217
Notas de Fisica - Volume XIV - N2 5

SOFT-PHOTON EMISSION APPROACH TO THE
DECAYS wy Ps P - 2Ty

R, Pascual

Facultad de Cienciasy Universidad de Madrid
Espana

Prem P, Srivastava
: . s . .
Centro Brasileiro de Pesquisasz Fisicasy Bio de Janeiro
Brasil

(Received 30 September; 1968)

SUMMARY
The hypothesis of PCIC for the elechromagnetic current is
used to calculate the rates of the decays w, ¢ =~ 277y and

p*2wy .,
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In this paper we apply the partial conservation of tensor
current (PCTC) 1,2 hypothesis for the electromagnetic current
to discuss the decays{y, Py P ~—» 2mre Such assumptions have
already led to a successful explanation of the decays Y;“'VOQ’?’
and v —~77> whose branching ratio is otherwise difficult to ex

plain, say, in a simple pole-model calculation>4.
We assume the PCTC for the e.m. current in the form

A eele — _sGeMMe
19°T,] (x) = aj," " (x) ,

WhereiTg,:m. - T;F + (l/A/'B‘)T?\H and jﬁfmq = jz + (l/v/g)jﬁ ) T

r are the tensor and vector currents, respectively,

contained in the U,, algebra and 1 = 0; 1y «.., 8 ave the SU
2y 3 5,

i
AM
and J

indices. The coastant "a" 1is given by a = mpﬁﬁé

where mP is the p-meson mass.

We will, ir what follows, apply the above form of PCIC
only for non-diagonal matrix elements. In this case the dif-
ficulties, (for example tle vanishing of ..e charge operator),
associated with using it fof dlagonal matrix elements, as *

discussed by Ademollo et al.2 do not appear.

The matrix element for the decay w—2ry can be written

as . ,
2 K v
i“ e " (k) w(pP) 1
{r(ag) m(a,) 7 (k) w(P)) = . — . -
(2r)®  Jax, P, a

”a4xa4y exp[£(Py - 10x)] < may Inap) | 2(@HTS o225y ) o

where 6“ and w” represent the polarization four-vectors of the
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photon and w respectively 6 . Using the formal identity

0 . o
— BTy (2)3,(3)) = 10" Ty I3(3)) *5("0'%)@0;1("” J,,(yﬂ ’
we rewrite it, in the soft-photon limit
>_ iZ EH vV
<1r11r2'ylw = - . .
() vk, P,

i

a

JJd4xd4y expE.(Py kx)]é(x -¥o) {mqm ZIEPe°m°(X)sJV )(Y):H0>*

The equal~time commutator may be evaluated, say, in the quark

model ! to obtain 859 the invariant amplitude in the form 10

1 1/ [z 1
M(w —>217) = - 1%(€ ow) *(vl'rrzl'- \/: SO(0) +4 /= 38(0) o),
a 3\V 3 3

where St are the UlZ scalar densities.

Consider next the decay o —> 77. The matrix element is

written
a8 12 & ghx)y e’ ()
(k) 7k )|o (P)> = .

(zr)? Jax_ x

(o o]

1
— 4 I A €ello Sellle
‘Udl'lx a%y expE.kx + ik yZl <0lT('J TA./A (x) 3y (Y))’0'>:

a
€ allle
Ap

bute. Using the above identity and taking the soft-photon limit

where again only nondiagonal matrix elements of ZAT contri-

we obtain for the invariant amplitude

M(o —>7py) = 1%°(¢. e') — <OI \/-S (0) +\[- s8(0) + 53(0) )| o.




220

Now we will make the ansatz so that the scalar densities

can be identified with the corresponding current of the nonet

of scalar'ov-particles .
18 = ar?s

where "a" is a dimensiohless constant. The invariant amplitudes

can then be written as

d 2 . N1
M(w = 27y) = = 12e(e o) == |=M(g=-> >+ \/:M(O‘S'*Z‘!T) ’
Zaj \| 3 3

22, 42 2 1
M(o —>27) = 1Te“(€ £ )~ =2\ |- Mo >0o") +

aBL 3

L
+,,\//; Mo =o8) + 1o >03) |,
3

where o*l, 0'3, 08 denote the scalar singlet and the I = 1 and
I = 0 members of the octet and where we *.i:roduce the follow=
ing invariant amplitudes:

M(ot — 27) :“=“;(21r)3 V447 9850 <7(ay )Tr(qa) |7%1(0)| 0>,

M(o—=ol) = (2r)3/2 V2P <o|J°1(o)io (P)> .

The amplitudes for ¢y p—>2ry are similarly derived:

> a4zl fi 1 2 8
Mp—>2ry) = -i(€ .p) --; ;M(cr —-2r) - -B-M(a —=2r)|
a .

a2 1
M(Po"Zv’)’)=-iZe(8’€)“ \/-;M(crl -+ 2r) +\/- M(U8 >21)|)
a 3

d1
M(p™ +2mg) = = 1Ze(g.p) =3 M(ert »>2r) =0(e”) 42 10,
a
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We note the followi:ig relations for the invariant amplitud:
in the soft-photon limit:

»

1 2
M(cr3->w) = — M(o-8->77)=2 \/:M(¢1->79’)
V3 3

1 o
M(w =>2rq) = = M(p =2m7) .
3

- + =
Defining M(0‘8 >nte o ) = g5 and M(dl-—»w + 17 ) = g, and as-

0. For

suming the nonet model gl/ gg = V2 we £ind M(Y = 2r7)
(physical) isoscalar o-meson with the projection sin on the ST

octet we have 12

Mo »rte 77) = gy COSP+ gg sing = gs(v"_Z‘ cos@+ siny) = gy~

2

where 8ortm™

N 2, _ - o -
= 1.31 GeV" for m_ = 375 MeV, r;_- 70 MeV and gy - :

Using the above invariant amplitudes we can calculate the
widths of the decays. However we must first recover the gauge

invariance 3, obtaining

a e Z 1 .y
M(o=>77) = « =« — {2 , [~ cos 90+ — siny rH qu,, ’
a 3i 3 V3

v
B ev3 Flay0,
a 6i QOk

Mw(q) =7 7 7(k)) = ’

with similar relations for the other cases.

The ratio r(w —>1r+1r'7)/f‘(c--’7’)’) can be calculated in-

+
dependent of the a and d values, and is found to be 0.41.10 2.

Fil'kov, using dispersion theory methods 13, has related



222

the product [ (o= mr) [(o=¥)) to the widths of w —>wy aic
p —~m7. For our mass for ¢ we find [Mo=m) [(c=:D =

= 0.81'10-2 MeVZQ Assuming that o decays predominantly into tw
pions, say [ (o ==21) ~ 0.9 j—;we get | (=17 = 1.28-107% dev
(which leads to the value for d~3.8).

With this value we can calculate the o 2wy and p 2wy
widths (['(¢ =2r9) = 0 with nonet hy othesis), which are found
to be
5.2:107 MeV

FTw =mr_y)

T (Po-’- 7r+1r_’}’) %7010’2 MeV

not inconsistent with the wesgre »rnerimental data available at

present 14, 15
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2 < VR N
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1 2
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