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Abstract: A unified scheme is presented for radiative decays of pseudoscalar,
scalar, axial and tensor mesons, where the basic currents are dominated by
vector mesons and exhibit a quark structure asymptotically. Very good predic-
tions are obtained for SU(3) meson decays, including those for which the quark
model failed, Applied to the new mesons this scheme predicts radiative widths
rather smaller than non relativistic calculations, in closer agreement with ex-
periments.




1. - INTRODUCTION

(1-3)

I wish to discuss in some detail a recently propased sc*heme for the
radiative decays of the old and new mesons. In this talk I will rev1ew some pu-
blished and yet unpublished work on the argument, trying to make clear the ba-
sic ideas of the model and presenting a schematic derivation of the results.

Much of the technical details can be found in the original pclperé -3)

~ The pr'oblem of radiative meson decays has been mostly studled(4) over the
past few years in the framework of SU(3) or the naive quark model (M), and
vector meson dominance (VDM). Recent experimental data(5—8)hovvever have .
been found difficult to be reconciled with theory, in particular the decays 0—a?,
K" °— K°7 and $—17. Furthermore simple VMD is well known to relate only
approximately the various decays, and sizeable currections are needed which

are usually attributed to higher mass contributions .

From a 'diffefent point of V'ievv’ it is weil known that low energy’v theorezms,té
gether with the 1ntroduct10n of trlangle and quadrangle anomalles(g), give a very
good description of some decays as o= Yy, 77' -3 7, ”I——M’U 7w ¥, ete, In addi-
tion the quark current algebra fixes well defined constraints to the asymptotic
behaviour of the vector functions F‘i(qi, qg) as qf, 2-——7\ w , in contrast to the u-
sual field-current identity formulation of VMD, or any finite generalization of it,

On the basis of the phenomenological. equivalence between these two approa
ches, and motivated by the remarkable agreement between the quark parton mo-
del and the method of infinite vector meson saturation in the description of deep
" . inelastic processes we then.consider a relativistic-model in which the basic cur

"r‘“;ents"'of SU(3) and ‘SU(4 )] are domlnated by vector mesons and exhibit aquarvk '
ustructure asymptotlcally The model is not cornpletely deflned by thls requlrernent ‘
‘however, because the purely hadronic part of the amplitudes. 1nvolves a 1arge de e
Qgree of unknown Guided by analltyc:tty we abstract from the dual resonanoe mo-

del a prescription for implementing the saturation with vector meson poles and |
deduce therefrom the strong interaction couplings. Low energy theorems and
q?) ?’(qg)M vertices, where

. . T ++
M is a meson with quantum numbers 0 ,0 ,1 and 2

sum rules are used in addition to constrain the 7(

The model gives very good predictions for SU(3) meson decay, including

those for which the quark model by itself fails, The results forscalar and tensor
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meson decay also agree with previous estimates based on FESR. Applied to
' the radiative decays of the new mesonsg this scheme avoids the difficultics of non-
relativistic calculations and predicts rather smaller widths, in closer agreement

with experiments,

The main issue of this relativistic approach is that of providing a unifying
scheme for all ‘SU(3) and SU(4) meson decays, with a particularly simple mecha
nism to account for the deviations from the exact symmetry. In this respect, and
also at the light of the phenomenological success of the model, it is realfy remar
kable the level of accuracy of the dual vertex in extrapolating from the asympto-
tics of quark current algebra to the small q2 region governed by the low energy

theorems,

2. - KINEMATICS AND NOTATIONS

v
The vertex function T”l\l/bl {q 1+ 2) for a (virtual) photon pair going into a me-

son M of pogitive charge conjugation is given by

™ ,q,) =1{d* x ¥ )/ [ 7 (D] Jo0s, (2.1)
M 172 2 2
where Q = -% (qz-ql) and P = (q1+q2.). Other kinematical variables used are v =PQ

and &= 'v/Qz. The various helicity amplitudes are then defined as

A : A
12 MYy Al Ve 2 =F
Tv (@0 = Tygla0p) gt ag)e,” () Ay o

0 (2, 2)
and the known invariance principles can be used to reduce the number of the in-
dependent ones. For later purpose we also define the absorptive part of the for-

ward (q1=q;3 s 9, =_q'4) current-current scattering amplitude as

_uvAg _ 1 4 .4 Qv Ao _
\U q;.9y) =5 2(27) 07(q+q,-P) T (a;,9,) T " "(a;,q,)
104 4 4 -i[(q.-q)x-y)Ha. +q.) 2]
=-§-dedydze g Lidymdy B 291 (2. 3)

—- A x, o, x vy vy
. <o/ T[J(Z)J (-3 )]TI;T 5 +2z) I 2+z-z]/0>-

2
As already stated in the introduction the large Q  behaviour implied by the
quark current algebra will be used to constrain our dual-type vertices, Then the

light’ cone expansion of the time order product of two electromagnetic currents



(10)

is

. (2. 4)
7.50 , x X 5 X x]_0
- i —_ - - ) + Y et
' fugve "[JQZ ( 2’ 2 ) JQ.Z( 272 ﬂ}dxg DF (),
. . o ' . -P - 4 5 S B Xg
Where  u0vg. " Bue Byg ¥ Euo Bov ” B oo ¥N9 7 Dpp () = o x ey
0 271 (x <ig)
(5 ( = ?25) are bilocal vector and axial-vector currents given'in the free
quark model by ” |
; (5)0‘ 25 ‘.}E — _..: .}_{- o 2 _}E .
Q2 (5730 =237 Q al-3).

and the usual currents are the local limits of the bilocal operators The 1n.ser
tion of (2. 4) in (2. 1) will then lead to the asymp‘cotlc behavmur of the resonance
form factors, as discussed below for the various cases‘ of interest.

3. - PSEUDOSCALAR MESONS(”:

2
} Let us consider the case P = to begln with.The form factor E (q1 ;) is
deflned as v |
Wy VAT = 2 - o .
Ty =€ = . Fr (q » 4 ), (3. 1)
Wl‘th g O?"}’ =E (0,0). In terms of it the only independent helicity .-ainp»litude
41
+
T.'n:+= —T takes the form
;'z’””"zwfz' 2 2 o ,
Tﬂ; = 1 ’7’ a1} ol Q Fﬂ (q1: qz)' . . = ; (3- ‘Z)

As well known, m the limit of massless pions Fr (0,0) is réla‘ced to PCAC
9 . N
anomaly Sn:( )
S
2 o
. B, (0,05 p7=0) = -5 . o (3.3)
e 2w £y, S Lo

and in the fractionally charged colour model i ; 1/2 Whe nce extrapolating to

p2= mfv one obtains a good predz.ctlon for F( w2y yy). The use the Crewther re-

(11)

lation , which in the quark model readq as S,v =R/4, with R the usual ratlo

+
G(e e —> hadrons /a e — M W ) leads eq. (3. 3)

Y ot 2 R . ‘ .
Fﬂ;’ (O, O 3 p == 0); = :s"-———2-’----*— G e T s v . : Cr H (3-4)
8w fm
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According to the Bjorken-Johnson-Low theor'em(lz) the asymptotic limit

2 2 _ ol =21 1= . ,. :
of Fy, (ql,qz) for 90’ 999 —>  00;- w:.thlqll ,lqzl fixed is determined by the

commutator of the currents,

, _ .__41__5‘3 -ig.®
910 %a; foijk T “q1’ qz) BIL © dxe
' (3. 5)
{0/ [J (0,%) » T 0) ] Jr >,
which in the fraction:ally charged coloured quark model leads to
, 2 2 w 2fm
E, (ql, qz) — 5T (3. 6)

Simple VMD assumes only g and @ saturation.of E, (q?, qi) leading to
Ey (0,0) =2 g@m / fg ©° which is in rough agreement with experiments. How-
ever in the usual field-current identify formulation of VMD the commutators
in (3. 5) vanishes identically’, leading to a (l/ql) asymptotic  behaviour ~of

(q]{ qi) in disagreement with (3. 6).

Motivated by our pr'evious(lg) successful descriptions of deep inelastic pro-
cesses in the extended VMD we impose on I, (q?, qg) to have the asymptotics
of quark model {eq. 3. 6) when saturated with infinite series of vector meson
poles; Furthermore we require it to have the analicity in q? and qz of a strong
interacting vertex, That, of course,; does not define the vertex function, because
the large degree of ambiguity involved in the hadronic cuplings. However, in or-
der to keep it as little ad hoc as possible, we adress ourselvs to the dual reso-

nance model (DRM) as a realistic model. Following then procedure of Ademol-

lo and Del Giudiceul” we abstraczt froszRM the following form
1 -a(qf) - a(qy)
2 : - 7 -27
I;v,(qf,qz)=k,},dx dy x 1y (1 -x)‘ 1(1 -y) (1—Xy)ﬂ =
‘o X
=k B{l a(q ] Bl_l (qz)\,{lx (3. 7)
- 2 2, 2 2, 1
X - - B 14y ) + ¥ 1),
3Ty 1 -ala)): 1-alay), 273 1ry-ala)), 1+7-alqy) 1]

where a (qz) are the vector meson Regge trajectories, g and? are two fixed pa-
. 2 . .
rameters, and-k is normalization constant, The large Q behaviour of (3. 7) is

given by ' 8
2 2 re- 1
- Fpla),q,) = > 15 LY p(gy g AL 5 (3. 8)
, - -oqg




D)
with ¥>f8, the limiting procedure being qi-—% o Wwith qi fixed, -and -then -
&

2 (1,2)
q2-—-> (o] .

The most general form of ¥ (q?, qg) compatible with our requirements is
obtained by multiplying the integrand ih the r. h. s. of eq. (3. 7) by an arbitrary
function f (x,vy). However, because the large ‘Qz-'be,}1a\?iour of the integral in
(3. 7) comes from the region x =y =1, the leading term in the expansion of
f(x,v) around x =y = 1 only redefines k, leaving théréfo're the value ofBﬁnc:han-
ged. All the other non-leading terms, with increasing power in (1/Q2), would
introduce satellites with additional free parameter and therefore such generali-
zation would only spoil.the predicting power of the model, The striking ;pheno-
menological success of the form (3. 7), as discussed below, is the most remar-
kable and puzzling aspect of the model.

: The asymptotic behaviour (3. 6) and the 1o’w energy theorem (3.4), with -
R = Snz/fg (13) , are then used to fix the parameters involved, namely g = 1,

V= 3/2 and obtain the further relation
4f,f

‘o 'n'o o
Bowmw 2 (3. 9)
i T @ om
Y
which leads to.a very good.prediction for I'(®—3 3m), Purthermore one gets
w Sown (4)

c

Son?Ty "ig obtaining the right correction to VMD

. All SU(3) meson decays can be calculated in_a similgf way and that is done
’:"L;i',detail in ref, (1). All our predictions are displayed in the Table 1. A quadra-
tic #m-%' mixing angle 0+ - 10° has been used. The a'gféea;rfiéﬁt'vvith experiments
is excellent with 'th;a pnly exception of ¢ —>mY ., Furthermore our results coin-
cide with those of the naive quark mode1(4), giving in-addition a wvery simple sup-
pression mechanism operative in the decay @ —» n¥ and kxmiv k¥ . This comes
about from the @ family dominaﬁce of the corresponding vertex function, The

coupling constant is given in fact by

N2 2 _ .3 1
- WA 2 = ,1- 0 , (3.10
Gy 3 ga):fv){,;vB ( 5 ‘ am( ),)J ., o ( | )
and the factor in the br‘ackets’is:responsable for-the modification of the quark

2 2
model result and is about a factor two smaller, If a(p (q7) = ag (g ) this factor is,
of course, unity, This reduction mechanism 1s the same operating in the new par

ticles decays leading to radiative widths congiderably smaller than non-relativi-



stic calculations,

TABLE 1
' Exper a 4
Decay widths Theory \‘5:;:‘3’9““1 Quark model( )

Fo—> 3) (MeV) 8. 8 9.00 % 0,06 input
Do —a°y) (MeV) 0.9 0.87 o0, 05 input

+.2.5 (8) +
T —>17) (MeV) 7.3 3.0 g 7.3 2 0.5
e —>a?) (keV) 95 35+ 10(5) 93 *' 6
I'e —>n7?) (keV) 55 50 + 13(8) 55 % 4
Flp—> 3m) (MeV) input (Qv) 0.66 ¥ 0.06 input (GV)
Fp—s 7°¥) (keV) 4,2 5.9 t2.1 4.2 To.3

. 63 * 1..(7)
Flg—n7y) (keV) 45 55 I 12(8) 175 T 13
I %3 vy) eV) 9.0 7.8 Y 0.9 input
rin=>77) (keV) 0.43 0.324 % 0,046 0.375 * 0,042
May'—v7) {keV) 7.3 BR=1.9%0.3 6.35 0,73
Iig—x*x~7) ( eV) 4] 42 % 7 41 e
Mp'—= atx-v)  (keV) 120 BR=27.4 %22 11g tyg
rop—ay) {keV) 11 -~ 11 *1
rE*-> K" 7 {keV) 36. 75 * 350 217 t 16
=y (kew) 14 80 52 4
. . . 2
More explicity, with 7, = X (2. 82) the vertex func‘rlon Fne (q 1’ q, ) is
simply obtained from (3. 7) by domlnatlng the currents with vector mesons of
. . 2
the ¢ family, namely defining a(q ) as the ¥ trajectory with 1/aé=mw‘—mw‘-'—‘4 Gevz,

ac(O) = - 3/2. The parameters f and Y are the same as before due to SU(4) asymp-

totic symmetry, and the normalization constant k is fixed by the asymptotic beha-

viour -
f
2 2 . 8/[2 Ne
Fpolay:ay) — 5 (3.11)
4
in analogy with (3. 6). The nc decay constant f"c is defined as
50)_ (15)
B e N
<o/ 5 - /nc(p)f"lf')]c Py (3.12)
and, using asymptotic chiral SU(4), can be ezstim:ated(l) to satisly the relation

2 2 2
2 f,nc fw - mw ».
analogous to the KSFR relation,

(3.13)



The radiative decays can be then 'ébs.bluftely predicted
I'w—n.7) 0.6 keV; I'Q@'—n.¥) =4 keV; I’(nc-——)')’r) = 0.5 keV, (3. 14)
The experimental upper limit is [@—9:)<3 keV, and the theoretical expecta-

(16)ive of the order of 20 KeV.

tions based on non-relativistic calculations
" 'The decays y,9'—>n{®')? can be-considered introducing a.small mixing a-

mong then,n' and 7, mesons. Writiﬁg Ne=cTrantpn', from the experimen’t‘él values

r'ap—yn)= 70 eV(”), Tp—yn')= 170 eV(lg) one obtains az ;_, 0. 8x10'”3; and

132 = 2.4x10 3which in turn leads to I'(®'——yM) = 42 eV and ['(Y'—2yn")=-100 eV,

which is consistent with the experimental upper bound I'(¥'-—>y, 5'¥) <250 eV( 17”18).

The mixing parameters o and Bagree within a factor of two with the asymptqtic

(19)

freedom estimates by Fritzsch and Jackson

For. later purposes we close this section by nothing that in the scaling limit
Qz—a ®, £ i'-1 we have

TH — Toity pHr.. T 8Y2, (3. 15)
and therefore

2 2 : L
Wt _4nts s(s -m>), —_— 0% S m® .
m m ols-mg), W, 5~ iy, 08 -mT ), (3.16)

e y ~
where WP is the pseudoscalar contribution to the absorptive part of the. off-ghell

photon-photon forward scattering amplitude (eq. 2..3).

4. SCALAR MESONS(Z)

Let us consider the ¢ ¥ vertex, where ¢ indicates a scalar SU(3) singlet," -

We define
T‘U“(q1 q,)= i A" .‘t'],(q1 2y A% F'(q qz) (4. 1)
with o
A, QBB +P QHQv .Q)(ngQ )+ [(P Qiq? P e i
4,2
v 1o 2
A‘Zli'V "4 P B +QMQ1} (P Q»p Q/Q[Jz) (Q - '4:— P ) guv o
The two form factors;lﬁ(‘7 (q1 - q%‘) and ]F(‘,'(ql-nqg) are related to the two indepeéndent
helicity amplitudes as
++ 2 2 2 2 2 . 2 1 2 2 2
Tg =i (v -m;Q )E (ql,qz) -i(Q - 7 M) F(,'(ql,qz)
(4. 3)
oo A/ 22 7 gl o :
TPO=1 Q7+ 1/4 mg)"-v" Fl(al.q,),

and the coupling constant ¢¥¥for the ¢ — V¥ decay is given by

R | |
Eoyy = 1/4[ mg F,(0,0) + 28 (0, o)] (4. 4)
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The application of thecanonical trace anomaly of the energy momentum ten-

sor leads to the low energy theorem(l]k 20) DU e
F' (0,0) = —2— , L N
67 g

with the usual definition of R. Eq. (4. 5) will be uéed to normalizée our-dual-type

. o]
vertex, as in the @ case.

In order to find the large Q behavmur let us insert the 11ght cone expan-

sion (2. 4) in eq. (2.1), with M=¢. The leading contmbutlon comes from the S,u,gvaﬁ

part The <=xpans1on of the bllocals near x= 0 gives:

X
where in the quark model: - i
hx) = 2 L g § Q% g, (4. 7)
Extrawtlng from Ong( x) the singlet piece. Qz 3 6-% and recallmg the deflmtlon of
fg, namely{o (P)/ Q"‘ (0)/0>=1 mg £y one finally finds in the large Q limit.
2 2 1 2 2 8 1 e
Blap.q) 2 —5 5§ (q),q) —> $fo—5 (4.8

rrlg - . Q - ~
Under the assumption of smooth extrapolatlonmq this glves E, (O 0)= '(0, 0)/m2

and therefore eqs (4. 4-5) lead to
‘ R

Eoyy ~ o | | N )
y' ' 8m ‘f‘ff A S S T R e .
in-exact analogy to the nok case (g 0py = - R/‘SJK_Z\)S'W ).

-Considering now a vector meson dominated vertex of'the forim: of eq. (3. 7)
the low energy theorem (4.5) and the large Qz behaviour (4.8) fix-§= 2iand ¢ =5/2
and one finally finds (mg® 700 MeV)

(o — ) » 6 keV, - ’
’wi"th fs= fﬂ, in gdod agreemént with finite energy sum ruylevs es“ci'inbate:s(m‘)v.
Let us consider now the decay involving the X(3. 41) meson, as_sg;mgd a pu-

++ :
re 0 cc state, The calculation proceeds exactly as for.the N, meson. Eq. (4. 9)

is modified as 1;12 £ I
2 2 1,2 2 16 g
—_— — = o2 . 4,10
Foldyr a5) = —5— E/ (q,.4q,) 5 2 , : ( )
m,, Q

FAN !

wher_e,fx_ p@ayg, same role o,,f’;f0 . In the? 11m1t of chiral symmetry f}cf.,f??)é ” ‘h',owvev_e‘r

a better estimate can be achieved taking into account the ‘chgralf‘sym.meufgyy,brea-
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king, One finds fZ > A/_'o“(mnc/mlo)'fnc :«/,/’z—fnc.
The radiative widths involving the %, meson finally become
I'y' —%,7) = 11 keV; (A, W) = 31 keV;  (X,—W) = 2,1 keV. (4.11)

2
They are all linearin f,. The first one gives a (y'— Z;¥) branching fraction

X
of 5% compared with the experimental value(zz)

(16)

of 7.5 T 2, 6 and the non-relativi-
stic result of 16%. An estimate of I'X,—¥?) is also a factor of three smaller
than thét of ref. (186), whereas a closer agreement is found with the value of
I'(kb""' YY) = 3.5 keV of ref. (23).

.Before closing this section let us discuss an interesting duality sum ru1e(24)

connecting in the scaling limit the scalar and pseudoscalar resonance terms to

the quark charges.

From eqgs. (4.3),(4.8) and (4.10) are obtains in the limit Q2——9 w,E— 11
ot . 8 . . 16

—_— = y THt — =2
T, - PR DA (4. 12)

and therefore
e 64 2 +t 256 2
p— — n . D Pty n

W y oAl i W y S wt, (4.13)

LA~

(2 O), and including also

similary to the case of the pseodoscalars., More generally
higher spihs, the s-channel resonance contributions to the virtual photon-photon
scattering survive in the scaling limit for those helicity amplitudes which scale

in the quark parton model {box diagram).

Ithasbeen shown there that only two independent helicity amplitudes survive
in that limit, namely

W++++
box

b

(§)

i

. .
(8 =3[ e @ Ga)] . Wy o

1r ‘ . ‘
= -g. . (4. 14
ARICRERE] (4. 14)
Thus the full tensor Wyﬂo of eq. (2. 3) in this limit is reduced to the simpler onein

‘ o R
which scalars and pseudoscalars contribute. In particular the amplitude W, is

box
finite for §,2=1 and is given by the fourth power of the quark charges,
+te 1 4 ’
——— e
Wbox 2 2 Ei Qi' - (415)
Q — .
-1

A duality relation between the pseudoscalar and scalar resonance contribu-

tions (3. 16) and (4. 13) and the result of the algebra of bilocal currents (4. 15) fol-
(24)

lbws direétly upon averaging the latter over a suitable ré’nge of s



) e e 2 tten, 2 . 3
Sds [ sca%‘ar's w (3, & =1)-W, on (8 ?'.1)'1 =0 18
‘ pseudo-scalars: T o
_ ++_-. 3 At e e e
For SU(3) mesons (2 s - Y Wy s EP WP 4 Wy, f5™f) eq. (4.16)
is gatisfied for As -'..méz with o
4 1 8l 1 : R ‘ ‘ T
EQ,1= -?;(—’—‘ )= 5 R, (4.17)
fQ

where the last equality holds in EVMD model( 3)5 In the fractionally charged

three triplet model one has for comparison 2. Q =2/3 R/3

For the charm sector, using 3 Qi =16/2", fx‘*ﬂﬁ f,,7 and f,,7 w// ,w the
duality sum rule (4. 16) holds provided 4s.= 10 GeV", which is quite consistent

with.the masses of the,nc‘and X mesons.

Higher spin resonance are also probably averaglng the quark charges. The
analysis carried out for 2 and 1' mesons and discussed below, is very suggesti-
(13)

ve in that sense. The situation here is much reminescent of & e ‘duality , whe

re the presence of only 1 resonances however greatly simplifies the problem.

Finally the above results indicate that the estimate given for the various
resonance parameters occurring in the radiative transitions are reasonably con-

sistent.

5. - TENSOR MESOND(3)

This case is rather complicated because of the preéence of five form factors.

The complete kinamatics is worked out in detail in ref. (8) and (25). The five inde-
: R 2 2

pendent helicity amplitudes can be expressed in terms of the form factors Fi(ql’ q2)

(i=1,...5) as follows

2
++ 2 222 2 2 1 Q..
T 2 1 0P’ T @t (g =)

i 46 2 2 1 4 v & m

m v —Zm
2 2 121 2 24 112 21
. - o (= Q) - e + ,
07 -m QIF el +Q) -2 Q| B /6[1/ m(4m Q)] 5

Y- 2 292 1.2 2.2 2 SRR

T =¢-mQ)EH-m-Q)WE-mE),

. 2.4 4 5 (5. 1)
+o Ty '
T 1 Nm 2 1271 2 .1 2 "
S B wm e (Y e Y . — By ) T (e R

i 7 T - 4m)L(2"’Q)”]4 v 2m)FsJ’

T -y
N ) o
™" 1 Wef 2 1 a1 12
— o (LQHY - = Sy + Y b,
T Ty -9 ;-G Qo+ 2@)1*5}
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° 2 1 [212a2[ 2 2 2 21 -
: —Al—?/ﬂz._mz._ (@ +=nd J (@- )F3+v é}c—lrnF5 . v o (5.1)
m-ql’.q2 m »

. » ++ +a
In'the case of real photons the two surviving amplitudes T and T~ ‘have

(27)

been shown from various sum rules to satisfy the inequality

++,2

A A A (5. 2)

: P : ++
On the other hand inthe light cone limit only T does scale, in complete analogy

=

with the D case. The final set of form factors has to be consistent with both con-

straints.

As usual the light cone ahalys:is and the expansion-of bilocal around x=0 can
be performed, starting from eqgs. (2. 1) and (2, 4), in order to set the asymptotic
behaviour of the form factors. Furthermore, the relations found in that limit among

2 2 T2
the various F{(q q.) are smoothly extended to all ¢, in order to reducethe:.dyna

1’72 :
mi¢s to only one vertex function which, as in the previous cases, is assumed.of

the type.{(3..7).

++
~-As for 0- 'mesons, only the 8 45, partin eq. (2. 4) contributes at the lea-

ding order and-one finds for an SU(3) singlet f5 meson

T++__.> _}.6_}. ..gg_ . T +- 81 m . T+O ﬂ" g )
346 wr 3oy 5,0
vy (5. 3)
o+ -81 00 -16i m 1
> 3 T ‘—“'; SRR, T ——
T 34/ d 316 7 2 2
q1 ,:V/ 9,49,

where 7 is defined as (f_ /e

3
QO’ 0)/0>=im e@o /7. Then the solution

Fi=(rn /4Q 7, F =F/m , E =F/Q , F =F/mQ J, B =-F/4LQ2 . (5 4)
“with F—> C/Q , can be shown to satisfy all the contraints of egs. (5. 2) and (5 3),gi-

ving as well the right k dependence for the radiative transitions 1 z==2 2 Y.

In contrast to the case of scalar and pseudoscalars, we don't have a low
energy theorem as anadditional constraint for the vertex function. We shall use,
however, a sum rule which connects the fensor couplings to real photons to the
corresponding ones of scalars and pseudoscalars.

. + -+ (28)
The sum rule, over all the SU(3) low lying 0 ,0 ,2 mesons reads

5. TiP—271) , 5 Ti(S—m) 5 5 [il=>74%) _ T
P 3 S 3 3 i 3
m, m., m.
1 1 1
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Then, using our previous results in sections 3. and 4. we find for F(q%,qg)”ﬁ'—*z,
¥=5/2, as in the scalar case. Furthermore, we obtain for the physical f meson

WO = +- m
N6 [Ty | = [Ty ] = 8 (—E), - (5. 6)

with

y2< R (5. 7)

(27)

This leads to I'(f—>7¥) = 12. 5 keV, in good agreement with earlier estimates
Eq. (5.7) also agrees with Renner's res ult(zg) in the framework of tensor meson
dominance. Furthermore inserting ( 7) in the first of eqs. (5. 3) and comparing

with the analogous expression for Td (eq 4, 12) we find in the scaling limit

++ ++
o]
This is' consistent with the idea of a kind of duality between the light cone algebra

and resonance saturation in virtual photon-photon scattering, as discussed in the
previous section, the various resonances averaging the two scaling functions

gS(S) and gP(Zj) of eq. (4..14).

++
The above analysis can be easily extended to the case of ¢@ 2 X2(3 55) me-
son, by inserting (5. 4) into egs. (5. 1) and dominating the vertex function E (q1 q2
by the ¥ family, as in the case of the l (3. 14). With B=2, Y=5/2, the averall nor-
malization is fixed by imposing in the scaling limit,
++ ++ '
Tyy = Tis (5.9)

in complete analogy to the SU(3) case (eq. 5. 8). Then for the decay Zz—-ﬂ’}’ it is

found . mxz .
f‘/T//T -;;'—gmo/x/
and therefore
P, ==y g My g

e rvenrervrradiiiii el Ced IR (5.11)
1(;50 rY) 5 36 ‘my

giving finally: I (Z =3} )= 0,1 keV., Notice that, as in the case of the f meson, the
main: contribution comes- from the helicity amplitude Tl , in contrast to the

xo(3 41) meson .

Asfarthe cascade decays o'— Tt’xz and %, —>¥%y are concerned,
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the fo'ilowing relations are found

A6 Ty =2 |T° = [T, )= S
2 2, 0 _ (5. 12}

2
Ao TR vy PmtTywn e
TR ] Ry o
LU AL B Xy V(YY)
obtaining( 3)
Br (y'— }')(2) =0, 07 T(Zz——-.m }'w) =0, 40 MeV, (5. 13)

The first of egs. (5. 13) in excellent agreement with the experimental value
(15)

(0. 08 T 0, 03) . For comparison the non relativistic calculations by Eichten

16
et al, ( )give Br(w'——-é }'Zz)= 0. 045 and I' (Xp—> Yy ) = . 32 MeV,

To summarize, the scheme proposed gives fairly good description also of
tensor mesons decays, in agreement with earlier for f ~> vy , as well as the new
P spectroscopy. Furthermore our results consistently support the idea of duality

in virtual photon-photon scattering.

(3)

6. - AXIAL MESONS

‘ ++
There are three independent helicity amplitudes in the coupling of 1  me-

sons to two (virtual) photons. By a suitable definition of the invariant amplitude

are finds(25) :
++ (v2m2QY 2 .2
T ==L v E gql,q{z),
(v - 7m) 5
+0 1 2. m 2 2.2 2.2
0 + - E § “ . - R
T __\J_._._..._z (v+Q "+ ) (»"-m Q") Fyla sq,) (6. 1)
i —qz 2
o+ 1 2 m ,, 2 2.2 2 2y
e (- ELLE - a’).
T /\[-;IT (-v+Q+ , iy "-m™Q )Fg(ql,qz
|

2_2 ‘
The first amplitude correctly vanishes for q1=q =0, and is related to the analo-

2
gous ‘amplitude for pseudoscalars intd two photons. (The corresponding invariant

amplitude are both proportional to gHveo B Qg). The scaling prOp‘ertieS\are also
++ ++ ) ,

A and TP both scale, the commonleading behaviour:coming

part of (2. 4)., With the usual techniques one finds for the A; me-

similar, namely T

form the Eugva

son m
++
T — zg-ff-‘-, (6. 2)
A
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where f,, is defined ae {A /J L0)/0> = - oX m 57Ty The validity of the Weinberg

sum rules leads to, rf = f,zv and. therefc»re to /T /= /T / in the scaling 1i-

A /fA
mit,
From these results one is naturally lead to identify the form factor F (q1 qz)
2
appearing in the first of egs. (6..1) with IF‘J,,.(q1 qz) as-given in. sect 3 with-the ob~

vious' substitution f, > m /f

+
The other two.-amplitudes T ° and To can be studied s1m11at‘1y in the light-

cone 11m1t The situation however is shghtly more compllcated for the fact that
+ va
T (? and T° get cornmbutlons also from the s neve

part of the _11ght cone expansmn
Of T(JJ) eq. 2  4). One finds in fact: R ,

T.+O = ‘A - 1‘ T §2 gA(O): (G.V 3)
) 2l\j-q A“ /\{:;2 ’ s :
where g, (0) is defined as < A(p)/ [J . 3‘—/'5) (- % ] Jo> = R XBeyg 0)
i *&a > - : [oQ2t 2/ 2 °Q2 2 x~0 UGBY A

+
and similarly for T°

The above results-lead to a two-component structure for the form factors

gvo

Fz, 3(fq1, qz) in egs. (6. 1), correspondingly to the ¢"@¥0 and s components in

the asymptotic expansion of eq. (2. 4). The former can be related then to Fl(qlﬁ’ q2)

through egs. (6. 2) and (6. 3), with the usual smoothness assumption in q1 o’ while
the unknown quantity gA(O) on the contrary makes the latter .compénent undetermi-

ned.
In pratice for the only case of interest, namely the radiative involving the
cc state 111(3 51), an order of magnitude estimate can be obtained in'theé spirit of

local duality by demanding asymptotically:

(T+O)1+ 5 (T+O)2+ o e 6. 4)
This lead to

B (y'—> ¥2,) = 0. 06, (6. 5)
and

Tlg{lg"};%) = 2.3 (6. 6)

++ +0 . .
Notice that both T and the "¢*®%% _component' of T = give negligeable contribu-
tions to the above transitions, This comes about due to the correlation between

++ .
TZH- and T, and the corresponding rather weak decay o' —>7V ’nc. In addition,

Ne
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the much smaller phase-‘sl:;éce-availablje ‘in the reaction ¥' ——>7 xil’ compared
with that for 'W'mé?;nc, makes this contribution completely neglegeable, -

The experimental ratio corresponding to (6. 5) is (0. 09 *0.03). For compa-
rison the non-relativistic bound state picture leads to B( ¥ '~V 'Zl) =-0,05 and
1’(7(1——‘%}'1,0)/ (‘xo—--)yw) =2, 6. This shows once more-the viability of duality *

ideas in virtual photon-photon scattering,

7. < CONCLUSIONS

We have presented a new treatment of fadiafive decays ofv mesons, where the
basic curr.e»nts of SU(4) are dominatedby vector mesons with appropriate quanfum nuin
bers and exhibit a quark structure asymptotically. Thé écheme proposed gives a
unified description of the radiative ‘transiti“okns involving pseudo-scalar, scalar,
axial and tensor mesons, including the new particles. In the case of pseudoscalar
fnesons the model gives an excellent description of SU(3) meson decays, in.cluding
those for which the quark model by itself failed, excepting the g——>my dec:ay. “‘In
addition, the suppression mechanism operating in the decays ¢—> 5y and kx—%k)'is
of the right strength to pfodﬁce for the 7, Mmeson considerably smaller widths -
than obtained in the non-relativistic bound state picture. For scalar and tensor
" SU(3) decays agreement is found with previous FESR estimates. The result for

+ ++ ‘ ‘
and 2 states arealso in agreement with experiments and slight-

‘the new‘0++,'1
ly smaller than predicted by non relativistic calculations. One of the most strik-
ing featuresemerging from this approachisthe very goodlevel of accuracy of the dual
vertex in the extrapolation from the asymptotics of quark current algebra lto the
small qz region governed by the low energy theorems. Finally our results give

strong support to the idea of a duality relation between the light cone algebra and

resonance saturation in virtual photon-photon scattering.
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