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Ai~traet .  We investigate the decay of a heavy 
3SI (Q0  ) vector  meson into a real photon and two 
off-shell intermediate gtuons which create a 3p~(q~ 
axial vector meson. As an application we suggest to 
look for the decay J/O~/+D(1285) and ) '~ 

The transitions e+e--~:*-~J/O~y (direct) + meson 
are an 'ideal taboratoD ~' to study the properties of C = 
+ and I = 0 mesons. Also, since the J/C, is polarized 
due to its formation from e+e - the polar angular 
distribution of the 7 (or meson) yields already some 
information on the spin of the meson: 

d~on=>l if W(Oye~)~l+cos2OTe • 

Up to now already several mesons have been clearly 
identified in the radiative Y/~, decays: 

de=O- :  t/, t/', 'r J P = 2 + : f  0(1640) [1] 

with branching ratios B(Y/t# --, y+meson) on the or- 
der of t0 -3. With present or future high statistics 
experiments it should be possible to identify meson 
states occurring with branching ratios of the order 
t0 -4" 

In lowest order QCD these Zweig forbidden 
transitions are mediated by two gluon exchange 

m + permuta( ions (1) J/* 

where the coupling of the gtuons is either to 'light 
quarkonia' or ~ 

In this paper we present the results for the tran- 
sition rate and helicity structure of 

1 - - ( Q 0 9  ~ ~, + 1 § +(qq) 
(2) 

by using (1) as the transition mechanism. The Lan- 
dau-Pomeranchuk-Yang theorem 2 tells us that the 
transition is mediated only if at least one of the 
gluons is off-shelL Thus a 1 ++ state does not occur 
in the 1 - - . ~ ? + g t + g  2 Born term: k~=k~=0. But 
the Feynman rules in (t) yield a nonvanishing dis- 
persive part stemming from the box integration. 
That the off-shell part of the loop contribution can 
be appreciable or even dominating has already been 
demonstrated in the transition 3S 1 (Q(~)-~ 3~ + tS o(qO 
using again (1) as dynamical input ~. 

The calculation of the decay amplitude (I) for a 
1 + + meson in the final state is performed by con- 
tracting the (off-shell) Ore-Powell matrix element 
~ 

5t 

3St(My) ~ gt 

~2 

(kl + k2, k3)(k2 + G, k0(k3 + k,, k2) 

�9 {(~ ~*)[- (kl k3)(~ k2)(~okl)-(kl G)(G G)(~)  
-(G k~)(~* k0%G)] +(~o~)[(GG)(~ k~)(~ G) 
-(tq G)(~ k3)(e~ G)+(G G)(~ kl)(~ G)3 
+ 1 . , 3 + 2 . - + 3 }  (~ 
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with the 1 + + decay element 

g r ~  I " 3P IMA1 
92 . . . . .  

- i 2 ] $ 6 ~  A �9 @(0) 
~ = M] . (kzG)  2 

�9 {(lq k2)(k~ - k~)~(e*, e~, ez, PA) + [2(k~/%)(1% e2) 

- ( ~  + ~ ) G  ~9] ~(~], ~i; ~ ,  ~ - ~ )  + ~ ~ 2} (4) 

1 
+~-~ [ L i 2 ( 1 ) - L i 2 ( 1 - 2 x ) ]  + ( I  - x ) .  (12_ i0~ 

kX 3 X 2 ] 

�9 [Li2(t -- 2 x ) -  Li2(1 -x) +log 2 log(1 -x ) ]  

(Li2(O)=O, Li2( I )= C) 

The limiting behaviour of At, 2 is given by 

�9 . ~ 2  

hm A 1 = hm A 2 =-4--- tog 2; 

leading to the transition amplitude 

(5) 

A straightforward evaluation of (5) leads to a form 
involving at most three parameter Feynman inte- 
grals. The results agree with an alternative evaluation 
using covariant helicity projectors which reduce the 
number of necessary Feynman parameter inte- 
grations to two. The two independent helicity ampli- 
tudes labelled by the helicity of the t § § particle 

i -  ~(1, 0 ) ~  ~(1)+ 1 + +(0, I ) ~ ( ~  o, ~ )  

are given by 

2 2 x = i - M A I M  ~, 

1~1 -xA~(x) 
2-x  x 

2 AI(X)--2 Az(x) 

,A/" = S l/hl~ ~(0). 2 Vf6-M~t 16rc z 

5 

�9 ee(4rc)~]f~. G(M~). G(Ma).  2.�89 

(6) 

(7) 

and where 

Al(x)=2(.!-~3X)Zlog(1-x) 

3 x - 2  
+ ~  x)- l~ 2x q x(t - 2 x )  

+~3 [Li2(1)-Lia(1 - 2x)] 

+ 6(1 - x) 
..... [Li2 (1 - 2 x ) -  Li2(1 -x) + log 2 log O - x)] 

- 8(t - x )  2 2(1 - x )  
A 2(x) = x3 log(1 - x) 4 xZ 

7(1-x)  ( 5 +  3'~ log2x 
x2 l o g 2 x -  1 -  x x-Q' l -2x  

2( t~x)  log(1 - x )  

tog 2x 

l i m a  I = timA2 = - ~ i o g  2x +~-~ 
x ~ 0  x ~ 0  

?C 2 

Aa(�89 = t + - f - 6  log2 2; 

A2(�89 = 7 -  rc 2 + t6 log 2 - 1 4  log2 2. (8) 

We observe that in the limit M A 4 0  the amplitude 
og(o ocM23/2 ~ ccM21/2, i.e. the longitudinal contri- 
bution dominates in this limit as expected. The ratio 
H~/H o is shown in Fig. i. The angular distribution 
of the ), or 1 + + with respect to the electron-positron 
beam in e+e--,QQ~7+l ++ is W(O)oci 
+~(x)cos20 where cffx) is given by (t-2H~/H~)/(1 
+2H~/H2). For small x it approaches the electric 
dipole limit�9 Figure 2 gives the combination x(H~ 

1 . 0  ' i ' , , ~ , , " r  ] ~ , 

i ~ 0,6 

o.~ 

0 . 2  

0.0O 0` ~ ~I_~..~0.2 '0.4! ' ' '0.61, , ,0.Bl , _ ,  

X 

Fig .  1. See  t ex t  

LO 

0.8 

"r 0.6 

I O,L 

0.2 

0.0~ 
0.0 

, , l - n - ,  , ~ - - W - - r - T - V - r - .  ~ i , ~ , 

0,2 0,/, 0.6 0,8 
X 

F ig .  2. See  text  

~.0 



J.G. KSrner and M. Krammer: Radiative Decay of Orthc~quarkonium 28t 

+ H~) which occurs in the rate formula 

1 x 
F = 24rc M~ ('~~ + JFt2) (9) 

We have estimated the rate J /$ -~+D(1285)  to be 
of the order of i6eV using e~(Ms/,)=0.2 and ~(M/)) 

=0.3 aad extracting l$~'(0)t2 a25MeV from 
y ( f  . ~7)= 3 keV" M--~D . . . . . . .  
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Note Added in Proof. If experimentally D(1285) is not found at 
this level it indicates, in our opinion, a different wave function for 
the 1 *+ than the 3p~ quark-antiquark wave function used here. 
Since the D is in the same SU(3) mttltiplet as the A t and the A t 
is kaown from the r-lepton decay to couple to the axial vector 
current 75~'~, a relativistic wave function for the 1 ++ of the type 
"?s6x may be more realistic. However, in such a case a 1 + +-state 
would not couple to two gluons since trace {ys6A61~2}=0. A 
candidate to check our nonretativistie cMculation would then be 
the transition ~,-+?,~ +E/ ;Q,  ~ where in addition to 7~, the ?'2 from 
the P~/)fl § * -*?~2 +J/cascade decay can be used as a good ~rigger. 


