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SUMMARY: The effect of non-locality in Fermi interaction introduced
by vector mesons on the decays J,=p +y and p=e + ¥ + Y are dis-
cussed, It 1s found that the branching ratic of X-sp + ¥ to

3 —p + n° can be of the order »107% and that in the muon. decay to

g~ Michel's parameter % ﬁ , we need a vector meson mass greater than

10 Proton masses,
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INTRODUCTION

A Universal Vector minus Axlal Vector coupling for the Fermi
interaction among four fermions was proposed by several auth.orsle It
was suggested by'Feynman and Gell=-Mann that such Universal Interaction
may arise from the exchange of electrically charged vector mesons of
very high mass between the two currents formed by the two palrs of fer-

minna?

o Leita'LOpes3 suggested the possibility of including the neutral
counterpart of vectoer meson in the theory also, provided that we as-
sume that the neutral meson enters the coupling with the fermion field
in such a way that the current which creates the neutral meson is con-
served, The neutral meson then leads to an effective non-electromag-
netic potentlial between neutron (or neutrino) and electron.

In a theory which allows only direct four fermion interaction
the radlative decays of the type u-»e + ¥y, X —»p + ¥ etc., involve
at least square of the Fermi coupling constant G in the matrix element
and consequently, are very slow, However, if the interaction is due
to the existence of vector mesonsu these decays are possible with only
first power of coupling constant (or rather eG) in the matrix element.
These decays may not be then very small compared to the corresponding
-other modes. of daca&a.knoun‘experimentally end involving only the first
power of G in. the matrix element, Feinberg5 has shown that, through

6

the vector meson, the branching ratio” of p—se +3% to pse + » + 9 ig

~10“u-whila“that‘of pﬁ+ et + et 4 e  arising due to the internal con-
‘version of the photon is “1b=6°

I? this note it 1s our purpose to discuss the implications
that the ;xistence of such vector mesons would impiy in certain de-

cays like }p + Yy and pg—w»e + 5y + Yy . We show that the non iocality
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introduced in muon decay by these vector mesons is consistent with j)%
or}sa- where p is the Michel parameter, depending on the cholce of tie
mass of the vector mesons.

First we calculate the branching ratios for the decay7z.,p +Y
which is also possible through the intermediary of the charged vector..
meson. The Z deces virtually into a charged meson and & neutral ba.
ryon which then recombines to create a proton. The photon may be emmi
tted due to the interaction of the electromagnetlic field with the clarged
meson or with the in.going or the outgoing charged particles.

From the experimental point of view such an event which, as
suggested by M. Goldhaber, could be interpreted as the decay Y. +p + ¥
was found by George, Herz, Noon and Solnsteff (Nuovo Cimento 1, 9 ‘
(1955) ; see also R, E.Behrends, Phys.Rev, 111, 1691,(1958) Footnote,

TRANSITION PROBABILITY

The intersoction Hamiltonion for the coupling of fermion flelds
with the vector meson field is glven 'byB‘
] : + e

+ h.Co

The electromagnetic interaction is glven by

%;.m-(x} ™ e 78 X ‘fa Ay, +’e %‘“ “’P Ap + le [tﬁ:’ by~ tb; -&,w]hp,
where
fuy = (dp by =dypép) and ﬂ;) = (du by - )) ﬁb)

bf is the vector meson field (2 m 1,2,3,l)and Y, represents the field
o o
of the intermediate neutral particle n, A, or Z‘ etco, YP and
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Vg are proton and Z fields respectively.

The graphs to be considered are:

Z 7N 5 ~ N / N
/ \ Z / \ E / \
1 ) L ) L )

The corresponding matrix elements are given by:
M, =0 g ﬁg T () (Yo£) (0¥ e py + m) ™t Yp (1 + Yo) (1 Ve +
| + m)-lYA (1 + \‘5) PbP (p, = a) V& (P,)
M, = engg T (p) ¥ (1 + %) (1 Yeasm Wy (1 +¥g) (1Y.py +

+m)7 (Y8) Pyp (py <) uE (py)

o lengg & (pl’\'f (1+¥c) Bpw (p) =) Cpp Pgy (pp -1V a4
+m 1Yg (1 4Y) uB  (py)

where (
Puy (q) = SH' + Y 9 1
’ E ) (€ + M)
GA) = {2(}32 = q) . esy - [(Pl - Q)A&'l' (Pz - q‘)leil]
and

Paa pl-l-k

Here Py and P, are the four.momenta of the proton and the Z
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of masses my and m, regpectively. ¢ is the four-momenta of the in-
termediate baryon, say neutron of mass m and k 1is the four momenta of
the photon of polarization four-vector & .
The guadratically divergent term as well as the non-gauge in-
variant terms disappear when contributions from the three dlagrams are
summed and the final result is only logarithmically dlvergent and is

also gauge invarilant.

i, i+ 1o

1]

Then |M

11
®

2, =P 1x® - ;
()0 (p) {4 » [a-vugamnliy 6 5y - 6y8,) *
X

+ F} u® (py)
: . 1 i 2.4 212 ‘
where D = —=» [d q/(q M }© 1is the logarithmically divergent inte-
ix ‘
gral and F 1s the finite part. When the mass of the vector meson 1s
assumad‘highﬁ(say_ten proton mass) F can be shown to be proportional to

the inverse of the square of the vector meson mass and can therefore be

neglected,
The transition probabllity for the decay is given by
2 - md"m23
2,87 2 1 2, 2 2 1 2
P = o"(55) —6--7(m+m) —--——-—) D

For the branching ratios (summing over the various neutral
baryons) we obtain, for a cut=off of the order of the mass of the vec-

tor mesons

P(Top + Y _J)theo. = 1L x 10~k
P(Dop + mO)exp-
and

P( X -~p +Y)theo, ~ 4,3 x 1073
P(L~p + u +9)theo,

Lelte Lop933 has shown that P(2,+p +7) through pions would be of the
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the order of 103 sec:1 while through the intermedlate vector meson,

we obtain it to be = 10° secT!

THE MUON DECAY THROUGH A VECTOR MESON

Here we study the non-local effects which arise because of the
introduction of th2 intermediate vector meson in the muon decay.

The Feynman graph is:
v v

p -——— o -

q
The matrix element is given by:

i = -ty ot 2] Gy @ Yo (§, 9,0 + Ygiw)

Where P .= Homentum.of the incomling muon

P = " * " outgoing electron

k. = " noow outgoing neutrino

k! = " " " gntineutrino

q = n " " 4ntermediate vector meson

2

In the approximation q° « Ei we get:

2 2
m m

PR+ B2y
M m3
for the Michel parameter, and
%~ (2,26 x 10 )/(1+%—Ez--4-2-)sec.
My my

for the 1ifetime. Here mﬂ' mb are the muon and electron mass re-
spectively., Then, %o get the experimental ;35 & , we must have the
vector mescn mass higher them about ten proton mmsses, which was al-

ready antieipated in reference 3,
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APPENDIX
EVALUATION OF DIVERGENT INTEGRALS

In the decay X -p + 7y there appear divergent integrals of

the form:

1alhe -
((xk-D2+ 22 )™ (A1)

‘We want to make a variable change k—k + { . In general when

I 1s divergent. I - I' ¥ o, where I' is given by

o= [les 2 )

S®I-1I' are the well kmown surface terms, which for simple cases
10

aneméalnuigtedflanaucthohrliohu

As we have more complicated integrsls, we shall report here

a method whiech appears in Ehatsull. Let us consider the integrals:

ﬁ“‘u’ ) alhe (A - 3)

and let us make the translation k“-ﬁ E o+ [p. For this purpose we

make. the developments



make the development:

: - d
£k Byt 29_,%) =t + L, !‘u).' Lp ( ) +

R
=

e s ae A- )
T 72 '“ (ak Bkv)kt)k+?.'( 4

the various terms with the derlvatives will glve the surface terms,
When the divergence in (A~5) is logarithmle we do not need to take any
term with derivative in (A-l}). The surface term is then gero., If the
divergence ls linear, in (A=}), we taeke the development until the first
derivative, 1f ir ls quadratic until the second derivative, and so on,
The remaining terms give vanishing result,

In thls way we reduce the calculation to the evaluation of the

. kAkU oookP
I e s ‘ g A=
NG oeop “/(kz_b e 4y (A-5)

For this we poastulate a symmetric integration in k-space, which

integrals of the form

m&ansmtha,suha;ituions:

ku—-ﬁ ¢ , k.“ k'p k}_‘ o, kd’. kﬁ k} kﬁ kﬁ — 0
1.2
Ky Ky — f K04y (A=6)
K k. k. Xk (1:2)2[ B, +86.. B.. +86 . &
x 5 Ly %5 Zh s Yyb ay g6 od ﬁY]
2.3
15 terms]}

and 80 on, Then, 1nstead of integrals of the type (A-5) we have es-
sentially to consider integrals of the type:

2 m=2
I —)—- dhe (A=7)

mn (k%+ a°)
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The convergent forms of (A-7) are glven iIn reference

I = 1n2 T(m) T (n=m) (A=8)

mno geynTm T(n)

forn >m > 0,

ir Imn is divergent, we shall reduce 1t to divergent forms of

D. = ...._..Q-._Lllf___._ D =fdlh{ - A=Q
1 /(k2+ 22 2 W ) (£-9)

This can be done with the help of the following substitutions

the type:

in the numerators of the integrals (A=7)

o 2+ 22) - a2
Wb (kP ¢ 28)2 -2 2212 + a%) - ot (A=10)
................ ete,

For the justification of these replacements see reference 11,

Then we can comstruct the following table of integrals

ky k, athe ke 0)y (k+ 1) 2
T(k- l)2+ a?]3 f (k2+ g2)3 UM Sl

E[ 172

b2 al
kak,kd“'k k+E)(k+l)L M m
= d*k- N
[(x- 22+ 22] 3 -

(k + a )3

{A-11)

2
’% ERD1+[2'QA i%a'ﬁ i’ﬂletk

fiak&k“duk “f“"’" e L)y e Uy gy, i EXRAN
[(k-Q)2+a2]3 (k+a.)3




*10=

2 )2
a
519D2+['761u+2'a7~ "if'll-alu} By *

) 11, L
+m2{%6w°%9x%’%ﬁ925w+ 2&2 g}

e, alhe e Dt 1), ok 1 1,2 g
2, 223 . 2, 32 A WIS Rt S U
[(kc-l) +8-]3 (k°+ a°)3

v 1 (A% - %’- EE)E)L

-
—3

£

= [%D2+ (4 2% 2 a2) b, + 21n° @°- 13211:2?.2+

2
- ],

Another type of important Integral is given by

2
A = Mi_i_h&__ (4=12)
[tx= )24 22 |

It bas a cuble divergence., DBut we can caleulate 1t by use of

{A=11) remembering that

2k, ah
k ke d
= Q
\/(kg-r a.a)a

by symetric integration, Then:

. [.2 2 oot -
’ f “ | T W}dﬁ

. (-2,/;% ﬁ: (022 L dbe
(o]

[(x- 12)%+ @2+ 222(1-2) |3
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and by use of (A=11) we geb:

Rs

3

b

54
6.

Te

8.

9.

10,
1l.

- 2 _ 2 dn° 2 0 11 . 2 g2
A [D2+(Q 2a%) py + 35~ A 7 in ] ]B

Ro Pe Femanand Mo G’ell-mn’ PhySQ RW. m, 193, (1958}; E. Cs Go Sudii‘f':;‘rhi;‘i.n
and R. E. Marshak, Padua Venice Conference on "Mesons and Recently Discoverad
Particles", Sep.ember 19573 J. J. Sakurai, Nuovo Cimento 8, 649 (1958).

Intermediate mesona of gpin zerc coupled to fermion fields directly or with
derivative give effective scalar or pseudo-soslar interaction in disagrecment
with experiments.

J. leite Lopes, "A model of the Universal Fermi Interaction®, Nuclear Physics, §
234, (1958).

The vector meson must be of very high mass in order to be unstable for the de-
cay into the known particles (Reference 3), The high mass is also required for
the non-local effects to be sufficiently small which is implied by the close
egreement of the experiments with the direct four fermion intersction theory.

G. Peilnberg, Phys. Rev. 110, 1482 (1958).

The branching ratio pse +Yy to p=-e+ v+ v is given by 1,510
cut off the order of the maas of the vsctor meson.

5
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For g similar decay of A° into a neutron and a photon the photon may be emits
ted by the intermediate charged meson or the baryon only. The decay S0 2 Aty
should be treated differently since it conserves strangeness and is very [act.

The coupling constant g 1is related to the coupling constant G 1involved in
the direct Fermi interaction written in the form ‘}LI?x) = (a/N72 ) [Va Yp (1 +

* -75) \Pbl[‘@c}p (1 + 75) Y43 * bece

by (Sz/sz) = G/NZ where M, 18 the mass of the vector meson (see Feynman and
Gell-Mann, reference 1}.

The leptonic decay of A° ~» p + WP~ + D has recently besn confirmed experimen-
tally. The theoretical branching ratio to the pion modes AP wp+ M-, n >+ AHO
is ~ 1o o Similar leptonic modes of decay are expected for Z with the
corresponding branching ratios of the order ~ 102 (J. Leite Lopes, in. icad.
Bras. Ci. vol. 29, no 4, 521, (1957); see elso M. Gell-Mann and A. Rosenfecld,
Annual Review of Nuclear Sciences, vol.7 {1957).

Jauch~-Rohrlich « The theory of Photons and Electrons - Appendix V.
H, Enateu - Progress of Theoretical Physics , Vol VI, N¢ 5; p. 643,{1951).
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