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ABSTRACT

Motivated by the remarkably good
agreement in the descriptions of deep inelas-
tic processes and scme radiative meson decays
by the guark model and the method of infinite
vector meson saturation, we argue in general
that these two approaches are eguivalent. We
explicit the nature of this equivalence by
endowing vector meson dominated vertices with
the asympitotics implied by quark current al-
gebra. With this leverage:  we obtain satis-
factory predictions for SU(3) meson decays,
including those for which the quark model by
itself fails, excepting the p—my decsy .
Applied 1o the radiative decays of the new
mesons this scheme avoids the difficulties of
non-relativistic calculations and predicts
considerably smaller widths.,
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1+ =~ INTRODUCTIOQON

The study of the radiative decays of the newly discovered states
is presently an industry. Unfortunately the non-relativistic bound state
picture which describes fairly well their speciroscopy glves rather large
decay widths 1). 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(3) and sU(4) [SU(3)xsU(3) and
sU(4)xsU(4]] are dominated by vector mescns, with sppropriate quantum numbers,
and exhibit a quark structure asympiotically. The model derives 1its motiva-
tion from the remarkable agreement between the quark parton medel and the

3) in the description of deep

method of infinite vector meson saturation
inelastic processes and some radiative meson decays 4 . We provide a basis
for a more general phenomenclogical equivalence between thege two approaches
by imposing on vector meson dominated vertices the asymptctics of quark cur-
rent algebra. The model is not completely defined by this requirement, how-
ever, 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 prescription for implementing the saturation with vector mescn poles
and deduce therefrom the strong interaction couplings. This is done in
Section 2 where we define the vertices V-—DPy, P—Vy, P—wyy and fix our
notation. In Section 3 the model is tested on s7(2) meson decays. The
predictions are very geod, imeluding those for whiech the guark model by
itself fails, excepting the p—my decay. The appropriate corrections to
simple VMD are also cbtained., In Section 4 we examine the decays of the

new mesons in SU{4) and discuss briefly the mixing of the three pseudc-
scalars m, m' and m,, eventually responsible for the decays W(ﬁ')“*ﬁyr
and m(w')—*q’y. Section 5 contains our conclusions. 4 short Appendix

presents the caleulation of -an important parameter used in the paper.

2, - VERTEX PUNCTION AND CURRENT ATDGEBRA CONSTRAINT

In a vector meson pole dominance model the radiative decays of
pseudoscalar (P) and vector (V) mesons P—wy, P-Vy and V-Py, with
wid ths
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can be deduced from the amplitude for one of them. For instance, from the

P~y vertex defined in terms of the hadronic electromazgnetic current by

QPyAtq:\q-;F 91 ‘1 F) -L‘KCLXEL (O]T_]("JJ(O))]C)) (2.2)

one geis

%prr‘:F(O,O;Pi: mi) = FP (o0,0)

(2.3)
%VPVTL{\; - qt;:m (m-9k (0. 9%)

where mV/fV is the coupling of the vector meson of mass m to the photon.

v

Consider the case P=zn" to begin with. Fﬂ(qf,qg) has a double
series of poles in qf and qg corresponding to the I=1 and I=0 wvector
mesons which can couple to the phofon. Simple VMD 5 assumes that only the

p and w contribute [ideal mixing : mixing angle 6y =8, , = arc sin(T/JBZ]
s¢ that

FTE(O,‘O) = & gfwn/)cf fw (2.4)

In the quark model on the other hand the FP(O,O) are related to PCAC triangle
gnomalies 6 PE-TY -
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FP(O,o; P1:O) = - SP/QTCQ'&:P : (2.5)

where fp is defined by

2ol 35,01p> = if k.

(2.6)

In the fractionally charged colour quark model '|Sn]=-% and extrapolating
(2.5) to p2==m§ one obtains a good prediction for TI(r®—yy). Numeric-
ally Eqs. (2.4) and (2.5) agree, but this is not enough to make the %wo
approaches eguivalent. In fact they are not. For instance, according to
the Bjorken-Johnson-Low theoren 7), the asymptotic limi% of the time-ordered

product in Eg. (2.2) for -~ ® with |E1|, {32| finite is deter-

Uo7 20
mined by the commutater of the currents

q{o q OthF (91 qi)

BTL

4 2 A7 L
Ci“j xe z_Ol[jj(o,?J,J‘((o)]lP) (2.7)

The commutator is easily evaluated once the form of the current is specified.

In the fracticnally charged quark model

3 (3)
] _ [{&m <m+9-‘f_ @ 1§71X)
°P”"\ N3 75

ANTISYM (2.8)

1 P}c,? ), jy{o)

where we have considered only {Lorentz) antisymmetric part. are

-ia) (3 (a))
the SU(3) wvector and axial-vector currents and )._¢ Y, Y5 ¢/J6 From
Eqs. (2.6), (2.7) and (2.8), one finds 8

2 |
ACRLN PEGALE Nefo (2.9)
1

where Np are the appropriate numerical factors in Eq. (2.8). 4 factor of

3 has been included to acccount for colour.
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In the ususl field-current identity fermulation of VMD 9), on the
other hend, the commutator in {2.7) vanishes identically because the space
components of the vector meson filelds commute ; the expansion of the right-
hand side of (2,2) in Sowers of 1/q, gives, in leading order, a 1/q4
asymptotic behaviour 8 y in disagreement with (2.9).

- Motivated by our previcus successful descriptions of deep inelas-
tic processes in the extended VMD 5) we impose on Fp(qf,qg) to have the
asymptotics of Eg. (2.9) when saturated with infinite series of vector meson.
poles. Furthermcre we require it tc have the analyticity in qf and qg
of a strong interaction vertex. To ensure this, we fcllow the procedure of

Sugawara and Ademollo and Del Giudice 10) and make the following ansatz

A A

@ _oa(q?) ¥-1 -1 p-21
E(qf,qi)z ko) ldxdy Xy q:‘(4—><) U=y)  (4-xy)

C ©

s 2
_ k [U-x@) T(1-a;) L (5]
[(+¥-aqi) T(14 ¥-ax(q3))

(2.10)

oo, (A= g0, - (g3, 29 B T v-A(q?), 4i- 8 13); 1)

where a(qz) are the vector meson Regge trajectories [a(0) =1, a'::1/2m2:1
g and + are fixed parameters corresponding to fictitious quark-quark agd
quark~pseudoscalar meson trajectories. k 1s a normalization constant and
3F2(a,b,o;d,e;?) the generaliged hypergecmetric function. A more general
representation for F(q?,qg) than (2.10) could be used provided it has the
poles and the analyticlity we have reguired, Because we have a highly res-

trictive scaling condition to satisfy from quark current algebra

2 a2 2™ 2/ a2
B o= 17 F 3790 2
Q?/q;-ﬂxwd
with o=1 and £(x)=constant from (2.9) such generalization would only

glightly increase the labour of extracting the coupling constants. In the

case in which the generalization consists in adding satellites we have
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another argument. 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 3). Satellites contribute non-leading terms. For ?EEHO-

the p and w mass shell conditions give

k. = -j—‘_- %?wm/{p{w (2.11)

The parameter p 1is fixed to be one from Eq. (2.9}

_B
KTOOT (B0 (-%'q) ;B>

F(a5,9;) & > |
LAl T (B .
Ve e ) (g7 et e

From the value v=%, determined as discussed below, Fﬁ(q%,qg) becomes

M (Q,,qﬂ_) “,:—:172 ?‘p“’m ('lglf) (2.13)
f 1

whence from (2.8) and (2.9)

Fow
_ger - - i‘_‘F% (2.14)

In principle vy can be determined in many ways. 1t 1s reiated

to the form factor for the %ransition y(q2)-*nm, i.e.,

e R(ANH) = Kk 2me B(7,4-%(q))

9= ma 9
b3
= My Fwrr (a)) (2.15)
T L
w my T qg_

where B{x,y) is the beta function.



%wml’(qf"o): %Pwn l‘(*/z)l‘(r) (2.16)
2 T W2+1)

and for large qf

-
Ty (97 9% oo > .%gr(x) ("0‘1912) (2.17)
: 2

In the absence of any experimental information on the g fall-off of the

mw  transition form factor, we determine vy from the decay Wof’vv; Tor

which one gets

F.(c,0) = ‘%pwn[g(‘/;z r)] F(‘/z Ya, 2044247, Y217, 1)

(2.18)
28f

Pirst extrapolate F(o, O,pzrﬂmz) to PF(0,0;0) and neglect terms of order

2_ 2
o'm_=m /2m

o (O)—~a (O) %]. Next make use of the KSFR relation

[i €., assign a zero intercept to the pion trajectory.
11)

20 = me/f)

(2.19)

2)

which has been shown elsewhere 1 to be satisfied in our scheme, and the

Crewther relation 13)

ISTCI = RY\/‘I— (2.20)

for our value, Bn==8n2/f§, of the ratio o(e+e_f*hadrons)/’c(e+e+-¢p+p )

for normal hadrcns, to rewrite s with the aid of (2.14) as

1S = 4—7:2.Fm/m;_—_755c}fwm/]cf{\w (2.21)
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Now substitute (2.21) into (2.5) and compare with (2.18) to recover v=32

and

»

28 .
ﬁﬂc\w -(2 22}

With this value of vy, Eg. {2.16) becomes

Fm(o’o) —_ TC 3?0)75

%umr(o) = -E- . ?_;wm (2.23)
f

implying a correction of about 20% to simple VMD.

With all the parameters fixed we are in a position to calculate

the SU(3) meson decays. We do this in the next section.

3. - RADIATIVE DECAYS OF sSU(3) MESONS

To begin with let us consider the decays w - 3m, w-*noy and

WO**yy. From Egs. (2.14), (2.19) and f£=:9f§ one finds

- =
Fewr = TcmlF 2 (350+ 40)GeV (51)

where the error comes from the experimentsl value of r(p—ee e )=(6.45 %

+ 0.75) keV 14). Recall that in the w—37 decay one cannot use the

simple pole model in the fthree channels (s,t,q) ; double counting is
involved. A correct procedure is to use finite energy dispersion 5)
16

tions or else make an explicit model for the amplitude s €8+, a Veneziano

rela-

amplitude. Either way there is a 20% reduction relative to that of the simple
pole model. With this correction and gfnn/4ﬂ::2'85 (i.e., Fp::150 MeV)

the w— 31 width becomes

e O > z
[ e w9 = Fpon Gore (10,5 010" et 980y 02
47




with a 20% estimated error. Similarly using (2.14), (2.23) and (2.22) in
(2.1a-b), one finds

rare—yy) = 40-5 keV (3.32)

FM(w—mey) 2 4-0MeV (3.3D)

with the same error.

For the p—my decay we have By = 1/3 Byriy and

[(p—mY) = {os5keV (5.4)
in disagreement with the recent experimental value T{p-my)=(35% 10)keV 17)
obtained with the Primakoff effect. In view of the well-known subtleties of
this type of measurement and of our results for the decays cg—* my &nd
KO*—’Koy, discussed below, which agree with the new data 18 it seems

highly desirable to have a new measurement of the p—-my rate,.

Consider the ¢— 37 and (p—’TTD-Y decays. These are usually
~assumed to occur because the ¢ -w mnixing angle © is different from

v
the ideal E..e. ’

Eppr = gpwﬁtan(gv-gidﬁ . %g)the - 31 decay there is
1ittle correction to the ¢—pm pole model so that

o R
I ( (p—)‘rU"TB'TLO) = %;frc %_Pmn . ( 38 x-io'SGeV 3)
4-TC

and given the ratic T{g~—3m )gl"(w-* 3 ) 14), 0,=6,4 2.6%, Por o —'TTO'Y
_ 19
Eorry gwwtan(gv-oid) and

F(e—=m¥) =2 4 -FhkeV (3.5)

Another consequence of the small deviation of OV from gid igs a small
contribution to TTO—"YY from vector mesons of the ¢ family coupling to
the photon. The correcticn 10 r(n®-yy) 1is about 5% and can be computed

from



4 [(0-88)
Elo0=T %gmm (1_ Z T 88 ta.n(@v 91&)) (3.6)

Let us now consider the radiative decays with the n and nq'.
With quadratic m and =o' mnixing the quark model predictions for these

decays 19) agree rather well with the data and with the predictions of

low energy theorems for ,(m')-wyy and n(ﬂ')“’ﬂ+ﬂpy 20). The exceptions
are the recent measurements of o¢-—-qy and Ko*f*Koy. 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 Section 2 and define-

2 2 — 1 E} 2 2
B(a,@=1), 90=1) = ’Ealff [B(2, 1-aap].

{(3.7)
(1w, - x4, 2 5 -4(Q8,§-4;1)
with BJL limit
2
2 2 e \_1-'[__ %"7. _ am
Fe( 970, 9, =0) 55— 3 ———-—st’f( ?ff) o)
P

Combined with (2.8) and {2.9), we deduce

a'ngP‘F/-FPS. = — 4€F8/Tt ‘ : - (3.9)

Doing the same thing for the iscscalar part and for the singlet n o we

obtain

%»QXX = 911;;)’( (OOéeP-' 21/?35/&9‘;)

(3.10)
Py gy = - %‘;m’(smei,Jrzq/Z CosOp)
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provided f =fo=f,. In Bq. (3.10) terms of about a few per cent have been
neglected. These come from the difference between the vertex functions domi-
nated by the p =and the ¢ families. The origin of this difference will

turn out, however, to be important for the decay ¢~ qy.

Our predictions for p—ny (p—m'y) and w-my(wm'y) agree
. 19),21)
with those of the quark model (g  =- 3g -3g /PE)
+ pmye~ Bpmty T TBomy T 78unty T Sun®
For oq-mn y there is & large correction o the simple pcle model due to the
fact that the physical dipion mass squared is far away from m2. This correct-

+ -0 15),22)

p
ion is evaluzted as in the case of w—n © m The rate_obtained in

20)

this way agrees with the prediction of low energy theorems « The above

T+ - 2 2
: | R ~
correction does not apply to = T Ty because_ mﬂﬂ__mp.

In contrast tc the above, our prediction for the decay ¢~ my differs
significanily from that of the quark model. This comes about from the pure o
family dominance of the corresponding vertex function. The coupling constant

is

Gomy= 2L N2 cs0pssinee o g (BB(340g)

w

The factor in the last brackets is responsible for the modification of the
quark meocdel result and is about a factor two smaller. If o (qg);za (qz)
then this factor is, of course, unity. The same consideration applies to

the decay Ko*—+KOY for which we get

%KO*KC’Y = 2 %—KM* Xy = ﬁa@nx (3.12)

All our predictions are displayed in the Table together with the experimental’
data and the quark model results. With the exception of the p—my decay
there is on the whole a better agreement between theory and experiment. Our
theoretical predictions are affected by a (10-20)% error and have been scaled
down by an over-all factor of 0.9 +to correct for the uncertainties introdu-
ced by the approximations involved in the determinagtion of our coupling

constants.
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4. - RADIATIVE DECAY OF THE NEW MESONS

Non~relativistic calculations 1),2),23) of the radiative decays
of the new mesons give rather high transition rates, even after unitarity
gorrections 2). We think that the situation here may be similar to the
failure of the quark model in the decays o@-—my and K% - x° v+« We there-
fore propose to apply our treatment of the SU(3) meson decays to the
present problem, in particular to the y, ¢ om, (ﬂ,n')y and  m, - yy
decays,

We assume that the ¢ particles belong to a new family of states
lying on Regge tra,] ectories with a slope Oz'é The implications of this
assumptlon for the vector states (¢r =3/4(3.1)), v,=y! (3.7), yo=(4.15)..)
in e'e” annihilation have been dlscussed elsewhere 1 + ¥Ye get a contri-
butien to R given by R, =2/3 R = 16m /3f ~1.7 1instead of the canonical
value of 4/3, We def:x.ne the electromagnetlc current in SU(4) to be

- (%) 4 (3 ‘()

where
= 7 (x — V3 j (x)
J}L (x) 2( F, (4.2)
Cur normalization of the 8SU(4) Ay (1=0,1544.,15) matrices is
~ L - 1 .
Tr( As 7\3) = 5 S-ij
Te (A = e
1 000 1000
5 _4_(0*"3 A= 1 L9 (4.3)
o=ava\ §%L%/ "5 wWe\ 21,

The fourth quark has the quantum number assignments of the GIM model 24).
From the commutator
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Ca : (3 4 (8
[3}»(0’”’%‘0 =- 42 €opva Jsy ! Hﬁjs,\ (o) +

]
ANTISYM

‘Lo . 1 " i5
3_«(_@_‘( NB Ign (o)+Jéf’(o))+iﬁ(M)) ffi)
'EY 2 3 2

(4.4)

we isolate the SU(3) singlets 35) \["3(15))/2 and (J"géfh ;.5?\ ))/2
of which the first is pure cc and the seconﬁ corresponds ‘to the old sU(3)
singlet in (2.8), associated with n,. We associate (350) J% (15))/2 with

n, @and define the corresponding £ [cf. Ba. (2. 67] vy

45}

401 ‘°’@—V"J 52| Pz > = %.F,Q F?\

(4.5)

By the same token we dominate the current in (4.2) with vector mesons of the
¢ family. The vertex funciion for the decays 4,7 m.Y and m, yy can be

obtained from the function

El(cﬁ’qi) kK BO-x@H,¥) B(-«0(93), 7).

.3}‘_2(1—0((‘?,");1-“("-];), 23""5; 1'1')"‘" d(qiz)’ 14.)’,_ o((qzn);)') (4.6)

where a(qz) is the ¢ trajectory, with
/ —— < 2 ~ O( O "“"'3 g
Vol = i -me, = 4GeV O /

2(

The ¢ mass spectrum is m§f=mo 2y-1

1+an), a= (aémo ~0,4. Compare this

with the  family where a= 2, It is interesting to observe that if e

ig the first member of the trajectory with intercept half unlty below
( }, exactly as in the case of n and p, one gets m.11 ~8 GeVz, in

agreement with experlment 25).

The parameters $ and y in BEg. (4.6), are the same as before.
The normelization constant X' is related %o the on-shell coupling ¥¥me

i.e.y
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' 4
Li, — ;EE . E}WP\P’YLG

T (4.7)
5 L 4
with mw/f¢ the g~y coupling. Irn the BJL limit
FT (:cla'casz) > 551/25 {:71
. L R ) ""E-FE (4.8)
From Eq. (4.6), the left-hand side is !
, / -4
F' ( 2 2) N TC 9"4"?71.5 (" ac ql)
m W92 Tl T aao® £ ! (4.9)
l*)
and therefore
_?iggt_c = — 1_:_(2_ Q Me (4.10)
T 2
\P My

The ¢mn,y coupling constant is obtained from the residue of

2 2 2 2 . .
Fﬂc(q1,q2._o) at Ay =m . It is given by

% . '::-E %W‘Vnc - _.‘,2’\/—_2-_ F‘V.F'ﬂc
leC‘ 4.0 Q_z 'F\P - 15 ———

while the M~ YY goupling is

The hypergeometric function can be reduced to 64(9m - 28 )/m. Witk this
{4,12) becores

L (0,00= T dwen, (9= 28)=-16Vatne (gm-28)
e a2 f? 4 3amg “+
v

(4.

v ' (4.

11)

12)

.13)
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The factor (9mw-28)/4~0.07 represents the reduction of the physical
Me " Yyy &amplitude relative to the amplitude for a sof+ Ul (mncg:o). In

fact in the exact BSU(4) 1limit with @ =y and o =, one gets

FlooiPze) = — 1697 £

Bsz (4.74)

This agrees with the ratio of the anomalies Snc/sﬁ::¢JEy3 from Bg. (4.4).
Therefore, compared to naive calculations there is a large reduction factor
in this modei. It may also be thought of as arising from the extrapolation
of the two-photon legs from ngimi s q2::O. The reduction mechanism is

thus the same as that operating in the decays $—my and KO*A*KOV.

S0 far we have expressed the decay constants in terms of fﬂc'
To determine 1t theoretically we follow the method of Ref. 11). The details
of the calculation are given in the Appendix. The result is the analogue of

the KB3FR relstion

O
QFWF”’IC N ¥ (4.15)

with £, /£ ~1.7 and fﬂC:16O MeV. Substituting (4.15) in (4.11) and
{4.13) gives

2 t
_ _ 2 dimy
Fvmcy 45 (.16)
E (0,00 = - 16 ( 97("28) XMy, (4.17)
M - > 4 c I3

4

and, with m c==2.8 GeV

M

fYy —m.y) = o.6okeV

r(“(lc___> FB’) ~ O« 51 |<€/V (4.18)

For ¢' decsy we find

!
- ‘P\}" Xe My (4.19)
141,

%tr Nt
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(Y —m_v) = 4-3keV

(4.20)

1),2),23)

Compared with the predictions of non-relstivistic calculations ’

ours are considerably smsller. They agree roughly with the results of the

26)

dual unitarization scheme . Our suppression factors have been very

effective,
We now consider the decays vy, ¢'—*n(n‘)y and introduce a small
mixing among gy, 7' and To* Call the physical mesons a, a' and ﬁc.

For small mixing angles {of the order of a per cent) the rotation matrix is

particularly simple.

”FL = M -t o“q.'c
WITEE + B
ﬁc —~ --O(‘Q—"ﬁ"rl/—*' m’lc

The quantities o and P measure the cc component present in the physical
!

3
R

(4.21)

ﬁ and ﬁ', respectively. There is a serious problem in the extrapolation
2 2 2 .2 2 .2 2 .
og Fﬂc(q1,q2) from p ~my, to D __mn, mn,

for fixed values of qf and
ase We have no knowledge of this p2 dependence., Consequently determining

a and B from data is not unambiguous. In principle the problem admits a
solution. One asscclates a trajectory ap(pg) with the p2 leg, the same

as for currents, and studies the amplitude

H(q3 2 b ~ Jdxdy dz X
LAY
. -2)

2 5- _
s D o™ oy

Y- +Xp (PP
(1—xz;)(1—j7-)] .
9T+ P ~ Xp(p?) (4.22)
-({~xyz)
2. 2

2
where & and ( are new parameters. The residue of H(q1,q2;p ) at
ap(p2)= 0 gives the vertex function. Unfortunately (4.22) introduces

extra parameters on which we have not enough constraints. Only H(0,0;0)
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is fixed by the anomaly. We are therefore unable to satisfactorily account
for the p2 dependence of the vertex function. Consequently we will incor-
porate in the quanitities o and B both the effect of mixing and of extra-
polation in p2.
A straightforward calculstion using (4.16) and (4.21) gives

CCy—=7Y)
C(y— 70 = Fap kev (4.25)

90 o “keV

.

Using the experimental values I{(§—nqy)=95229 eV 25)

and T(¢-nq'y) =

: 27) 2 . -3 2 -3
# 0.38 £0,24 keV one gets o = 1.05x10 and B =5.3x10 7. For the
decays ¢'—+q(n’)y, and neglecting a possible variation of o and g

with qf

My —>7MY) = 52« keV=0-055keV

F(Wo>RHY) ~ 45p keV zo-23keV (4.24)

From Egs. (4.6), (4.10) and (4.21) one finds

— 2
[ (y'— 7)) = 4004 keV (125)
and therefore a2::2.5x10—2 from the observed value of about 10 keV 27).
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
p2 extrapolation with the photon mass. However, the smallness of cc
component (az, 52 < 107%) required to account for the above decays makes

this simple mixing pattern very plausible.
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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 totel eTe”™ annihilation intc hadrons and
in deep inelastic scattering we have exhibited a model with Infinite vector
mesons which has these two properties. By explicitly reguiring the quark
model asymptoties to held for general 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 guark model by itself fails. We also obizain the right
corrections to simple VMD and interesting relations such as that of Crewther.
Applied to the radiative decays of the new mesons, we have shown that a sup-
pression mechanism operative also in the decayé p—my and KO*—*Koy, is
of the right strength to produce reasonable decay widths, usually about a
factor two smaller than predicted by non-relativistic calculations. The
decay p-—-my is not well understcod and constitutes the exception in an

otherwise satisfactory set of predictioms.
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APPENDIX

We show here briefly how we obtained our value for the constant

fﬂc defined by

lJm (©)~ /\[_J‘I*(o’\TL (P)> _ 'L'F*q Ff‘

(a.1)

in Eq. (4.5). We follow a procedure 12) already used with chiral sU(3)

currents to derive
2 .
QF;{I = m; ; {K/‘ch’: 1.25

If we now invoke asymptotic chiral SU(4) and assume, as in the case of AT’
that the chiral partner AC of ¢OE;¢(3.1) lies half way beitween 4 and

a'y di.e., mi -mfggﬁw’ we get the analogous relation

2 Z
2«‘&, ‘F—qc = My (1.2)

where mj/fqr is the coupling of the ¥ to the photon. We start by comsi-

dering the Green functions

9 Co
At ) =(u9 %, 3DA () [ty "ColTEw] 0 2 0

{4.3a)

Arw ()= (Tugp~ %}wc‘? H A 9% + %y\vél CCJZ) = (4.3b)
= [dfxdtye <O|T(9(y)Ar,Lx)A ©)) o>

M =@9,-9,.,9T(q>)= ’LJoLX‘?f Il A @0y (a.30)

T (D= Qpdp- g TG + D, T2 = )
,Zij&‘%xei7X<OIT(ATL(><)A1}(0)){ o>
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where ©{x) is the trace of the energy momentum tensor jix) the electro-
magnetic current and A an SU(4) chiral partner of a vector current in

b
jp. A(qg) and Ac(qz) satisfy the trace identities

2 BM(g* R
A(C{;)z—jq ;r(c?z) = erc? (4.4a)
< Z 2 [} . 2 — 3R
A= ~29 'aqz(Tt (q?)+TT"¢q J) o (4.4b)

with R the ratio R::c(e+e_—*hadrons),/c(e+e_4+p+p-). Saturating jﬁx)
with the ¢ family and taking ©(x) as bilinear in these vector fields,

we obtain, with as usual

2 2 .
M= ), amg =4l To,/my, = fo/md

2 29* (A2,
. Y= T Y - -a:_ =
A¢(g® R 5 Ay (4.5)
where g(z) is the generalized Riemann zeta function and
¥2\ 4.27C1
. _ S (A'6)
Y o\]Lq/
is the ¢ family contribution to H. 1In the limit q2~*m.>
2z
2 i m o2 ‘ {
A ) — 70 (2 mg-1) + O Y/47)
Y 1 ¢ (8.7)

L.I/

For Ai(qz) we saturate in the simplest way consistent with asymptotic
chiral symmetry and PCAC, i.e.,

P a2 2
"m.ﬂ'c(s) N \m-n_nc(s) =TcMA_ Z %(s~mAm)+m{‘%8(s—m,lc)

T M
{aqc (4.8)
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2 c]?. (A.9)

—_ MNe (mn:(z:_c‘z)z
In the 1limit q2—*m  we zet
2 2 2 2 '
My / ﬁr = MAC/~FAC (4.10)
2 2 a2
¢, . 1M Qa’m"—ﬂ—'?‘f'ncﬁk 1
Ayl§)—> g2 F: [( o W +0(79%) (4.71)

Exactly as in the case of chiral SU(B) equality of the coefficients of

1/4° in (A.7) and (&4.11) yields (A.2), with our assumption sbout the
pcsition of AC.
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Decay widths Theory Exg:ﬁ:;.m?zltal Quark model 19)
I'(w—3m) (MeV) 8.8 9.00 £ 0.06 input
M{w-m’y) (MeV) 0.9 0.87 £ 0.05 input |
T{w—my) (keV) 7.3 8.9 * 40 7.3 * 0,5
T(p-my) (xeV) 95 35 £ 10 17) 935 + 6
I'(p~my) (kev) 55 < i60- 55 + 4
o= 3m) (MeV) input (ov) 0.66 £ 0.06 © input (ov)
rp=n’y)  (kev) 4.2 5.9 % 2.1 4.2 % 0.3
Fle—my) (xeV) 45 63 = 15 18) 175 + 13
r(n®oyy)  ( ev) 9.0 7.8 % 0.9 input
T(m=vyy) (kev) 0.43 0.324 £ 0.046 0.375 * 0.042
r(n =yy)  (keV) 7.3 BR=1.9 % 0.3 6.35 £ 0,73
F{q=nny) ( ev) 41 42 + 7 41 + 16
F(qt =nmy) (keV) 120 BR = 27.4% 2.2 118 = 9
T{m' ~wy) (kev) 11 - 11 £ 1
r(g°*-=x%) (xev) 56 75 + 35 18) 217 16
rx**-x"y)  {(kev) 14 < 80 52 £ 4
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