# national accelerator laboratory

FPERMILAB-74/110-THY ©
December 1974

Some Considerations on n
c

by

B.W. LEE and C. QUIGG
Fermi National Accelerator Laboratory, Batavia, Illinois 60540

"This document is not intended for publication.

!."h Obperated by Universities Research Association Inc. Under Contract with the United States Atomic Enerov Commission



-2- FERMILABR-74/110-THY

I. INTRODUCTION

If we accept the view that the recently discovered resonance
$(3105) is a cc bound state of JPC= 1, qﬁc, in the charm scheme,
then it is imperative that there exists a cc bound state of jPC: 0

The following is a brief discussion of its mass, decay modes and widths,

and production,

II, MASS

In G.L.R., a mixing scheme was proposed for isoscalar pseudo-
scalar mesons on the basis of a Gell-Mann, Okubo-type mass formula,
according to which n, XO and n, were predicted to have the following
compositions:

: u1-1+da;255
n - [}
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However, this scheme now appears very unlikely, in view of the recent
0
developments, For, if it were true, the decay ¢ = X"y would proceed

analogously to ¢ = n vy, and its rate would be
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M \3

rp=x% = {58 T ~ v
~ 1.3 MeV.

Another mixing scheme which emerges from the same mass formula

is

n = o.so(uu——‘*dd) -0.60s5, M =508 MeV
N2 n
- )

x° = 0.60 (‘3‘-—_(1—‘3) +0.8085, M , =969 MeV
N2 X

n, = 1.00 cc, M =3122 MeV

[

to within a few tenths 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 judgment
was a little too hasty, and given the questionable tr eatment of SU(4)
breaking in lowest order, Mn = 508 MeV is not a bad fit to the actual
mass 548.8 MeV,

We find that another curious solution is obtained if we identify

(n, E(1416), nc) as isoscalar members of a pseudoscalar 16-plet:

n ?o.bez(M) -0,750 gs; M_ =554 MeV
N2 n

E Zo0, 750(‘3.‘5—:—‘19) +0.66255; My = 1398 MeV
N2
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n, = 1,000 cc; M = 3066 MeV,

e

We shall not offer any explanation as to where XO belongs in such a
scheme as this; the idea that E(1446) belongs to the pseudoscalar 16~
plet may deserve further attention, nevertheless,

In any case, the mass formula of G. L. R. suggests that if M
is almost pure ce, then . muwst be almost degenerate with ¢ in mass,
Appelquist and Politzer predict that the mass difference of the ortho-
and para- ''charmonium' to be about 30 MeV. In any case, the ¢c - 1,
mass difference is predicted to be very small, perhaps less than

100 MeV, and perhaps d)c is heavier.

1II, DECAY MODES
The decay rate I'({~ ny)is very small, because 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,
T{y “(3.695) —~ né') may offer some possibility of detection eventually,
The decay of Me into hadrons is likely inhibited just as the decay

of ¢ is. According to Appelquist and Politzer,

10 4,7 -9
54 T

F(nc ~» hadrons) ( 2 )-1

T'(¢ - hadrons)

[In this estimate, the Coulombic nature of the cc system need not be

assumedZ! This gives, with ¢ = 0,3,
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1“(nc ~ hadrons) = a few MeV.

PC
The hadronic final states must have the quantum numbers J =0

G = +1, 1 = 0. Some of the final channels that are relatively easy to
+ - - + 00 + -+ - - -
detect are K KS‘ﬂ' , K KSTr ,p p T TT T, PP, and AA.
The rate for U - yy may be estimated in a number of ways;

scaling up the m = yy rate we have

M 3
e

i
SOl
I

I"(Tro-" vy) = 260 keV,

I‘(nc"’w)

T4
C.G. Callan, et al., give various estimates based on the known
2
n — yyrate. Inall I“(nc - vyy) = 10" keV appears likely. That is,

the branching ratio for yy may amount to as much as 10 %.

IV. PRODUCTION
As alluded to earlier, n, may be an important product of the ¢ ©

disintegration:

by t
Yty
hadrons .
As pointed out many times. one y must be monochromatic.
In hadronic reactions. U production cross section is presumably
not too different from that of .

An intriguing possibility is the Primakoff production of N5 en
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estimate of the production cross section is given in the Appendix of a
Fermilab proposal by Caldwell et al. Unlike the wO andn production

by the same process. it is expected that there is very little nuclear

interference in this case; it would arise mainly from the exchange of

heavy objects such as ¢ or ¢~,

Coherent Production

_d_g _ 32 wZza I‘(nc—’vy) (L]E\'/I)Z [(t B tmin)tmin} [F(t) '2
dt IVI4 M t2
where M = M n k = C. M., momentum of M Fi{t) is the nuclear form factor.
c

The simplest way to treat the coherent production is to consider the
nucleus as an "elementary' particle of mass m = m(Z, A) charge Z

and the electromagnetic form factor F(t).

- 2

4 2

; M s+m2 Z_mz _ {s+m -M2 2 2
min  4s \2\[3 \ o'

and

2
= +
8 =m zm(Ey)Lab'

For Pb(Z =82), m =194,76 GeV, and (E_) = 400 GeV,
vy Lab

t . = 2,17 10-3(GG:V/0}2
min

and
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99 . 400 wo/Gev? x | Fit}]°

where we have used arbitrarily I‘(nC - yy)=100 keV,

We will approximate

where

=

We obtain

o(y =n )= 170 nb.
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t..=-202 x 1073
min (GeV/)?
for ¥ of 100 GeV/c

impinging on Pb.
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