NOTAS DE FISICA
VOLUME IV

No 5

x~-e DECAY AND THE UNIVERSAL FERMI INLTHERACTION

COLBER G. OLIVEIRA and J. TICMNO

CENTRO BRASILEIRO DE rESQUISAS FISICAS
Av. Wenceslau Braz, 71
RIO DE JANEIRO

1958



Notas de ifsica, Vol. 4, N¢ 5

' m=0 DECAY AND THE UNIVERSAL INTERACTION®

Colber G, Oliveira and J, Tiomno
Centro Brasileiro de resquisas Pisicas and
Faculdade Nacional de Filosofisas

Rio de Jeneiro, D. PF.

(Received 19th May, 1958)

It is well knownl that the experimentally observed process:
N—P + e+ (B~ decay) (1)
P+ p—>N+¥ (u = capture) (2)

together with the strong interaction of ﬂ-mesohs and nucleons, lead
to the posgsibllity of the decay processes:
T © + U ; (3)
M—s P+ : (L)
Of these, only (lj} has been observed, the best upper limit of

the relation between (3) and () beinga:

s Work made under the sugpices of the Conselho Nacionml de Pesquisas.
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k = E—ety . 1475 (S)
T—u+y

the probability of process (L), as obtained from the lifetime of T,

mesons is

D u 3,9 x 107 sec™t (6)

Although a direct interaction leading to (L) (and even to (3))
is not to be execluded, there has been a growing tendency to exclude
such interactions, since 1t would be very interesting to explain m-
decay only as a consequence of the PFermi interactions.

The idea of the existence of g Universal Fermi interaction re-
sponsible for processes (1) and (2) is also very appealing and brings
strong restrictions to the relation (S), for instance, The present
results on thls connectlon can he summarized aslz
A. The value of k for the several forms of Fermi coupling, are:

5,2 (P) (7)
1,3 x 1074 (a) (8)

[}

a) k

b) k
where P and A Indicate, respectively the pseudoscalar and axial vec-
tor Fermi interaction in the charge exchange ordering.

B. "The values ofw,n_+ are of the right order of magnitude for P

H
and A, and vanish for 8, V, T interactions (in second order pertur-
bation calculation).

So we see that both results given by (7) or (8) are in contra-
diction with (5).

. In this paper, we examlne the possibility that the contribution

of hyperons to the intermediate states may cancel significantly that

of nucleons, to an extent that bothcoﬂa“ andw_ . resulting from

the intermediate Baryon-pair, becomes smaller than the experimental
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values, thus allowing for & direct s — p interaction, withouvt » di-
rect T-» e interaction, which would be consistent with the experimen-
tal results.

I. 2-BARYONS INLERACTION AND UNIVERSAL FERMI INTHERACTION

We take for the N -Baryon estrong interaction the hamiltoniman den-

sity * 4
‘J'f;(jt)wie['ﬁ‘r%N+§“r%§ T (IYBY «Zy. B u)]. R (9)
in ® 5 5 RS 50 4. % 9
where .
P =o Z, Aoty \
N = nl = =(E‘,_) ’ Y = Ao-izo ’ Z = l\Fé‘ (lOJ
"'"'4/-‘"2 y > -

The interaction (9) is invarient, net only under ordinary isoto-
pic spin space rotations, but also under transformstions which pérmute
N, =, Y and 2 (global invariance)

NexZ ; Ye=2; R e=2=R (11)
or
Ne=Y ; ZSez ; He= R (12)

For the U.F.I. we also impose the global invariance, although
not the lnvariance under rotaﬁions in isetepic apin space; the non-
conservation of parity ies not taken into account, as it is unimpor-
tant for the present concern. So we take (writing only the terms of

interest here):

(F)

%m = Zk‘.(fk B alB) el (13)

whers
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Af{“ =59 » * TH v (15)

One should observe that the I signs irn (9Q) and (14) are not ne-
cessarily In correspondence. Thus depending on the transformation of

Ag?) corresponding to the global transformation (12} (that is, 1f

A(B) should remain invariant or if it is allowed to chsnge sign), we
can have all the possible correspondences: { + +}, (+=}, {=+), (= =],
Now, it 1s an immediate consequence that if the signs of (Y,Z )
terms are taken equal in (9) and (14), then there 1s a constructive
interference in the contributions of the four kinds of baryons to the

process:

/1 or &
(16)
)
The net result belng only a multiplication by a factor V-QE of uh_~“,

o::'ccl,It which makes the situation worse than before. If we take

—_c ¥
those signs as opposite, then there 1s g destructive lnterference be=
tween the contributions of { =, , N) and thos of (Y, Z) terms, If
all the baryons masses were equal, they would cancel exactly; as

they are nearly equal, we hope that the cancellation will be enough
for our purposes. So, we will be mainly interested in the case

when those signs are opposite, This situation is similar to that

which occurs in the K-decay of T -~mesons 4 o
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1I. n-DECAY PROBABILITIES FOR THE AXIAL VECTOR FERMI INTERACTION

? Although the contributions of the nucleons to the closed’ 1oop
(16) has been already computed5 the reported results are however of
no use to us, since we need to know the exact dependence in the mass
of 1ntermed1ata particles. | R

Thuu, we find for the value of the probebility of x-decay into

a lighp‘part;c}e (n-meson or electron) of mass m, and a neutrino:
' 2

e Ba w5 a2 2 |
i )h{l (p)j (17)
wheret
) b= My (18)
2
f.u e G
~A—§£ < (I, + I, % (I I
16m=n3 v Be IN - ( ¥ + Z) )
' (19)

The éign + in (Y;Z) terms corresponds to equai signs in the last terms
of'(é),(lh) and the -sign corresponds to opposite sign in those terms;
in tﬁe firat case we have a constructive interference of all the bary-
eﬁd;&ihafinﬂthe"iéeend; a destructive one.

The Iis are given by divergent integrals involving the inter-
_mediatea particlee-- '

: Py _-;"2' jw P2 Tn [F%ﬁ" % xA,p' :fn 1(5] (20)
| T ¢ 171 22
m .
Usiné Feynman's cut-off method of introducing a factor G(JLpé), we
obtain finite values for the several I's,

Here ‘we neglect the difference of“masses of the two interme~
dlate pgrticleet' |



(21)

This is not bad for nucleons, but not so good forj\o and Eﬁ's; in
order to take into account the difference of masses orzio end 2, hy-

perons, we take:

+ I, = X

I z =3

y (I

+ 3 I ) (22)
Do PY
We also see the influence of chosen cut-off, considering the two
cases:

a) Cl(A,p,‘?) = /f([{ + M2 - pe)"L (23)

Here, we find:

L. =2 [P g™l B |
LLMI(A..M) " LM™=p tg mﬁ'

2, 2 2 2. ol 2
A o o - LR 10 LRl (2)
21 VAR | 2 IX+2M p - A
where:
A = oo 202 ReanB) + b (25)
This 1s correct only ir 6:
N5 (@M 4 ) (26)
Which 1s the region of interest to us, because we shall take7:
N—Tp (27)
b) 0,¢0,0%) = A8 w2ap?)-2 (28)
We find
2, .2
K= At 08 2_,2 -1 .
i I 2 log 2 m YMT=p tg +.
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, 2/8sanPop,8 log AHleome-u4 [A (29)
JZ? J\?+2M2-p2—J2§
8
£~

Lé>piam + )

The results of numerical computations, are summarized in Table I,

TABLE I
G2 |
b - 16 ! Probabllities per second
- I
fA= 10 ugerg cm3 ‘
A= 7 [ Weak Cut-Off: C (/) Strqng Cut=0ff: CELID
f
Only nucleons ut 3,2 x 107 1,7 x 106
in intermediate | g
state
| e: 4,1 x 103 | 2,2 x 102
I I
Constructive in- ut 5,1 x 108 1.1 % 107
. 2
terference of |
all baryons | e; 6,6 x 10h | I .i,h*i'iokl
I l
Destructive in= | u: 1,6 x 10° 8,9 x 10l
terference of | |
all baryons | et 2,1 x 102 1,1 x 10

The case of contributions 'only from nucleons is also given, for com-

parison with the previous papers.
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II1I. n-DECAY PROBABILITIES ~OR THE PSEUDO~SCALAR FLRMI INTERACTION

In this case, we find for the probability of m decay into a

light particle of mass m and s neutrino:

2
g 2 2
W = D pC - (Mme
£ L {1 () } | (30)
Heret . 2
hoe
= J2 .2 G .
&y 2 JonZe3 \/?c, (JN + JSt (JY + JZ) (31)
where:
-1 T T
=3 d T (32)
-0

Using the same approximation as given by (1), and the Jy, J, being
glven by a relation analogous to (22); we find by the cut-off proced-

ure;

a) Co(AAp° ) = (1 4 w2 - pB)2 (33)

We must observe that in this case, the cut-off cl}jhpa) is not enough
to eliminate the divergence of (32),

Here, we obtain:

. L 5:21 1;"1 _2M22 L 2, 2 2—!;
oV WM. g JE%:FF L—ELL log M2 + +

K

A6 2al, a2 2l 6 2, 2,2
+ _A+uA+u£*A+ Bl log —A_AH 2M2 ks *2 (34)
uA Frantoyts

if A as given by (25), is positiv99

b) o3 (NL,pP) = £8EmBap?)"3 (35)



mgm l
In this case we obtaln the value of J only by derivatives 1in tuae

former one:

where J 1s given by (39).
The results of numerical computations for A .7u, are gilven in T:°
1I.

TABLE II

a° |

£ = 10'u99rg o

Probabllities per second

|
|
) |
A= 7, | Weak cut-ores: C,(A)  Strong Cut-0ff: ¢
Only nucleons in | ne 2,7 x 107 | . 5,7x 107
intermediate ! I
| e: 2 1010 2 108
state e: 1,4 x | ,9 X
A
| -
All baryons | p: 2,5 x 1010 | 9,1 108
| -
(Constructive) | 11 J 5
| ez 1,3 x 10 | 4,7 x 10°
All baryons | ue 6,4 x 107 I 5,7 % 105
(Destructive) | -
I e: 3,3 x 108 2,9 x 106

The Influence of the value of /\ in case of the weak cut-off C’;j £
is given in Table III, where the contributions to the decay pruiy:
- 1ity corresponding to each kind of intermediate baryon are giwve: . .
comparison, the same contributions are also givenm for the Axiali -

tor theory.



TABLE III-a: PROBABILITIES PER SECOND
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PSEUDOSCALAR THEORY

A
* M= My MmN M= M M=M_
| w65 x10® | 3,3 x 10° 2,6 x10° | 1,9 x 10®
3
et3,4 x 107 | 1,7 x 107 1,4 x107 | 9,9 x 10°
wt2,8 x 108 1,6 x 10° 1,2 x 108 '9,3 x 107
5
e:l,5 x 107 8,3 x 108 6,2 x 108 b,8 x 108
u9,8 x 208 | 5,8 x 108 b6 x 108 | 3,0 x 108
6 |
e:5,1 x 20° | 3,0 x 10° 2,h x 107 | 1,6 x 107
o pe2,7 x207 | 1,h x 109 1,3 x 107 | 8,8 x 108
7 ' :
e:1,l x 10%0 | 7,3 x 10° 6,8 x 107 | L,6 x 10°
wi5,9 x 107 | 3,8 x 107 3,0 x 207 | 2,2 x 10°
8
e:3,1 x 10%° | 2,0 x 10%° 1,6 x 10°°] 1,1 x 10%°
w2l x 1010 | 1,6 x 10%° 1,2 x 10%°} 1,1 x 10%°
10
e:1,2 x 1081 | 8,3 x 10%° 6,2 x 101%} 5,7 x 10%°
129,00 x 1081 | 6,5 x 1012 5,8 x 1011 6,7 x 10%1
20
e:l,7 x 10+2 1012 3,0 x 10%%] 3,5 x 1012




TABLE I1II~b: PROBABILITIES PER SECOND
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AXTAL VECTOR THEORY

A
m
= My M=M M=HN M=M_
| -

s 1,3 x 10% | 1,1 x 10t 1,1 x 0% | 8,1 x 103
3 _ ' _

e: 1,7 1,4 1,h 1,1

bt 1,7 x 100 | 6,5 x 104 5,7 x 10% | 9,8 x 103
5

-8t 2,2 x 10 8,5 CT.h 1,3

pt 6,5 x 10° 3,2 x 10° 1,7 x 10° 1,3 x 10°
6 .

et 8,5 x10 | 4,2 x 10 2,2x10° | 1,7 x 10

pe 1,7 x 209 | 1,1 x 108 6,5 x 10° 4,3 x 105
7 :

et 2,2 x 10° | 1,4 x 10° 8,5 x 10 5,6 x 10

we 3,9 x 20% | 2,1 x 108 1,7 x 10° 1,1 x 10°
6 | |

e: 5,1 x 10° | 2,7 x 102 2,2 x 10° 1,4 x 10°

7 ue 1,2 x_lO7 7,3 % 166 - 6,0 x 106 4,1 x 106

10 - : ‘

e: 1,6 x 103 | 9,5 x 102 7,8 x 10° 5,3 x 10°

ue 1,6 % 108 1,4 x,lO8 1,2 x 108 1,1 x 108-

or 2,1 x 10% | 1,8 x 104 1,6 x 104 1,4 x 104
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IV. ANALYSIS OF THE RESULTS

The analysis of Tables I =~ III, lead us to the following conclu-
sions: |
I) If.the pseudo-scalar Fermi coupling is of order of 10-1"9 erg cm3,
no agreement can be obtained Qith the upper limit of m—e probability,
except in one of the followlng possibilities;
a) The value of the cut-off parameter /A is much smaller than
usually assumed = for instance if A «p.
In this case the ®—p probability would be very small, and we
must assume a direct K-y Interaction, without a direct ®—e one.
b) The value of /A is of order of magnitude of My, the baryon in-
terference being destructive; in this case we should still take =
direct pseudoscalar m—-u interaction which interferes constructive=
1y with the indirect one, and a direét pesudoscalar n-~e intersc-
tion which interferes destructively with the indirect one.
o) The renormalized couplings of  mesons with the baryons are
not identical, but depend on their mass, in such a way that the
cancellation would be very strong, even for:\:ﬂMNo This situation
is analogous to case a). '
II) If the Axlal vector Fermi coupling is of order of 10'u93rg cmg,
we have: (The pseudoscalar Ferml coupling vanishes).
a)_ The value of the cut-off parameter is the usuelly takenafanN.
In this case we must teke a direct ®—u interaction, without a di-
rect m-»e one, (Argument similar to case}(a) before,) In the
same manner is valid here aﬁ argument similar to case (b) before,
b) The pseudoscalar Fermi coupling does not vanish and is of the
order ofamagnitude of 10753 erg cm:



4.
G

G

7

8.

G

£ — 107k £, (37)

end has a convenlent sign in order to produce a strong cancella=-
tion of the pseudovector contribution to m—~e decay.

It 1s an unsatisfactory situation, that in any case we must postu~-
late additional interactions in order to justify the experimental

results,
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]
If A < p(2l +m), we should only replece the last term in (24) by:

1 1/2 -l 21’ 2 =1 P + 2
- ey (= A) t L g L TH j
pl 4 & V=-A & N

ke o Feymnman exd G Speismen, Fhys. hev. 94, 500,(1954).

If A <{, the same substitution in the last term of (29) should be done, as
given in note (6).

Ir A<y, the same substitution in the last term of (34) mey be done, in the
seme manner that in notes (6) and (8).



