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Abstract

Assuming that the new resonance  7(9.5) is a vector meson,

its leptonic and hadronic decay widths are calculated in analogy

to those of 9(3.13. - Then, using the Breit-Wigner formula, the produc-

tion cross section in e e- annihilation is predicted.  The tensor

dominance of the Pomeron,.together with the vector dominance model,

is invoked to estimate the photoproduction cross section.
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A resonance in dimuon mass at 9.54 f 0.04 GeV, designated by T(9.5),
1

has recently been observed in energetic proton-nucleus collisions,  with width

1.16 f 0.09 GeV if the enchantment above background is fitted by a single

Gaussian.  An alternative fit with two Gaussians was also given with masses

1
9.44 & 0.03 Gev and 10.17 f 0.05 GeV. The purpose of thid paper is to present

the results of several calculations that may have relevance to the possible

observation of the above state(s) in energetic e e- annihilation and in

photoproduction.

We begin with the assumption that the state(s) is (are) a bound state of ·

a quark-antiquark pair in quantum state 3Sl (1--) of yet another flavor that

decays into dimuon via electromagnetic interaction.  Including the color degree

2
of freedom, the width of the decay into a lepton pair is given by

r(r= tz ) =  0  =  16,1,   1   1 ·*c,Ni
(1)

..

where e  is the quark charge in units of e, mT  the mass of the vector meson

lf(9.5), and 9(0) the bound state wave function at the origin.  According to

QCD, the binding of the quark-antiquark pair arises from the exchange of

gluons that couple only to the color and not to the flavor of the quarks.

Then, the potential responsible for the binding may be assumed to be the same

as that which binds the low-mass quarks (p, n, X, and c) and the antiquarks

into the well-known vector meson states p', w, 0, and *(3.1) in quantum state

  Sl (1--).  The wave function *(0) should then depend only on the mass of

3the vector mesons.  Indeed, it was shown by Jackson  that for these low-mass

vector meson states there exists a remarkable regularity between |9(0)12 and
the mass m of the vector mesons given by
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l'Pre,1  0< „1.
(2)

In the absence of vector mesons between the state at 9.5 GeV and those

below 4.5 GeV which can be interpreted as either ground state 13Sl or excited

states of the ordinary quark pairs, we propose that  7'(9.5)' is a ground state

of  the new quark-antiquark pair.      We  may then regard   (2) as applicable   to     Y'(9.5):

  ,*(o)  '  :4   0.  3 1 4   *tv:
(3)

From (1) we then get

11          =         t.    61      e i       141 .

(4)

From the Breit-Wigner formula

Tr(lir+1) & a
cr(e*e--9 ha6*0 - 8

(9"T- ir): + r>4   ,
(5)

where rh = I'(7- hadrons) and I' = I'£ +I'll' at the peak of the resonance (J=1),
we have

1 1 Tr      fl     EL
c'(e'e--' 1, AL)4)       =fc•6 Mi· r r .        (6)

For the case that  T(9.5) is a single resonance with r w 1.16 Gev, (6) is a

relation relevant to experimental observation since e e- beam energy resolution

is expected to be narrower than the. resonance width.4,5 Taking th/I' w 1,· we



then obtain from (4) and ·(6)

crle+e ---• 1*&...A -   1.35 e  4,4./F,4 -
( 51*16415„"„')

(7)

Since one unit of R at /s = 9.5 GeV corresponds to 0.97 nb; at the energy of the

resonance R increases by only about 0.15 for leQI = 1/3 but by about 0.62 for

|e Q|   =
2/3 above the present value   R   w  5.5.

Next, we take up the case of the alternative fit with· two Gaussians,1 and

assume that they are two. narrow resonances separated by - 0.7 GeV.  We take

these resonances similar to 9(3.1) in 13Sl and 9(3.7) in 23Sl.  The narrowness

of the hadronic decay width may then be ascribed to violation of the OZI rule.

Within QCD, the hadronic decay may then be viewed as arising from emission of

three gluons in a color-SU(3) singlet state.  Thus, we have6

rL      =           'i;         ('1,-  9)     -41  '4  4,11'
(8)

where the gluon coupling constant as is to be identified with the running

coupling constant in the asymptotically free field theory: 6

-          0Lsal (51  -
1*':1    4,4 (S/",i,

where the factor 23 in the denominator arises from 33 minus twice the number of flavors.

Taking as = 0.193,6 at m= 3.1 GeV, we get 8(s= 9.52) = 0.15: Assuming that

the lower of the two narrow resonances-[which we continue to denote T(9.5)]

is in quantum state 13Sl' we use (3) in (8) and obtain·
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|1 = 11.5 161/.                                    (9)

This value is to be compared with I' l  9(3.1)  = 65 keV. Since the ratio 1 (O)12/m
2

is approximately constant for 13Sl states [see (2)], the reduction in the

value of fh from that of th *(3.1)   is due primarily to the reduction in the values

of as in·going from *(3.1) to 7'(9.5).  In the ratio obtained from (1) and (8), the
factor 10(0)12/m2  drops out:

Ft %1'Ir 82 ej
= 0. 43 ej ,

rl              lo (W,- 9) O<f (10)

From the Breit-Wigner formula (6) we then get

O-(€fe- -,  14&,w,w)pi*6        -            /2   ,                4//2

(Ola, nk /116ukuict) 947         lit Plgfr

=      7. 0 4    0  1291  -   45,32.0),6 1- teel =1,3.

4We note the difference between (7) and the above values by a factor - 10 ,

depending upon whether r(9.5) is a broad or narrow resonance [similar to 111(3.1)].
+-

However, in searches using e e  annihilation, if the resonance is narrower

than the e e- beam energy resolution, it is the total area under the resonance

that is relevant to experimental observation.  Assuming that the resonance is

45narrower than the beam energy resolution, we have, '  together with (1) and

(10)
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6*2                  
, cr(ele-=644-,)d 8 -

4*1  4               1*    p,        P.L

-         o. it   9'6.4.4   i"  1,01='/3 (11)

l    0.9 2    04· 44   i*  1 *J = 93.

These values are to be compared, in units of nb •GeV, with 10.4 for 9(3.1),

3.7 for *(3.7), 0.35 for 0(3.95), 2.5 for *(4.1), 0.25 for 9(4.4),4 and

0.60 for the newly discovered resonance *(3.772 & 0.006). A similar, but
7

.riskier analysis follows for 7(10.2).8
We now turn briefly to the estimation of the photoproduction cross section

for   r(9.5).   The r(9.5)-photon coupling constant is determined  from

r.e = *mrat (g  (g2/4,r) 9 in the vector dominance model.  From (4), we then get

g  /4Tr     17.5 e 2. Next, we assume that the energetic scattering of F'(9.5)
off nucleons is dominated by the diffractive component (Pomeron exchange).

10The hypothesis of tensor dominance of the Pomeron and the exchange degeneracy
11

between leading even- and odd-signature trajectories then lead to

r(TN)  --  7n,2
T (vAil     'Plt

1        ,       \1   =   9.6'.  4, 8-'t  '   .

If we take V = p, w, or 0, we obtain a 7(9.5)N  w 0.15 mb; if, however, we use
12

V = 0(3.1) with 0<0(3.1)N  m 3.5 mb,    a (9·5)14  e 0.37 mb [note that the
prediction of <11,(3.1)N  from V = p, w, or 0 isll  11,(3.1)N  ss 1.6 mb].  The

13well-known formula for photoproduction in asymptotic limit is

40-(TN -7'N)   1     -           e
dt                                                                  4  611'       2  r

(12)
-1 -r- 93  (TN)

1 20

1

-      .1.9   ea    ,„ 6/fer :
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f
where we have used a  7(9.5)N  a 0.37 mb and g /4Tr w 17.5 eQ2.  This may be

14compared with the observed value 55 f 24 nb/GeVZ for the 9(3.1) photoproduction;

the suppression in the value above is due primarily to the massiveness of  (9.5).

The Y(9.5)N elastic scattering slope parameter b r(9.5)N  may be determined from

the empirical rule b x /c, where c is the total cross section. Thus,
15

»(r(9.5)N)tb(*(3.1)N) =(a('1'(9.5),)ta(*(3.1),))*= m /m .Taking bblr(3.1)N w
9(3.1)

-2 164 Gev  , we obtain b  (9.5)N  m 1.3 GeV-2. The integrated cross section,
obtained by dividing  (12)  by b, f(9.5)Nj,  is

0-(lw-,r /) * 3.1 egmb.
(13)

The values implied by (13) are to be compared with a<y N- 90.1)N  = 14.* 6 nb.

If Y'(9.5) is to be observed by its dimuon decay, (13) should further be

multiplied by the branching ratio
rl·/r - r 1/rh/(1 +ri,/rh)

obtainable from

(10).  Even if one makes allowances for the approximate nature of the steps

taken leading to (13), the values implied are extremely small.
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of Ref.1, and K. Lane for a critical discussion of this paper.  One of us (W.W.W.)

wishes to thank Professor S. D. Drell for the hospitality extended to him.

while he was a visitor at'SLAC where some of the work was carried out.
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