ISTITUTO NAZIONALE DI FISICA NUCLEARE

Laboratori Nazionali di Frascati

LNF-77/48

E. Etima and M. Greco:
A NEW TREATMENT OF RADIATIVE DECAYS OF MESONS

Estratto da:
Nuovo Cimento 42A, 124 (1977)

Servizio Documentazione
dei Laboratori Nazionsli di Frascati
Cas. Postsle T3 - Frascati {Roma)




II, NUOVO CIMENTO Vor. 42 A, N. 1 1 Novembre 1977

A New Treatment of Radiative Decays of Mesons (°).

Erv-Ermm (**)
OHERN - Geneva

M. GrRECO
Laboratori Nazionoli delUINFN - Frascati

ricevuto il 4 Luglio 1977)

Summary, — Motivated by the remarkably good agreement in the
descriptions of deep inelastic processes and some radiative meson decays
by the quark model and the method of infinite vector-meson saturation,
we argue in general that these two approaches are equivalent. We
explicit the nature of this equivalence by endowing vector-meson-—
dominated vertices with the asymptotics implied by quark current algebra.
With this leverage we obtain satisfactory predictions for SU, meson
decays, including those for which the quark model by itself fails, exeepting
the g—>my decay. Applied to the radiative decays of the new mesons,
this scheme avoids the difficulties of nonrelativistic caleulations and
predicts considerably smaller widths.

1. — Introduction.

The study of the radiative decays of the newly discovered states is presently
an industry. Unfortunately the nonrelativistic bound-state picture which
describes fairly well their spectroscopy gives rather large decay widths (*).

(*) To speed up publication, the authors of this paper have agreed to notreceive the
proofs for correction.

(**) On leave of absence from Laboratori Nazionali dell’INFN, Frascati.

(1) T. AppeLqUist and H. D. Poritzer: Phys. Rev. Leit., 34, 43 (1975); A. DE RuJuLa
and 8. L. Grassow: Phys. Rev. Letl., 34, 46 (1975); M. K. GAILLARD, B. W. LEE
and J. L. RosNER: Rev. Mod. Phys., 47, 2 (1975); H. HararI: rapporteur talk at
Lepton-Photon Symposiwm (Stanford, Cal., 1975); F. J. GILMAN: invited talk at Coral
Gables, Flovida, 1975, SLAC-PUB-1720 (February 1976).
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Since, in these calculations, one must take care of several corrections as, for
instance, those associated with the existence of many decay channels (2), there
promises to be no simple recipe to reduce these large widths.

In this paper we study these radiative decays in a relativistic model in
which the basic currents of SU, and SU, (SU, x8U, and SU,xS8U,) are dom-
inated by vector-mesons, with appropriate quantum numbers, and exhibit
a quark structure asymptotically. The model derives its motivation from the
remarkable agreement between the quark parton model and the method of
infinite vector-meson saturation (2) in the description of deep inelastic processes
and of some radiative meson decays (4). We provide a basis for a more general
phenomenological equivalence between these two approaches by imposing
on vector-meson—dominated vertices the asymptotics of quark current algebra.
The model is not completely defined by this requirement, however, because
the purely hadronic part of the amplitude involves a large degree of unknown.
Guided by analyticity, we abstract from the dual resonance model a presecrip-
tion for implementing the saturation with vector-meson poles and deduce
therefrom the strong-interaction couplings. This is done in sect. 2, where we
define the vertices V. — Py, P — Vv, P — vy and fix our notation. In sect. 3
the model is tested on SU, meson decays. The predictions are very good,
including those for which the quark model by itself fails, excepting the p — my
decay. The appropriate corrections to the simple VMD are also obtained. In
sect. 4 we examine the decays of the new mesons in SU, and discuss briefly
the mixing of the three pseudoscalars v, v’ and ,, eventually responsible for
the decays (') vy and (') - 7n'y. Section 5 contains our conclusions.
A short appendix presents the calculation of an important parameter used
in the paper.

2. — Vertex function and current algebra constraint.

In a vector-meson pole dominance model the radiative decays of pseudo-
sealar (P) and vector (V) mesons P —yy, P — Vy and V — Py, with widths

atn , 3
(2.1(1') F(P ‘—>'Y'Y) = T ngYmP 9
o mi — m2)?
(2.1d) I'P—Vy) = 3 ngn?y (—PWL)' ’
P
o (mE — m2)?
(2.1¢) I(V—Py) = 2—49%1w vwﬁ%_g ’

(?) E. Eicurex, K. GortrrIiED, T. KIiNosHITA, J. KoguT, K. LANE and T. M. YAN:
Phys. Rev. Lett., 34, 369 (1975); E. Ercaren, K. GorTrrIED, T. KIiNosHITA, K. LANE
and T. M. Yax: Phys. Rev. Lett., 36, 500 (1976).

(®) A. Braméw, E. ETiMm and M. Greco: Phys. Lett., 41 B, 609 (1972).

() P. G. O. FreuND and S. NANDI: Phys. Rev. Leit., 32, 1811 (1974).



126 ETIM-ETIM and M. GRECO

can be deduced from the amplitude for one of them. For instance, from the
P — vy vertex defined in terms of the hadronic electromagnetic current by

22) Gl GG, 63 1) = i 4% oxp [ig,21<0|T(j,@)1,(0))[0) ,

one gets

(2.3) my

where m2/f, is the coupling of the vector meson of mass m, to the photon.
Consider the case P=n°® to begin with. F (¢}, ¢>) has a double series of
poles in g2 and ¢} corresponding to the I = 1 and I = 0 vector mesons which
can couple to the photon. Simple VMD (°) assumes that only the p and o
contribute (ideal mixing: mixing angle 0, = 0,, = arc sin (1/v/3)) so that

(2.4) F(0,0) = 2f nl/fofo -

In the quark model, on the other hand, the ¥,(0, 0) are related to PCAC triangle
anomalies (%), e.g.

(2.5) Fp(0, 05 p* = 0) = — 8, /27% f,,
where f, is defined by
(2.6) 0GR P> = ifpp, -

In the fractionally charged colour quark model |S | = % and extrapolating (2.5)
to p® = ml, one obtains a good prediction for I'(x® — yv). Numerically egs. (2.4)
and (2.5) agree, but this is not enough to make the two approaches equivalent.
In fact they are not. For instance, according to the Bjorken-Johnson-Low
theorem (7}, the asymptotic limit of the time-ordered product in eq. (2.2) for
Quoy G20 — 0o With |qi|, |g| finite is determined by the commutator of the
currents

1 . . .
(2.7) G1092:80i0 F'e(41 5 42) T é‘;‘ fd% exp [— g1 x]<0|[§,(0, x), jx(0)]|p)
0

() M. GeLL-MANN, D. Smagrp and W. G. WaeNER: Phys. Rev. Leit., 8, 216 (1962).
(&) 8. L. ApLER: Phys. Rev., 177, 2426 (1969); J. 8. Berr and R. Jackiw: Nuovoe
Cimento, 60 A, 47 (1969); 8. L. ApLER: Lectures ai the Brandeis Summer School, edited
by S. Deser, M. Gr1sarU and H. PENDLETON (1970).

("y J. D. BJorKEN: Phys. Rev., 148, 1467 (1966); K. Jomnsox and F. E. Low: Prog.
Theor. Phys. Suppl., 37-38, 74 (1966).
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The commutator is easily evaluated once the form of the current is specified.
In the fractionally charged quark model

2v/2 .

28) 170, 2, OV aem = — - 1820) + T7200) + 22

3 V3 5A gl)(O):I 6(3)(“’) ’

where we have considered only the (Lorentz) antisymmetric part. j5(j\)
are the SU; vector and axial vector currents and ji%) = %yuy; /v/6. From
eqs. (2.6), (2.7) and (2.8), one finds (%)

2
SN

(2.9) Fe(qiy ¢2) e P

-NPfP7

where N, are the appropriate numerical factors in eq. (2.8). A factor of 3 has
been included to account for colour. i

In the usual field-current identity formulation of the VMD (%), on the other
hand, the commutator in (2.7) vanishes identically because the space com-
ponents of the vector-meson fields commute; the expansion of the right-hand
side of (2.2) in powers of 1/q, gives, in leading order, a 1/¢* asymptotic behav-
iour (%), in disagreement with (2.9).

Motivated by our previous successful deseriptions of deep inelastic pro-
cesges in the extended VMD (*), we impose on F, (¢, ¢3) to have the asymp-
totics of eq. (2.9) when saturated with infinite series of vector-meson poles.
Furthermore, we require it to have the analyticity in ¢} and ¢? of a strong-
interaction vertex. To ensure this, we follow the procedure of Sugawara and
Ademollo and Del Giudice (**) and make the following ansatz:

11
(2.10) Fo(gi, 3) = kffdcv dy X—@y=a)(1 — =11 — )11 — wy)F~2 =
00

_ g LA—ag)) PO — (@) [T ())*
Il +y—a@) "1 + y—algd)

oFa(1—olgh), L — o), 2y — B3 1 + y —algh), 1L + y —a(gd); 1)

where «(g®) are the vector-meson Regge trajectories («(0) ==}, «'= 1/2m}),
p and y are fixed parameters corresponding to fictitious quark-quark and
quark—pseudoscalar-meson trajectories. k& is ‘a normalization constant and
+I5(a, b, ¢; d, ¢; 1) the generalized hypergeometric function. A more general

(8) E. Etmm and P. Piccui: Lett. Nuovo Cimento, 2, 887 (1969).

(®) N. M. Krorr, T. D. Lee and B. ZumMino: Phys. Rev., 157, 1376 (1967).

(19 H. Sveawara: Tokyo University preprint, unpublished (1969); M. ADEMOLLO
and E. DEL GIUDICE: Nuovo Cimento, 63 A, 639 (1969); D. Amarr, 8. D. Erris and
J. H. WE1s: Nucl. Phys., 84 B, 141 (1975).
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representation for F(g?, ¢¢) than (2.10) could be used, provided it has the poles
and the analyticity we have required. Because we have a highly restrictive
scaling condition to satisfy from quark current algebra

(2.9 Folay, 63) —w==— (a1 fai/g3)

¢}/adtixed

with ¢ = 1 and f(x) — consgtant from (2.9), such generalization would only
slightly increase the labour of extracting the coupling constants. In the case
in which the generalization consists in adding satellites, we have another ar-
gument. Because of the scaling law in (2.9) and (2.9"), eq. (2.10) gives scaling
structure functions in the deep inelastic region which our model respects ().
Satellites contribute nonleading terms. For P=n° the g and « mass shell con-
ditions give

(2'11) = %gpom/f fco

The parameter § is fixed to be one from eq. (2.9):

() (B —)( O"Qi)—ﬁ ’ >y,
2.12 Frolgly 63) 31 L I'( 'g)™
( ) 45y ¢2) e A () 2/73/) g) ﬁ) —a' )t p<y.

From the value y = 4, determined as discussed below, F (g}, g;) becomes

7 Goom [ 205
(2.13) Foldy @) 5= i ( T ),
whence from (2.8) and (2.9)
Goorre 4fe
2;14 _— —— .
- Jofo o

In principle v can be determined in many ways. It is related to the form
factor for the transition v(¢*) — nw, i.e.

2

2mg, Me Jory (1)
(2.15) qn_)];frf Falgiy g2) = km-—_—qg B(y,1—a(gd) = T, mz)”f_lqz ,

‘where B(w, %) is the beta-funetion.

At =0
Goor (3 L(y)
2.16 wony(@l = 0) == =228 2 200
and for large ¢2
(2.17) Jomd ) s> B T()— o 47

gi—> o0 Zf
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In the absence of any experimental information on the ¢ fall-off of the o
transition form factor, we determine y from the decay m°® — vy, for which
one gets

(2.18) Fr(0,0) = 29;0); [B(3, 7)]231772('%7 3, 2y—1; % + v, % +y;1).
el

First extrapolate F(0,0; p* = m2) to F(0,0; 0) and neglect terms of order

o'my = my/2m? (i.e. assign a zero intercept to the pion trajectory o (0) =
= ,(0) —%). Next make use of the KSFR relation (1)

(2.19) of:, = m¥f?,

which has been shown elsewhere (*2) to be satisfied in our scheme, and of the
Crewther relation (3)

(2.20) |8, = Ra/4:

for our value, R, ==8n?/f;, of the ratio o(ete~ — hadrons)/o(etet — utu~)
for normal hadrons, to rewrite S, with the aid of (2.14) as

(2.21) |8y| = davf[mg =70 g ff o fos -

Now substitute (2.21) into (2.5) and compare with (2.18) to recover y == % and

oY

7T
2.22 Fr(0,0) = - 22T,
( ) ( ’ ) 2 fp f(o
With this value of y eq. (2.16) becomes

_ @ Goun
(2.23) Jory(0) = L7,

implying a correction of about 209, to the simple VMD.
With all the parameters fixed we are in a position to calculate the SU,
mesgon decays. We do this in the next section.

(1) K. KarawaBavasar and M. Suzuxi: Phys. Rev. Lett., 16, 255 (1966); FAYYAZUDDIN
and Rrazuopin: Phys. Rev., 147, 1071 (1966).

(12) E. EriM, M. GrEcOo and Y. SrRivasTAVA: Lett. Nuovo Cimenfo, 16, 65 (1976).
(**) R. J. CrewrurRr: Phys. Rev. Lett., 28, 1421 (1971).



130 ETIM-ETIM and M. GRECO

3. — Radiative decays of SU, mesons.

To begin with let us consider the decays w — 3w, o — 7w’ and w° — yy.
From egs. (2.14), (2.19) and f; = 9f:, one finds

72
3.1) Goum = —3—5 fo =2 (330 £ 40) (GeV)~%,
4 mp

where the error comes from the experimental value of I'(p —ete™) = (6.45 -
+ 0.75) keV (*4). Recall that in the o -> 37 decay, one cannot use the simple-
pole model in the three channels (s, f, #); double counting is involved. A cor-
rect procedure is to use finite-energy dispersion (%) relations or else make an
explicit model for the amplitude (¢), e.g. a Veneziano amplitude. Either way
there is a 209, reduction relative to that of the simple-pole model. With this

correction and g2, /4w ~ 2.65 (i.e. I', =~ 150 MeV), the w — 37 width becomes

2 2
(3.2) (@ — ) ~ gprnngp@ (10.5-10-% (GeV)?) ~ 9.8 MeV

with a 209, estimated error. Similarly using (2.14), (2.23) and (2.22) in (2.1a)
and (2.1b), one finds

(3.3a) I —yy) ~10.5keV,
(8.3b) I —> 7o) ~1.0 MeV

with the same error.
For the p —my decay we have g,. = %0,, and

(3.4) I'(p > my) =105 keV

in disagreement with the recent experimental value I'(p —my)= (30 +
4 10) keV (*%) obtained with the Primakoff effect. In view of the well-known
subtleties of this type of measurement and of our results for the decays ¢ — ny
and K% —» K%, discussed below, which agree with the new data (*¢), it seems
highly desirable to have a new measurement of the p — my rate.

() ParticLe Data Group: Phys. Lett., 50 B, 1 (1974).

(**) A. BramON and M. GrRECO: Nuove Oimenio, 14 A, 322 (1973).

(%) H. GorpBERG and Y. SRIvASTAVA: Phys. Rev. Leit., 22, 749 (1969).

(") B. Gossr, J. L. Rosexn, H. A. Scortr, 8. L. Smarigo, L. StrawczyNsKI and C. M.
MeLrzER: Phys. Rev. Lett., 33, 1450 (1974).

(18) W. C. Carrruers, P. MiELEMANN, D. UNDERWoOD and D. G. RYAN: Phys. Rev.
Lett., 35, 349 (1975); C. BemMPORAD et al.: Lepton-Photon Symposiwm (Stanford,
Cal., 1975).



A NEW TREATMENT OF RADIATIVE DECAYS O¥ MESONS 121

Consider the ¢ — 3w and ¢ —>n’ decays. These are usually assumed to
occur because the o- mixing angle 6, is different from the ideal one (i.e. gg,=
= Yoo U8 (0y—6,)). In the ¢ — 3w decay there is little correction to the
¢ — p7 pole model (*5), so that

2% 2
I'(¢ —ntnne) = %o_;riozg (3810 (GeV)?)
and, given the ratio I'(¢ — 3m)/I'(e — 3m) (), O, — 0,,~2.6°. For ¢ — =y
Iory = Jomy tg (6v — em) and (19)
(3-5) I'(p —7n%) ~4.7keV .

Another consequence of the small deviation of 0, from 0,, is a small contribution
to m® — vy from vector mesons of the ¢-family coupling to the photon. The
correction to I'(n® — yy) is about 59, and can be computed from

170.88)
~3 res) B0 0“‘)) :

). 0) = % Jewrn
(3.6) Fr(0,0) 2Mm(l

Now let us consider the radiative decays with the v and v'. With quad-
ratic v and v’ mixing the quark model predictions for these decays (*°) agree
rather well with the data and with the predictions of low-energy theorems
for n(n') — vy and 7{n’) > wte~y (). The exceptions are the recent measure-
ments of ¢ —>xy and X* — K%. These are about a factor three smaller than
the theoretical values. The predictions of our model agree with these new
measurements.

We proceed as in sect. 2 and define

60 F(ET=1), 40 —1) =75 [;: 1 —a(g})
e )

3 .
5|2, 1—a@)
2 2 5 { 2 5 2
3 Fa |1 —algi), 1 —elgs), 25 é‘_a(%)y’é""“(%); 1
with the BJL limit
7 G, 2m;
(3.8) Py = 1), (I = 1) 55> 5 T("T) :

If we combine with (2.8) and (2.9), we deduce

(3.9) Gnool 2 = — &V/3 fof .

(**) A. BraM6N and M. GrEco: Phys. Lett., 48 B, 137 (1974).
(20) M. 8. Cmanowirz, Min-Su1a CHEN and LiNe-¥oxe Li: Phys. Rev. D, 7, 3104 (1973);
M. 8. Cmaxowrirz: Phys. Rev. Leit., 35, 977 (1975).
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Doing the same thing for the isoscalar part and for the singlet v, we obtain

~ Ity (cos 0p —24/25in6;) ,

Gy =
3
(3.10) V3
Guryy = — g\"/g‘ (sin 05 + 24/2 cos Op) ,

provided f = fy=1f;. In eq. (3.10) terms of about a few percent have been
neglected. These come from the difference between the vertex functions dom-
inated by the p and the ¢ families. The origin of this difference will turn out,
however, to be important for the decay ¢ — vy.

Our predictions for o -y (p - 7'y) and o -7y (0 —7'y) agree with
those of the quark model (g,,, = — g,,, = 3Gumy = = 3Gumy = Jomoy/IT'2) (*2).
For n -»n*rn—y there is a large correction to the simple-pole model due to the
fact that the physical dipion mass squared is far away from m;. This correc-
tion is evaluated as in the case of w —mw+n—n® (3522), The rate obtained in
this way agrees with the prediction of low-energy theorems (2). The above
correction does not apply to '—>mtn—y because m2_ ~ ms.

In contrast to the above, our prediction for the decay ¢ —> vy differs signif-
icantly from that of the quark model. This comes about from the pure @-family
dominance of the corresponding vertex function. The coupling constant is

(3.11) Fony = 2—\/_% (V2 cos Op - sin 6;) &gwm %B §, 1—oo(0)}}.
34/3 fo o \2

The factor in the last brackets is reponsible for the modification of the quark
model result and is about a factor two smaller. If oy(9%) = (q?), then this
factor is, of course, unity. The same consideration applies to the decay
K% — K¢ for which we get

(3.12) gKO*K“Y == ng-l-*K+.Y == ﬂg(PﬂY .

All our predictions are displayed in the table together with the experimental
data and the quark model results. With the exception of the p —wy decay,
there is on the whole a better agreement between theory and experiment.
Our theoretical predictions are affected by a (10--20)9, error and have been
scaled down by an overall factor of 0.9 to correct for the uncertainties intro-
duced by the approximations involved in the determination of our coupling
constants.

(31) R. H. DAvrirz: Lectures at the Les Houches Summer School, edited by C. pEWITT
and M. Jacos (1965); G. MorrUrGo: Lectures at Erice Summer School, edited by
A. Zicmicar (1971).

(32) A. BrRamOx and M. Greco: Lett. Nuovo Cimenio, 2, 583 (1974).
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TasLE I.

Decay widths Theory Experimental data (*) Quark model (*?)
I'(w — 3m) (MeV) 8.8 9.00 <4~ 0.06 input

Ie  ~>nd) (MeV) 0.9 0.87 4+ 0.05 input

Il —y) (keV) 7.3 8.9 40 73 4+ 0.5
I'le - my) (keV) 95 35 - 10 (1) 93  + 6
I'e —y) (keV) 55 < 160 55 4+ 4
Il - 3m) (MeV) input (y) 0.66 -+ 0.06 input (6y)

T'lp —n%) (keV) 4.2 59 + 2.1 42 + 0.3
T'lp —my) (keV) 45 63 4 15(%) 175 +13
I'(=® —vyy)(eV) 9.0 7.8 -4 0.9 input

Ity —vyy) (keV) 0.43 0.324 + 0.046 0.375 - 0.042
I’ - yy) (keV) 7.3 BR= 19 4 0.3 6.35 + 0.73
In —>mwtny) (eV) 41 42 + 7 41 -+ 16
I'ty!  —mtmy) (keV) 120 BR=274 -+ 2.2 118+ 9
I'(n! - oy) (keV) 11 — 11 + 1
T(Ko* — Ko%) (keV) 56 75 35 (%) 217 416
I'(K+*— Kty) (keV) 14 << 80 52 + 4

4. — Radiative decay of the new mesons,

Nonrelativistic calculations (%223} of the radiative decays of the new mesons
give rather high transition rates, even after unitarity corrections (2). We think
that the situation here may be similar to the failure of the guark model in the
decays ¢ — vy and K —K%. We, therefore, propose to apply our treatment
of the SU, meson decays to the present problem, in particular to the ¢, ¢'—
= ne(n, ')y and n, — yy decays.

We assume that the {-particles belong to a new family of states lying on
Regge trajectories with a slope oc;. The implications of this assumption for
the vector states (J, =J/Y(3.1), 4= {'(3.7), ¢ = (4.15)...) in e'e” an-
nihilation have been discussed elsewhere (*2). We get a contribution to R
given by R,= 2R, = 162°/3f; ~ 1.7 instead of the canonical value of 3. We
define the electromagnetic current in SU, to be

242 .,
-—QL—?L’(W

(4.1) ) = i (@) + vigiﬁ"(w) n ),

(?) R.BARBIERI, R. Garro, R. KOGERLER and Z. Kunzst: Phys. Lett., 57 B, 455 (1975);
60 B, 183 (1976).
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where
(4.2) @) =1 (0 @) — VB iP@)) .

Our normalization of the SU,4; (=0, 1,...,15) matrices is

Tr (4, 4,) = {4,
Tr (Ax(A: 4))) = dus s
1 0 0 0 1 0 0 0
T 0 1 0 0 , /115=L_ 0 1 0 0
2v2 o0 .0 1 0 2460 0o 1 o
0 0 0 1 0 0 0—3

The fourth quark has the quantum number assignments of the GIM model (3¢).
From the commutator

21 .
E-. SO;WJ, [751 \/— 7(5? ) +

2\/_‘) (\/_?(0) (0) - 7(15)( ) " 44/2 (ﬁ? \/—7(15) )] ()
> i !

(4'4) [jﬂ(07 x)’ j”(o)]antisym ==

T 5 2

we isolate the ST, singlets (59 —4/3j%%)/2 and (V3j} + j%) /2 of which the
first is pure ¢c and the second corresponds to the old S8U, singlet in (2.8), as-
sociated with v;. We associate (ji—+/3j%)/2 with v, and define the corre-
sponding f, (cf. eq. (2.6)) by

(0 {15
(4.5) <0]?5A) \/—75 ’(0)

[P =1o) = ifs.Ps-

By the same token we dominate the current in (4.2) with vector mesons of the
¢-family. The vertex function for the decays ¢,— v,y and v,—yy can be ob-
tained from the function

46)  F, (4, ) =¥ B(L—oalgy), y) B0 — (), 7)
'3F2(1 —a(gh), L—a(g3), 2y — 851 +y— a(gy), L +y— a(q3); 1) ’
where «(g?) is the ¢ frajectory with

1o, = mf — mf = 4 (GeV)*, o (0)=~—3.

(%) 8. L. Grasmow, J. Iuiorouros and L. Mairani: Phys. Rev. D, 2, 1285 (1970).
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The ¢ mass spectrum is m? = m2(1 4 an), @ = («,m2)~* ~0.4. Compare this
with the p-family, where a = 2. It is interesting to observe that, if v, is the
first member of the trajectory with intercept half-unity below «(s), exactly
as in the case of m and p, one gets m; ~8 (GeV)?, in agreement with exper-
iment (25).

The parameters f and p in eq. (4.6) are the same as before. The normal-
ization constant k' is related to the on-shell coupling {dm,, i.c.

L o,
(4.7) K=
with mg/f, the {-y coupling. In the BJL limit
8V2 fn

= .
BJL 3 q?

(4.8) Fo (i, ¢2)

From eq. (4.6), the left-hand side is

7T g‘pq”)c I\~
(4.9) Fa (93, €) 55> a1y (—ag)™

and, therefore,

(4 10) ngzc — _E_\/___z— a’f'ﬂc
T % 3 my

The ¢m,y coupling constant is obtained from the residue of F, (¢, ¢} = 0)
at ¢; = mj. It is given by

T Gy 22 fyfa.
4.11 = —
(4.11) Jimex = 10 a2 fo 15a mj ’

while the v, —yy coupling is

1 gygni [ (B 3\|2 .. (5 B _
(4.12) F,,0,0) =’a? ‘;in [3(575“] 3F2('?:V2‘725 4, 4; l)

The hypergeometric function can be reduced to 64(9w — 28)/w. With this
(4.12) .becomes

o, 9T —28  164/2f,, 9 —28
4.13 F., (0,0) = = 4 .
( ) (0, 0) a*f; 4 3am§ 4

c

The factor (97 —28)/4 ~ 0.07 represents the reduction of the physical v, — vy

(*) H. B. Wiix: Lepton-Photon Symposium (Stanford, Cal., 1975).
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amplitude relative to the amplitude for a soft v, (m, ~0). In fact, in the exact
8U, limit with «, = «, and a, = o, , one gets

3amy,

(4.14) F(0,0; p3, = 0) = ——% .
This agrees with the ratio of the anomalies 8, /S =4 4/2/3 from eq. (4.4). There-
fore, compared to naive calculations, there is a large reduction factor in this
model. It may also be thought of as arising from the extrapolation of the two-
photon legs from g¢*>~ m;, to ¢* ~0. The reduction mechanism is thus the
same as that operating in the decays ¢ — vy and K — K%.

So far we have expressed the decay constants in terms of f, . To deter-
mine it theoretically, we follow the method of ref. (). The details of the cal-
culation are given in the appendix. The result is the analogue of the KSFR
relation

(4.15) 2312 = m3

with f, /f, ~1.7 and f, ~160 MeV. Substituting (4.15) in (4.11) and (4.13)
gives

2
(4.16) : Jimer = —15 My
16 97t —28 , m,
4.17 Fo( gt ae M
( ) l’m(oa 0) 3 4 22 f¢

and, with m, = 2.8 GeV,

I'(y —n,y) ~0.60 keV,
(4.18)

I'(n, —vyy) ~0.51keV.

For the ¢’ decay we find

 fyaemy
(4'19) gd)'“f)c'Y -_— 14f¢
and
(4.20) IW'—mn.y) =~ 4.3 keV.

Compared ‘with the predictions of nonrelativistic calculations (%*%%), ours are

considerably smaller. They agree roughly with the results of the dual uni-

tarization scheme (2¢), Our suppression factors have been very effective. '
We now consider the decays ¢, ¢'—n(y')y and introduce a small mixing

(#) Cmax Hong-Mo, J. KwirciNskl and R. G. ROBERTS: Phys. Lett., 60 B, 367, 469
(1976).
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among 7, v’ and n,. Call the physical mesons %, #’ and ¥%,. For small mixing
angles (of the order of a percent) the rotation matrix is particularly simple:

7 =nV1—at4 o 5
(4.21) 7'~ n'V1—p2 4 By,
7o =2 —an—fn' + V12— foy, .

The quantities « and § measure the ¢c component present in the physical ¥
and %', respectively. There is a serious problem in the extrapolation of
F. (¢, ¢;) from p?~m} to p*~mi, m? for fixed values of ¢* and ¢*. We
have no knowledge of this p*-dependence. Consequently determining o and g
from data is not unambiguous. In principle the problem admits a solution.
One agsociates a trajectory o, (p?) with the p? leg, the same as for currents, and
studies the amplitude

(L22)  H(g, g3 ') ~[dndy deam Dy ed ps1 _ -ty — s,

. (1 — z)—exr(g“)—{[ (1 _ :vz)(l _ yz)]y—-ﬁ-l—ap(zz‘f)(l - 03‘?/2)"2'\“'8_“9(”2’,

where 6 and { are new parameters. The residue of H(g?, a; p°) at o, (p?) =0
gives the vertex function. Unfortunately (4.22) introduces extra parameters
on which we have not enough constraints. Only H(0,0; 0) is fixed by the
anomaly. We are therefore unable to satisfactorily account for the p2-de-
pendence of the vertex function. Consequently we will incorporate in the quan-
tities « and § both the effect of mixing and of extrapolation in p2.

A straightforward calculation using (4.16) and (4.21) gives

I'Yy > 7y) = 90x2keV,
(4.23)

'ty —7'y) ~7282keV .
Using the experimental values I'({ —ny) = (95 - 29) eV (25) and Iy —vn'y) =

= (0.38 £ 0.24) keV ("), one gets «? = 1.05-10~% and f? = 5.3-10~%. For the
decays {'— n(n’)y, and by neglecting a possible variation of « and B with ¢Z,

I'(y'—>%y) ~ 522 keV =~ 0.055 keV,
(4.24)

I'(y'—%'y) =~ 4542 keV ~ 0.23 keV .
From eqs. (4.6), (4.10) and (4.21) one finds

(4.25) T(Y > 7)) ~ 40002 keV
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and, therefore, «?* ~ 2.5-1072 from the observed value of about 10 keV (7).
Comparing this with the value obtained from (4.23), one sees that there is a
considerable variation (of about a factor five in the amplitude) of the p? extra-
polation with. the photon mass. However, the smallness of the ¢¢ compo-
nent (a2, f?<1072%), required to account for the above decays, makes thig
simple mixing pattern very plausible.

5. — Conclusions.

Hadronic electromagnetic-current amplitudes manifest vector-meson pole
dominance at low momentum transfers and exhibit pointlike quark struc-
ture at high energies. Both in total ete~ annihilation into hadrons and in deep
inelastic scattering we have exhibited a model with infinite vector mesons
which has these two properties. By explicitly requiring the quark model asymp-
totics to hold for gemeral current amplitudes saturated with infinite series
of vector mesons, we have shown in this paper that such a scheme describes
satisfactorily radiative decays of mesons, including those cases in ‘which the
quark model by itself fails. We also obtain the right corrections to simple
VMD and interesting relations such as that of Crewther. Applied to the ra-
diative decays of the new mesons, we have shown that a suppression mech-
anism operative also in the decays ¢ — ny and K — K% is of the right strength
to produce reasonable decay widths, usually about a factor two smaller than
predicted by nonrelativistic calculations. The decay p — 7y is not well under-
stood and constitutes the exception in an otherwise satisfactory set of pre-
dictions.

#ok ok

We would like to thank M. CrArcHIAN, R. HEIMANN and C. C. Rosst for
discussions and J. Eruis for critically reading the manuscript.

APPENDIX

We show here briefly how we obtained our value for the constant f, de-
fined by

(0} _ 3{15)

NPV = ifn,Pu

in eq. (4.5). We follow a procedure (*2) already used with chiral SU; currents

(*) DESY-HEIDELBERG COLLABORATION: J. Heintze’s report at the Lepton-Photon
Symposium (Stanford, Cal., 1975); H. L. Ly~NcH: Lectures at the Cargése Summer
School (1975), SLAC-PUB-1643 (August 1975).
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to derive
2212 = m2,  feffn=1.25.
Tf we now invoke asymptotic chiral SU, and assume, as in the case of A,, that

the chiral partner A, of ¢, ={(3.1) lies half-way between ¢ and {', i.e.
my,—my =~ La,, we get the analogous relation

(A.2) 21§ fr. =2 mi

where mg/fy is the coupling of the { to the photon. We start by considering the
Green’s functions

(8.30)  Auw(@) = (4x &r—gur 4*) A(@?) = [0 2%y exp [ig@]<O | (B(y) (@) §+(0)) [0 ,
(A.30)  A5(0) = Qe @ — 9w ) A°(¢*) + g d™ () =
= f d4 A4y exp [iga]<O| T (B(y) A () 4,(0)) |05,
(A.30)  T@) = (au v — 9w ¢°) IT(@*) = i [ % exp [iga1<0| T (ju(@) 150)) [0 ,
(A.3d)  IT,(q) = (qugy— 9wd® II°(q?) + quapII™(g®) =
= f A4z exp [igu] (0| T (A u(w) 4,(0)) [0 ,
where 0(x) is the trace of the energy-momentum tensor, 3‘”’ the electromagnetic

current and A4, a SU, chiral partner of a vector carrent in j,. A(g?) and A<(¢>)
satisfy the trace identities

»

R
(A.da) A(g®) =—2¢* azgg(g )—@;;,
(4.4D) Ae(g®) = — 2% 2 (ITq?) + T (g9) — o
: 1 5\ T

with R the ratio R = o(ete~ —hadrons)/o(ete~ —y*u~). Saturating ji with
the {-family and taking 6(«) as bilinear in these vector fields, we obtaln with
as usual

mp = my(l + an), aml =1, f,/m},= fi/m},

Rq, 2{12 1 Q2 3
2) = -
(A.5) Ay(g?) 672 (1,214@3‘ fi £ (0’ a‘rnq,)

where {(2) is the generalized Riemann zeta-function and

1272
(A.6) By = i

is the (-family contribution to E. In the limit ¢* —+ oo

(A7) Ay(g) -1 2

2 fz (2“0”‘\9—1) _|_ 0(1/44) .
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For A4(q") we saturate in the simplest way consistent with asymptotic chiral
symmetry and PCAC, i.e.

(A.8)  Tm JT¢(s) -+ Im ITne(s) = ’i;é- S (s —md_) + nfy,0(s—md)
2oy — Ry 2m}, . on q?
(A.g) A]d)(q ) T T6m a[zmifA C( am ) fm. (/‘ 2)2 .
In the limit ¢2—>oco we get
(A.10) mi/f} = mi /A,
oy _ M ! a2 2f"1cf¢ 4
(A.11) A(q*) N fz (2%%.0—1)—— + 0(/g) .

Exactly as in the case of chiral 8TU,, equality of the coeffcients of 1/¢% in (A.7)
and (A.11) yields (A.2), with our assumption about the position of A,.

& RIASSUNTO

Alla luce dell’ottimo accordo tra il modello a quark ed il modello di saturazione con
infiniti mesoni vettoriali nella descrizione dei processi altamente anelastici e dei deca-
dimenti radiativi dei mesoni, si discute in generale I’equivalenza dei due schemi. Tale
equivalenza & esplicitamente applicata alle funzioni vertice che sono dominate da
mesoni vettori e sono dotate del comportamento asintotico proprio dell’algebra delle
correnti del modello a quark. In tal modo si ottengono soddisfacenti predizioni per i
decadimenti dei mesoni di SU,, inclusi quelli che sono in disaccordo con il semplice
modello a quark, eccetto il decadimento p—wy. Applicato ai decadimenti radiativi
dei nuovi mesoni gquesto schema evita le difficoltd dei calcoli non relativistici e da
larghezze di decadimento sensibilmente minori.

Hosoe paccMOTpeHHE PAAMALMOHHNBLIX Ppacnanzes ME3OHOB.

Pezome (*). — OGOCHOBBIBAas XOPOLIES COTIACHS NP OIHCAHUM TIYOOKO HEYIPYIHX
HPONECCOB M HEKOTOPBIX PalWAlMOHHBIX DPAacHafoB ME30HOE C IIOMOIILI0 MONEIH
KBAapKOB I METOJA GECKOHEYHOT'O HACBHIHICHIA BEKTOPHBIME ME30HAMHM, MBI JOKA3BIBaeM,
4TO S5TH JABa IOAXONA SABJIAIOTCS SKBUBANECHTHEIMM. IloKa3pBacTCA NPHPOAA ITOH
SKBUBAJICHTHOCTH IOCPEACTBOM BBEHNCHHH NOMHUHAHTHBIX BEPIINH C BEKTOPHBIMH Me-
30HaM#, KOTOPBIC HMEIOT aCHMIOTOTHKM, BBITEKAIOIIME W3 aJreOpsl TOKOB KBapKOB.
OTOT METOH IAeT YIOBIECTBOPMTEIIbHBIC npeickazauus mansg pacnamgoB SU; Me30HOB,
BKJIIOYAS TAKHE DACIAanNEbl, s KOTOPLIX MONE)h KBapKOB HECHpaBeIJINBa, 32 HUCKIIIO-
YeHmeM pacmana ¢ —~ wy. IlpuMenenue 3TOM CXeMBI K paIuallMiOHHBEIM pacliafaM HOBBIX
ME30HOB HO3BOIHET W30EKATEL TPYNHOCTEH, CBABAHHBIX C HEPEIIATHBUCTCKAMM BBIYHCIIC-
HUSMH, W IPCICKA3BIBACT 3HAYHTEIPHO MEHBIINE IIMPHUHEIL

(*) Iepesedeno pedaryueil.
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