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1. INTRODUCTION

If we accept the view that the recently discovered resonance

PC -— 2,3,4

$(3105) is 2 cc bound state of J =1, ¢ . in the charm schermne
o . . - pC -+
then it is imperative that therec exists a cc bound state of J =0 (n}.
_ <
The following is a brief discussion of its mass, decay modes and widths,
and production. In particular we point out that the photoproduction in a

Coulomb field (Primakoff effect) and decay into pp has some promise

for detection of the nc.

II. MASS
o 5 -
In Gaillard, Lee and Rosner (G.L.R.) , a mixing scheme was
proposed for neutral pseudoscalar mesons on the basis of 2 Gell-Mann,

0.
Okubo-type mass formula, according to which 7, X and n_ were

predicted to have the following compositions:

un + dd - 2ss

n = s
NG
0 - - - -
%Y. uu+dd+ss+cc' )
2
n = ua + dd + ss - 3ec
c N1z

However, this scheme now appears very unlikely, in view of the recent
0
developments. For, if it were true, the decay & = X v would proceed

analogously to ¢ — 7y, and its rate would be



0 | 3 M\ 3
ro ="+ 2 (G5 re-a
8 M
¢
(2)
~ 1.3 MeV.
Another mixing scheme which emerges from the same mass
forrnula is
~ G, 0/ \ - 0, 60ss, M = 3508 MeV
\ vz / n
x%~o, 60( ) + 0.80ss, M = 969 MeV (3}
' X
n_=L00cc,  M_ = 3122 MeV
c . n

to .w-ithin a few tenth of a percent, In G.L.R., this solution was rejected
on the grounds that the postdicted n mass deviated somewhat more than
one should allow. In retrospect, we feel that this iudgment was a little
too hasty, and given the questionable treatn}enF of SU(4) breaking in lowest
or-der,’ M'q = 508 Mey is not a bad fit to the a(ftua.l mass 548, 8 MeV.

We find that another curious solution is obtained if we identify

(n, E(1416), r]c) as neutral members of a pseudoscalar l6-plet:

u + dd - ‘ :
= 0,662 (228D 5 747 65, M = 551 MeV
" e T
E = 0,747 (‘—m—t-‘i-c-l-> + 0.662s5s ; Mg = 1398 MeV (4)
N2 _
n_ = 1000 cc; Mn = 3,066 MeV



We shall not offer any explanation as to where XO belengs in such a
scheme as this; the idea that I(1416) belongs to the pseudoscalar 16-pist
may deserve further attention, nevertheless.

In any case, the mass formula of G. L. R. suggest that if 'qc is
almost pure cc, then 7 c must be almost degenerate with ¢ in mass,
Appelquist and Politzers predict that the mass difference of the ortho-
and para-"charmeoniam' to be about 30 MeV. In any; case, the ¢c - 7.
mass difference is predicted to be very small, perhaps less than iOO MeV,

and perhaps qbc is heavier.

LI, DECAY MODES
The decay rate I (§ — ncy) is very small, be-:cause the magnetic
moment of the charmed quark is very small, being inversely proportional
to the charmed quark mass, and there isn't much phase space. However,
(' (3. 695) —~ T]CY) may offer some possibility of detection eventually.
The dgcay of i into hadrons is likely inhibited just as the decay

: -3
of ¢ is. According to Appelquist and Politzer,

-1
r —~- : 2
(T]c hadrons) 10 "t _ g )
C(y — badrons) \54 ° =
[In this estimate, the Coulombic nature of the cc system need not be
assumed.] This gives, with & =0, 3,
* I‘(nc -~ hadrons}! ~a few MeV. (6)

e ' PC -+
The hadronic final states must have the quantum numbers J = 0
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G = +1, I = 0. Some of the final channels that are relatively easy to detect

are 1§+Ks'rr-, K_sz+, popo - TI.'+1T-1T+'|T— and baryon-antibaryon,

The rate for n = vy may be estimated in a number of ways;
c

scaling up the = — yy rate we have

M

T(n ~ yy) = 22 e e’ = yy) = 260 keV (7)
n. Yy) = 5 v YY .

™

3

C.G. Callan, et al..4 give various estimates based on the known
M. T YY rate, Inall I {n e vy} zlozkev appears likely. That is, the
branching ratio for yy may amount to as much as 10%. In the particular

charmonium scheme of Appelquist and Politzer, the rate for nc' = Yy is

lower and of the order of 10 keV.

IV, PRODUCTION
As alluded to earlier, 7 o may be an important product of the '

disintegration:

o= vt o
Yty . , (8)
ha.‘drons .
"As pointed out many times, one ¥ must be monochromatic.
In hadronic reactions, n . production cross section is presum-
ably not too different from that of ¢,

An intriguing possibility is the Primakoff production of 7 *
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. 0 Q . s
Unlike the =~ and 7 production by the same process, it is expected
that there is very little nuciear interference in this case; it would arise
mainly from the exchange of heavy objects like the & or ' , which have

low Regge intercepts,

The general formula for the coherent production in a nuclear
Coulomb field (Ze/r) of states with the quantum numbers of two photons
is given by:

2 YY t . -t
de - a Z o’ (s) (mln )(F(mz ' (9)

dt ds T s tZ

where t is the momentum transfer to the target with form factor F(t) and s is the
square of the total ¢c. m. energy of the photon-photon channel with cross-
section o (s) s and t ., is the minimum momentum transfer given

. YY min A .

to a very goé:d accuracy by

2

= - = =
tmin (ZE ) ’ (E'Y lab momentum of photon) _(10}
v

The integral.over the resonant \n;- cross section due to the 1 c
is given by

r - - r
8172 (n Yy) .

ds ' c 1
f s UW(S) - M2 M r ()
T,
where M = M‘q and -l_-.l- is the branching ratio into a decay mode of good
C

experimental signature {more on this later), We then obtain from Egs. 10

and 11 the differential cross section with the familiar Primakoff peak:



2 Tin = yy)T, t_ . -t
. Sz e = - (F(e))° (12)

L 2 AN '
M M tZ .

The cross-section for 2 heavy nucleus like lead with Z = 82 and a form

<r2> <r2>

6 , Where a

is plotted in Fig., 1 for Ey: 100 GeV, At EY =100GeV and 200 GeV

factor F(t) = exp t is approximately 130 GeV"Z'

Z
typical energies accessible at Fermilab, tin® ~0.002GeV "and -0,005

GeVz for M = 3 GeV., well within the coherence requirements for lead.

From Eq. (12) the total integrated production cross-sections are for
I‘(qc—* YY)} = 100 keV:
oy — nc} A~ 380 nb at 100 GeV. Luan

' , (13)
oy = n) ~ Lbub at200Gev. ! e

The total cross section as a function of Lab energy for various nuclei is plotted in

Fig. 2. Of course if the radiative decay width of n.TYY is much smaller than

100 keV these cross-sections have to be scaled down accordingly. Also
the observed cross-section into some decay channel i of good signature

has to be corrected by the branching ratio for this mode, Eq. {12}, this
may decrease the rates also. One particular favorable mode might be

the two body mode pp. The signature for the reaction

\(+Z"'Z+T]c

L.

would be a pp pair with longitudinal momentum of the order of 50 Gev

PP

1 -
and transverse energy (pi + mz)a of the order of __I\?_J‘I_ ~ 1.5 Gev which
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come out peaked around the beam direction‘and isotropic in the rest
system of the e Such energetic antiprotons should be 2 striking effect
and the cross-section should be reasonable if the branching ratio l"p}._;/l"
is not too small. By examining cross-sections on different nuclei, one
can distinguish the cchcrent Primakoff production from other processes
suchas y+Z ~ Y+ 2, = p+p.

Another possible production mechanism for e is the two thoton

process in’

- + - +
e e — ee +nc

From the standard .fo::-;mula.s7 for this process, these cross-sections are
-35 2 ~-33 2
- of the order 10 cm  and 5 X10 crm for SPEAR II and PEP,
In conclusion we hope that these remarks are useful for experi-
mentalist planning future endeavors in this field. We would also like to
stress the utility of the Primakoff process in general even for hadron

beams in scanning for states that might have dominant radiative decay

modes.
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FIGURE CAPTIONS

. d
Fig. l‘_ -d—-:- plotted against {t - tmin) at EY = 100 GeV on Pb ,
Fig. 2- Energy dependence of the total integrated cross-section for

various nuclei,
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