[ Y
CERN LIBRARIES, GENEVA A:T)‘V‘M"

CM-P00058624 Ref.TH.1189-CERN

COMMENTS ON RADIATIVE K63 DECAYS

*)
M. G. Doncel
CERN ~~ Geneva

ABSTRACT

Calculations of the radiative
KeB branching ratios have been per-
formed with cuts din the photon
energy as well as in the electron
photon angle as imposed by the ex~
perimental set-up. We found good
agreement with preliminary experi-

mental results.
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Tié radiative decay modes 35 and K- o3y (i.e., KL-e nie’y X
and K -mn° ‘V{) have been recently studied by Fearing, Fischbach
and Smith ! , with the help of soft photon theorems and current algebra

techniques. This allows them to compute the "branching ratios™

R¥(e) = [(RSs,. £, 2€)/['(KE,), o

where El is the photon energy in the kaon rest frame. Thus they

obtain the theoretical wvalue

R, (E=30 Mev) = 2,39 - 107" (2)

The analysis of heavy liquid tracks for both processes, KZB{ 2)
and K:3‘ 3)y is in progress at CERN. A published preliminary result

for the former gives

R°, (E£30MaV) = (0.75 +0.40).107 (5

It has been remarked that the discrepancy between these values

1)
R;H and B%X suggests that either : a) "structure dependent terms
are much more important than expected", or b) "in the experiment, some
radiative events have been .... incorrectly classified as non-radiative

ones". The main purpose of this note is to examine this second point.

We are concerned with the following experimental situation. To
identif X
i Yy 63y

around the decay point. Thus the energetic electrons of Ke3 decay

decay events, heavy liquid is used as a photon detector

undergo necessarily a strong external bremsstrahlung on the heavy liquid
nuclei. If along the electron track the points of this bremsstrahlung

and of K decay cannot be resolved, the event will be misinterpreted

e3

as decay. This major confusion is avoided, by knowing that

Ke3

the external bremsstrahlung is produced with a very small angle between

electron and photon. TLet us call it gex in the kaon rest system.

2)

The experimental criterion rejects as suspicious the candidates for
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Ke3x decay events with Oe <o 300. The theoretical question is

to know how many truly Ke3‘ decay events are wasted by this rigorous

criterion.

Our computation is independent of that in Ref. 1), but has been

4)

carried out in a similar way . The resulting photon spectra for
o
e3y

0 .
decays. For ©=0", we obtain of course the same curves

several cuts © are shown in Figs. 1 and 2, for the case of K
and KT
e3y o
as in Ref. 1); but a small cut, ©=10", produces a drastic reduction
in this photon spectrum. It is a phenomenon related to the logarithmic
divergence for vanishing electron mass 5).
By numerical integration of these different spectra, the "branching

ratios"

R*(E,0) = MKy, E2E, 0> 0) /1K) “w

can be computed. They are given in Tables I and II. It can be seen

that the value corresponding to the experimental cuts,

R2,(E=30Mev, ©=30°) = O. 7] +107, (5)

is in complete agreement with the experimental value in Eq. (3).

Let us discuss next whether any cut © 1is really needed, and if
it is, what this cut should be. For the former purpose, we have evaluated

the external bremsstrahlung which electrons proceeding from K; decay

3

undergo in a 2 cm path inside light freon. This path length corresponds

roughly to the distance along which the bremsstrahlung and Ke decay

points cannot be resolved. In this computation, the effect of3screening
of the freon nuclei by their electronic shell must be estimated 6 . The
results for several cuts in EX and for the cases of no screening and
of complete screening are given in Table III. By comparison with the
first line in Table II, it can be concluded that both phenomena are at

least of the same order, and some cut & 1is really needed 7).
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To estimate the amount of the most convenient cut, the angular
distribution of internal and external bremsstrahlungs has been com-
puted 8>. The result is shown in Fig. 3, where the forward peaks of
both phenomena are compared in logarithmic scale. The external brems-
strahlung is completely negligible outside the very forward peak. The
cross~over of both curves take place around Oe = 6.2O and for a cut
e = 100 the ratio between the two phenomena is around 0.12. It would
be therefore worth while to measure as carefully as possible for each

e"’

event the angle © in order to reduce the size of its critical cut,

Let us conclude with a comment on alternative a). This alter-
native acknowledges the weakness of applying soft photon theorems 9),
when the photon by hypothesis is hard. Indeed, the Low amplitude
supplies the exact terms of order k"1 and ko, k Dbeing the photon
four-momentum. Thus, by squaring the Low amplitude, we obtain the
exact terms of order k ° and k‘1, i.e., the Burnett and Kroll
intensity, and we obtain also a part of the term of order k°. The
contribution of each one of these three terms to the spectrum of the

10)

photon in Kz decay is shown in Fig. 4 . This figufe shows that

the contributzons of these three terms are very different in the Low

low energy region, let us say, for E y < 30 MeV. But the quantity

R%H (E=30 MeV) in Eq. (2) is just the integration of this total
spectrum for EY > 30 MeV. In this high energy region, the relative
significance of the three terms is not so different, and for EJ' > 90 MeV
it is in fact reversed. A crucial question is therefore the contribution
of structure dependent terms of order x° or higher, which in principle
could be important. However, it has been shown by the authors of Ref. 1)
that these terms, if estimated with current algebra assumptions, are
indeed very small. The agreement between experiment and the calculation

with the appropriate cuts support this.

I wish to thank Professors J.S. Bell, J. Prentki and E. de Rafael
for their encouragement and critical remarks, and in particular
Professor J.3. Bell for suggesting this calculation. I wish to thank the
CERN Theoretical Study Division for their hospitality, and the Spanish

Grupo Interuniversitario de Fisica Tefrica for their partial support.



TABLE I

TABLE II

TABLE III

Branching ratio RgH(E,O), as defined in Eq. (4).

E=10 MeV | E=20 MeV | E=30 MeV | E=40 MeV

= 0° | 4.99-10"2 | 3.28-1072 | 2.37-10"2 | 1.79-10"2
0=10° | 2.51 1.69 1.25 0.96
0=20° | 1.92 1.30 0.96 0.74
0=730° | 1.57 1.06 0.79 0.61
0=40° | 1.31 0. 89 0.67 0.51
©0=50° | 1.11 0.76 0.57 0.44
Branching ratio R%H(E,O), as defined in Eq. (4)

E=10 MeV | E=20 MeV | E=30 MeV | E =40 MeV

= 0° 4.24-10"2 0.80-10"2 2.03-10"2 1.53-10‘2
6e=10° | 1.78 1.22 0.91 0.71
0=20° |1.20 0.83 0.63 0.50
0=30° | o0.87 0.61 0.47 0.37
0=140° |0.65 0.46 0.36 0.29
0=50° | o0.48 0.35 0.27 0.22

External bremsstrahlung of K;B electrons for 2 cm

path in light freon, for different cuts, E, in the
photon energy.

E=10 MeV | E=20 MeV | E=%0 MeV | E=40 MeV
Noreen- | 2.85-10=" | 1.80-10"1 | 1.27.107"1 | 0.95-10""
ing
%gg@%ﬁfe 2.69:1072 | 1.82+10"2 | 1.36+10~2 | 1.05.10~2
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FIGURE CAPTIONS

Figure 1 :

Figure 2 2

Pigure 3 :

Figure 4 :

o
e3[

introducing different cuts in the angle, Oe ’

between electron and photon in the kaon rest system,

Photon spectrum for K decay. The effect of

is shown.

Photon spectrum for K; decay, with the same cuts

4

in Oe as in Fig. 2.

+
e3
with that of the external bremsstrahlung of K

Angular distribution of the K decay, compared

+
e3
electrons for 2 cm path in light freon. Oe is the

angle between electron and photon in the kaon and
nuclei rest system. The assumed cut in the photon
energy is E =30 MeV.

Photon spectrum for KZ decay. Contributions of

3%
the three terms in the squared Low amplitude are given.

They are labelled by their order in the photon four-

momentum k.
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