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ABSTRACT
- The decay of /\o-—>-n + 77 through non local Fermi interactions due to
vector mesons is celculgted. It is found that the branching ratio of /\ —>h +7

with rezpeet to experimental pionic decay mode /\o—>n + T, can be of the “order
5 x 10=4,

INTRODUCTION
The V-A coupling theory for Fermi interaction proposed by

Feynman and Gell-=Mann 1, Sudarshan and Marshak Z, and ethers can be

¥ Supported in part by the Conselho Facional de Pesquisas.
1. R. P, Feynman and M.Gell-Mann, Phys. Rev. 109, 193 {1958).

'20 E. Co Go Sudarshan and B. E. Marshsk -~ Padua Venice Conference on “Mescns and
Recently Discovered Particles®, September 1957.
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regarded as due fo an interaction of fermions with intermediate
heavy charged vector mesons 3’4°
Such an interaction may give rige to certain decays of pap
ticles which would otherwise be of second order in the Fermi coup-
6

ling constant 516,

M—>e + 77

2. —p .
Another possible decay is the following
NA—n+7¥
o
with the two graphs indicated in figure for the perturbation theorst

iecal treatment in first order.

MATRIX ELEMENT
In gvaph (A) the photon is emitted by the virtual proton
whereas in graph (B) the photon 1s emitted by the virtual meson:

/// \Q"\
/ P \: _
A, (1) LQ TL1+%)
/ !
- 7Tl
/\ x/'P:P v \\P)‘“
o / \
(B) - Fi F AY
Y(1+7%) Y1+%)

3. R.P. Feynmgn and M.Gell-Mann, See reference (1).

4. J. Leite Lopes - Nucl. Phys. Vol. 8(1958), n®2, 234.

5. G. Feinberg ~ Phys. Rev. 110, 1482 (1958).

6, P.Prakash and A.H.Zimmerman -I1 Nuove Cimento, serie X,vol.11,869 (1959).
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The matrix elements are given by

WA~ 6g2 | a%q Tip ) ¥ (1 + ¥ 1 (cy)——1
177 5" 1(qer = ko ¥y 1qo¥ + m
& f) (1 + X' ) P (pZE’Q) " (pa)
(2)

°X'f> (1 ""55) HZ(PZ) »

where the vectarial meson propagator P, p is given by

{p, - ), (p, - q)p) ] 1

P' (p =,q) = <8A + R

end
Cye = {Qpl = Q)€+ (p, = q>°e] 83 = [(pl = g €&y * py - Q)ﬂ)éa.]

and p, =p; *+k
Pos Py and q are the four-momenta of Aos neutron and vir
tual proton of masses m, My and mp respectively; k is the four-
momenfum of the emitted photon; Mx is the mass of the virtual meson.
The two matrix elements contain quadratic and logarithmic
divergences which do not cancel when summed. Moreover the termwith

quadratic divergence is non gauge invariants

_ 5 (E-%) d'éq 1
2 R

To remove the non-gauge invariant terms we use the regular
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izationmethod of Pauli and Villars 748,

The regularization method consists in adding and subtract
ing other nucleon fields of much larger masses my (mo is the mass
of the intermediate proton). Since the infinities have the game
structure it is possible %o chodse conveniently the number and .the

masses of the additional fields to make up the resultant matrix con

vexjge_nto

The regularized matrix elements are given by

— 1
AL og? fd4q Zz% A% (1 + 7)) €. -

, o i(gey = ko) + my

(1%)

. -q) 12

iqo\(-.q, miTP (1 +r),5) PAP (pz CI) u (pz)

ﬁﬂw%f& Zh%u%wuﬂf)m(w -
(2t}

1 .
=q) Cy¢ Fep (pp=q) © m Y (1 +%) uz)pa)’

where

mi—® , if i £0 C; =+1 if 1 # 0,

and PAP and Cye~ are not modified,

The total matrix element may be reduced by usual technique
(8ee Appendix I) to

g = ) 4+ (D)

B ~eg ul(pl) (1 = v ) Qg (1 +‘75) uz(pz), whee

7o W. Pauli and F. Villars, Rev. Mod. Phys., Vol. 21, 434 (1949).
‘8. J. Steinberger - Phys. Rev., 76, n® 8, 1180 (1949).
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n 1 n 1
4 4 2
Q, = A | d%q o — +B/dq ¢, m
R / 21 L E 2.1 G My (& + 17

1

. 1
1 n
4 2
+ C J/.d q c +D X dx j/‘ ay C.m;+
i;:i 1 E + )2 /O 2104

0

+ convergent part (function of mi). (3)
Ay By C and D are functions of masses of particles.
Thus, to eliminate the non-gauge invariant quadratically
divergent term we are required te impose 2%;161 = 0. To eliminate
¢ 0. The term with

the logarithmic divergence we require ZI;: i C4 m%
coefficient b alsc disappears.

Calculating the convergent part using the two conditions
above ( é;j_ci = 0 and Z::i Cs m? = 0) a logarithmic divergence
reappears when we make my (1 # 0) tend to infinity.

The final total matrix element is given by

(A), 4(B) g” 1 . - “"mxax

_ - = zj A -

MR~MR+Mmee(M2)u(pl) [1icilg > [zn/\(l’rs)"“
X i

+ mﬂ(l + ’Ys)](ko’r)(e oY)+ F} ua(pa)

where F is the finite part and does not tend te infinity when Mx

does. > 2
. M s
The divergence Ef:i Cy 1g —5—5-—- is eliminated imposg
1

ing one more condition: Zf: c. 1g m? = 0, Then we obtain
n

D 1% 18
1

The finite part is of the order of éﬁ of the other term,

2 wmpme © - me
i MZ = m&

2
oy Bp
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if the mass of vector meson is much larger than that of neutron
(M, ~10 my).

The matrix element is finally given by

M= e(-=g-==-M2 ) lg T u~(p;) [ m (1 = 7g) + my(l +'T5)] (k-
x P (4)

) (€27) u¥(p,)

6

and it is analogous to that obtained by Prakash and Zimerman in

the decay of
2. —p*ta o
TRANSITION PROBABILITY

The transitioh probability for the decay is given iy
(See Appendix II):

5 Y Y-S - 2 2 3
( 2) m/\ (13-&;1) [1+ﬁ§-][1-i]
25(zm* mZ mh m 5
(5)

‘The coupling constant g is related to the coupling
econstant G for the direct Fermi interaction by

£ . _a_
Mi 2

Thus, the transition probability for our decay may

a

be written aé-

. > 2 1
P:-._e,_z., (..Q_)Zui_[lgu}a[lq- ][1_}_;_
ar V2 2° (zm* m m,z\ m%

=

(6)

1. P.Prakash and A.H.Zimerman, I1 Nuovo Cimento, serie X,Vol.11,869 (1959).
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The mean 1life of Ao for the decay /\o—>n +nq is found
to be
T ,—,%., ¥ 5,5 x 1077 sec

and for the branching ratio with respect to experimental pionic de

cay mode we obtain

AO ——sn + TTO ) exp
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APPERDIX T
To arrive at the total matrix element (Formmla 3}, -we
made the following developments
| We had written M(Mm eg ul(pl) [Q(A)} uZ(pZ) (7)
and after simple transformations we obtain

(4) 4 N(A)
[QR]=(1°"’TS)jquo:ici'—(—)—o(l-!-"}"s)-l-

where

g(i); - p (mi + qZ)(e 7)) + 4 (qo€)(gey) + 2(qeP(kYIE-P

H(EA):“ q4(€ Y) q2 G 07)(qofy)(.iﬁaocy):}én.(pzo‘})(Q°’\‘)_(€ °'?‘)(Q°‘T)(P2°”r) +
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+ qz (pzof‘f)(QofT)(eoq‘) + (on"r)(ko"r)(ﬁ o?‘)(Qo‘)‘)(pzo?) =

= u_2 (pye oy (k)€ °“T) + qZ (o) (koe)(€ .90 + mi (pZ o) (€ » f)-)(;zzarr) -
7-m (%ofr)(e " (gen) - m (qo)(e c.q-)(p2 orp) +mi (qeq—)(é oM (gey) =
@ )
= (q ‘T)(kn")-)(e ?‘)(qo’})(pz qﬂ)’
1
and ZlAS 2
D [(qu) + mg] [qz + my ][(pa - q)Z + Mi]

1 ' 2 .
Doing s where a = [(p,- q)= + MZ 9
DIA) abe { 2 x ]
[Ca=k)® + nf] and < =»[ q® +nf ]| , and using the identity
1 1 1
= J 2% dx j dy 3 we arrive
abe o o [ axy + bx(l=y) + c(lmx)]
1 (93
at J 2x 4ax J L

d = kx(1l=y) + P, Xy = p; X(1-y) +p, x

f25m§+(M§wm§°m§) xy+(mAme)xy+m ¥

Substituting (9) in (8), we have

[Q(A%}z(lm'rés)]d‘iq Jjaxdx Ldyz c Ly

o 1 "t (ga)24£2)?

(lm E 4 = rE..f—) 'Y
° (1 +q'5) + f d J 2x 4x J dy Q [(qad)aﬂi-f%B

.(1+’)~5),



_ 178

We can resume the second matrix element (Formmla (2°' ))

as follows:

M(g) ~ eg ul(pl) [Q(g) ] ua(pa) . (10)

After the usual procedure, we have:

H(B)
[Q(B)]‘(ln?s)qu Zi cy gy ¢ (1 +g) +
(1-%) [ , NGB)
+--—-é=5—» a*q Z Gi—§—y * (1 +%7), (11)

" (4)

N

. -1
where Ng_B ) and NéB) are expressions similar to the ones { (4) and
N

1 . 1 . z
P ] (o) - 07+ )y - 02 42 )

Using the same technigue we have used before, we obtain

hig —fLT g
or D B ° l 1
2X% dx dy I
/o /0 [(qwr)z + 53]3

where
=py *(1=y) +p, xy =p; x +k xy

=m§+(b§m mea)x*'(m =mA)xy+(mA=mN)xy+m§x2 o

Substituting this expression for -=-(—-)-= in (11), we ob
1= ZX X v — 6
o 511 [(q r)2+ 52]3

«(1+'H+-=-=—-§==/d4 f Zx dx /dY Zici [(qr)z 23‘(“75)
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From now on we used the usual integral calculus proce-

dures.
APPENDIX II

To arrive at the transition probability (Fermﬁla(s) )5
we made the following development:

The transition probability for the decay is given by

(8,.)°
P =/;/~ ;ﬁ ak d3p13
9 ' :
where 7“3
1 m \% + /7 1\%
(5,02 = <h2> {2 (B (297 fean] 2.
.&anja E, Ey/ \2k,
N 2
¢ (21’-)4 6 (P‘g= p1=‘ k) } =
TV m
=<|M|2>F"2'7)”'ﬁ amﬂ £ . 54(p2= Pl‘:k) ?
4 P26 P10 %o

<:]M|2:> being the average of M'M over the inicial spin states, and
sum over the final one and it 1s given by

2, 2\ 2 2 _ 2

e M- - m

e C

2
Mx mp

2

Trace [ Ln/\m(Pl) L /\ﬂ(pz)] where L! = ,74 L.74 =

.
=7, {[(mN * 1) + (my = my)oyg] €Mk }74 ,

9 S.8. Schweber, H. A. Bethe and F. de Hoffman - %Mesons and Pields®, Row,
Peteorson and Company, New York, 1955 - Vol. I, Section 19¢.
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=1 (py-p) + m =1 (p,.%) +m
/\a(pl) = 1 N ana /\“(pz) = 2 A

ZmN am A

We can easily arrive at the following expression of

LB

2 4 2\ 2 2 2l2 2 2 2 2N 2
e“r g ME = m (mg + m-)(mg = m5)
M‘:2 m"'3 m,, I
X P N "A
ThU.SQ
(s )2 gZ _71'4 MZ__ ma 2 (ma + mZ)(mZ - mE)Z
ir! _ 2 [E lg X N N AN A ( )
=e z 72|18 7= k(210 5P Py
TV Mx | mg 2 pZo plo ° 2w

and in the center-of-mass frame the transition probability is

2 g2\ r* | MEon® |2 (mf+nd)mE-nd)? [ @
Prev| 5 Tt 310 5 2 f o 8 (Ep=Ey)y
Mg 2 mp (2r)™" 2 my / P10 K,
S k dn dk,
where 8 (E.=E;) = 9 §” (E. - E;) 4E
o o | | = £ =By A8
Pic %o P1o £

and dEf = dplo + dko °

From now on we used the usual caleculus procedures.



