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ABSTRACT, -

A recently proposed scheme for radiative decays of mesons with
vector meson dominated vertices and the asymptotics implied by quark
current algebra is applied to scalar meson decays, The reactions
€YYy X —>YYs W'—» xy and X-syvy are considered in detail, Re-
sults are in good agreement with experiments,

A new treatment of radiative decays of mesons has been recently
proposed(l’), where the basic currents of SU(4) are dominated by vector
mesons with appropriate quantum numbers and exhibit a quark structure
asymptotically, Applied to pseudo scalar (P} and vector (V) meson decays
P yy, P—» Vy and V—> Py this approach gives an excellent descrip-
tion of SU(3) meson decays, including those for which the naive quark
model failed, and predicts in addition for the new mesons considerably
smaller widths than obtained in the non-relativistic bound state pi‘cture“(z).

ncouraged by those results we apply in this paper the same scheme
to study the radiative decays which involve a scalar (0) meson, namely
6 - vy, V-2 ¢y and 6-=Vy, having particularly in mind the case ¢ =7,

where X is the newly discovered scalar meson of mass 3,41 GeV. Start-
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ing with a vertex function F (q 1 qz) of the type proposed in ref, (1),
which has the amaliticity in q]' and qz of a strong interaction verioxg
we constrain it using the canomcal trace anomalies at low ene: r‘;vy(‘ )
and the appropriate large q behaviour of the quark current algebra,
"App]ied to the & meson this scheme gives I'(¢ => yy) ® 6 keV, in
closer agreement with the finite energy sum rules estima’ce;sw)m On
the other hand our results involving the X meson, differ by about a
factor of three from non-relativistic c:alc:ulations(z) and are in good
agreement with experiments, |

Let us define the ovyy vertex
= i 4 IiQX ) I' |: ' .}f_ ! .}5] “ ™
(1) T}“’(ql, q2) 1fd xe ~<o(P)|T JIH(Z)J”(- 2) 0,

where Q = -—(q2 q ), P = q2+ q; with 9 9 the momenta of the two
photons, T (ql, qz) can be decompos >ed(6} :

- i 2 2y A (g2 o2
(2 T {99, = LA Feldys ap) + 1AL Filag, q,) 5

with:

e

T YA a2 2 d]
&, -Q% P +P2Q 0 - (P QP,Q,+E, o)+ -?Pe, .
: 1 - -]; " ']__. . - _-

AL, " PR, 3P0, R Q) @*-1p%g o

_The values F (q1 =0, qg =0) and F (ql 0, qz =0) are connected to the

couphng constant g - ‘for the o-» vy decay as:

(4) [m. (00)+2F40@ﬂ
"‘where :ga'y'y: is'defined through the effective Lagrangian:

-1 L
(5) gint 2 gg'y'y f’ Fp.'v E )
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Let us restrict first to SU(3). The application of the canonical trace
anomaly of the energy momentum tensor leads to the low energy theo

rerm(4) :

(6) | Fp(0,0) = ——Fm—

with the usual definition of the asymptotic ratio
R = glete” ~» hadrons)/o (e"‘e"’-«-; wFu”). In eq, (6) it has been assu-
med that the scalar meson ¢ dominates the trace of the energy mo-
mentum tensor, which defines f4 as:
) 2
. % 'é me —— 3 1 o P P
(1) o (P)! o (00 =21 (m® g,," B0
Fd( 0, 0) is so far arbitrary, The authors of ref, (4) have neglected it

in eq, (4) obtaining ;

- £F,(0,0 = —E |

(8) g
oYY 1om2t,

and, using fy = 150 MeV from the broken-scale invariance estimate
o~ 2 . - b ATV RN o o FEREE T
Emm :ma/ 2fy, with I'(0 = g ~qm) ¥ 400 MeV (m ¥ 700 MeV),

(9) (e vyy) 2 0.2 B2 keV ,

which is much smaller (R = 2) than other estlmates( ) based on finite
energy sum rules, The above results (egs, 8~9) for the ovyy coupling
constant deserve two comments, First one cannot generally neglect
Fy (0; 0} with respect to F‘;( 0, 0)/ m% . Rather, in the large qzllmlt

we: obtain (see eq, (17) below) :

5 2 1L v, 2 2

lm. Fo_(q‘ q ) "" — Fyla™, q7).
2 o

q >

Under the asumption of smooth extrapolation in qzz'

= F(;(D‘,,, 0)/ m% and therefore :

this gives Fy(0,0)=



instead of eq. (8). Furthermore more recent analyses(7) suggest
I'(e —> wm) ¥ 700 MeV, with all possible question marks about a sim-
ple Breit-Wigner interpretation of the ¢ resonance. This brings fg4
to a value f5; ¥ 110 MeV,. Both facts would increase the theoretical
estimate (9) by more than a factor of four, in better agreement with
other predictions(5), |

Let us discuss now the large Q{ behaviours of F (ql, q ) and
7' (ql, qz) which, together with eq, (6), will finally constrain our
dual-type vertex, The light cone expansion of the time ordered pro-

duct of electromagnetic currents is(s-“ 9 :

T g }Lp@,a[']rgzz(%’ -3) - chz(' 7 }%)]l )

(11)
ie [?r" (= X)+3"( % X)‘I 2 p_(x)
- 90 "5l o\™ PR 3 )
pevol Qz 2 Q) i xp F 7
. . (5b N
where swwo gp‘p gwF gpa v guvgpo 2( 72-) are bilo-
cal vector and axial-vector currents given in the i%'ee, quark model by:

(5)9 ko
(12) JQ2<2, -2) = T3 1) Q%= 5) .

Our present discussion is only concerned with the S ov0 part. The

expansion of the bilocals near x=0 gives
¢ - ¥
(13) <o(P)iJQ2(§, -3)- Qz( 7 )]0 = 2ix \G(P)I % m)lo)

where in the quark model:

e -
(1) 0,0 = 333" Q% ak).
Q q
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Extracting from 0 op (x) the singlet piece (eP%~ 02 30‘0 U) and assuming

the ¢ meson. an S %(3) s:ng1e1 we get, after t%e of eq, (7),

0 = = L (m2 PO _ pPpYy

(15) e (P)Ie (0)

A factor of 3 has been included to account for colour, By inserting

eqs, (11), (13) and (15) into (1) we obtain in the large Qz 1imit(6):

1 2 4 iQx__%p
T (Q,59,)> -5 =f s _/dxe R .
py “1* 2 Tr2 3 e "ppve (x2- 18)2

{16)

L2 . 81 2 .8
Lmsxd-(x P)PG_}~ 3 ———Q‘l f&(ApvﬂlﬂmsAp,v)"

after addition of suitable non leading terms, By comparing with (2) we

finally obtain ¢

mg . »Q»4

Together with eq, (6) this gives :

Sy 202y 1 w2 20 8. 1

vo2 2 4
F (a), q,) :‘m4 f m,
(18) i rul —) ( )
. !
ZE‘8 (0, 0) Q :t"‘r mp
2(10) (1)
where we have used R = 8w /f and the KSFR relation prf'rr =

= mg . We will agsume in the fo;llovvmgT F (ql, q2) =F (ql, qz)/m for

2
all q -,
Let us consider now a vector meson dominated vertex, as in

ref, (1), We have

F; (qi» qi) =k B[., a(~qzi)>- +1, E} B Esa.(qg) + 1, 'Y] *
(19)

‘- 2y 2. " .- Ao 2 - 2+.]
FZE-a(ql) 1, ~a(q2)+1, 27“3;:7 a(q1)+1a7 a(qz) 1;1y,



6.

where v and f§ are two parameters which control the 1arg(= qz beha-
viours, and «a (qz) are the vector meson Regge trajectorieé: [a (0)=1 /24
a' =1/ Zmﬂ . Using the limiting procedure of ref, (1), namely qur-v - Q0

2
with 4 fixed, and next q‘; ~» -, We have:

k F(v).f'(ﬁf-v)[;a'qij 4 B>

L
(20) E; (q%,qz) —>

T NI@r-p T, 9175
q 5> - k T (27-p) Ea qJ ; B<y.

2, 2
qay/a,>1

From (17) we have B =2, Furthermore the ratio (18) suggest the value

v = 1/2, for which we have k = (4/3m)f, (mi/mﬁ) and

1, 2 2
'I*';(ql, qz) 8 '
(21) TF0,0 3 i
g\ Q

Comparison with egs, (18) then leads to fa ¥ 100 MeV, For v = 3/2
and v = 5/2 we would have got £, & 150 MeV and f, = 170 MeV re-

spectively, For the decay & —>vyy we obtain now :
(22) I'(e—»vyy) ¥ 6keV,
inmorecomfortable agreement with other theoretical estimates(s) and
with, albeit weak, experimental i:ndication(lz) I'(e » yy) =~ 10 keV,
Furthermore we can estimate from (19) the decay rate p" - pe., A
standard calculation obtains I'(p%» ps) ~ 100 MeV, which is of the
right order of magnitude., This result however is not much reliable for
the verycrude narrow width approximations used and has to be taken
only as an order of magnitude estimate,

Let us consider now the decays involving the Z(3,41) meson(3]',

which we assume is a pure cc state, The calculation proceeds exactly

on the same lines of ref, (1) for the 7 C(2. 8) meson, By dominating the



e, m, currents with vector me ¢
(l/a ¥ = 4 GeVr J} » and taking out only the c¢ piece of O ‘0 in eq, (14)
we i:.nd instead of (17) = Q‘

(o4 3, . 't 2
(24) F(0,0) = kAL
with: ¢

f«

32 12 2
L, B

32 12
(25) k = 9n Cyp @

T he coupling constants g - for the decays ¥'-m»xy and ¥ — y vy
are glven by

: to 2 2
m i

ryv

l\')
<;N<‘N

(27)

w1y 16 2 ‘v e
@ me "

The radiative decay widths are finally given by :

,4 2
3 4 %15, 2r° keV,
iz =>~yy) = 16“ mx &y

(28) 2l em?)® |
. e tm Yol
. 72 / 2 o~ a nl
Tt ) = . ) g 5. 63 r
raw's xv) . oty

keV ,



2 2.3
ez(mx-m )

2 2
r(x—=vwy) = 3 g Y 137 r" keV,
8 m wxY
X
where r is defined as £, = vf, , with £ =m £ A2 =183 Mev'"
- 4 1.’ Ne Y ’

In the limit of chiral symmetry r = 1, A better estimate for r, taking

into account the chiral symmetry Wbre:aking, can be obtained as follows,

The hadronic energy density © 00 s usually decomposed 'LS(13)
(29) 0,0 ° '600+u-+6 ,

with

= a7l L J
u u0+c8u8 !-0161116 s

—

where 8 is both scale and SU(4) x SU(4) invariant, ¢ is chiral in-
variant but breaks scale invariance and u; violate both chiral and sca
le invariance and together with v; are members of {4, 4*) +(4’*’, 4) and

satisfy the algebra:

(30) [Qf uj] =idige Vi s l_Qs ] i B

being Q the axial charges, In the quark model u; = q/‘l. q and \Z]
1q). ;Y59 We have introduced 11.' =--(V3 A+ Ayg) and 2'16 =
==(2 -3
5 ().o V3 'L15

(31) 4 (a) = -i/d4x e'iqx<0| T[@:‘ (x) o, (o)] | 0>,

simple application of Ward identity, together with eqgs, (30) and the re

lation :

(32) oD =o

L " =(4~db)6+(4-du)u,

leads to:



with x = (d,~ 4)(d 5" d,), d, being the dimension of the operator u,
Similarly, taking the divergences of the axial-~vector currents :

(34) a-“Aﬁ (x) = SU(3) - part + ¢ v,

d
16 16ij
together with

- i . [ 4 -igx T vi T .
(35) 41 q) = --1/(1 X e 1qx.<o|'r[__a “a ) 0 A:(O)l l 0> ,
one obtaing 2

, ce . _ 1 N
(36) A477(0) = ge <u Dy

From eqs, (33) and (36), and the assumption of simple X and M

dominance in egs, (31) and (35) respectively we finally get :

m,
Y 4 - ; ___,._9_
(37) f% x iy, fﬂc .

Thus r depends, as expected, on the dimension of the chiral symme-
try breaking term, In the quark model d, = 3 and with the plausible
 assumption of a c-number 9 term!% 14) (dé = 0) we get x =3, and

Vr'therefore r = \}g(mne/x) & 1.42,

Substituting this value of r in egs. (28) we finally obtain:
(38a) I'(X - »yy) = 31 keV ,
(38b) Iyt = yx) ¥ 11 keV ,
(38¢c) (X = @vy) T 280 keV ,

Let us compare these resulis with previous theoretical estimates
as well as experiments, This is done in detail in Table I, As one can

see, the theoretical situation is rather contradictory, Compared with



10.

‘TABLF I

Eithen | Chaichian and | Barbieri | This

iy " - Experimentai data
et al.(z) I{Bgerler(15) et 21160} work :

P xyY (kev) | 36 1.3 . 11 15 + 517

: (17,18)
I'(x = ypv) (keV) 90 39,3 .- 280 1 Br(yw'-» 2v) Br(1+yy) = 0, 008
rx—sa7) (keV) - e, I 3 S B ———

the conventional non-relativistic calculations by Eichten et al, (2), our
estimate of I'(W'~ xv) is roughly a factor of three smaller, while
that of I'(X¥ -» y+v) is on the contrary bigger by the same factor, The

scheme proposed by Chaichian and K8g gferler(ls)

,» where the photon is
dominated by vector mesons and the hadronic couplings are calculated
through the overlaps of their wave functions, gives on the other hand
both radiative widths considerably reduced (by about a factor of 7)
with respect to:ours, The relative ratio however roughly coincides,
Furthermore our two-photon decay width is an order of magnitude
larger than that obtained by Barbieri et al, (16) in the framework of
gauge theory of strong interactions,

_} On the other hand our va.lue of I'W'— xv) isin good agreement
with experlments As far as the I'(Z->vvy) decay width is concerned,
in absence of any experimental information on I'(X —> all), one iS’
forced to introduce a theoretical input. Using the asymptotic freedom
estimate(16) I'(Z = all) ¥ 2.4 MeV the experimental indications(17s18)
lead to I'(X—~yp«v) = 300 keV, in good agreement with our value (eq. 38c).

To summarize we have applied to scalar mesons a recently propo-
sed treatment for radiative decays of mesons, Low energy theorems
and the asymptotics of the quark current algebra are used to constrain
our vector mesons dominated vertices. Our results are in good agree

ment with experiments,
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