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Abstract

Theoretical estimates of the radiative and annihilative
decays of the 11D2 charmonium level are discussed within the
framework of the nonrelativistic potential model of charmoni-
um. It is argued that the state % (3.45) possibly seen in

§! ragiative decay cennot be identified with the 1'p,

charmonium level,
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1l. Introduction
It is well knownjJ she~ the interpretation of the state
at 3,455 GeV possibly observed in ;l" radiative decays an
f

2180 charnorium level ( ) encounters a lot of

troubles because of the experimeutal bound[?']
B(/'l,/{s.%‘)m Wil)>25% €Y

while in the etandard nonrelativistic charmoaium model one
expeots(*]

B (7::"" ¢y) < if: .

Harari[;] has made a proposal that the bound (1) cax

be accomdated if %/ (3.45) is the 11p-1level of charmeni-
un. The width of the annibilative decay of 1'D, in%o adrons
is determiued as well as that of .74' by the *wo~gluon snni-
bilation xate [4] +« However, in case of a D-state ths latter
is heavily suppressed because of vanishing of the D=state
quark wave-function at the origin. The radiative dechy'
.1132 ~ J/P-f/ 18 also 'strmgly suppressed but the hope exp-
ressed in[>]is that the latter suppression is less strosg
than the former one, so that the branching ratis (1) would
be of the right order of magnitude. ‘

Below some eatimates will be presented concerning *he
widtha of various decay modes of a 11)2 charmonium level,
from which 1t can be inferred that the expectations of Ref.
1,5] are pot substaatiated, i.e. that the suppression of the
lnz decay into J/f+/ seems even more strong than that of
the annibhilative decays. Besides that it will be shown that
the decay of 11D2 into 11!'14- ¢ which was not considered in



i%jat all might turn out to be the domirant decay mode of the
110 -state, In splte of the fact tiuat it seems to be impo-
seible to identify the 1 D —state with either of the charmo-

nium levels observed so far, an investigation of this level

1g ) promises to

a8 well as others of parascharmonium (lPl,
be very instructive for understanding the dynamics of char-

moniunm,

2. E_D_E-Level Annibilation into Hadrons

Using the simple technique presented 1n[5]one can esti=-
mate the rate of a 1D2-s‘aate annihilstion into two gluons.
However it is simplier to calculate first the two-photon
annihilgtion rate of a positronium-like lDZ—state i.e. with
the unit charge and with no codlour, and then convert the re~
sult thus ovtained into the charmonium snnihilation into
;;].uons:{5 ’6]. Since the positrouium D-wave eigenfunction va-~
nishes at the origin as 2> the amplitude of the 1D,-state
annihilation is given by terms of the order (v/c)2 in the ex-
pansior of ete™ - 2y amplitude by powers of v/c (v being
the electron velocity in the ¢.m. frame).

Reglecting the terms describing the (v/c:)2 corrections
to a lso—state annihil ation one arives at the following exp-
ression for the amplitude of 11)2 - 24  annihilation

-
W‘d /- p
A= /deuéu’?/(/”’)(/”’") (2)
where P 1is the electron momentum in the c.m.frame, m
is ite mass, d«_,'a are the photon polarization vectors, n
is the unit vector directed towards one of the photons’ mo-
mentum and )f. is the pseudoscalar spinor part of the J'l)2




wave function ( [{[,]t = 1). The coordinate D-state eigen-

function bas the form

V2o [ (- ferSn) 22K

oo (%)
[]/eomlzz%/z =1).
o
From where one gets
4 (e'e) 2 "{o
( D -» 25 ] = « 14 ) @)

A

and converting this into charmonium annihilation rates one

finds
<& 4 Q"(D) -
[0S 2) = 34 ’—,’f—,;.r—’ &
o I
(10 -y 2/@%5}" / :16‘ (6)

where a(: is the quark-gluon coupling ceastant which as
determined from an analysis of \77}0 -meson decays 1s egual

to 0(3 2~ Q.,2. The numerical values of the estimates de-
pend on the form of the potential. The harmonie oscillator
potential model [5] on one hand in all other cases gives rea-
sonable results close to those obtained in the linear poten-
tial model ls’?'BJand provides with estimates calculable in
an analytic form, on the other. In this model one readily
finds

il

2 6.1x1072 gev’ (7)

| Ry



( A= 0.35 Ge¥2 [?]).
The same model requires n, e 2.3 GeV, so that the rate of
111)2 annihilation into two gluons can be estimated as

-

["(1'p, - hadrons) = 10 keV. (8)

On the other hand, if one substitutes in (6) nD/z 2 1.73 GeV
instead of m, (as it is usually done in Ref. LGJ ) then one

arrives at
['(111)2 —> hadrons) < 70 keV 9

(It is worth reminding that in the nomrelativistic model
it is impossible to distinguish m, and M/2),.

.Inzepite of the roughness of such estimates the nume~
rical values obtained seem to be quite reasonable. I can be
also noted that in Ref.[?]from dispersion relations and the
asymptotic freedon of Quantum Chromodynamics it was obbtained

that
F(11n2 - hadrons) = 80¢120 keV if My = 3.45-3.5 GeV,

which 18 in a good agreement with the estimate (9).

3. Magnetic Radiative Transitions Involving

_]_.iga - Level
In this section we shall first consider the radigtive
transition }U’—" 'sz and then we shall proceed to a dis-
cussion of the ra&iative decay of tbé lDa level, The Hamil-
tonian which governs the magnetic transitions between the
spln triplet charmonium levels (381 . 31)1) and thelDZ-level

has the form
./{g--/a{d,‘-a;) (///Eg)'f H(i)}/z (20)




-y

whare H (%) is the magnetic field of the photon emi-
- - -

tted in the transitiom, 0, and J; ave the ¢~ and ¢-spin

operators and

LA
Lt _.@&....o‘;f.’- »
/( 7 e
1z ¢’ were a pure g, charmonium state, the width

of the decay }ﬂ’..., 4 _D£+J’ would have been determined by the

following formulg

Flats o 1, o) - S PR B T,

where « is the photon energy ani
f= fﬁzg(z) R.D(z)/a (“’z)zzo/z &
= _/Izz,s () Rptoretae a2
(/z ()= 3 (Hnx - Kcosx )fX3~ tana/x )
In the harmonic oscillator model one has
/_" ~ w'— A
3 J’
Therefore if m(]‘Dz). = 3.45 GeV ( «w = 240 MeV) .qne obtains

3¢ 5 4D e ) A 5 3 rew?yE,
Fzg-4% D=5 () = 4o

However it was argued elsewhere (see, e.g.[?)) that f"
can conbain an essential admixture of a 3‘Dl-st;ate. (The
mixing angle may reach Q.2-0.25). For a 3‘Dl,-sf:ad:e the tran-
sition rate inte 1D2 + ) is given by



[(%p,~ Dy+Y) = -’—‘uw3 IMI*

where

M= JR%‘&) Ry (2 zrelt =4

and here it is assumed that the spin-dependent interaction
does not spoil ess=ntially the coordinmate wave functions.
If W= 240 MeV one finds

(3D, - *D,+7) = /é ac;?— 10~ 20 Kev

e

where the lower numerical value refers to the case o, =

= 2.3 GeV wialle the vpper one corresponds to m = al,64 GeV
[8] Thus in case the admixture of the 3D wave function
in ¥’ does veach 0.2-0.25 the decay rate o ¢’ inmto
:"D‘.2 +J way reach about 1 keV and the decay can be acce-
ssible for an experimental study.

. For the J/y -meson the 5D1-admixture should be much
less than that in f’ because of a larger energy denomina-
tor determining the mixing zngle. Therefore the transition
rate of IDa - J/}h-/ decay can be obtained from eqs.(1l)
and (12) where one should only allow for the difference of
the statistical weights of the D, and J/#¥ . The result is

[ (40, = J¥+Y) = lureo® IFI

In the harmonie oscillator model for 1D — 1S transition

the ovexlap intopral P is given by
PAL

= 275 A




from where we estimate ( W 22 350 UWeV)

r(im.,y/;//”v) /35. [-ﬂ-} J3-25eV

(m°=2.3 - 116 GBV). .

4. The Decay 'p, = B Y
The decay 1D2 - 4.& J 1s a usual El transivion and
it is not suppressed. The width of this transition is given

by

[, ~£P+¥) = 402t 0?2 |1 a3

where
J i 0 2235

3
In the harmonic oscillator medel | = /33 , hence
the decay width can be parametrized as follows

. r(.’l D, —>_[ +)/) £ dft)/ /Zl(eVéoo””,) .(14)

The numerical value of the rate depends heavily on the
mass spacing of 1112 and lPl states. -In the oscillator model
the spacing is one half of that of f’ and ]/f' y 1e00 @&
£= 300 MeV. In this case the decay width is about 300 keV,
In the linear potential model the spacing should be less but
the matrix element I is expected to be larger, so that in
elther case the estimate

[+ L B+¥) = 100-300 xev (15



seems to be quite moderate and reasonshle, since that is
the right cxder of El transiticn prodebility vsetween mode~
less levels of a charscteristie raéius R ~ (0.5 Gev)~* and
with =he available decay enersy o -~ 200-3"0 MeV, Thus,
this decay mode should donminate nver those c~1sidered aboves

J‘Da - hadrons and 1”2 + -7/}"*)-

S« Digcusgion 9% the Results

Thus, from the estimates of the previous sections it
seens plausible that B(ZI.:"])2 — J/f‘*}’ )~ 10732070 Hence,
in-spite of'the roughness of ouxr estimates 1t can be inferr-
ad that there is no way to identify the % (%2.45) state
with the 11D, charmonium level. And the latter still awaits

its discovery.
On the other hand, it can be noted that one would

sxpect that
. 8a', » Vr+¥) 2 s0s.

Therefore one can imegine a peculiar cascade of [ -~

trapsitionns

Vo 4 4°0, = VLG~ X0 4 a6

where only the first transition is a "parrow path". As to
the other two their branching vatios are thought to be
2 50% 4n caes the estimates of Refs.[”'®Jof the had.onie
width of the 11P, eharmonium level

P, — 3 gluons — hadrons) = 100-300 Kev

are cocrect, An ohservation of the casceds (16) would he a
baautiful opportunity to atudy the pareshbarmoainm leveis.

10
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