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The expected availability of high intensity ¥ meson beams
makes 1t necessary te evaluate ithe branching ratio to be ex
rected for presumably very rare decay modes of the K-mesons.
In the first part of this note we consider the possible de-
cay mode )
Kr s mt 4 et 4 67 (1)

due to the virtual step b . Y and K’~—> e e .
The process 18 of the second order in the e.ms coupling con
stant, but it is expected tc have a fairly low branching
reatio in view of the fact that for a sgpin zero K meson the
first of the two virtual steps is forvidden when the pho-
ton is transverse and on the energy shell, In the second
part of the paper we congider the decay modes Ko-—o 2 K -
In discussing such reactions one has to analize first the

congeguences of the application of the CP selection rules

’ [+}
to the X decays(1).

From CP invariance the matrix elemants for the 2

M)

)

0 [+] —
decay of the shortlived K , Kg is of the form . (£

4 2
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(1) - R. CGatto, Phys. Rev, 106, 168 (1957).
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where <& .= are the polarization vectors of the pho-
7 2 c

o
tons, while the matrix element for the longlived X , Ky, is
£ the f i A £ b G is the relati
of the form y BTE ' ; 5
f 7 (éi7 5 ) where ¢  is e relative \
final momentum. The lowest mass intermediate states for Xs

=]
is the 2w state, while for KL it is the 3n state. OUr cal-
O

culation concerns Kg via the lowes?t mass intermediatc sta-
4

te, but we expeet a similar branching ratio for Ky con—

sldering that its effective coupling is smaller and also

its lifetime is longer.

The simplest diagram which represents reaction (T) (1et us
choose the case of g K+) ig the following one, involving a

vertex (K+ﬂ+x/)

The vertex (K+ﬂ+2( ) must vanish for rcal photons
because of gauge invariance.

The matrix eloment for process (2) will then be
(q =k - py, where k and p are the 4 moments of the KV and

the pion, and p+, p~ the momenta of the Iwo eloctrons)t
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Wec make the position </ﬂ/%/k> _/277) (,45/0&;{) C}a
where (pnr)p C2~1 = 0 due to gaugo invariance. This condition

fixes Cg to be proportional toZL&‘[;£4Wﬁéz7ﬁ€M£?¥’LQkaZ; .

We ovaluate the docay rate by performing first a summation
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over the spins and momenta of the elecirons and we get:

oL ((’19/77;6716_): e’ / C*(.'"/?'{/Cjﬁ dﬂ.)
o /e Ve 7
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We shall now try to evaluate @/k,
We can describe the (X nT ) wertex in the simplest
way by means of an intermediate ;;*/9 loop, obtaining the

-

following diagrans:

Xé o
N
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) The left hand sgide vertex in the diagrams gives sub-
stantially the (X™pA ) coupling constant, while the right
hand gide vertex is related %o the lifetimc of the Ao—hype—
ron, Of course in a better calculation the effect of intermg
diate Eils should also be inecluded,.

One finds that the dominant part of the contribution
of the above graphs (i,e. the contribution obtained by 1ettiqg
the masscs of the htermediate fermions go to infinity) Vani={
shes identically, as a conseQuence of a general theorem sta-
ted by Cabibbo and Gatio which can be casily extended to co-

(2)

ver this case

(2) ~ N, Cebibbo and R. Gatto, Phys., Rev. 116, 1334 (1959).
See also S. Okubo, Nuove Cimento, 16, 963, (1960).



The conseguence ig that the contribuiion of the abo=-
ve graphs is @f the order (m/M), where m is of the order of
magnitude of the masses of the external particles, and M
of the particles of the loop. The integrals are now convergent.
A dotailed calculation to %he order (m/M)2 gives the gauge

invariant result(3)

’

~ z/g///; eﬁ*-?/;a[/& 7/3\ %/9&(/17 - /\/)’7 (3)

G ia a constant related to the rate RA of the process

< —
/4 ~—> p + T through

2 4// me
& = A
p L(mi-m7? 4ﬁ11¢ 2 2 m?) o

o .
( £ is the 3-momentum of the n~ in the A7 rest system).

Finally one gets

s gﬂk’p V¢ / 7 4 L
Rty = % érJ/mgﬁs(ZT JZ 7 72

where

£ =
/ i?%%%”wiLﬂA?47f4ﬁ7{L7

% = #)/4/2n71k ,) “—_27' éi’é% %;%L

The branching ratio is

KT e¥wd 2 7% _ S0 o« g0 7
A7 s all otber modes

(3) -~ The terms of higher order introduce an orror 2 4%,
The crror induced by neglecting in the integrals the
A - p mass difference ig much smaller. M = nucleon masgs,

p = pion mass.
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This ratio isg indecd very small, smaller that it would
be thought on the basis of an ordcr of mégnitudo calculatioq(4f
This is due to the 'sclcction rule' provided by the mentioned

theorem for the (K¥aty’) vertex.

3) The rate of the reaction

)a
/{5 i Zé/ (4)
Can be deduced by associating the interaction responsible for
the decay of the §£ into two chargsd pions with the interac~
tion of these piong with the electromagnetio field., The pro-

cess will be described by & diagram of this type:

ot
—<{_ ==

The left-hand side vertcr will be associated to the
rate of the normal ﬁéf—%’i‘ﬁ#ff-decay; the right-hand side
Vgr%ex can be safely evaluated by means of a standard pertur
hation galculation. The S=matrix glement of the process 18

given by the following exprossion:

/

p -9, .;y
LEklp> = = ete d (pek-4)27) Tfzegs,) (EE)T

(4) = An order of magnitude estimate was made by R.H, Dalitz,
Phys. Rev. 99, 915 (1$55): the branching ratis expected
was 5.10=5(c/A)?, where C and A are two unknown épn~
stants. Comparison with the present result shows that

¢ = 1/20 A,
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G is a consbant which ig connected to the rate Ry of the

2]
KT_—b-ﬁ+ + 7 decay by

Gie 2T mE(mip) " R,

Q

. /
¥, k9, kp are the 4 momenta of the K, and of the Y's 3

]
i, E19 E, are the corresponding energies, In the KS rest—-sys

2
tem we have E = My, B, = Ip = 1/2 My Eqs &€, arc the polarij
zation vectors of the Y5 . The factor 1/vz" comes from ths
symmetrization of the final estate. The expression (£1.£2)I

ig the result of the evaluation of the following integralt

P /7 4(€0)(&7)
Cpepe) f(g -4,) 22 G4, ) 2 ]

, /0,@ 4(E9) %) / (€2 )
G [ G-4,) S )L v ) e ] /9 A (-4 - k) ol ]

Since the integrals are logarithmically divergent, a
the mass of the intermediate state is less than the mass of
the initial state,; the integrals will not be_ pure imaginary
(as in the usual evaluation of Feynman diagrams) but will ha
ve also a real part, which in the present case, however, turns
out to be small. |

The final expression of the rate RQK’ for process

(4) is ( K = €°/4m)

o / .2 /Z'/Z N ) (5)
& (7m)° “ < AN

’?zg"

Phis resuli ig of the expescited order of magnitude,
since the coefficient N is of the order unity with a cutoff
of voasonable order of magnitude. For a culoff egual %o th e

nucleon mass M, we get N = 0,37 the variation of this number
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with the cutoff is very slow. The branching ratio of this prp

cess is
(8]
A —= 2k -

5 N .
> 2.3 /0
K] —»ald other modes g

As it has been said in the Introduction, the correspon
ding ratio for the K; is expected to bhe of the same order of
magnitudes, A calculation of the preceding typo cannot be ea—
sily performed hecausc of the presence of the unknown 37T =~ 2X

vertoX.

We thank Prof. R. Gatto for helpful discussion.



