Z. Phys, C - Particles and Fields 16, 279-281 (1983}

zee Particles
andFields

© Springer-Verlag 1983

On the Radiative Decay of Orthoquarkonium )
Via Two Intermediate Gluons: 1-=(QQ) - y+1** (¢ @)

1.G. Korner

Johannes Guienberg-Universitit, D-6500 Mainz, Federal Republic of Germany

M. Krammer

Deutsohes Elektronen-Synchrotron DESY, D-2000 Hamburg, Federal Republic of Germany

Received 28 September 1982

Abstract. We investipate the decay of a heavy
3S{Q0) vector meson into a real photon and two
off-shell intermediate gluons which create a *P,{(g3)
axial vector meson. As an application we suggest to
look for the decay JAy—y+D(1285) and Y-
Vi + By ey TN

The transitions e’ e ¥ —>Jf—y (direct)+meson
are an ‘ideal laboratory” to study the properties of C=
+ and [=0 mesons. Also, since the J/if is polarized
due to its formation from e*e™ the polar angular
distribution of the y (or meson) yields already some
information on the spin of the meson:

"{nme,son:z;f1 if W{@?‘?i)#l'i“cosz@}fei_

Up to now already several mesons have been clearly
identified in the radiative J/if decays:

JE=0": ', v (1440);  JP=2%: f ©(1640) [1]

with branching ratios B(J/\y — y+meson) on the or-
der of 1073 With present or future high statistics
experiments it should be possible to identify meson
states occurring with branching ratios of the order
1074,

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

y

36 +permutations nH
meason

where the coupling of the gluons is either to “light

quarkonia® or ‘gluonia’,

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

3S.(@0) - y+>P (g
177(Q0)—=v-+1" (g

by using {1) as the transition mechanism. The Lan-
dau-Pomeranchuk-Yang theorem? tells us that the
transition is mediated only if at least one of the
gluons is off-shell. Thus a 17 state does not oceur
in the 17" ~p+g,+¢g, Born term: kf=k3=0. But
the Feynman rules in (1) vield 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,{Q0)~y+'S,(g)
using again (1) as dynamical input®.

The calcolation of the decay amptlitude (1) for a
17" meson in the final state is performed by con-

tracting the (off-shell) Ore-Powell matrix element
M, y
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= i8Y/M, - §(0)
Ttk kg ke ko, Ry Yk ey ko)

et D) D —(ky ka)eh ko)e, k) — (ke ks ey ks )e, %)
—{ky k) el ko We ko)1 + (e, s) [(ks ey et ko) et ks)

— (kg ko) kMt ka)+ (ks )eh k) et k)]
+1e34+23) 3
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with the 17* decay element

gyrrreey
>:3P1(MA)
§2m

o 12V U(0)
< 2 -

Mi‘(klkz)z
Ak ko) (k2 —KD)e(ek, ey, £, A)+ [2(ky ky)(k,es)

— (K} + k) ky e e(eh, 61, By, key — k) +142} (4)
leading to the transition amplitude
4 4 ﬁ*
(2 )4§d k,d*k,o(P, — 2) kzkz 3

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 177 particle

177(1, 0) = p(1)+ 1770, 1) = (5, #7) (6)
are given by
(é’i”o) % (JZ’O(X)) . VY1i-x4 (x)
I, H (%) 2 X (-2 4,m
x=1-—M}/M?
i6

W =8Y/M, b oy%iﬁfﬁ‘— O 5

e VA (M) 1M,) 3 3 Y
and where
A (x _2(1;):)2 log{l—x) MZ(IXZX} tog(l —x)

+—1§ [Li,(1)—Li, (1 —2x)]

+6(1 ) [ Liy(1— 23— Liy(1 ~x)+log 2 log(1 = x)]
—8(1 —x)? A1—x)
x “lo (1“X)+ xz
1 - )10c2 _(1_§+P) llogii
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3[1;;2(1) Liy(1=2%)]+(1—x)- (12 i{j)

- [Li,(1-2x)—Li,(1—x)+log2log(l —x)]
2
(Liz(D) ~0,Li(1) -.x%)

The limiting behaviour of 4, , is given by

2
limA,=lmA ---Ieg2

X 1 x—=1

lim4, -—hmA =—2log2x+143

x-0
7'52
A, =1+5—6log?2;

A,(5)=T—n*+16log2—14log?2. 8)
We observe that in the limit M ,-+0 the amplitude
Hyoc M 732, #oc M 73, de. the longitudinal contri-
bution dominates in this limit as expected. The ratio
H,/H, is shown in Fig. 1. The angular distribution
of the y or 1** with respect to the electron-positron
beam in ete” —»QQ_—V})«H‘” is  W(@)ocl
+a(x)cos?>@ where a(x) is given by (1-2H{/H/1
+2H?/H3). For small x it approaches the electric
dipole limit. Figure 2 gives the combination x(H3
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Fig. 1. See text

Fig. 2. See text
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+ H?) which occurs in the rate formula

oL
T 24x

We have estimated the rate J/—y+D(1283) to be
of the order of 16eV using o (M 1) =02 and a(Mp)

7 2
=03 and extracting §$§§) !

L(f—yy)=3keV. b

A ©

v

={.25MeV

from
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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 fanction for
the 1** than the 3B quark-antiquark wave function used here.
Since the D is in the same SU(3) multiplet as the 4, and the 4,
is known from the r-lepton decay to couple to the axial vector
current 747, a relativistic wave function for the 17+ of the type
5%, may be more realistic. However, in such a case a 1+ *-state
would not couple to two gluons since trace {y,¢,¢,¢,}=0. A
candidate to chedk our nonrelativistic calculation would then be
the transition y—y, + By, - where in addition to y,, the y, frem
the B/x, «+~»y,+J/ cascade decay can be used as a good trigger.
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