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. — GENERAL CONSIDERATIONS

1) The subject of this introductory talk is the radiative decay of

pseudoscalar mesons P and vector mesons V

P X+T
\V/ =€§>t§l*‘?r’
P >\l

and a convenient theoretical framework for such a study in the broken

SU(3) symmetry.

2) For electromagnetic interactions the notion of U spin inva-
riance 1)’2) has been introduced in analogy with the I spin inva-
riance of strong interactions. One of the best success of the U
spin invariance is the Coleman-Glashow relation 1)

1+

octuplet JP = % which agrees very well with experiment.

for the baryon

In the SU(B) theory of electromagnetic interactions

the assumptions made for the photon are twofold :
a) the photon is a U spin scalar ;
b) the photon belongs to an adjoint representation of SU(3).

We must notice that a large number of results are independent of

the assumpticn b).

%) In the two cases of mesons considered here we have a nonet of

particles 3),,e.g., a direct sum of octuplet and singlet SU(S)
representations. Because of the SU(B) breaking a cocnfiguration
4)

mixing can occur between the two isoscalar members of the nonets .

A nice way to have an idea about such a mixing is to use
the Gell-Mann Okubo (GM-0) mass formula 5) which is very successful
for baryon multiplets like JP = %* and %+. Unfortunately for meson
nonets the mass formula involves an a priori unknown mixing parameter

and looses its predictive power for comparing the masses.



4) For baryons the GM-0 mass formula is linear in the particle masses.
For mesons the theoretical situation is somewhat confusing. Arguments
based on Lagrangian models or on propagator methods suggest to use
squared masses or inverse squared masses depending on the type of SU(B)

6),7) In our opinion this question is still

breaking we introduce
open and we shall consider here both possibilities of a mass mixing
formalism linear (L) or quadratic (Q) in the pseudoscalar and

vector meson masses.

6),8),9)

using two parameters instead of one. We shall disregard these possibi-

5) More elaborated schemes of particle mixing have been proposed

lities here for simplicity because the mass mixing formalism is in agree-
ment with the Orsay data on vector meson production in electron-positron

annihilation 10)’11).

The comparison between theory and experiment involves the
mixing angle eV for vector mesons and as an empirical fact the two
values of GV computed with the GM-0 mass formula using linear or

quadratic masses are very close to each other
L Q) o
(-
=3 O .40
9, -31°% -

so that a choice between these two directions is not possible in a
process where only vector mesons are involved 12). Fortunately the
situation is different for pseudoscalar mesons where the two values of

the mixing angle GP are enough Separated

L Q
o 6 (2]
0 .23% NPT
4 2
to imply different predictions.
6) It is out of the limits of this report to discuss the general

problem of SU(B) breaking for pseudoscalar and vector mesons. Let

us just point out some difficulties.
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a) on what coupling constants must be applied the SU(B) or the
13)

U spin relations ? H

b) is it sufficient to take into account the large mass differences -
especially for pseudoscalar mesons - only in phase space
14)

factors ?

o) are the I spin and U spin invariances factorizable in the
sense that SU(B) breaking terms depending on both I and U

can be neglected as done for instance in Ref. 1) ?

These questions are obviously closely related to each
other and they cannot be solved in a model independent way. Only

experiments will decide if the assumptions made are reliable or not.

II. - PSEUDOSCALAR MESONS

1) We study the 2 3 decay mode of the pseudoscalar mesons P =7 O,

20 and Xo.

From Lorentz invariance, space reflexion invariance and

current conservation, the transition matrix element has the following

structure

LN [ 4 [
CEEITIED: 9 Suuge b &, R G (1)
and the kinematics is indicated on Fig. 1.

B, (&)

i 2

tzL C35;>5§; )

- Figure 1 -
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The decay width is computed from (1) to be

"(@o¥%, )= g3

where d is the fine structure constant O( = %7

The best way to measure the P :.-)2‘ decay is to look at
the coherent photoproduction of the P meson in the Coulomb field of
an heavy nucleus, the soc-celled Primakoff effect 15) represented by

the one-photon exchange diagram of Fig. 2.

~

v

~

- Pigure 2 -

In the laboratory frame the P meson is produced at an angle 6 and
the angular distribution proportional to e/[:s 2+62___[2 has a strong
narrow peak near the forward direction, because of the smallness of

% which tends to zero at high energy.

The W ° life-time and the P = 2 Y partial life-time

have been measured by this method

16)

(e 26)= (44,32 4,2)eY
F(D22)=(A012023)kel 1)
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2) The U spin invariance of electromagnetic interactions forbids

the decay of the U spin vector P1 into two photons 18) so that

8
there are only two independent amplitudes describing the 2 X decay
of the P mesons, one g8 for the octuplet U spin scalar Pg and

one g, for the singlet U spin scalar P?.

The mixing between the octuplet :2 8 and the singlet

. . . 7
isoscalars is written as )

R°= (:0p 95 - Sin6p p,
x° G-Q, 2, +Sin€p 9y

and the physicai coupling constants are given in Table I.

gg g
ey © *2/3' 0
€ o % Cosey - Sine,
& 3o % Sindy Cosey
- Table I -

3) Let us now analyze the experimental data. By convention we choose
8o to be positive and in the absence of 2 ©x° mixing the relation.

g?o =“/-3-g'ﬂ'0 2) suggests to take also g2

we obtain

o > 0. From experiment

3!? -(0,333*0,023 )GV

Qor = (0:38220,044) Gel ™
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With the two values eIIj and 6%

compute the reduced matrix elements

of the pseudoscalar mixing angle we

. (0,3%9 £0,048) Gel™

O
%
0

~(0154% 0>42) Gel™

s

33 =-(4,08%0,2%) GeV”

It is then straightforward to predict the Xo=> ZK partial decay

width
+ 3,95
P - <X°=> 25)- CS)G _ 2% ) he\r

M8 (% 28) = (33232 O ReV

The two values differ by almost one order of magnitude and an absolute
measurement of the XO=>2 f decay mode using for instance the Primakoff

effect would be of the greatest interest to clarify the situation con-
cerning the 2 ° - x° mixing. It will provide a check of the present
scheme where the mass differences between the W O, 2 ° and XO mesons

have been taken into account only through the phase space factor
3 18)
P

ways for instance on the dimensionless quantity m

m . Obviously the U spin invariance can be applied in different

p8p SO that the phase
space factor becomes simply oy ¢ such a possibility will imply a very
large Xo=> 25 width certainly in contradiction with experiment and

the common sense.

III, - VECTOR MESONS

1) Let us now consider the radiative decay of a vector meson V

V» T-l-h’

or, when Iy > iy the radiative decay of a pseudoscalar meson P

Ea\r-&-(
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From Lorentz invariance, space reflexion invariance and current conser-

vation, the transition matrix element has the following structure

g -3

<ETITIVI-G Eors Ty S B (2)

and the kinematics is indicated on Fig. 3

FCP8)
V(P &)

- Figure 3 -

The decay widths are computed from (2) to be

2 3
m
P(V=>T+‘6')=§°§ %v-_” m (A_ =2 ) when M, >My

M (@>V4%)= g— 3%"{ T‘E A - % \ whea Mp>M,

The radiative transition WI®W + r has been known for a long time
and represents an appreciable fraction of the @) width. The world

19),20)

average value 1is

P(U):‘)mo‘l-\‘) = (4)12 b 0,20) MQV

Two rare decay modes of the @ meson have been recently observed in an

electron-positron colliding beam experiment at Orsay and the measured

21)
branching ratio are 21

B(p=>1+¥)= (0,49*0,08) 10~2
Blep=>%0) = (4,922 0,5%) 107°



Using, for the @ meson total width, an average value of 4 eV “0)

we deduce

C(p>0%+8) = (F.6£3,2)ReV
C(#>9%%) = G2 23) kel

2) From U spin invariance alone there exist fixe reduced matrix
elements one defines as Agk for the transition VS¢PZ +K . The
U spin index takes the values U = 0,1 and two other indices j and
k = 1,8 dindicate respectively the vector meson and pseudoscalar meson
SU(B) representations. Table II gives the coupling constants Sy
for the physical transitions in terms of these five reduced matrix

elements.

If, in additioiry, we assume that tli photon belongs to an

adjoint SU(B) representation we have two constraints

Q Q a

the second one being due to particle-antiparticle conjugation invariance.

3) Let us now analyze the experimental data. We choose the phase con-

ventions which will best agree later with the vector meson dominance

model

8wrm ’0 %ma <© 34.52-5 <O

From experiment we compute the three coupling constants

(2,49 £0,36) @GN

Jorey
%¢'c°1( = —(0,1620,02) Gl

39‘2"1 - - (e.82r02)Gel”
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We assume the photon to be the U spin scalar of an occtuplet. The
two last columns of Table II disappear and we have only three inde-

pendent parameters

K= By Y= Ay Z-Ag,

With the two possibilities for the mixings we compute the reduced

matrix elements

)(L. (1,2310)|8)GC‘—' (:ﬁ )La 4,45 0,05 C,& )'; - (-!.|3:'0¢SO)
X% @oix0,8)G” (X% 433204 (2% (sm2122)

A more restrictive nonet symmetry formulated for instance in a quark

7)

model predicts

X = -
L=R 2 - N2

The ratios obtained with a linear mass mixing are compatible with

these values.

VECTOR MESON DOMINANCE

1) The P—K—-K and P—V-K’ vertices are related by the vector

meson dominance as shown on Fig. 4

1 /{
VA /

v
¥ ¥

g

- Figure 4 -
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The photon is assumed to belong to an octuplet so that only the U
spin scalar combination of the octuplet Vg is coupled to the photon.
We obtain the general relation

o 2
A, M =48
J v d W 6?) 4? °
v V,
g
where the sum :BV extends over all possible vector mesons. The
inverse vector meson preopagator [@V(S) —51 has been extrapolated
at S =0 for a real photon where in the zero width approximation

it simply reduces to mé.

In the restricted vector meson dominance where only one
nonet is presemt, using Clebsch-Gordan coefficients and taking into
account phenomenologically finite width corrections 22) we obtain the

simple proportionality

°
ii -L- “l= 18
33"{‘3 £ A*& q= |

JHR

We disregard in what follows contributions due to new vector mesons
like the g ' - if it exists - and we discuss only the restricted

vector meson dominance model.

2) The ratio 2/X is independent of the numerical value of the
photon-vector meson coupling constant and in the two first lines of

Table III we compare the VMD prediction

F 4 A
- 3 —
QX )VMO a
8
with the results of the analysis made in the previous sections. In
the two last lines of the same Table, we compute the quantity X which
is known from f'l‘l ° data only using the value f;ru = 5.52 which

corresponds to a total f meson width of 127 MeV, the ? meson mass

being teken as m = 776 MeV.

5
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VMD Experiment
(2)* ~1.31 %+ 0.30 ~2.13 + 0.50
()ZEDQ -2.77 % 0.70 -5.88 £ 1.22
&
(cer™1y | 1-860  0.093 1.896 + 0,186
(G)é\Q/.ﬂ) 1.860 £ 0.093 2.018 £ 0.196
- Table III -

The quantitative agreement for X is good inside the
errors and it can be considered as a success of the VMD model as
formulated originally for meson radiative decays by Gell-Mann, Sharp
and Wagner 23). The ratio Z/X is very sensitive to the mixing
angles and a reasonable agreement can be reached with a linear mass

mixing.

3) In a systematic study of the vector meson dominance model we

must consider the complete chain of vertices
?-5f P-V-¥ P-v-v

involving non-radiative transition like for instance W= R RC
or 4 =% +T. The problem in its generality has been studied by many

23)’24) and more or less sophisticated models of symmetry

authors
breaking have been proposed to solve it. Let us just here emphasize

three points :

a) for some relations direct contact terms have been introduced in

25)

addition to the vector meson pole contributions with a limited
success as far as the comparison between theory and experiment is

concerned ;
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b) the corrections due to the finite width of the vector mesons
are not negligible (especially fox-‘? and @) and they can
be computed only in a model dependent way involving an explicit

form of the vector meson propagators ;

c) the three types of vertices are compared with off-mass shell
vector mesons so that an extrapolation is needed for the coupling
constants which are defined for on-mass shell vector mesons ;
such an extrapolation is generally assumed to affect only little
the value of these coupling constants but this statement is

convenient for practical purpose but certainly not exact.

4) We compute the various radiative decay widths of mesons choosing

as input the exberimental results concerning the W © meson

C(t%28) [ (@=>n+5) C(FnX)

and making an empirical compromise between the values of the ratio

7Z/X obtained in Table III :

a) linear mass mixing (IM)

z _ 4 = -1.6
X

b) quadratic mass mixing (QM)

2 g_& = —'3094

- =
* Je
The results are given in Table IV and compared with the available
experimental data. Let us remark that the §5 meson width is also
predicted by the VMD model for W( ° data only.
The best way to learn something about the 2’0 ~ x° mixing
is to have absolute measurements of the X° radiative decay widths

for which the theoretical predictions can differ by one order of magni-

tude going from eg = 23.4° to e% = 10.1°.
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LM QM Experiment
ﬂ
\" (¢°w>w °F) 112 Kev | 126  Kev < 250 KeV
("(w=aw’Y) 1.12 MeV 1.12 MeV input
0 =>m°f) 7.6 KeV 7.6 KeV input
P’ 2%) 1.7 eV 11.7 eV input
r (P°=> 9 ¥) 108 Kev | 141 Kev -
r (w=>2 ‘) 13.7  KeV 12.7 KeV < 180 KeV
r (8 =9 5) 93 KeV 122 KeV (77 £ 23 ) KeV
C (n > > %) 1.14 KeV 1.68 Kev | ( 1.01 £ 0.23) Kev
N x =5¢°F) 111 KeV 1.49 MeV see below
fx s07F) 12.3  KeV | 175  Kev -
M@ =5 x¥) 1.5  KeV 5.4 KeV -
CE = 28) 9.2 KeV 87  KevV see below
r (K*i=> & ¥) 65 KeV 72 KeV -
l" (K*5$ Ka{) 259 KeV 288 KeV -
U ¢ €=> o) 132 MeV | 150  Mev | (125 + 15 ) Mev

- Table IV -
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We have only experimental indications on branching ratios

19)

and using
Bxor'iw+8)= 307

we can predict from Table IV the Xo meson total width and the
Xo=>2" branching ratio. This has been done in Table V inserting

a finite g’ width correction of

LM QM Experiment
x° 440 KeV 5.8 MeV < 4 MeV
o 26)
B(x" 2 2% ) 2.1 % 1.5 % (1.8 = 0.5) %

- Table V -

V. - CONCLUDING REMARKS

1) A decisive improvement in the measurement of radiative decay of
mesons is needed to hope some progress in the understanding of the
brokenb SU(B) symmetry applied to electromagnetic interactions.
The two sets of data for P=>2¥ and VesP +€ ; PudV +8
must be considered separately as done here in order to test first
the consistency of the scheme and to learn something about the iso-
scalar meson mixings. This last point is very crucial. After that
a relation between the vertices PS‘ , pv¥ and PVV can be
attempted on the basis of a restricted or an extended vector meson

dominance model which seems to work now in the 10% or 15% limit.
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2) All the theoretical ways of describing the radiative decays of

mesons have not been discussed here even if they are a priori equally
reasonable. For instance other signs for the coupling constants g o,

& worof ' Somof  °TC possible and the U spin and SU(3) relation

can be applied on different quantities where mass factors have been

included. The quantitative results will be different but for a scheme .
in agreement with experiment the qualitative feature will be the same

and the most naive approach we have presented here gives a consistent .
description of the available data and only new and more accurate expe-

riments can make a selection between the various models.

3) A nice way to obtain information about the radiative decay of

mesons is to use the Primakoff effect. Information on the transitions
> ¥a t °
ST +T K =K%Y X°= 2%

can be obtained from high energy coherent production processes on a

nucleus or a nucleon

% °
WA P+ K% A oK +A FeA > XA

Two experimental procedures can be used :

a) detection of the produced meson near the forward direction as

done for ® ° and 2 ° photoproduction 15) ;

b) detection of the recoil nucleus at very small kinetic energies

in all the allowed directions 27)’28).

A discussion of these problems cannot be done here and we

just mention this very clean experimental approache. e
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- C(e€e) S
Q
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predictions are

R « Q,434 R =0,439

Owear Q
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