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Abstract

Usiag SUC4) a; 3 spectrum generating group the radia-
tive decay rates of the charmed vector mesons and of J(vw) are
calculated. With the known decay rates of the old mesons
T{w =+ wy), F(# » ny), F(p » wy), T(XO" « KOy) as input one ob-
tains r(x" + K°Y) = 2.6 keV, T'(w = ny) = 220 eV, T(p = ny) =
4.8 keV, T(y = xy) = 1.6 kev, I(9°" » p%) = 350 eV and

r(p*" « D'y) = 22 ev.

Syeum—— 1 ) [T S e O ——
T rept was prepated 2 3% sicount af wors
Wpanoted Be thy Unitad S1s16s Caveenment Saetaer
the Unted Suter nor the United States Faergy
Rewarch and Developmrnt Admenntcanon, not snp of

thew  emphovees  aor any of iheu  wontrassons
tehonntracton,  or  they  emphaees  mukes am
SATINGY PAPIEW of 1Mplnd. OF swues 30y begal

Rabdaty or responubibing for the crurscy, completeas
ot uwfelnem of spy lamaten sppazats produst ot
P Souhoned o repretents that oty ow would aot
nlange provately vaned sghts

’, "



(1)

In & preceding comnunizatien we have discussed the radia
tive decay of the J(3) in an approach in which SU(4) is con-
sidered as 3 spectlrum generatling zroup.l’ This s$pectrum
generating group is a non-perturbative approach to broker
SU(4).2) simslar %o that in which SU{4) is considered as the

dynamical stadility group of the velocity opcrntors) X'

oo
1
A3 a coascquense of this assumption the amplitude contains
iz addition to the SU(Y) Clebuch-Corden coeffioients, 3 wvn
metry breahing factor (suppression factor) $, which 1s 8 func-
tivn of the masses involved. The precise form of § ax a func-
tion of the vector and psecudoscalar meson massss s\ and @, ap-
pearing in the radiative decays V » Py depends upon the as-
sumption abour the SU(d) properiy of the “current” operatars
Ygféi Thix sssumption should be chesen such that in the
timit, wien the spectrum gencerating proap :;U(-l}lE goes anto

the SU{3) symmetyv zroup, the V'3bccoae 3U{d) tensar operators.

I

Ae there are many possible generslizations away from this limit,

in reference 1 owe determined the precise functional fora of
the suppression factor 3 phenomenologically from the Laown
radiative decay rates of the old vector mesons (s *+ ty),

[ ]
S{r e onr), Tio = ), ?(&o » 39,1, The threc {unction< which

fitted these decay tates JfﬁS)
Bl . ng
LACC MO R ”y£§" for P = 1/2, 1, 372

(4}

The decay rate for the process Vo + Fy 1s gaven by

. 2 1.3 2.3
TV T m gl T opgempil - (mP/mv) }

with

el..
fyp = ﬂ‘Pf\c x-'¢(myvmp)

where 3 35 the fine structure constant, g is an overall con-
stant which c¢ould have been sbsorbed into the reduced matrix
clements of V: and <P(V“1(V» is the SU(4), natrix element of
the SU(4) part of the electromagnetic current. In the sym-
metry limit & » 1, (2) hecemes the usual erxpression for mag-
nctic dipole transitions.

At the time reference 1| was written, the masses of the
charmed mesons were unknown and also the exact expression for
the electromagnelic curtent operator was not cxperimentally
justified. With the discovery of the D meson®) both these

deficsencies have been overcome, and from correspondence

with the charge tn SU(4),
Q= 1. %Y . éx . %B, where charm = ;B . X

the electromagnetic current operator V:l in SU(d) 1s--in the

. ")
phase convention that we shall use here--given by
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The SU(4} <calar torn T: tn {43 whose matriy clement betwern pan, N 37 31n the Wigner SU:3, sand Jastinct from the Sll.:-Z
haryon :=i3tes i3 propertsensi to the harvoniyv charge & aad ot svmretry “Uid dewcribhed abover and s‘ 15 the nvpercharged
whose 23871z clench? belwoon Bedon s130¢% ts 070, 15 €asgh- SPIn. In this approvization the vegotor ne-ons belonyg 1o an
T3l sn this calculation. kefworn metan veotors with pppesite tdeally mized 1o plet ot ;Un:\! and the pacudosialar mewons
charge parity, ftke the pacudo<calar vector fiesens, 1t 3 d:f belong fa 4 pute 15-plet of SULIL L = -7 =1ving, devaiation rsor
fereny fron zese, ~P-VTIV. £ O, and 1t 1% the occurrence of ideal myaing and 1sospin aixning are ignored.  Heviation fron
thais ters which makes it posatble €0 fit The experimental 1deal asring <hould not be considered »eparately without .on-
T3t of Tie » aiflt. 2~ which othotwise could Aol be sidering 1w04fin maxing (L, © ot " wompaing hecause
explained by any form of the symactry hreaking factor ¢ (my . Fpd. they are of the aane magnifude and perhaps of the <ame cryan.
The old SU(3: or naive quark model assunplion csprezsed by However, sncduding ail of these masangs by arhitrary atvng
-ald pscudotcatarl-//g vt . V*(olﬁ veclor acson: « 0, can alsoe angles would introduce Yoo many parasefers to sesult an any
aoy] fit this falio of the decav rates. thipy uneful,

Thete are four reduved mateix olements for all 'rchz L N The narfon ~tdth of Jiv) 1s u waily explatned as a4 conse
ft can be seen that the Fotvpe reduced natrix clenea: 1x fern quesce of the 301 that 1< devavs ante old parfrodes are tapet
35 3 consequense of the transforsation propertiy under charge forbidden tran<iiions, i.¢., thevy are forhidden 3¢ one a-~unre
Canjtizal jan. 1deal nasving and the Twety rule.  {f one vonside,s The approsi

We wtll further assunc, in order Ta keof the nunber of matson in which the first forhedden Transitions are zero, then
parazelers ax sa3zll 3s possible, that The vector and psrude ane ohlashs 3 felation betweens the D Ivpe reduced matriy ele
stalar mesons bhelong o 3 puee Bi-plel of SU(E) - N4y mofita o+ - F 1§“V"5{ 1y Ve and the reduce) datriy clement
Sr‘p-ur:l ard thal the parficle vecfors afe given by the As -F ‘55r15§‘ rA_”
basis vectors which e cvonnected fo The subproup (han 211 the natris clements - F Ycl‘v~ can then be cxpressed

in terms of the fwe varamecters {reduced matriy cliement«)
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The twe free paranciess caanet Be caliulated from any

further theorettcal assumption and have o be Jefernindd fruz

the eaperimcntal dats of the old mesans “is = 7a), T{3 * ~ql,

. - E ]
e om e, r ™ - %,

)

¥e use the caperimental values of T(. = 74) and 1l - 743

to determiac & and S, respectively, and oblain ;5. {173 d‘.lﬂ’
The ceperimental values of 102 » <) and “(0° « 1%, then
determine the relative phase of & and 3, and restrict the pos-
stble choiers for §. We find that anly ¥ » 170, 1, 32 and

S 0 ={375%1d give acdeptablce r('uulh.!)) tnote that the old w0030 gy

natve yuark zodel assuaption foquires 8§ > ~{1/7%, 15,

The devay rates calculated in this way are <showa gn lablce |,
i colusns 3, 4 and 5. ALl quantailies arc in units of keV,

The caperimental values that have bren used are shawn in voluzn
3. ity predictions are sn the 133t T liancs of the table, in
cofusns 3, & and 3. Those in calumn 3, for ¥ » 1, arc con
atdered the Best because the old rates are d31ted best an that
case.  In partaular, (2% = 0% w (0.35 1 L0&) teV. The
errors shoun were c+tinated from the expersnental errors of

the input, T{s ~ 73} and U{u » 2¢j. Changes 3n the predictaons
due to usibg a (: Y4t to deterzipe 4 and S, or using 51 zel
for the : a:ss.i!' tie within These 2ryor estinates.

e conclude with 3 resark concerning the deviation froz
tdeal mixing: One can ecasily see that a szall Jdeviation from
ideal miasng has an cffect of only a few percent upon the
radtative decay rates calculated above. However, thix saall

eviatien has 3 large cnouph cffect a caplatn the valuc ef the

in

firel-fashidden transsitions. As wuc hiave aiteady acntioncd



sbove it dows flo! #3ke sensc o nclaude the deviation fron

fdeal =mizing without alse faking the 1sespin 2ivsag 1nfo ag

Thus we should not cxpec! To obtaln 3 prediction 3¢
3deal

count.

o
we arbtirarily take onc forezula for the aon-ideal T

out of the literature, c.g.,l’)

1R 1RAL L L 5ag5 0 . 0.0i0Lip . - D.6330

. |
coaen-idesl g qgg0ta. . 0.030%0, -

W |
With this adsixturc of § and = in ¢°°° tdeal and of 4 in

.non-ideal N

one ohiain: with the valuecs in coluan I of the

nan-ideallvcl;vucn-ideal* "

table <4 -02.003] and therewith
tt;“ou"dc“z ﬂ“an"dc“lxl < 013 keV. This 3. alresdy above

the ceperiaental value / af “S%Pr, + =41 « 0,069 deV. g

-, non- ndeal
nor g the ¢ adatzfure i 4 one cveit obtains * ©

0.9% koV. This, however, also desonstrates that the snall

Q [+

o - . or « - 7 mixing cannol he ignoreq.
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rates, 1 hel,
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