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On the basis of current algebras and dvality a general tule is
proposed to introduce large breaking of a higher synmetry into decay
rates, The rule 1s applied to charmel meson decays. W%e also derive an

upper bournd on the D% D° +18deca;/ rate vhich is used to set an lover

bourd on its Q value,

The elactron-positron annihilatlon experiment has revealed evidences
for charmed mesons {1) and the high encrgy JZe collision has indicated
exiutance of charred hadrons, {2] In the standard pleture of gquantun
chromodynamics, there exists an SU(4) symmelry among flavors which is
badly broken by large mass differences of quarks, .Eocausa of the very
large symmetry brezking, m]}xtlng decay coupling constants of char-ci
hadrons with those of light hadrons is not meaningful unless a prescrip-
t.ion is glven as to how tre breakirg interactlon is to ¢ taxen 1nd
account.- One approach to this problem is to calculate each decay coupling
constant explicitly in the potential modc) of quark btound states,

We present hero another approach that rv_fcns far loss to syeciflc detalls
of strong lntex.thlons. It i3 bascd on the SU(2) charge alfetra at equal
times and Regge asympl_ouc behaviors,

Following the standard method, we can derlve the Adler-ielsderzer
(A-4, hercafier) relation for a charmed hadron tarcet., To bte concrete, we

choose the D° meson of JP =0~ here, The relatlon ls written as

2 o0
§ . ’,?J Pla'm -l . 1)

+ +
whe re /E(’xzm", do_ are the X— D total cross sections with the rassless

plon, and 2myV + mz + mi 13 the center-of-rmass erergy squared, s, The
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tntegral 1n the right-hand cide of (1) should converce like J:;y y1es

according to the Regge asymptotic tshavior with dp(o)u 0.5 . If the

Integral is maturated with nonexotic resonances, Bquation (1) vecomos
+

M ro. @
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where D, 1s the mozantun of the D® in the decay into D°1r' of the n th
resonance of spin Jn and decay width rn s and Pon is the decay momentum of
the p° in the case of the plon baing massless,

To predlict an SU{4) dreaking cffect for each individual coupling,
we have to supplement (2) with duality of strong interactlon dynamics.
The lcading Reppe terms hava dbeen successfully cxtrapolalted in the sense
of finite-energy sum ruls down to the thresholds of all ‘of the hadron-hadron
scattering anplitudes so far-analyzrnd, The rate of convergenece in V or
in 3 of the integral in (1) is the same as that for yI5¥ or K7 scattering,
since the convergence 1s determined in common by the p Regge trajectory,
Ve tharefore introduce a crucial dynamical azsumption on strong interactions
on which most of the following results dopend on, T__"‘f_f Regge exchangoe

amplitude can be extranolited to the low enorgy reglon of tho n D czattering

to describe, all of the direct channel D revsonances in the sense of finite~

eneriy sum rule, Then, 1t loads us to a sinmilarity relation detween xD and
nn(or XX ) amplitudes of I = 1 4in L channel, Furthermore, ihe similarity
relationtecomes a simple proportionality relation if resonances populate in
the sane density (in a) in the two channels, For instance, rslative im-
portance of the lowest rosonance to the rect in (2) is the same as that in
sn{or X7w) scattering, If we saturato the A-W relation of jijr sr;atterlng

oaly with thof meson in 8 channel, wo get gz

ox ° n; /(’;r for the pirr

-
. ~4

coupling constant, which i3 tulce as larce as thr experizenial value,
62
P
the A-¥ rolation is saturated up to S0 % by the s channel p reson, The

2 4.2 .
(Coapare 1t with the YSRF relation, g = }-p [f3 ) In other woris,

proportionality betweon nD and xx izpllies that 1f ve saturate (2) wit

the b* nmeson state (JP s 17), we would obdlain the p*° 0 couplirg coastant
cy O o
twice as large as the experirental value, The D — D + 77 dezay rale i3

deternined in this way, including the nonsaturating factor of i,

2
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[ — 0%+ x*) = }x

vhere p s the decay nomentnm. in the rest frans of D**. Kotice that
a d\v.ncnsional quantity f, enters the decay rate explicitly. 7his forula
would not result if one relates the dimenstonless couplings of prx and
D"DX by the Su(b) syrmetry. ' '

ict us include higher mesons in our arcuzent, Tre higher resons
should psaturate the talance of the actual D" contribution, As has teen
pointed out above, there should te a simple proportionality relation Yetivaen
cach corresponding palr of resonance contributions in 7D and LN 3N
provided that the density of resonances is the same in the center-of-rass
equared, - The last condu'ion is fulfilled, for instance, if macs for-ulas
‘hold for a corresponding palr of mesons, D'(JP) and K'(JP), in mass sjuared
as mz(D') - mZ(D) = mz(K') - mz(l(). It has been known that such forrulas
hold well in SU(3) multiplets, and so let us assume then {or char-ed nssors
for a wbile., (Note that mz(D.(l-))-mz(D(O')}z mz(P) -nz(n). experirantall:
The proportionality relation can then be written in the forz of

2341 21-2
._[:”)_'_(_’_D__'_M - (—;\B\) X (29!(_) . (v)

[ (ke (3P) ~x +7) T Pod
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where Py and pK are dccay momenta of D and K in the root framcu of D!
and X', Tespectively, and pon and p°K are the decay momenta with massless
plona, Vithin SU{3) multiplets, this rule can not be tested decisively
against others tecause of experimentsl anmbiguities. For instance, ()
predicts from I'(X") = U9,B MeV Lhat the p meson width [ (p). should be

129 KeV, while the SU(3) syametric values for the dimenslonless couplings
lead us to J{p) = 173 KevV,

The prisont methol i3 less powerful in radiative decays.as the electro-
magnetic current consists of isovector and isoscalar parts, For the iso-
scalar current, equal-time algebras provide us wilh no convergent sum
fule which we can use for our purpose, ¥We can derive, however, interesting
results for the isovector part from the Cabibbo-Radicati (C-R, hereafter)
sun rule, [3]- Followlng ths standard procedure, ws obtain the C-R sun

rule for the Do moson in the resonince approxiamtion as

—P(O)*-Zﬁl_(_zf_‘li)_l._xzr . (5)
(ol nD)J

n

" whare r; 18 the “decay rate” of the n ih resonance into p° + isovector

‘photon, P;(O) is the first derivative in qz of the isovector electro-
ragnetic form factor Fv(qz) of the D° meson, and exotic megons are assumed
10 be atsent, as tofore. Note that the isovector photon can coupls only
with the u and 4 quarks, The electromagnetic charge radius in the left-
hand side of (5) is therefore daternmined by‘the 1ight quark distribution
inside of the physical D? meson., With the Okubo-Zwelg-Iizuka rule taken

into account, we can write ihe coaplets form factor F(q2) in the form of

: (-

P(a?) = P (q?%) + Fyle?)
Fla®) = - (1 -2 ), (6)
Fo(a®) = (/)0 -7/ ) - (1/8)(1 - o¥a2 )

for the D° meson in the simple pole approximation., Ve thus have F;(O) L

-2
-4 o By substituting this {n (5), we confare (S) with the C-R sua

rule, for instance, for the kaon in the same approximation,

.2 nd .
bat = Z "(7‘(2’ 23 *1) mo ) x2 I . (7)
®no -

Again under the assumption that the density of resorances be the saze for

- charmed meson gector and strange meson sector, radiative decay rales into

the isovector photon are subjected to the SU{4) correction as follows:

Foeh—o +7,) (pD)J

receh-x +7)

. (®)

for an arbitrary spin J. When the decay 1s through an ¥1 or El transition,
this corruction factor 1s In agreemont wltg vhat the static quark molel
pradicts, Ngte that Ml and E{ transition patrix elesents of 7; are
1nv9rsely proportional to the light quark mass for >4 W

The comparison with the static quark model suggests that the radiative
decay rate for ihe omission of a photon from a light quark, partly isovector

and partly isoscalar, may be glven by

IRCII A I R 7 P 0
r(K“-(JP)_.K*.Q Y) - > . (9)
q X



-1~
where 1q donotes tho photon enitted from a light quark,
Let us apply our rale to the po* dccays, One intereating features of
the charred meson mass spectroscopy is that the 2% D° +x° docay 1s
tarely allovcd with a Q value not much larger than a few KoV, The radlative

dscay D°°—+D° + 7 nay wvell coxpcte with the plonic decay. Experimentally,

»(D%) + =(D°) = 3869 + 6.4 PV, (10)

but the rass Aifference has not been doternined sufficiently accurately,

The ralative branching mtio By, = ['(D°"—» p® +7)/[TT0°%e 0% + ) +
r(Do'—¢ D°#7t°)J has bcen given to be (40 + 5)% in the preliminary report [1],
If ons retains only the photon enission from the light quark, the radiative

DO. decay s related to the () —»9f ¥ docay through () as

T 50 47) = 2 (afa) T(w= ot 47) (1)

vhere qD and q, Ao the docay momanta, With the charmed quark contriu-

tion included according to the static quark model, (11) 1is modified as
J 2 ;
[(0°s 2°47) = 2(a/a)” (1 ¢ A/A) Tlwes? +7),  (12)

where At .nnd M, are the total magnetic momonts of the ¢ and u quarks,

respactively. The plonic decay 1s calculated from (U4) as

F0%e 0 ) = (/5 TR = K47 v oo v (1) -

Leaving the Q value for 10+ x° as a froo paramoter, va obtain from

(12) and (13) with p fp, = 0.2

1/(1 + (/.06 HeV)% ]

B -

, (1)

By oquating this to the preliminary expcrirontal valus 0,40, we deduce

—% -
Q=573 MeY, It 1a interesting to note that (2) sets an upper bound on
(ot 0 + 7*) as

J

r(D”—-'Do*’IL’)' < Pz__
: 1271,

(15)

This 1S a consequence of the current algebra and absence of exctic charred

mesong with no further dynamical assumption at all, It leads us to

3
By > t/[1 + (2.7 nov)rJ , (16)

which in turn requires @ >3, KeV for B = 0,40, If one relates p*2e® ¢+
7 and WP + Y by, the static quark modael and uses the SU(U) syznstric
values for the dimenslionless DO'D°n° andfr:'rt cogplings, the denominator
of @ 1n (14), 4,06 MeY, would te nultiplied by [m(D'o)/n.(K')],u/3= 2.97.

We have 'so far been assunming that the nass difference for=ilas hold
in aquared mass 50 that the density of resonances {s the sase in channels

of different quantus nuabers, This would not bo the case for taryors.

If it happens that the mass formulas hold in some power of mass different

from square, our prescription should be modificd accondinsly., let assuse

that the mass fornulas work best in n’, Then, the foravla (4) should

be replaced by

: 2J+1 - 2-2 o 10)-2
Fo@h-pm o rpy /po,} 2 [n(00) {m2<n->-az(a>}ﬂ -
Fxe(ah)= xan) ( P ) \ Pop n(x*) a2(K')-n?(X)

and the radiative decay formula (8) should also v modified in the sane way.

This modi{fication applies to the lowast resonance with J& = 17, too, -

.

- ~

Yo 4
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Hovever, this doas not affect the ratio r(D°'~vD° +)’)/F(D°'—¢ ° +7t°)
as calculated in (14) and (16), since the modifying factors in (17) cancel

theazelves, In fact, independently of the charmed mass spoctrum, the

formula for ratios

3 ‘o
I NCRCIES LS A R
Fx Pyt + 7)

e e 2441 22
Ci'oM =0+ o (P} | [Pox) | (%
Ix °aT)=x° +x°%) P Pop 1
holds valid.- For the decays of baryons, J should be replaced by orbital

angular nomentus f in the right-hand side of (18),
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