on
the different fits and their implications for tf@P-conserving component of the decly— 7%e*e.
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I. INTRODUCTION We also discuss two additional issues. First, we show that

. the two fits to the decay distributiofthe general and the
In Ref. [1] we examined the KTeY2] data for the mode VMD parametrizations correspond, respectively, to con-

O . .
Ki—m"yy using a more generdthree-parameterdescrip- gy ictive and destructive interference between two ampli-

tion than the one used by KTeV. The latter has become thg, jeq. Second, we comment on the dependence of the fit on

norm in the literature and it follows from an assumption of ¢ parametea,, which is extracted fronK — mm decays
vector meson dominand®¥MD) [3] in conjunction with the  and which has a large uncertairfty0,11].

parametrization inspired b§?(p®) chiral perturbation theory
of Ref.[4]. We argued that VMD in this decay is an experi- Il. PARAMETRIZATION OF THE DATA

mental question and, therefore, that it should not be an input 0 . ) o o

to the data analysis. We found a least squares best fit to the The K —m"yy amplitude in the limit ofCP violation
data within our approach that was slightly better than theé?@n be written in terms of two independent invariant ampli-
usual fit. However, it was hard to reach definitive conclu-tUdesA andB [8]:

sions because the necessary information is not made a"a"M[KL(pK)HwO(pW) Y(91) ¥(0)]

able by KTeV. Nevertheless, we motivated our more general

approach by showing that there are important contributions Ggagm e ,

to this decay from intermediatie(1270) mesons that do not =2 €u(d1) €.(0d2)] A(d201~01-G29"")
conform to the VMD parametrizatiofb].

In this paper we present our three-parameter fit for newly B ) ,
released data from NA4ES]. This is important for the fol- +2—7 (Pk A1 A2 Pk T Pk G2 APk
lowing reasons. First, the NA48 data are significantly differ- «
ent from the KTeV data and lead to different conclusions ) ,
regarding theC P-conserving contribution td, — 7% e~ —01- 02 PkPk — Pk~ d1 Pk~ 92 9*")
[7-9]. Second, NA48 has presented their data in a form that
allows us to directly compare our general fit to the usualThe Fermi constant and the Cabibbo angle are included in
VMD fit. This allows us to show that whereas it is possiblethe overall constantGg=9.1x10° GeV 2 and agy
to fit the decay distributiomI’/dm,,, equally well with the = ~1/137 is the usual electromagnetic fine structure constant.
general and VMD approaches, only the former is capable oTo parametrize these amplitudes in a form inspiredX§p®)
fitting simultaneously the decay distribution and the total de<chiral perturbation theory and dispersion relations Réf.

. (]

cay rate. proposed the use of
|
2 2 2
A _4F z al(z)+4F(z) Lip2 +a2MK 4r”F z +2 2+Z 1+R z 2I m:.
(2Y)=4F| 7] z WA 7 ) a2 [ TR ) | 3%
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where the dimensionless kinematic variables are K - oy
——— —
2 -
(911 0p) Pk-(d1—d2) soof- ----- @y = 457, az = -3.89, § = 0.7
Z=—y7 Y=—""2 ) N
M M [ —————— o= -4a, =182
00— ag = 12ay-0.65 = —6.10 I

g = —8ay—-0.18 = 8.51
ay = —0.455

and the scale of chiral symmetry breaking As~4mxf
~1.17 GeV.

The form in Eq.(2) does not correspond to a complete
calculation at ordep® in chiral perturbation theory. Rather it
contains the complete one-loop calculation at onofef12]
and two additional ingredients containing some corrections
of order p® [4,13]. The non-analytic terms in Eq2) that
multiply the factorsa, anda,(z) attempt to incorporate the
strong rescattering in the two-pion intermediate state thai i
occurs at one loop. They arise from the inclusiorpdfcor- %% YR o T oa
rections to theK — 37 amplitudeg10,14]. The values of; m,, (Gev/c?)
anda, are extracted from data and the functidn&) and _ _ .
R(2) can be found in the literaturgl]. The three constants FIG. 1. Two different fits to the data from R¢6], as explained

ay, a, and B originate in counterterms appearing in qh% in the text. The solid line is a one-parameter fit corresponding to Eq.
1r =2 < ginal PP 9 (9), the dashed line is the three-parameter fit shown in(8x.
weak chiral Lagrangiaf4].

The analysis oK— 3 in Ref.[10] indicates that

Events/0.02 GeV/c

o
IS

lished in Table 2 of Ref[6] sufficient information to fit the

a,(z)=0.38+0.13¢,— 0.005%2, a,=6.5, d!stribution dl"/dmw_. They present the number of unam-
biguous events, estimated background and acceptance for
2 1 each 20 MeV bin iim,,,.
_ (z7ra—s _ We begin our analysis with a fit to the shape of the
0™ v I m’JT/MK (4) P . . . .
rfT dI'/dm.,,, distribution, ignoring the measured branching ra-
tio, to compare with the fit performed by NA48. We do this
A very recent analysis o — 37 data results if11] both using the VMD assumption and with the general ap-
proach. We calculate the number of events predicted in each
a2:68i 2.4, (5) bin as
In the analysis of Ref{4], which has become standard, 1 dr
the three unknown constants were fixed in terms of the con- N;=N F_f-dm”( d—) N(K,)| acceptange
tribution they receive from vector-meson exchange, supple- Ky Ji Myy
mented with a minimal subtraction ansatz: + backgroung, @
= —4ay, . o
a1 Av whereN is a normalization chosen to match the total number
a,=12a,— 0.65, (6) of eyentg andN(K)=23.9x 1_09 is the numbe_r of decays in
the fiducial volume. The arbitrary normalization allows us to
B=—8a,—0.13, fittthe shape of the distribution while ignoring the overall
rate.

and this form has been used both by KT and by NA48 We use data from 17 out of 20 bins presented in Table 2
[6] to fit their data. In Ref[1] we argued that this ansatz of Ref.[6]. We exclude two bins in then,,, region near the

imposes a correlation o that is not desirable for a predic- 7° mass which do not have any events due to kinematic cuts,
tion of the CP-conserving contribution t, —7%e*e". and we also exclude the last bin with no events because it
With the new NA48 data we can go further and conclude thaties outside the physical region. We perform a least squares

the VMD ansatz does not provide a good descriptiotKpf  fit using Poisson statistics for the bins with small number of
—7m%yy. events following Ref[15].

With this procedure, and the VMD ansatz, we reproduce
. FITTING THE SHAPE OF THE dI'/dm,, approxir;ately the NA48 best fit. We obta?iyf—o.455
DISTRIBUTION with a y“/dof=18.5/16. We show this result in Fig. 1 where
we superimpose our best three-parameter fit which has a
NA48 has recently released their result ¥ —7°yy  y?/dof=14.6/14. The two fits are nearly identical as can be
[6]. They chose to analyze their data using E2).with the  seen in the figure and they are indistinguishable statistically.
VMD assumption, and they foural,= —0.46. To obtain this Nevertheless, when they are both expressed in terms of the
number they fit the shape of the distributioi’/dydm,,  three general parameters one can see they correspond to very
without attempting to fit the branching ratio. NA48 has pub-different solutions. For the general fit,
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FIG. 2. The contributions fromA|? (solid line), |B|? (dashed
line), and RefA*B) (dot-dashed lineare plotted vs the invariant
two-photon massn,, in terms of the number of events for the best
three-parameter fit.

a1=4.57, a,=-3.89, B=0.75, (8)
whereas, for the VMD fi{in terms ofa,),
a;=182, a,=-6.10, B=3.51. 9

For the case of the three-parameter fit we find thagnd o,
are correlated as was discussed in R&f. so that there are
many other fits with ay? near the minimum for the same
value of 8.

As stated above, neither one of these fits reproduces th
experimental rate, B(K,— m°yy)=(1.36+0.03+0.03)
% 10" © [6]. The theoretical branching ratio predicted fay
= —0.455(the NA48 valug is B(K, — 7%yy)=1.1x10"¢,
and the one predicted for the three parameters in(&qis
B(K, — 7%yy)=1.0x10"°.

It is instructive to show the three separate contributions
that result from Eg.(2) to the differential decay rate
dB(KL—mroyy)/dmw. The three terms correspond to the
absolute square of th& andB amplitudes and to their inter-
ference,|A|?, |B|? and Re@*B), respectively. We show
these quantities in Fig. 2 for the best three-parameter fit anc
Fig. 3 for the besty, fit.

In both of these figures the solid line represents the con-
tribution from |A|?, the dashed line the contribution from
|B|? and the dot-dashed line the interference. We observe
that the three-parameter fit corresponds to constructive inter
ference between th& and B amplitudes, whereas theg, fit
corresponds to destructive interference. Unfortunately it ap-
pears that it is not possible to determine experimentally the

Events/0.02 GeV/c

ansatz and the general form of the amplitude.
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FIG. 3. Same as in Fig. 2 for the besy fit.

IV. SIMULTANEOUS FIT TO THE SHAPE OF THE dI'/dm,,,

DISTRIBUTION AND TO THE DECAY RATE

N;=

or ay=
fesult as the solid line in Figs. 4 and 5. The implied branch-

ool

+backgroung,

To obtain a fit that reproduces the observed branching
ratio we proceed as in Eq7) but removing the arbitrary
normalization,

dr
acceptange

)N(KL)

(10

with the same notation of Eq7). We first attempt this fit
with the VMD ansatz and find that it is impossible to obtain
a good fit. Our least squares fit using the VMD ansatz occurs

—0.63 and has g?/dof=74.8/16. We show this

KL > nyy
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FIG. 4. A simultaneous fit to the shape @F/dm,, and to the
sign of this interference. However, as we show below, tthecay rate. The solid line is a one-parameter fit correspondlng to
total rate for the process discriminates between the VMDEq. (11); the dashed line is the three-parameter fit shown in Eq.

(12).
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FIG. 5. An enlargement of Fig. 4 fan,,<0.24 GeV/2. FIG. 7. Same as Fig. 6 but with a cutrat,,<0.24 GeVk?,

ing ratio is B(K,— 7%yy)=1.25x10 ® and ay,=—0.63

to events withm,,<0.24 GeVE?. There are no data avail-
corresponds to

able in this form, so at this point we are not able to perform
a fit and we can only present our predictions. We point out

@1 =251, that the three-parameter fit yields a flatter distribution than

a,=—8.19, pB=4.89. (11)
Our best three-parameter fit, on the other hand, has €2 fit

x?/dof=18.5/14 and is shown as the dashed line in Figs. 4

and 5. It implies a branching rati8(K,— 7%yy)=1.36

%1078 in good agreement with the measured one. The pa-

rameters for this best fit are

A. Dependence ora,

We now consider the dependence of our results on the
parameten, that appears in thB amplitude. This parameter
is extracted fromK— 37 decays and up to now we have
used the valuea, = 6.5 [4]. However, the value of this
We conclude from Fig. 4 that the VMD ansatz cannot reproparameter has a large uncertainty, of orde35%. For ex-
duce the shape of the spectrum and the total decay rate gimple, from the recent analysis of REf1] one extractsa,
multaneously, but that the general formula, E2).does ac- —g g+2 4.
commodate both. . _ The analytic form for theB amplitude in Eq.(2) clearly

For completeness we show in Figs. 6 and 7 the theoreticahgicates that, and 8 are correlated and this is confirmed
dT'/dy distributions for both the, result from Eq.(11) and  py our numerical study. It is possible to obtain many equally
the three parameters given in Eq2). Figure 7 is restricted good fits to the data with different values af and 8. For
example, if we take the central value from REf1] and

a;=—2.46, a,—-251, B=016. (12

Kg - 1'r°'y'y

30—
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B = —-Bay—0.13 = 4.89
ay = —0.63

o, = —2.46, a; = —2.51, § = 0.18 ]

Y B L N A N

o

FIG. 6. TheoreticadI'/dy distributions. The solid and dashed
lines are predicted using as input the results given in(Ef. and

Eq. (12), respectively.

0.4

1-sigma deviations from it, we find good fits to the shape and
spectrum with the values listed in Table I. This is not pos-
sible with thea, parametrization, where we cannot find a

good fit for any of these values af,.

V. CP-CONSERVING CONTRIBUTION TO K, —#%*e”

We now turn to the estimate of tHeéP-conserving con-
tribution toK, — 7% e~ using the model of Ref9]. Using

TABLE |. Three-parameter best fits for three different values of
a,, corresponding to its central value from Rigf1] and its 1-sigma
deviations.

az a4 ay ﬁ )(Z/dOf

6.8 —2.42 —2.65 0.25 18.5/14
4.4 —2.33 —-1.71 —0.46 18.4/14
9.2 —2.58 —3.51 0.91 18.6/14
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Bepc(Kp-mle*e™) X 10%%, a, = 6.5 Bepo(KL — 7% e™)

(13.8'29)x 107  vector meson dominance,
1 (46°3)x1071  three-parameter fit .

20

(14)

15 These two points are shown as the external dotted lines in
Fig. 8. Not surprisingly, the general three-parameter fit con-
tinues to agree with the model independent NA48 limit as it
gives a good fit to both the rate and spectrum. On the other
hand, the fit in terms od, alone does not reproduce the data
very well and we can dismiss its implication of a larger
BCPC(KL_) 7Toe+ei) .

In Fig. 8 we see why there are two different solutions for
B that result in the sameBcpc(K, — 7lete™). This
CP-conserving component depends quadratically on the
B(z) amplitude ofK, —#%yy, and therefore there are two
values of3 for any givenBcpc(K, — 7%e*e™). They cor-

FIG. 8. CP-conserving contribution t&, — 7% *e~ as afunc-  respond to constructive and destructive interference between
tion of 8 with a,=6.5[4]. The dashed line shows the absorptive the term witha, and g in Eq. (2).
contribution and the solid line the model of Rg8). The enlarge-
ment shows the results for the branching ratio vs the four values of VI. CONCLUSION
B=0.16, 0.75, 3.51 and 4.89 from the three- and one-parameter fits
discussed in the text. These are marked by vertical dotted lines. ~ We have shown that the NA48 data for the reaction

— m°yy can be accommodated nicely by the theoretical ex-

pression based on chiral perturbation theory at onofer
EqsWith this expression it is possible to describe simultaneously
the total rate and the shape of the spectrum, which is not
possible with chiral perturbation theory at orger[16]. We
have also shown that the commonly used VMD ansatz fails
o in this case, and that it is impossible to fit both the rate and
BepoKL—me"e™) the shape of the spectrum if this ansatz is adopted.
We have also shown that it is possible to obtain a good fit
- to this mode for different values of the poorly known param-
2.0x107**  three-parameter fit . eter a, from K—37 decays. This indicates both thit
(13) — a%yy cannot provide additional information on the value
of a,, and that not knowing its precise value does not affect
our ability to describe the features i — 7°yy.

Notice that these two numbers are an order of magnitude Although we do not have sufficient information to per-
smaller than what is obtained using the KTeV data instea{iﬁrm aIS|m|I?r compailsgnbfo:(fl[]ev}gev d_ata,o V;Zingtgsthat
[see Eq.(11) of Ref.[1]]. We can see from Fig. 8 why the +?) (\)’g up?re?jiz;/s r(;p%rr:nch?;]g thié(]k ai_’ﬂo’y’}./)_(]..36
NA48 It [6] impli h llerB K - . . . L T

o resu [6] implies a muc _smarer cpc(KL +0.06+0.07)x10 ¢ in conflict with the measured value,
—a-e"e”) than the KTeV resulf2] (8= —5 for the three- B(K,— m%y7)=(1.68+0.07+0.08)x 10 ®
parameter fit of5= 7'5 for theay ﬁt): The_s e two point_s are The nev?// Zesults' from NAZS .indicate a.very smalwave
fshownh_asf.the tW?] mtehrnalllggged Ilnles In Fig. 8. (;t '; Clearcomponent for the photon pair and this leads to a prediction
romot IS hlguret at the 30 resu ts correspon t_@ of a negligible CP-conserving background toK
—m yy that poro+du7cels a minimal P-conserving contribu- —_, 706+¢~ "We have shown that this result is not an artifact
tion in K —me"e", i.e. it indicates that the two photons ¢ the VD ansatz and that it holds in the general param-
have a negligibleD-wave component. The VMD result in oyj;ation. This result is at odds with the earlier KTeV data
Eq. (13) is consistent with the result reported by NA48. The 51,4 \we must wait for the new KTeV results to see how this
latter is based on an analysis of the law,, region only and discrepancy is resolved.
yields Bepo(K —mleTe )= (4.7"2) %10 [6]. The

e
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the results of the fit to the shape of the distribution only,
(9) and(8), we find

4.0x10° 1%  vector meson dominance,

NAA48 result is obtained from data with,,, below 110 MeV ACKNOWLEDGMENTS
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