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Abstract
We argue in favor of an identification of the X (3.55) as
. ] - .
the paracharmonium 2 So’ tqé. We predict the masses of the
; b +- \ .
charmonium 2 and | states and give estimates for the

. s /o \
radiative decays of the Y/ via JYC and ?c .
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Studying the W'—» W+2p chain decays, the DASP Collaboration }

at DESY detected two narrow intermediate states, denoted as Pc’ with

masses of 3,41 (or 3.35) and 3.5 (or 3.26) GeV. The LBL-Group at SLAC 2,
measuring the decays v 7" + hadrons, found two resonances in the same
mass region, a narrow one at 3.41 GeV and a broader one at 3.53 : .02 GeV,
denoted as X . The existence of such intermediate states was predicted by
the charmonium picture 3. It is plausible to assume that the ¥ (3.41) and
the PC(3.4]) are identical., If the mass of the second PC is 3.26 GeV, we
would have the three states 3,26, 3.4] and 3.53 GeV. But the more attractive
alternative is, that the broad bump ¥ (3.53) is a superposition of two

2.4
narrow resonances, the PC(B.SE) and a new narrow resonance X (3.55)7 .

Within the charmonium model it is almost established that the Pc/)f(3.41)

.PC= 1+ 2,#'.

and the PC/)C(3.51) are the jPC=O++ and the j cc states

So far the possible X(3.55) has been presumed to be the jPC =2t

state, expected roughly at this mass 3.

In this letter we want to argue in favor of an identification of the
. /
X (3.55) as the paracharmonium 2150 state 4. . The X (3.55) would then

be the radial excitaticon of the already observed EISO state 1lc(2.8) 5:



i) Assuming that the S-wave ortho-para splitting can be

described mainly by a term in the Hamiltonian
3 - —_— —
¢ d (F-T)5;05, + VS, ; Ve«
with the constant ¢, we are led to the following ratio

M(23S)—-M(2is) » ’4)(23s;r=o)

= (.65
M(138) - M(1's) lP(13s;r=0)

z (3.7)2 lore (%)
3.1 fz+(-(“P)
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where the last equality follows from the experimental values

| ete”

0.3 GeV as input, we obtain

I?+€,(“P) = 4,8 keV and (“?') = 2.2 keV. Using (2) and taking

MOP) - M4 )

1

il

M(rvlc') M(Y') - 0.65+ 0,3 GeV = 3.5 GeV

In view of the crude estimate it is not unreasonable to identify the

X (3.55) with the Mo

ii) Our identification would imply that the DASP Group cannot observe
the X (3.55) in the decay 1P/f>1P+232 The radiative decay of 'Q;-4>V’+3ﬁ
is highly suppressed, since this would be a magnetic dipole transition

between orthogonal wave functions., In contrast, an identification of

((Y52" v o ] _5_("13')324
7

e =™ a0

and together with the assumption of comparable branching ratios  of

kf(B.SS) as 2++ meson would lead to a ratic of

+4 4+ ++ ++
2 — 1P+3“ and 1 *‘91P +Y" one should see the 2 and the 1 with

roughly the same probability in 1+/ — Yo+ 23‘.

(7

(2)
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i1i) The ratio of the P level splittings

++ ++
A (V2 e M{1 ) (4)

4" M(]++) ~ M(o++)

depends on the

strength of the tensor forces. Without tensor forces, i.e.\4.= o in (1), ‘the
pure IS term gives R] = 2. If tensor forces are deduced from Coulomb-like
potentials, similar to the Breit approximation in electrodynamics, one obtains
R, = 0.8 as in the positronium? This lower bound would give a mass of 3.59 GeV

1

+ . .

for the 2 +, which would still be higher than the assumed )ﬁ(3.55). If one
the

applies the same approximation tolharmonic oscillator potential one obtains

no tensor forces and therefore R! = 2,

. . 3
We would like to assume in this letter that QP’ is an almost pure 2 SI'
Therefore, it is necessary to assume small tensor forces, which lead to
R}S 2. Another argument vhich supportsour assumption of R % 2 follows from the

analogy to the ordinary P wave mesons, A2(1310), AI(IIOO) and 6(976), where

M(A.) - M(A
R = ___EL___,__j[ ~ 1.7, (5a)

') - )

or,if we use a quadratic equation,

2 2
MTC(AL)Y - M (A)
R = z 2~ (5b)

1
M2(At) - M2(6 )




These splittings, especially (5b), are described better by an ordinary

—
1-5 term than by the analogy to the positronium, Employing the same
. , . ++ ++
ratios as in Eqs. (5a,b), with PC(3.4]) =0 and PC(S.SE) =1 , we get
. . - 4+
the following predictions for the cc 2  meson

++

M(2 ) = 3.68 GeV (6a)

n

i}

M(2') = 3,70 Gev (6b)

+

* + yr ( or 2++-—>r‘4’/+ ¥ ) are

.. /
In both cases the transitions ¥ - 2

suppressed by phase space,

We can also use the above analogy to A2’ A], & to predict the mass of

the l]Pt(jPC= ]+_) state which corresponds to the B(1235) meson. Using

M) - | Mm - () o1y

w2ty -t M (A)M(§)
we get for i=l

M(1T7) = 3.62 GeV (7a)
and for i=2

M(1T) = 3.63 Gev (7b)

We note that the center of gravity (c.o.g.) of the 233 and 2]S states
(which corresponds to ¢=0 in eq. (2) ) is 3.62 GeV, The c,o0.g. of the
28 and the P states are almost degenerate, just as in the case of a Coulomb

potential. However, a spin~independent Coulomb potential would in a non-




relativistic calculation give a ratio of 1/8 instead of 0.65 in eq. (3).

The M! transition V}‘——91(c + ¥ is suppressed, because of the orthogonality

of the radial wave functions. However, the Ml transition WP/“—§f4c/+g” is
allowed, and we would like to estimate the radiative decay widths of ¥’/ via %c{
In the absence of a reliable theory, we shall use rough analogy arguments ‘

to obtain ratios of these decay widths relative to r ('IP et Y — ga’”)-

Tn spite of its narrowness, the cascade W' —> y .+ 9 —> Ly~

has been observed experimentally, and one finds (1<7¥j*%’1c+'r"”33”):f40 eV > .
Therefore, the comparison with this width should be useful as a guide for

the feasibility of measuring the radiative decay modes of QV/via 416/ . The

above ratios depend crucially on the quantity

Ri= Ufne )/ (w) ®)

Experimentally, it has only been possible to ascertain that the width of e
is smaller than the mass resolution of the DESY experiments 5, i.e,
f'ﬂtot(’!&)éioo MeV. This gives the upper bound R € 5000, It seems safe, very
safe, to assume a lower bound of R 2> 1!; according to asymptotic-freedom

arguments, R is roughly equal to 100 }O.
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And now to our analogy arguments: Assuming r‘(’l((f - Qa') =~ P('l(( '—”:Qy) '

we get

Py o dey —2p) T (=) ()

r (v et T —337) T (e 1f<¢r) QOP(%‘/) ”

3
ﬁzﬂ_g_).z R 4 -8 %

300 V-2



Similarly, assuming r'(l((/ > Yt 25 )~ T(Y — Y+2r) , gives

PV ey Do — 25 f3p) Doy /iy)

BR (%= ¥ + Q)&

W=~ ye vy —> 3p) Tyt )
(10)
3
rd
= @4\5&) . BR(W"—? W+QW)_M 2
300 l—‘ ( P
4-0{ q’((‘)
N(J’"’_g)g. 4, 2 ~0.002 - 6 %
300 92, 2-*/’ ~ . o
Note that R 1 corresponds to the upper bound in (9), but to the lower
bound in (10). Note also that the width
’ o
T oy 1= 2t Y+ > 0 + 4
(¥ =y ey i yery —>a£€+3~) = Y g
BR (qfc - ‘23”)

. 10,
will alsc be suppressed if R®»1.
To conclude, if the SLAC experiment with better statistics will split
the broad X (3.53) into two resonances X (3.51) and W (3.55) and if the
DESY experiment Pl Yy 23‘ even with better statistics will fail to
see the X(3.55), then it will be worth to look for the X(3.55) in
'glzf.h;g?» or Y - 57‘4 Li . If our assignment of the )X(3.55) proves
to be correct, the charmonium spectrum will look as in Fig. 1. If, however,

it turns out experimentally, that no ﬁz(/ exists in the mass region 3.5-3.6 GeV,
it would be necessary to explain why. One possibility would be
the existence of strong tensor forces 6, i.e, VT is no longer small compared
to ¢ in (1), which would in turn imply that W' is not a pure $ wave but a
3

mixture of 381 and D!.
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Using this result and the experimental r:au:io;L1 P(‘U,/)/I”‘(q{,) K
we get () N f”(«(r) 1 {y?) . R <

P (l) 3@ Tee) & Req
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