Laboratori Nazionali di Frascati

LNF-63/68 (1963)

H. Shimodaira: ON THE DECAY OF THE ™M -MESON.

Estratto da: Nuovo Cimento, 29, 1290 (1963).



IL NUOVO CIMENTO Vor. XXIX, N. 6 16 Setfeinb

On the Decay of the *q-Meson.
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- O.N.EN ., Laboratori Nazionali di Frascati -

(ricevuto 1'8 Gennaio 1963)

Summary. — The decay of the yn-meson is estimated by conside:
higher mass contributions beside the p and . It is shown that th
branching ratio I'(n— 2y)/I'(n— wtmn’) comes out well while we ge
a little larger ratio for I'(n— ntmn—vy)/I'(n— 2v), although it may not
much in disagreement with present dafta. 1

-~

1. — Since the discovéry of the spin-parity l_voctet, many phenom
been explained by the use of pole diagrams due to these particles. Pa;
the branching ratio

Ity = 29)[T(y -t ny)

for 0°F m-meson was estimated by GELL-MANN et al. (*) provided tha
decays go through a e pole diagram. ‘

Nevertheless the application of the same idea to v — 37w decay
difficulty due to the closed-loop integration. Beside the divergence p:
there seems to remain the difficulty of getting the observed ratio
I'(n = neutral)/I'(n — w7 =) because of the smallness of the three-bo
volume. : _ "

Recently, however, a mechanism which leads to suppression for ‘
decay was analyzed by GEFFEN (2). He obtains this result by taki
account higher mass conftributions, beside those of p and w, as sugg

(*) On leave of absence from Nagoya University (Japan).
(*) M. GELL-MAxN, D. SHARP and W. G. WAGNER: Phys. Rev. Leit., 8, 2

S. Hogr, 8. ONEDA, S. CuiBA and H. Hiraxi: Phys. Lett., 1, 81 (1962). -
(*) D. A. GEFFEN: Phys. Rev., 128, 374 (1962).
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e experimental form factor of =°—yete”. According to the idea of unitary
mmetry, then, one would expect the same cancellation for v — 2y decay.
This fact indicates that the estimate of the ratio I"(y —2v)/I'(y - r=Frno),
based on the simple phase volume arguments, is no longer adequate. To inak'e
it clear, we have to see how the same mechanism works on the v — 37 decay.
+  In this regard, it was pointed out by several people (®) that there. is a |
gimilarity of the Dalitz plots for ' and v-decays. A reasonable explanation
was given by saying that these decay modes are intermediated by the fol-
wing steps, KT —n* t and n— 7w 7wt w0 Of these steps the first
one is a AI =1 transition for K* and AI =1 e.m. transition for 0~ ». Then
the isobaric spin. of the final state is I =1 for both cases and, as the second
step is due to the strong mteraetlon, the Dalitz plots will be expected to be
similar.

Based on this argurhent, we sha,ll assume that the 7-1° transition is the
.dominant contribution for n —3w decay. As we will see later, this assump-
‘tion leads to sueh a unique choicé that we can conclude that the higher mass
states, mentioned, should behave as a vector singlet state.

Several consequences which follow from the v-w transition mechanism, to-
gether with the contribution from the higher vector singlet state, are examined
in this paper. '

— ot

2. — Let us define the vertex function between the P.S. state, a, and two
- vector states, b, ¢, as follows, |

(1) ; | Faz;'c(k’ k/) k ) I?(b) l (k‘+ kl)> — ,“;M-k}k Fabc kz / e

‘where j;” is the current for the b-meson. The 7, and y, are used hereafter
‘a8 the renormalized coupling constants which appear in the currents, J®, 4
in a similar way as e does in ji¥ (4)..

If the p, w contribution is taken to be important the form faJctor for
0 —>Ye+e is gwen by the formula

© e 1 m?
F’TDYY-kz = e £ "I‘E);
,( ,) ._f.‘" 2¢/3 Vmo(m + k-

here we put F"""‘“(k“’) F”"“’F’(LZ) = frtow 'and.'mp = mm." A parametef £ is in-
erted by GEFFEN (2) in order to take into account the higher mass contri-
utions. ; '

(3) G. BartoN and S. P. RoSEN: Phys. Rev. Lett., 8, 414 (1962); M. A. Baqr Bfa:
hys. Rev. Lett., 9, 67 (1962).
() M. GELL-MANN and F. ZACHARIASEN: Phys. Rev., 124, 953 (1961).
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Instead of eq. (2), however, let us assume in this paper that the hjghé‘rf[
mass contributions can be represented by a state with a mass m,. Since thig f‘i"
state transforms into a vy, it may be natural to take it as a vector state, -
According to the unitary symmetry, we have several sets of states, nam
the vector singlet and the vector octet ete.

As we will see later, the vector octet intermediate states however, gi
no w-r transition in the limit of unitary symmetry. Thus, confinining oyr
selves to the lower configuration, the representative state for the higher mag;
contribution should be taken as a vector singlet, if we insist on the 1mportanc
of the w-m transition.

In this case, F*"(k?) is defined, mstead of by eq. (2), b

0. ‘ fﬂ:pm fnpx ) ( ’Ing 1 ) ‘
3 Iy (g2) = e? i L . il
@ ) (2'\/370 +2x/3,.y, mg + k2 2y, T

i ( f'rcpo) mi) ,fﬂ:px mi
270 \2v/ 36 my +k 9y gyx ms +

e LR

m,
+E
avd 3Ve Ve ms

My
2 )
mg + k2

~ where
) : -1
(4) &= ([’EE) (@)
\V=/\ Ve /.
Comparing eq. (3) with the experimental form factor for n®— ye™e™,

BXD

®) Fr(k) = FrY(0)[1 + aktjmd]
- 4 =—024L0.16,

(6) & — —112 for m,~2m, and a=—0.1.

The smaller m, and the larger |a| will bring £ to be very near t
which will not be consistent with the w —3wn decay rate ().
The ©°—2v decay rate is given by

[F=17(0)]:

(7) ' I(r® — 2v) = 6ior

My~ 3-10-8 MeV

(*) Our choice eq. (6) gives I'(w-> 3n)=9.4 MeV.
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and it follows from eq. ( ) that

)

(8) s Fr(0) = (4ov-0.7-10-2)

Comparing eq. (8) with eq. (3), we can estimate f_ . as

(9) )2 — 043,

ﬁ:pw L Fn"'w(o) '}/p'}’m/ 2,\/3) (
1+¢&

4\/579 Vo * 4\/3'}’9 Yo
where we put yifdm=yk[4m~%. The f_,, calculated in this way is nine times
larger than that calculated by GELL-MANN et al. (*) in the case &=0.

It is easy to see at this point that the experiment (5) suggests really the
occurence of the cancellation between contributions from p, » and x. Then
the unitary symmetry (5) predicts the same cancellation for % — 2. |
Namely we have

(10) peio) = 25Tl S 2],

where

g =l (e
Yx /\ Ve ).
Since the unitary symmetry gives the equalities

(11) ' | f'npx = fnc.jx = f‘n:px a’nd f‘no.)o) = f"npp = f%fﬂ:pm ?

- we get in this limit &'=—§& o

' The decay rate, I'(n —2v), depends on the value & strongly. Thus we
we shall estimate it for two cases, one for &= —¢ and the other for £'=1.5
which means that we consider a small deviation from eq. (11). Then we have

_(VBy[L—ia+28) N
I'(V]—>2Y)—<7)[ 11 E }(E) I'(my—2y) =

(12) ' — 0.64-10-*MeV  for & =—£=112,

= 10.8:10-* MeV for £'=1.5.

(%) M. GELL-MANN: Phys. Rev., 125, 1067 (1962); M. Ikmpa, S. Ocawa and:
Y. OuNvEl: Suppl. of Progr. Theor. Phys., 19, 44 (1961); N CABIBBO and R. GarTo:
Nuovo Cimento, 21, 872 (1961).
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8. — The diagrams for n —3n decay through p, w intermediate states are
given in Fig. 1 where the loops contain py and wy em. transitions as is illus-
trated in Fig. la. o ' ‘

Baged on the Dalitz plot argument, as we discussed in the introduction, -

we simply disregard the diagrams,

a) P2 wYe° oY w in Fig. 1b and Fig. le. But thig
—ﬁ‘7€?<f;f ‘7;<?3;>:;?<5' 7 <C s mob valid if we consider only’
" e contributions from p, «, because’

b) 0 - the diagrams in Fig. 1a are zero

— T . 7T - in the limit of unitary Symmetry.

R ) n T i

j_t S . This is easily seen from the re-.

Fig. 1. Iation in eq. (11). :

_ The situation remains the same,
even if we eons1der the contrlbutlon to  7-m® transwlon from other Vecto'r‘?g"f
octet states.

Therefore the assumption of the v-n® transition to be dommant leads k
the unique choice that the higher mass contribution belongs to a vector sing
NOW the, v-w® transition through 0, ® and this intermediate states is given

e? f 72':pm

. 2 ]
 Man(g) = T2 |(— £ O T() + (— EE) (L) Lig)|/me
13 My 4V%WJ(§+@ )+ eo (2 ()| fm

mi 1 k2 q2 (Zcq) .
(27c mp—]—kzm —I—Ic"kdmp—i—(q—k) ’

1,(¢g?)

and

oy & mg V' 1 k*g*— (kg)*
Iz(q ) — (2%)4"/ (mg —+ ]{;2) k2 mi + (Q— k)z dsk

These are convergent mtegra‘olons and thus we have the fo]lowmg formula

M

f“ i 1 13- 'm
N JII(Q)_(47T)261Q?7
( ) I\;(z 1 1%3%

‘We see here that the ratio of the second term with respect to the-
eq. (13) is really small, for m,=2m, and &= — &= —1.12, that is, ~Ts(px

then we may disregard the second term in eq. (13): |
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Thus we get the w-m transition coefficient

| |
— 20.86(6'—£) = 0.61 for &= —

=M. () —— c— 1.
Wl @) o et~ §= 112,

(18) Ly

— 0.7 for &'=1.5, E=—1.12.

Here let us define an effective Hamiltonian density for the S-wave m-m
scattering by eq. (16),
- .
H. .= 3 (TeTT

(16) )(7eTT)

Then the decay rate for N —>7T R is

. _ e
(17 - I'( = rntr 7)) = (%) l;,,O.OZOm,T .

Unfortmlately we are not in a position to have a deﬁmte value of the
scattermg length fro T=0, S-wave m-w scattering. So we shall estimate
I'(n —=tm ) for several choices of the scattering length, i.e., a, —O 5 (),
1, 1.5 (%) m_* ‘These correspond to the following values of the efEectlve coupling

constants: d/dm= 0.4, 0.8, 1.2 ().

TABLE "I.
F=—E8=1.12 &=1.5, £=—1.12
i A 04 | 08 | 12 0.4 | 08 | 12
T [4n (M S'i) (0.5) (1) '(1‘.5) (0.5) (1) (1.5)
I(n—> mrn—d) in 104 MeV | 0.53 | 2.13 | 4.8 0.7 2.9 6.5
I'n—2
Y1 (*)E L—Y)— 1.2 0.3 - 0.13 15.0 3.7. LT
I'(n— ntn=n’) : .
(*) The linear dependence of the n — 37 matrix element on vy, which is an expenmental
fact for the Dalitz plot of the v — 3w, tells us that the ratio I'(-n - T:“rc°n°)/1"(~n — TF+TI: ') is 1.5
in the nonrelativistic limit. .

- () H. J. ScunNiTzZER: Phys. Rev., 125, 1059 (1962).

(") B. R. Dzsar:

K. M. CrowE: Phys. Rev. Leii.,

CHEW and MANDELSTAM (®).

Phys. Rev. Lett.,

7, 35 (1961).
(*) In the lowest order perturbatlon apprommatlon, djdm=42 Where A is given by

6, 497 (1961);

(8) G. F. Caew and S. MANDELSTAM: Phys. Rev., 119, 467 (1960).
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The decay rate for » —ntnn® and the branching ratio I'( —2y)/'(x
—7ninTn) estimated in this way are given in the Table T. o

The evaluation of the decay rate I'(ny —=wtw “v) is carried out through a-
p-meson pole diagram. As the vector smglet state x gives no contrlbutmn to:
this process, we get the ratio '

(18) _I—>ntny) _ %f phenl  10-10-3
| "= In—2y) — 4m 4w a[1— %1+ 28"

For £'=1.12 and &'=1.5 with valdmw~yi . [dm~}, y, takes the values 5.3 aJnd_:f;»
0.3, respectively. Thus we see that the case of exact unitary symmetry is not
consistent with the observed data (°) whereas the second case, with sma]l:ft
deviation from unitary symmetry, is not necessarily inconsistent. “

4. — We started with the assumption that the vector particle Y-transitidﬁ
is important whenever the e.m. interaction comes in. The observed form fact’o‘f
for ©® —vye¥e™, then, tells us that there should be some contribution from t
higher mass states besides those from o and w. We represented them by vect
particle states. Here we have two choices for taking them as the octet st ’
and as the singlet state.

. Both cases lead to the cancellation for the T’ —> 2y amphtude and 4
the M — 2y suppression follows from this. This gives the possibility of expl
ing the large discrepancy for the branchmg ratio y, between the simple
culation and the experiment.

A difference, however, appears between octet states and a singlet stat
if we consider that v-w and the v —xtn~ Y transitions. The vector octet gi
es no n-w transition and suppresses v —nn~y while the vector smglet leads
to a large »-m transition coefficient and to no cancellation for »n — wn— Y.

We made an assumption that the n-7 transition is important. In this w:
we can examine if this assumption is consistent with other observed data
well as the validity of a choice for a vector singlet state. .

As a matter of fact, the results which we get in this case depend on t
value of the scattering length for the S-wave w-r scattering. For examp
if we consider a small deviation from umtary symmetry and take &'=1.
£=1, 12, the branehmg ratios y;, 7., given in the Table I and by eq. (18) for
ag —1 5mﬂ , may not be in disagreement with theé experiment.

But if a, turns out to be as small as 1m_? or the expenmental value for
settles smaller than 0.1, it seems difficult to explain both v, and y, by 1
model. In other words we have to give up with the n-x transmon mechanis
as well as-with the choice of the vector singlet.

(°) P. L Bastien, J. P. BErGe, O. I. Danr, M. FERRO LUZZI, D. H. MILLE
J. J. MurraY, A. H. RoSENFELD and M. B. Warson: Phys. Rev. Lett., 8, 114 ‘
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The other test for this model will come from the decay

e w T
rate for w —3w. With a vector singlet, as it does not NN ¢
contribute to this process, we get I'(c —3mn)~10 MeV. = e X% ™
While with the vector octet, where a cancellation hap- e
pens, we have still the possibility of getting a smaller Fig. 2.

value for this. o . ,

As regards the »-3w decay in this case the alternative to the »-m transition
will be the diagram shown in Fig. 2, although we have to encounter an un-
known coupling f_, where ¢ is a T'=0, ot particlé (1), and the result is
more ambiguous.

pp ?

(19) N. P. Samros, A. H. BacemanN, R. M. L4, T. E. KALOGEROPOULOS and
W. D. SHEPHARD: Phys. Rev. Lett., 9, 139 (1962).

-Note added in proof.

In this paper we used the formula eq. (2) and eq. (3) etc. given by GELL-MANN
et al. (*) based on the assumption that the pJ\’ interaction is R-invariant. But in
order to have the y-x tramsition, it is also essential that R-invariance is violated by
some strong interactions. o o ' |

RIASSUNTO (%

Si valuta il decadimento del mesone n prendendo in considerazione contributi di
masse maggiori oltre ad p ed w. Si dimostra che il rapporto di suddivisione
I'(n— 2v)/(n— nwtn—nv) risulta abbastanza esatto mentre otteniamo un rapporto un
po’ pit elevato per I'(n—>ntn—y)/I'(n—>2y), perquanto. possa non essere molto in
disaccordo con i dati attualmente disponibili. '

(*) Traduzione a cura della Redazione.
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