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ABSTRACT, -
It is argued that the relationship, 15, |=KR/4, between the PCAC

anomaly S, , associated with the decay s9- yy, and the constant R =

) -)m(“e""e“ hadrons(s)/ Oete~
between the yield of 'mormal" hadrons to the total in e*e~ annihilation,

= lim wt M_(s)) defines the ratio K=Rp/R

Approximately equal production of "old" and "new' hadronic states at
very high energies is predicted, Implications for the decays n— yy ,

7'— yy ando —y y are also reported,



From the singularity structure of the product of currents at

short distances, Crewther has derived an interesting relation

(1) |Sn.‘ z"i{—" R

(2) (1,3)

between the PCAC and PCDC anomalies, defined respectively by

.1'62

(2a) S, =~ To—Cuvag J‘ d4xd4yxay ol ?JJ(3)(y)J )1, (0)]o)

2
. A :
(2b) -I—;- =—%Jd4xd4yxu x, ¢O|T( 9 Dy, (y)Jy, (x)J, (o)l 0)

(3)
52

[ A
Jp, (x) the hadronic electromagnetic current, o(y)= O D, (y) the trace of

where J (y) is the:third isospin component of the axial-vector current,

the energy-momentum tensor with Dj (y)=y" 0, 5 (y) the dilatation current,

The constant K is defined by the operator product expansion“)

v JM'(X),_'J'v (0) =Rf(gym XZ'ZXM Xy ) (7 x2)~4+
(3)
5(3) 1 .(8) 2.-2

5(0)
( 53 (0)+ 3V’—J“)B ) (7 x”) +

+K8W"aﬂ x¢ 58 (O)+

where the axial-vector currents transform under SU(3) like 771,, #° and
/ :
g respectively, Taking the discontinuity of both sides of (3) it follows

at once from the commutator

(4)

1 (3)

Tgg (0)+

1 (8)

3‘/'“ )

where§a— '(1,0,0,0), that K is assumed to represent the modification of

0y 63 (2)

the usual U(6) X U(6) current algebra commutation :r'ule(zjt>



@) [ ©0.2),3, 0] = -2iguugge® & “;’ O Tggon )y o)

by interactions at short distances, One would expect from this, that, a priori,
K could be any finite number, not necessarily less than unity, In fact if

there is a rather large parallel - antiparallel asymmetry in polarized deep

(5)

inelastic electroproduction'”’, which measures the commutator in eq. (4),

and if there is a large production rate for the process eT+e™— gt + pu~+m°

(6)

at high energies' ', which measures its square, a natural explanation,

albeit not the only, would be that K is greater than one., On the other hgnd
“(7)

making use of the experimental value of Sy

SF’EAR(S)

and the indications on R from
, it follows from eq, (1) that K is necessarily less than one and
will be very much so if R cornes ont eventually to be much greater than
two. This circumstance is hard to understand, particularly so since ha-
dronic symmetries, like the U(6) X U(6) current algebra abstraction,
should become increasingly better approximations at high energies, with
K=1, It is, co'nsequ‘ehtly, not easy to miss the impression that, in a cer-
tain sense, the main function of the constant K is to modify the U(6) X U(6)
commutator (4') in a such a way as to make it possible to accomodate a
large: value of R with.the correct width of the decay #°~syy . This arran-
gement, although it appears to work, is less than compelling, There are,
as can- easily be seen from eq, (3), other constraints on K, besides Sg s
which must be considered. These come from the decaysn—yy and n'— 77,
whose widths are related to the corresponding PCAC anomalies S,,7 and S,ng.
The purpose of this paper is to suggest a different interpre-
tation of the connection between PCAC and PCDC anomalies, which does
not require a modification of the U(6) X U(6) current algebra commutator
(4'), and restricts only a.component contribution to R, and hence can
accomodate, in principle, an arbitrarylargevalue of R, The further limitation

on R comes from the decaysn.— yy and 9'-—» yy whose anomalous constants
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Sy and S’ﬂ' can also be related to R as well as to Sy, The new int'erpr,ef
tation of eq, (1), as will emerge in the sequel, does not imply that the
Crewther alternative is invariably excluded, The point is that the value
of K introduced in this particular way is very close to one, Our main
claim is therefore that there is 'a strong indication in ,th;a relationship
between PCAC and PCDC anomalies of a large contribution to R from ha-
dronic states coupled to the newly discovered vector mesons(g).
Motivated by the recent discovery of these new vector mesons,

of normal electromagnetic, but suppressed hadronic, couplings, we en-

visage an enlarged structure of the hadronic electromagnetic current

= ABE) (3) (8) (E M) _ (u 0), 1 .(8,0)

(5)
(o 3) (0 8)

M\/'u’

from a U-spin scalar of SU(3)z SU(3)p to a U-spin scalar of the direct .
‘product SU(3)y X SU(3)p with charge operators Q(E) =I3(E)+ Y(E)/2 and

+

QM) =Ig(M)+Y(M)/2 respectively(m). The new vector mesons are assi-
gned to an 8 + 1 multiplet of SU(3)y; and are singlets of SU(3)y. Similarly
the "normal' hadrons are singlets of SU(3)pg. With this proviso, one finds,

on making use of asymptotic chiral symmetry and the operator product

expansion
J(E,M)(x) .(E,M)(O)=R (¢ x2-2x, %) (wxl) "t
w Jv E Buw e '
2 2,-4
©) +RM(ngX -ZXMX,,,)(\TUX )y T+

(o, O)+ J(3 0)+ 1 (8 0) 2,-2

+ E‘u,yaﬂ Xa( JBB ,_; 55 3'J— 5B ( JoX ) +

0 2 0,0), 1 1
+ 'SPJ”aﬁ’ x@ (~§-— J(53 )+—§-J(0 :3), . 3)\/.-J(O 8))(n x )



in eq, (2), that
(7) |5;n| =RE/4
whence on comparison with eq. (1) we get

(8) K= RE/R, R=Rp+Ry,

We have thus identified the constant K in eq, (1) with the fraction of
hadronic yield in ete~ annihilation at high energies from the SU(S)E piece
of the hadronic electromagnetic current, Since Ryy#0 the condition K{1
is now both natural and obvious,

The immediate consequences of this new interpretation are of

(5)

course that Bjorken's ™' estimate (% 20%) of the parallel-antiparallel asym

metry in polarized electroproduction and the analysis of Gross and Trei
tm.:an('s') of the cross section of the process et+e— #t+ p-+m° remain

(6)

unchanged. The rate of the inclusive process etre-— wtt pu-+x which
receives contributions from both pieces of the electromagnetic current
is increased by the factor (1+(1-K)/K)2).

A
Now if the SU(3)y X SU(3)y; singlet operators 0 Dx(y‘) and
(0, 0) 4

they can be treated as chiral partners, then considering the decays

are both sof‘t,‘ and if we assume that in the short distance limit

0—»yys T yy.m—>yy and 9'—>y y together leads to a very simple deri
vation of the Crewther relation, Our assumption implies that the SU(?S)E
and SU(3)y; type hadrons are equivalent with respect to their electromagne
tic interactions, Not surprisingly the value of the ratio K is found to be
1/2 in this case,

Define for any pseudoscalar meson P"(a’ b) (e. g. P(Sa’rb) =

wO, m, M, ,,,) the Green's function

nz

(9) 'Sﬁ(qz) Ty 81‘“’03 j\d4 X d4ye'quxa yB (0‘(]513(5‘)‘ )‘(iy)J‘u (x)Jy (‘x))' 0>



s b) . .

where the interpolating field of P(a ) is defined by

(10) PP -2 byl 0,1
fP 52 S :

A {0, , , ,
Comparing eq, (9) for nl(y)=(1/fm) [e, Jﬁ(‘le O)(y) with the Green's function
for its (assumed) chiral partner 8(y)= Y D}’ (y), that is
VA R jd4 dtyel Lo 2D, (57, (1) (onlo)
(1)YA(Q") = i3 gﬂa gvﬂ )d " xd ye Xaxﬂ _ 2y w (%) J,
one reads off from eq. (6), at q2=0(11)

L s _ 1 .
(12) IS n)l = 5 Isal =2 EFR = | S5l
The .constants R and K are thus completely determined

(13). K=1/2, R = 8|Sy~ 4

where in the last line we have used |S,| 2¢1/2. Clearly the generation

of J(5(;.’0) from both pieces of JLE"M)

important for this result,

with equal coefficients in eq, (6) is

The coupling constants Epyy defined by

3 2
p (- Epyy
16 © 4w

(1) (P -

are related to the anomalies SP b;y(z)
| mi,
=_ -G )
(15) Epyy TTw2V2 5 Sp
P
Hence using the mixing

o
(16) g = Mg C0S0 - 7, sinG, N'= 7g Sin@ + 1, €080, 6= -10



we obtain the correct widths I'(—>y y)and (7'—~>yy) interms of

I'(no—>yy) from eqs, (12) and (15), that is(lz)
€0
L TPYY _ .
g"?)"? \/5— (cos0-2 \/2"51n9)
(17)
g o y .,
g”)')’)’ =~—-—~—ﬁ:-— (2 \/Ecos@+ sin 0)
provided.
2 2 2 2
, mpg My m'r)L 3 My
(18) fo. £, T, V2 1
8 T 771 41

the first of which is the exact SU(3) expectation while the second requires
approximate overall symmetry in the pseudoscalar nonet, Thus, as no
ted previously, 14 couples not only to pairs of isovector and isoscalar
photons of SU(S)E but also to those of SU(3)y;. This is different from
the conclusion of Kramer, .. Schildknechtand Steiner(ls).

Consider now the decayso— yyando —»mmw. It is reasonable to

expect, on the basis of egs, (7) and (8) and from the PCDC relation
3 , i 4
(19) s(y)=mZr )t 'p, ()

that ¢ will not couple with its full strength (~ I/FG ) to the E- or M- type
hadrons, Assuming the same strength reduction as for the correspon-

ding photons, one will have, for instance,

2
= (G R)/E

(20) = Kmy [F, :

Somm ™ Eayy

where the coupling constants are defined by the interaction Lagrangians

. . = - .

and Fy /K150 MeV is gotten from m, = 700 MeV and the width

T(owmwm )= 400'MeV(7). Eliminating F; from eq. (20) one finds for the



8.

decayo— vy (3)

(22) F'e= yy)=0,2 (= R)Z = 12,8 KeV

on making use of eq. (13), The above estimate for ['(6-9 Yy ) is of the
(14

same order of those obtained from finite energy sum rules{lq’).

It is interesting to compare the predictions for R and K in eq. (13)

with those obtained by application of the extended vector meson dominan

(15)

ce to include the new vector mesons (3,1) and ¥'(3.7). To this

end we assume that A(qz) (cf eq. (11)) satisfies an unsubtracted disper

(16) (3)

sion relation so that using the anomalous trace identity

2
(23) A(qh)= 2g? Q) 2 g
28
one can write
0
(24) At))- b (0)=-Z @Y e
o 2,2
(s-q%)

Saturating 1m [T (s) with the contributions of vector meson peaks of both

E- and M-types, we have

9 [0 0] mz 9
(25) ImlI(s)= 4% % —.:,—”—“ 6(s-m®)
n

n=0 f

where (emi/fn) is the coupling of the vector meson of mass m,, to the
photon, Making use of the mass and coupling constant spectra mi” mi(1+2n)

-
and fi=f(2)(1+2n)(10), eqgs. (24) and (25) giver(le)

2 2
2 l6mwa
DAY - 802 —S—) ¢, L.
(26) )
167a
2B A g2, L --9— )
352 om? 2 2m
e M 2



10,
(33) KK' = —;—

It is now clear from the particular combination of K and K' in eq, (32)
why it -is not easy to suspect the presence 01:'K=HLE/R in the Crewther
relation. However, since many models seem to agree on a value of Rp

(16,17)

around 2 , the experimental value of|Sy|~ 1/2 implies that K!'

cannot be very much different from one,
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withe in SUB)g and @ in SU(3)y;. We have multiplied the rhs of (26) by
an overall factor of 4/3 to account for isoscalars, £(2,2z) is the genera-
lized Riemann Zeta function of order 2 and variable z, Equating the

constant terms of both sides of (26) for large q2 yields(le)

« 2,1 1
(2 = (Y =
(27) R=28 (2 + 5 ) RE+RM

To calculate Ry we. shall identify (3,1) as the equivalent of
w(780), We consider two possibilities: i) 9(3.1) is not the lowest mass
member of the family ii) ¥(3.1) is the lowest mass member of the fa-
mily, Corresponding to the first possibility and taking, as an indication
the mass squared separation

2 2 2
0 pe L'

eq. (27) gives, on making use of the experimental decay widt’h(g)

(28) , 2m” =1 -m, 4,1 GeVz

B 2 "
(29) rp—1'17)= 285 20 4 5gqy
| | f
(30) R= 5,18, K= 0,48

where Rp =8 Wz/fg = 9. 5(155 16)‘.
If ¥(3.1) is the lowest mass member of the family one finds with

the mass spectrum m?l = m12p (1+bn) and width T'(y—»11)2 4.5 KeV
(31) Ro4- 96, K2 0.5

These numbers. are very close to those in eq, (13). ‘
To conclude we note that if the overall coefficient of the axial-
-vector terms in eq, (8) is K', our arguments still apply with the result

4 K .
(32) ”ngl‘_:_“' R_ ==

Substituting from here into (12) yields
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