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OKX THE DECAY OF THE % MESON,

H. Shimodaira(x)
CeNeE«.N., - TLaboratori Nazionali di Frascati

Abstraét:

The decay of the % meson is estimated bybonsidering
- higher mass contributions beside the § and «#. It is shown
- that the branching ratio P(4%4-> 27 )/P(2>X"7Z"X°) comes out
well while we get a little larger ratio for P(7Z > LK J" )/
P(7-> 27), although it may not be much in disagreement with

present data.

(x) - On leave of absence from Nagoya University (Japen).
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Since the discoﬁery of the spin—périty 1~ octet, many
phenomena nave been explained by ﬁhe use of pole diagrams due -
to these particles. Particulary the branching ratio

P(H—=> 2% )/p( 2> T 7T )
for 0~* M meson was estimated by Gell lMann et a1(1) provided
that these decays go through a ¥ pole diagram.

Neverthless the application of the same idea to > 3L
decay met with difficulty due to the closed loop integration.
Beside the divergence pfoblem, there seems to0 remain the dif-
ficulty of getting the observed ratio ~ 3 for 7 (9 - neu-
tral)/P( @ = Z?Z"Z° ) because of the smallness of the three.
body phase volume. ‘

‘ Recently, however, a mechanism which leads to suppres
gion for 7% 2% decay was analyzed by Geffen(z). He ob-
tains this result by taking into account higher mass contribu
tions, beside those of ¥ and W , as suggested by the expe-
rimental form factor of W = ¥e’e” . According to the idea
of unitary symmetry, then, one would expect thé same cancellg
tion for M —» 27 decay. This fact indicates that the esti
~mate of the ratio /7 (’7-—927')/1’( 2y — TTAE® ), based on
the simple phase volume arguménts, is no longer adeguate. To
make it clear, we_have/to see how the same mechanism worke on
the ’243.’/? décay._ v

In this regard, if was pointed out by several people(3)
that there is a similarity of the Dalitz plots for 2/ and 7
decays. A reasonable explanation was given by saylng that the
se decay modes are intermediated by the follow1ng steps,

K Tt — ./?".'/2“’72"’" and Y —> F, —> LT
Of these steps the first one is a A4I = % transition for Kt
and AT = 1 e.m. transition for 0 "% . Then the isobaric

gpin. of the final state is I = 1 for both cases and as the se



2)

._.3-.3.

cond step is due to the strong interaction, the 'Dalit-z plots
will be expected to be similar. ’ '
 Baged on this argument, we shall assume that the -2~—]Z‘°

‘transition is the dominant contribution for 7% -» 3% decay.

As we will see later, this assumption leads to such a unique

choice that we can conclude that the higher mass states, men

‘tioned, ghould behave as a vector singlet state.

Several consequences which follow from the 9T tran

sition mechanism; together with the contribution from the hi-

gher ‘vector singlet state, are examined in this paper.

Let us define the vertex function between the P.S. sta

te, a, and two vector states, b, ¢, as follows,

() L) = <)l [ al608)> = &y B F /é}/mf

where ( ) is the current for the b-»meson. The d¢ and H, a-

2

" re used hereafter as the renormalized coupling constants which

é.ppear in the currents, ;}’g)? ,j;ﬁw) in a similar way as e does
in J(T)(4)
If the & w contribuiion is taken to be important the

form factor for N — ¥ ete™ is given by the formula,

- | 7e ‘ . , & 1
(2) F,‘ ”(49 = 7[ 31,0 :&"M %y, /mf.f-é },)

ﬁere we put F,%”(é’/ F "’"“’”(é’} /j‘;gm and Mg =my o A
parameterr j’ is inserted by Geffen( ) in order to take into
account the higher mags contributions.

Instead of eq. (2), however, let us assume in ¥his pa

pér that the higher mass contributions can be represented by -
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a state with a mass my. Since this state transforms into a 77,
it ‘may be nétural to take it as a vector state. According to
the unitary éymmetry, we have several sets of states, namely
the vector ginglet and the vector octet etc.

As we will see iater, the vector octet intermediate
states however, give no %-Z transition in the limit of uni
-fary gymmetry., Thus, confining ourselves to the lower configu
ration, the representative state for the higher mass contri-
bution ‘should be taken as a vector singlet, if we insist on the
im.pox_'ténce of the 72~X£ transition.

_In this case, A B¥¥(42)  is defined, instead of
by eq. (2), by |

“U%‘) - ,/277;’52": jﬁ:f;k)/ e i)

7‘0’.)’«1 ou 79‘91’ mg -
(3). z‘rs’/zf-&u mw*e’ T A muhé)

ml
4V-TYZ2 }‘)m e mf:-.c"]

'where_

. s -1
X
COmpa.ring eqe ( 3) with the experimental form factor for
v r—' ?-&"‘Q R

o "””4/ T [ aé/»ﬂ/

'a = - 00‘24 _"_’00169
we get , .
(6) f = - 1 12 for mx~2mp and a = - 0,1
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The smaller my and the larger lal will bring ¥ to be
very near to =1 which will not be consistent with the &> 37
decay rate(x)

The T —» 27 decay rate is given by

o f‘?r y
(7) /—/fawhi’a‘) = ﬁé#.z{‘)] ~ 3Ixlo MeV

and it follows from eq. (7) that

. : r
®  FTMo) - 4z x 0.7 x 000 X,
Compérinfg eq. (8) with eq. (3), we can estimate ﬁ-fw as

fgrw #/)7%%23— 2, 7 2 .
) R T Wik, 21’3")/“““,,,;) =0.93.

where we put %1/4-? ~ 7&:/4-? & /2. The 76'2-'_,:“ calculated
in this way is nine times larger than that calculated by Gell-
-Mann et a1{1) in the case ¥ =0,

1% is easy to see at this point that the experiment (5)
suggeats really the occurence of the cancellation between con
A‘ tributions :Ero_m - @, & and x. Then the unitary symmetry(S)
predicts. the same cancellation for y—=> 27,

" Namely we have

L P

where

2¥'= /’4""’*)/"”‘"“’) .

(x) - Our choice eq._(6) gives P( w > 37C ) = 9.4 MeV.
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Since the unitery symmetry gives the equalities,

(11) ﬁ:x"éwﬁ%m 0 Sy = s = ~Z faves

we get in this limit }”: -F.
The decay rate, P(%—= 2& ), depends on the value ‘f'

‘atrongly. Thus we shall estimate it for two cases, one for

f’:-—? and the other for ?'.—: 1.5 which means that we con-

sider a small deviation from eq. (11). Then we have

| . 2 -3‘ >+ )52 m 3 L
 Rla) (Y () (2D -

( 12)

0.64 x 1074 MevV  for ?’: -F = 1.12
10.8 x 1074 MeV for ¥’/ = 1.5

The diagrams for ¢ >3 decay through §, w interme-
diate states is given in Fig. 1 where the loops contain § ¥

-and' w7y e.m, transitions as is illustrated in Fig. 1a.

2)

| r w7 % Tw -
'qcr/,.’z' 20 H KL QO‘—<
o \JZ' . | G E ° ‘a_
C’) /?
; T
’2.
Z
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Based on the Dalitz plot argument, as we discussed in
the introduction, we simply disregard the diagrams in Fig. 1(Db)
and Fig. 1(c). But this is not valid if we consider only con-
tributions from § ',' W, becausé the diagrams in Fig. 1a a-
re zero in the 1imit of unitary symmetry. This is easily seen
from the relations in eq. (11).

The situation remains the same even if we consider the
contribution to 7?-%o transition from other vector octet sta
tes. }

Therefore the assumption of the 72-/% transition to
be dominant leads to the unique choice that the higher mass
co‘ntribution belongs to a vector singlet.

Now the 4-7, transition through §,« and this
intermediate states is given by

(13 Ml 4;.”;‘; Epve)z (5 8) ()3

where Z

: 2 z 2 2

| /3 4 ”7: 7 f (kf 2
J;{j/ “(ZIIV/m: féz my *ez éz m: *{i-é) Ci é

andv :

2 4%~ (4q)?
7 &
"z/f/ (21")‘* //m ek &* M, +(j 4)* A%

‘These are convergent integrations and thus we have the
 following formulas which are valid for 0 < -¢'< m; )

Z

LA 13 e
Z(f/ (ﬂ"‘/"é»?fzis ’

(14) Ll s 2
f/‘m S

We gee here that the ratio of the gecond term with re-
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spect to the first in eq. (13) is really small, for my 2m,
and ¥ = - F = - 1.12, that is, ~ 75 (2= 7‘ . Although we do
not know the value 7 , it may not dlffer much from ¢ end
tnen we may disregard the second term in eq. (13).

Thus we get the ?%2-% transition coefficient

= 4 -7 _ =X Ie).
(15) : - 74?#‘ f’-— -? =72

= 42
- Aor ¥t , E=-li2

Here let us define an effective Hamiltonian density

for tﬁe S-wave /2 -% scattering by eq. (16),
: ) & /S>>
(1) My = 5 (FENTZ) -

Then the decay rate for 'z—ﬁc“f’f‘ff ° is
o 2 P)
(1m)  Pl-~RTTr)= AL by 002 M

Unfortunately we ere not in a position to have a defi
,nite value of the scattering 1ength for T = 0, S-wave Z-%
scattering, So we shall estimate P( y-» Z'Z &< ) for seve-
- ral choices of the scattering length, ie, 85, = .5(6), 1,
1. 5(6) m 1. These correspond to the following values of the
effective coupling constants: d /4.7.. = 0.4, 0.8, 1.2.

The decay rate for 7> X TZ/0° and the branching
ratio P(¥-> 2¥ )/p( 72— B 7° ) estimated in this way
are given in the table I. ' ”

® In the lowest order perturbation approximation, 4/4 £ =4A
where A is given by Chew and Mandelstam(8),
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The evaluation of the decay rate 7’(’2-9zt73—y ) is
carried out through a § meson pole diagram. As the vegc
tor singlet state x gives no contribution to this pro-

cess, we get the ratio,

?; _ ?/Qayf"yz-‘;):j&z ag:,,_,z- 7 7ox 7o~3
= Paazy 4T AE % f5-Z (1 2¥)]"

For ' = 1.12 end §' = 1.5 with T T ~7; ..’;,/M‘rv%,
ﬁr takes the values 5.3 and 0.3 respectively. Thus we
see that the case of exact unitary symmetry is not consi-
stent with the observed data (9) whereas the second case,
with small deviation from unitary symmetry, is not neceg-

sarily inconsistent.

We started with the assumption that the vector parti
cle 7 transition is important whenever the e.m. interag
tion comes in. The observed form factor for &° > ret e,
then, tells us that theré should be some contribution from
the higher mass states besides those from $ and W, We
represented them by vector particle states. Here we have

two choices for taking them as the octet states and as the

'singlet state.

Both cases lead to the cancellation for the oo =27

‘emplitude and then the % -> 2¥ suppression follows from

this. This gives the possibility of explaining the large
discrepancy fqr the branching ratio ?? between the sim
ple calculation and the experiment.

A diffefence, however, appears between octet states

and'a‘singlet state, if we consider the 4 -7 and the
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Y ->7Z" &  trensitions. The vector octet gives no 2 -
transition and suppresses 9>/ while the vector
ginglet leads to a large 7 -4 transition coefficient
and to no cancellution for 2=»& L & . |

 We made &n assumption that the 7 -7C transition
is important. In this way we can examine if this assum-
ption ies consistent with other observed data, as well as
the validity of a choice for a vecfor ginglet state.

As a matfer of fact, the results which we get in
this case depend on the value of the scattering length
for the S — wave X - scattering. For example, if we
consider a small deviation from unitary symmetry ard ta-
ke ‘g'=1.5 € = 1.12, the branching ratios 7, T,

given in the table I and by eq. (18) for ag = 1.5 m;; y
o

may not be in disagreement with the experiment.

But if aso turns out to be as small as 1 m'./_r1 or
the experimental value for 72 gsettles smaller than 0.1,
it seems difficult to explain both 7:] and 2); by this
model. In other words we have to give up with the 2-X
transition mechanism as well as with the choice of the vec
tor singlet., |

The other test for this model will come from the de-
cé.y rate for w = 3L . With a vector singlet, as it does
not contribute to this process, we get 7 (W > 37 ) ~ 10
.MeV. While with the vector octet, where a cancellation hap
pens, we have still the possibility of getting a smAaller va
lue for this,
| As regards the %2 ~3% decay in this case the alter-
native to the % -~/ <transition will be the diagram shown
in Fig. 2, although we ha,éze t0 encounter an unknown coupling
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, where Y is a T = O, ot particle ’(10‘?, and the

Fros

~result is more ambiguous.
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