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Abstract

L'sing SU(4) a j a spectrum generating group the radia 

live decay rates of the charmed vector mesons and of J(v) arr 

calculated. With the known decay rates of the old mesons 

r(u ♦ *y) , r(* ■» ny). r(p »y). r(K°* •* K°y) as input one ob­

tains r(K** -• k*y) " 2.6 kev, r(u - hy) • 220 ev, r(p - nr) * 

4.8 keV. r(* ♦ xy) ■ 1.6 kcV, r(D°* » D°y) - SSO eV and 

f(D** * D*y) • 22 eV.
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tn a preceding cucnimi>; it ion wc have discussed the radia 

tive decay of the .1(4.) in an approach in which SU(4) is con­

sidered as a sped rue generating troup.*1 This spectrun

general >.njs group is a non-perturbative approach to broken 
I)

SUl-i), sisilar to that in which SU(4) is considered as the 

dynamical stability group of the velocity operator3  ̂ P M * 1.

As a consequence of this assuaption the aaplltude contains 

ic addition to the SIK4) Cleb’-cU-t'ordcn coefficient’*, a sva 

actry breaking factor (suppression factor) }, which is a func­

tion of the oasse* involved. Tho prccisc form of s as a func­

tion of trtc vector and pseudoscalor aeson aasses By and ap ap­

pearing in the radiative decays V • Fy depends upon the as- 

suapt ion about the SU(4) properly of the '‘current’’ operators 

v;.J1 this sssuapt ion should be chosen such tivst m  the 

linn, v'.ien ihe spectrua generating group 3U(4}j. goes into 

the SUU) syeselrv group, the V * becosw' 50(4) 'tmsor operators. 

As there are oany possible gencrRli*ations avay from this lmit, 

in reference 1 *.e Jctcrmiicd the precise functional fora of 

the suppression factor { phenonenoloRicaJ1y froo the tnown 

radialivs dccay rates of the old vectar mesons X (- • "S'r), 

r £ S * fiT), T(c> • * k*\). The ihrue functions which

fitted these decay talcs are^

2

The dccay rati- for the proccss V * !’y is Riven liy

with

l 3) fiV |, * R’ P| ',eI ■} ("v .ra,,)

where 1 is the fine structure constant, r is an overall con­

stant which could have been absorbed into the reduced matrix 

cleaents of v“ and < PS Ve'! V'-• is the Stff K qatnx element of 

the Sll(4) part of the el ec t ronagnct ic current. In the sym­

metry limit } ■ 1, (2) beccmcs the usual expression for mac• 

netic dipole transitions.

At the tiac reference 1 was written, the passes of the 

charncd mesons were unknown and also the exact expression for

the electromagnetic curient operator was not experimentally

*} )
justified. Kith the discovery of the D meson' both these 

deficiencies have been overcome, and fron correspondence 

with the charge in SU(4),

Q • 1. • yf • i % * , where charo * jB ♦ x

the electromagnetic current operator V®* in SII(4) is--in the 

phase convention that we shall use here--Riven by 1

(4) Vcl ■ V'° • -L - J\ V*



The SU(4) scalar ic?» V' m  who'-e r.4Ui> clcacnt between

barvon stAte* *s propcrtlonsi lo the harmonic charge S an4 

whose s i t n s  eleven* between »e*on *tate* t* roro, :% es-.cn- 

tial m  thi-s caicvlat ion. itcUccfl acion vector* w*th 

charge parity, like the p**eu4o*4caJar vector sseson*. it is 4jf 

fercn? fross : c r o . -p'VMV* j# 0 ,  sn4 i? j *  the occurrence of 

this tcrtt which stales it pa*>ible to til she cxpert»cnt4* 

r4* i*5 of r 1 * * T#)/r(, » * 1 j which otherwise caut4 no! fie 

r*jrlamr4 **v anv farm of the sywfccirr breaking factor C (s, * 

The o M  SU{3l of naiv^ quark feo4cl a^suaption c*pre*se4 b>

•ojti p*cu4o*c»iar | - J \  V* * V^folil vector ac*on- * 0 , can al-*o 

A of  fit Iht* r x f i a  «>/ 4«?cav r a t e * * .
n t

There are four re4u*e4 twtri* ciestenf* for alt *f|V V-. 

tt can hr vecft that the t -tvpe re4ucr*4 »atri* c k n m :  u  irro 

45 a consequence of she tran*for»at ton property un4er charge

conjugal i«3fj.

Sfe will further a^sime, in or4er to keep the nunber nf 

parameters a« sstall a* fx>>*it*te, thal the vector an4 pseu4o 

scalar cr̂ pfti> belong to a pure *>%•$ let of Slit'S I ' stf % -fi j ♦

St* afc4 that the parcide vector* afc given Kv -he

basis vector^ which are «imnecte4 to the «ubgf»wp t h a m

Vi?*) “ %y<6} ♦ su% i:> j ŝuffr4) - sus r:i ♦ stt%
*i 1 ♦

*here *5U<6) i* the CUir-'.e-r • &a4ic at i SUft»), S t\ the *ha r«-r*3
♦

- i j ' l f i .  i ;  3*. 1 h r  l»!>;ncf  M J ; £ i  *;*n4 J j . < :  j n c f  f r o n  t h e

o r  s v s p r u v  4e*.L t i br* l  »bo\r» . w4  i s  t h e  h v p e r c h a  r po4

' . p m .  I n  t h i s  a p p r o x i s A t  i on  t h e  v e c t o r  n e * o n >  b e l o n g  t o  an 

i 4 c * l l v  osi>c4 i b  p l e t  o t  S U» A \ j and t h e  psc\i4osw a l  .'.r s c i o n s  

b e l o n g  t o  4 j m r e  I S p l e l  o t  SIM 4 )  ̂ ; * • ’ 4ev j a t : .'ri 1 : or

» 4 e s l  a : ; J  i s o ^ u n  m&t nv:  -»r<’ i £^«re%i .  l » e \ i a l i o n  f r o n

* 4 e a l  a j i m g  ^ia>ui4 net  !ir v o n * * i 4 e r c 4  > c p a r a t e l v  w i t h o u t  ^on-

o o »%i4ertt;K t»un»: 1 , - «>t * ’> be^au>e

t h e y  a r e  o f  J h e  %aae c t a g n ; ! u 4 e  an4  p e r h a p s  o f  l * ; r  ^ aae  o r i g i n .

f f owever ,  i n « . ] u 4 m ^  a « i  o f  the%e s u i n t; '  b*. a r b j t r a r v

a n g l e s  wonI4 i n t r o d u c e  t o o  a a n v  p A r ^ s c t e r *  t o  r e s u l t  in  anv

s h j ft £ ii%eful ,

The narrow H»4th of .I(v ! is u uailv ciplaine4 as 4 cor.sc 

.juefu e of t he i a* ! I hat its 4e«. 4 v % »n t • I.! p r ! i s  !»•% .tr r ! 1 : • I 

forbitMen transitions* i.e.. the* are forbi.Men if one j-Minr' 

i4eal r.ji sftg an4 the T*ci£ rule. ff one cnnstJc,% the appro** 

Ration m  which the flr**t forh*44ra transitions are ;ero. then 

one ob!a*ns a relation between the P tvpe re4tice4 aatri' rle

R e n t s  i> * I* i >  t s  V* a n 4  t h e  r r 4u « . c4  a s a t r i x  el*.*rsenl
1 t .  ̂!

A # * r  I 5 » V 1>? 1  V - .
e 2V1J t h e  a a t r i *  e l e n e n t s  P V V '  c a n  t h e n  be  e i p r e ? s e J  

in  i c r & s  o f  t h e  two n a r A a e t e r '  { r c 4 i u e 4  n a t r i ^  r i e n e n t ^ ^
* 1,1 

.i *  — 7> A P . J  s  *  • J'  \ \ ■ an* !  v t  f * 4 *■ i l e b s . s h  » u r f f u  i r : i ! *



Ihc ftec paraaeiers <annot fee caKulate4 froa any 

further theoretical a**us£tion ami have So be ieteraini’U % 

She cipcrincnS4l 4ata of the oi4 ne$on$ r tv - T »). 7 a  • *

o

r i/ * m° * - k°i).

fc’e use the eaper lixent a 1 values of 7{~ • *») and !{. • * t J 

to 4 eter*5inc tJ an4 5, respectively, and obtain ;-S, il/ji J , . ^ 1
\i q

The es.perl»efttal values of T(a • *u ) 3nJ r(fc • i fj then 

ileteriaine the relative phase of J anJ 5. and restrict the po* ■ 

?thic choice* for J'. **e find that anly V ■* 3/-’. 3« V *  anJ 

S ’ • d / U } d  give a \. *;ep t a \> lc result s'*’ ‘note th^t the o ’ w \V‘ oi 

naive t|uark &o4el a*>u»pt*yn requires S * -*!/', ll.

The decay rates calculated in i h M  *ay arc <hova in lablc 1, 

in cutuan> ■* an4 S. A H  nuantiSles are in units of IcV.

The e*peri»ental values that have been used arc vhown in volusn 

Z. £H»r prediction* are In the last * lines of the table, in 

coluaas $, J and S. Tho*e in coluan *, for I’ * 1, are con 

sldered the he*t because the old rate* are i n  ted h o :  in that 

case. In par? itulaf, ~ ( -  £i°*t * iO.SU ■ .QJJ VeV. The 

fffaf' shown Kerf e+ti»aled ir^n ;he exper i*iental errors of 

the input, T {‘v • J and r{* • * f). Changes in the predictions
*

*tuc to usiijS a »" ft! JO itetcrsnre 4 anJ s , or using 'SI Re\

J  T t
for the i sta*s, ’ i te within these irror estmaies.

*e conclude with a reearlt concerning she >icvistion fro- 

ideal »i*»ng'- <>ne tan easily see that a ssall Jcviatlon froc 

ideal aixsng has an effect of only » few perccnt open the 

r^'itaisvv Jccs« r a t o  ealtulateJ above. However, thi;- *nslJ 

4evt:-.*n h4 ** a iar^e enough effect ! ei;>latn the value c( the 

f i r *! • forlu44en transitions. As we have aircaJv scntioncj



jjborc 4ocs fto! ataic *e«*c to jntlt*4c 'he J c v i a M o n  (tost 

ideal aiiin^ without ai*o Taking the itotpir: auiing into 4* 

count. Thus wc should no? cxpcc: to obtain a prediction sf 

wc arht i r jir i 2 y* tafcc one forcuJa for the non* iJcal n,non 4**c a * 

out of the literature,

,^aon-xJnal, . -0.9995)1;’ • O.QifU'. {• • O.oiXOu,'

. _ no» Ideal „ o.9959 j^, . o.Qiiih

Kith shis adaixturc of } and w in $non l‘*csi 3 5 4  of % in 

_-,no»- ideal one ol>iatt» *i!h stir value* tn raiitnn ' of she

table ^ nan'*'Je»l|vcl!#ac,v ,Jg* 1> . -i).0 0 Jl and ihercvtih

non-.deal . sn o n - t 4 « l ^  , 0 n  _ T M %  4_ A ,tp!k4y al,ovc

the p i  jier iacnt at value*”'1 of r e x ^ ‘. i r  * * i ! * 0.069 kcV. tf. 

nor" "c the f aJ*»i*fure »« one evc.i otilain« rt»non “*ca * • , j 

0.94 JteV. this, however. alio demonstrate* that the *»*»H 

s>° - - or nixing cannot he ignored.

4!’Jr 1 i 4 K  ;>} .3! rd V4 2 ur% 

r4 1c% , in kcV .

an*! error r>t isate* for 1 he Jew av

IVcav I ifcpcrlacftt V-JL }j-l r * _i L A

. S*D '(.I1'' 8*0 ■ 61 s:o ■frl ST0 ■ M

5 ~ 1 -4 - ,S1Sl M ■ t *6 • 6 9$ . -

>5 - 10 ̂ 5> ■ 10 y.s ■10 55 • 10

• * t 7S- JSr > - 5 S' ? : *>h • $

•
h * */ . •so1* 1 l.‘i - 0 . 6 -\6 • 0 ." 5.0 • J . vV

- * f • suu > n. 13 * o.os 0 .:; • 0.00 o.;s • 0 .0 "

. .is: 1 * 1 5.9 ■ 0.5 4 . 8 • 0.5 5.0 * 0.4

M 0.50 ■ 0.05 j.t. • 0 .: *. 5 • o.s

n0 ■0°t 0 . 1 0 • 0 . 0 1 n.5s • 0.04 1 . 0 * 0 . 1

u' - . * 1 0.006 * o.oo: 0 .0:; - (MKT 0 .0“* 0 .0J

I'* - t 't 0 .00{> ! o.oo: 0 .0;: ■0.00" 0.0“-• 0 .0;
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