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On th., b.<sis of current alc;abras anJ duality a (';".:1er'L1 rul~ Is 

proposed to Introduce largo broaklnt: of 11. higher &yr:~melry Into decay 

r~tes, The rule 1s app11~d to char~e~ ~eson decdys. oe also derive an 

upper bour.J on the Do-- D
0 + .J' decay rate vh!ch Is usrrl to sf!l a:'l lowe:: 

bour.d on its Q value • 

The clectron-pw.llron annth\lat\.on exJX:rl~.enl has revealed evld~nces 

for channe<l mesons (1) and the hlr;h encre;y1?.c collts.lon has 1ndlca~e1 

exbt~nce of cl•.1."'·'!d hadrons. ( 2) In lhd ~landan\ picture o~ q=nlun 

badly broken by l.,rge IOaG!I dlffen.>nces of qu.a.rl<s, Eucause of the very 

lar~e sy111metry breaking, relatlne decay couplll1(l consla~ts of cr.•r.cj 

hadrons wHh those of H~;ht hadron" Is n·ol '"'"nln:;ful unlcc.c. a pru;crlp-

t1on I,; given as to ho;~ H.e brea.'<lcg lnltracllon Is to ~ t..:li<en In::> 

account,- One apprna.ch to this problem Is to calculate <"a:h d<:,,y coupling 

constant explicitly In the potP.ntlal model of quark bound stat~s. 

llo pn:sent hero another approach lh.ll refer.; far los~ to Sl'<-'~lflc <!cla~ls 

of strong tntcracUons, It 13 ba~c1 on the S:J(2) char,;c alretra at e<;"-'1 

times and Rce;ge asymptotic beh.:-.vior:;, 

followlnr; the sta.n1aiiJ 0\Cth<>:l, we can <!erlvc the Adlcr-·.lclsbcr:;er 

(A-'J, hereafter) relation for 11. ch.lnr.cd hadron lar!:;et. To be co~crutc, we 

choo'>e tho D0 111eson of Jp "o- hen:>, The relation Is "r\tte:~ as 

2f2• Joo<IV { l .:-:;{ -v· o'0 +(") - o'0 -(v) (1) 

"· 
where /2f":ctn", cr! 

0 
are the 

+ -x- D tota.l cross sec lions with the r...assl~ss 

pion, and 2m0 v + 2 + 2 1:1 the cenlcr-of-rr.ass er.cr~y 10qu.:> red, s. Tt,o mn mit 

I 



.. 

lntecral ln the right-hand clde or (1) should converc;e llke J~ ,~~-1. 5 

kCCordlng to the Re&be asy~ptotlc b&havlor wlth dp(o)~ 0.5 • If the 

lotecral 1s aaturaled w\th nonexotic resonances, Equation (1) bocomos 

2" { )} 2J +t 
1 '"r,. ~ 4~ (zJn+t)/IEoJ <~onl1r,> n, f n (Z) 

wt-.ere !n 1s the II>O:t3ntu~ of tho 0° ln the docay into D
0
"lt+ or tho n th 

rcso~ce of sp\n Jn and decay width ~ , and !on is the decay momentu~ of 

the 0° ln the ease of the pion boln~ m&Sslese, 

To predict an SU(4) breakinr, effect for each lndlvldual coupling, 

we ha\'11 to su;>ple,.,nt (2) with duality of strong intu:actlon dynamics. 

The leading Reece lel"MS have been ~uccessfully extrapolated in the sense 

Of f1ntle-energy SUII rule down lo the threehO}dS Of all .Of the hadron-h,.dron 

scalterl~ &~plltu:les so far'analyznd, The rate of convergonece ln v or 

lo 3 of the integral 1n (I) 1s the saM as thAt for 7f7! or K7C scattering, 

s1n;;e the eonvergenc~> 1s daternlned ln comraon by the p !Iegge trajectory. 

lie th.;ntfont introduce a crucial dynamical aaau~ptlon on strong lnteracttons 

on vhlch I!IO&t of the follo"lng rnsults do pend on, Th 11 _e_f'. ce;3e excha~ 

A'"p\1tu<!e Can be t'Jlranol;,ted to the hv enorgl melon of tho 1f D G~alterlng 

to •lcscrlbe, all of tho dll"'!ct channel D rosona.ncos In th<l sen~a of flnitc­

~~..!:!.."1 su111 rJle, TMn, 1t l':lads us to a st,.llar\ty relation ootweon ltD ani! 

1'Cil(or KX) lll'lplltudns of I .. 1 In t channel, F urthernore, the similarity 

n!latlonrecomes a simple proportionality relation 1f resonances populate in 

tha sa..,e deMlty (In a) in the two cl'..1nnBla. F'or Instance, rfllatlve 11.­

portinr.n of th~ lowe3l ro:sonanca to the n~c.t in (2) ls the same as that in 

.,..7t(or K7f) scattering. If w• t t th • 11 1 ,. a sa ura 0 e .. - re atlon of 71"Jt s<:attarlne 

only vith the f •eoon In s channel, we aet ·g2 ,. 2 /f2 f .., 1''"' "p /C or the _p7t:JC 

coupl\nc con:~tant, w!1lch is t·•ice as 1a.r~c as tl-.! ex~r\T.cn\t.l va'l:Je, 

(Co;opare It wlth the Y.SRF relation, &;r.x'"} •! /f~ .) In other wor:ls, 

the A-ll rnlatlon Ill naturated up to 50 ,; bl the s ct\.1n:1el p ='"~on, i~.e 

proportionality ootweon 7!D and JCX bplles u, .. t if H saturate (2) wt~h 

the D+* ,.~·on st•te (Jp ,. 1-), "" wo .. ld b' I .. o-+• '-~~ ~ c ~ o .a n t •. e [)'It coupl\r.g cc::sta:1t 

twice a& la.ree a3 the ex:perlr.enul value, 
c• o o 

i'he = --+ L + Tf d~:.:1y n.~e !s 

detcrninod ln this way, includlnr; tt.e non5aturatlng f<actor of !, 

()) 

>~hero p is tho d':lcay J'IOmentum tn lt1e rest frane of o+•. Notice tl.al 

a dbnenslonal quantity r.,. enter:; the decAy rate oxpllc1tly, 1h1s fonula 

would not result if one rnlates the dlrtenslonless coupl1nc;s of y;ar. 

D1 D1t' by the su(4) sy.Jiletcy. 

and 

Let us include hlt;t,er me:;ons In our arc:••:::er.t, Tt:~ hlt;~.er reso~s 

should ol\turale the l:alance of tho actual 0+• contrlb.,tion, As 1'1.1& lol'llft 

pointed out above, there should oo a stmple proportionality relation ~!V!~D 

"ach corrospondlne pair of reson.lnce contr\llut\ons ~n 7!'0 and 7r:f/~1t, 

provided that the rlcnslty or ,..,son.>.nccs Is the r,-. ... e In tho ccr.tor-o!'-~l.SS 

r.quarnd. • The last conr\ltton Is fulfilled, for lnstar,ce, 1f o .. 1.~s for--. las 

hold for a corresponding rair of f:lesons, o•(JP) and K'(Jr), In 'f.ass s;~:ared 

as ,.2(n•) - ,.2(D) = m2(K') - m2(1:). It has been kno·~~ that such for.-ulas 

holrl well \n !.lU(J) multiplet:;, and so let us ass~~.• tho" for chAr-oi ""sor.s 

( 
2 I • ( -), 2 - 2 2 fora,whllo. :Into u,,,t rn .D 1 r" (D(O ));:,:: "'(p)-" (n), ~•;oer\~!~tall: 

The proport!O'l.>1Hy relation can then be wr1lten In the for:. of 

_[_(Q."_lO..=_• D + n} 

r(K'(JP)-K +71:) 

2J+\ 2J -2 

(~) X ( ~~) ('>) 

.. 
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vhe re Po ancl pK an decay .. o.-enta of D and K ln the root frarr.eo or D' 

and K', respectively, and p
0
D and p~ are t~e decay momenta with massless 

p\ona, Vith\n SU{)) •ul\\plets, th\s rule can not be tested decisively 

&Gains\ others because or ex~ri•ent&l anb\!Ulties. For instance, (~) 

p~d\cts fro• f'(K•) = ~?.B Y.eV that the p meson width f"(p). should be 

t29 t;eV, vhUe the SU()) sy1011etrtcvalues for the dimensionless couplings 

lea~ ue to ll:p) • 17) l'.eV. 

The prtsaen\ 111eth<>i 1s loss po~erfnl in radiative decays. as tho electro-

aasne\ic current. consists of lsovector and lsoscalar parts. For the \so-

scaL&r current, e~ual-t.\~e algebraa provide us wlth no convergent sum 

~'\3 rule which 110 can use for our purpose, lie can derive, however, interesting 

.. 

results for the \sovector part fran the Cablbbo-Rad1cat1 (C-R, hereafter) 

su, rule. () J. Following th., stan<lard procedure, 118 obtain the C-R su~ 

rule. for.t.he D0 100son \n the nson.ince approxi&.l'lt\on as 

- r'(o) .. 
v I: ( .5) 

n 

vi.H-. r: . 0 
1s the "decay rate" of the n th resonance lnto D + !~ovoctor 

·photon, r:(o) is the first derivat1ve 1n ~2 of the isovector electro­

r.ae;net\c font {actor F v<~2 ) of the D0 "'eson, and exotic neoons are assumed 

to be absent, as toforo, Note that the isovector photon can couple only 

vlth the u and d ~uarks, The electro~~natlc charge radius 1n tho left-

ha.nd side or (.5) ls therefore dete~lned by the 1\r,ht quark dl6trlbution 

!nsldo or the !'hysical 0° r.!eson, \11th the Okubo-Zwe\g-I1zuka rulo taken 

Into account, ve can vr1te the co~plote form factor F(q2) ln the ro~ of 

F(~2) ~ Fv(~2) + F&(~2) 

rv(~2) • -' (1 - qzj.z )-1 
.P 

f&(~2 ) ~ (2/J)(1 - ~7.~~~ )-1 -

for the D0 
ncson in the si~ple pole approx1nation. lie th~s ~~ve f'~(O) • 

1 -2 
- l '"p By substituting th\s 1n (.5), 11e co~pare (5) 111th the C-R sua 

rule, for in~tance, for the kaon In the same approxt11al\on, 

-2 
( 7) 

,. 
p 

Acain un<lor the assumption that. the density of resor..1nces be the s;..-:e for 

chan.ed Oleson Gector and strange meson sector, radiative dec,.y rates \nto 

the lsovector photon are subjected to the SU(4) correction as follows 1 

['(D'(JP)-. D +"tv) 

r<K•(Jr>~K + r) {8) 

for an arbitrary Gp\n J. When the decay is thro~h an ~1 or El trans1tior., 

this corrocl.ion factor Is ln agreement wHh ~<hat the s:atlc ~u.Hi< ,.ojel 

prod\cts, llote th .. t M1 and El tnnsltton matrix o1e:lent.s or "tv are 

invor::;ely proporl!onal to the 1\;;ht quark mJ.ss for .. c»"u• 

Tho compari~on with tho static qtt:1rk ,.odel su&csts t~t the rad\iillve 

decay I":>.te for tho 011>\r.slon of a photon from a H~;ht quark, partly 1sovoctor 

and pa.rtly 1Go!lc:\lar, rr.ay be g1von by 

(9) 
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"''' re Tq c!onoua lho photon en1t ted fro• a lleht. qua rlc, 

tel ua apply oar rJle to the D00 decays, One 1nlereat1ns ro~turcs or 

the cl".atTeod ooeson 10us spectroscopy 1s that the 000
- 0° +}t

0 docay,h 

~rely allowed with a Q value not •uch larger than a few Y.oV, The radiative 

decay oo"-oO + )' ~~ay well co:opcl!l v1lh t.he plonlc decay, Exper!Jenlally, 

(1 o) 

but the r.us difference has not been doteminad sufficiently accurately, 

'ihe n.Hatlve bnnching ratio By • r(o00.._0° +i)/(nn00
-D0 +1) + 

f(oo"-. Do.+ ?f)) has been given to be (40:! .5)% in thO! preliminary report ( 1). 

It one retains only lho photon enisslon from tho light quark, the radiative 

D~ decay .ls related to the {A) _.,p 1 docay throush (?) aa 

( 11) 

wt.ere q
0 

llnd qJr oro the docay IIOMnla, lllth the charnad quarlc contr1bu­

ttoo lncluclod according to tho elatlc quark model, (11) 111 modified as 

( t 2) 

w~:ont fie and ffu are the tolal ~•enatic momonts or the c and u quarks, 

r.!Sf"Ctlvoly, The pionlc deMy 1a calculated !ron (4) as 

r Oo o • n I J rc Oo o o) (0-. D tlt) • (,1YpK) K - K +7t r _ ... .(tJ) 

(12) and (lJ) w1th f'c/ f'u • 0, 2 

• t/( 1 t (Q/4,06 MeV)f ] ( 14) 

~1 aq~tln! th\s to the prell~lnary expcrin~nlal value 0,40, we deduce 

Q" 5.) MeV, It 111 Interesting to note that (2) sets an upper bou~d on 

r ( 0+" __. D
0 + n•) 11.11 

< (15) 

Tille ts a consequence or the current algebra and abGence of exctlc cl".arred 

IIPSOns with no further dynamical a5SUMplton at all, It leads us to 

1 

o
1 

> t/[t + (Q/2.71M~v>r] (16) 

vhlch in turn requires Q > ),4 1;ev for By" O,I>O, If one relates D
00 -o0 + 

I 

)' and W-•rf +Y by the stat.lc quark 10od11l and uses the SU{4) sy::.n~trlc 

o• o o values for tho dimenslonloss D D 7t andyr.7t co;,pl1ncs, t.he deno10lnator 

( 
. ( • 0 • ,4/J 

of Q .ln 14), 4,06 MeV, would oo nnoll\p11od by ro{D )/,.(K );. = 2.97, 

:le have 'so far been asswaln.> H•.at the oo.:~.ss dlffcr>r.c~ foc.:Jl.'l.s hole! 

In nquared ma!ls so that the density of rusor.ances Is the r..J..~C ln c~nno.ls 

of different. quantu"' nu:-oben~. This would not bo the case for b.:.rior.s. 

If 1t. haprcne that the "'""s fo1111ub.3 hoJd in so:~~e rower of m:tss different 

from square, our proscription should bo nodlft<!d acc.,nlln,;ly. l~t assu.~e 

thal tho mass fonu:.olas work best in m).. Then, the for.,uL'l. ('•) should 

be replaced by 

f(o•(JP)- I>~n) 

f(K•(/)- Kfll) 

and the ra<l\al\vo de~ay formula (8) 3hould also l" mo.ilflcj In the sa,-,., way. 

This modlficatl.on arplles to the lo~<ast roson~nce wlth JP" .t -. too. 
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IIOWOYer, this dooa not affect the ra.Uo r(o0 "-.o0 +1)/r(Do.-+ 0° +7f) 

~ ealcula~d ln (14) and (16), since the Modlfyln& factors 1n (17) cancel 

lhe~selves, In fact, independently of the charNed ~ss epoctrum, the 

rro' O(JP)_,. Do + 1to) 

r<K'o(JP) ... Ko +7to) 

holds valid,· For the de~ays of baryons, J should be replaced by orbital 

angular aoaentua J. 1n the rtght-hand side or (18), 
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