Lawrence Berkeley National Laboratory
Lawrence Berkeley National Laboratory

Title
ON THE WIDTH x(3.55)-&gt; Y 3n

Permalink
https://escholarship.org/uc/item/7djOv1af

Author
Flory, Curt A.

Publication Date
1981-05-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/7dj0v1gf
https://escholarship.org
http://www.cdlib.org/




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



May 1981 LBL-12703

ON THE WIDTH y(3.55) - ¢37
Curt A. Floryf
and
Ian Hinchliffe
Lawrence Berkeley Laboratory

University of California
Berkeley, California 94720

ABSTRACT
In view of a recent experiment, the width x{(3.55) »y37
is investigated. If the data are confirmed there is a serious
difficulty with the conventional understanding of hadronic

transitions between charmonium states,
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In this paper we present an estimate of the width x(3.55) ~ ¢W+W—Wq
A recent experiment [1] using a pion beam at FNAL reported evidence
for this decay mode with a substantial branching ratio,

BR (é{;—g%%—) ~ 45% + 15%. This seems surprisingly large in view
of the limited phase space, a Q value of 40 MeV, for the decay.

We will use multipole techniques [2] to estimate the width.

These techniques involve not an expansion in powers of o but rather
in powers of (Kao) and <§i)’ where k is the energy of a gluon
emitted in the decay, a, is the size of the ¥ state, and Ac is the
binding enmergy. These methods have been applied with some success

to the decay ¢' - ¥X [3], but it should be emphasized that the
expansion parameters are not very small for this decay ((kao)“‘.ZS and
(i%— ~ .3). 1In view of this and other uncertainties it seems
unlikely that one should expect to get a result accurate to more than
a factor of 10 or so. We shall see that this is sufficient for us

to make a strong statement about ¥ - Y3w.

To illustrate the method and to ensure that our approximations
are reasonable,we will first discuss ¢' - ¢ + hadrons. The hadronic
system will contain at least two gluons; in the multipole expansion
the transition is of order (E1)2 and the gauge invariant matrix
element is
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where Ea is the color electric field, !X > is a quark-antiquark

color octet state of energy E

<2 and k2 is the energy of the emitted

gluon 8y The evaluation of this matrix element requires a knowledge

of the singlet-octet energy difference EX - EW’ and of the wavefunctions.
For simplicity we will use Coulomb wave~functions for the ¢ and o’
states, and plane waves for the octet states, ]X:>. In additiomn, it

is a very good approximation to neglect kz in the energy denominator

(better than 5%). Summing over final states we have for the width

$' > ¥ + hadrons

4
a
T(y* > ¢ + hadrons) = 2.6 x 10_3 uz O (m,, - m )7
s (AE)Z lp TP

where 2, is the Bohr radius, o is the strong coupling constant,
and Ae is the singlet-octet energy difference. Making a fit to the

¥ and ¢ with Coulomb wavefunctions we have a = .81 Gevnl. For Ae

(mw + mw,)
we use mg -~ ——-§r—v—-where mg is the energy of the lowest octet
state in the Coulomb approximation; Ae = .9 GeV. Since ag should be

evaluated at a scale characteristic of the gluon momentum,

we do not use the value obtained by fitting the mass spectrum

(as = ,9). We chose to use o = .5. With these approximations we
have T' = 25 KeV. We now invoke the concept of duality and assume
that this gluonic final state materializes into hadrons. In this
case, phase space and quantum number restrictions imply that the
hadronic system is 7nm or n. Experimentally I'(y'- ymi + T(¥' » yn) =
130 KeV{4]. 1In view of the approximations made the agreement is

satisfactory. (The authors of Ref. 3 obtained a larger answer

primarily because they used Ae = ZmQ - mw,. (Using this value
increases our result by a factor—of eight.)

Having established that our approximations are satisfactory
we now turn to the decay ¥ - ¢ + hadrons. Here the transition is

3
(E1)”, so there are at least three gluons in the final state. The

matrix element is

3
z & <xglE®ezlx> .
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Making the same approximation as before we now have
T(x -~ ¥ + hadroms) = 1 ev.

The final hadromic state can only consist of 3w, indeed since we

are close to the 37 threshold we might expect that the width that

we calculate would be suppressed further by phase space considerations.
Let us now compare this to the experimental result. The total width
of the %(3.55) is estimated in potential models to be of order 1 MeV
[5]. Using the measured branching ratio, this implies that T'(x — y3m)
~ .1 - .5 MeV. We see that there is a discrepancy of many orders of
magnitude between this value and our calculated value.

We would conclude that in the context of the QCD multipole
expansion it is impossible to understand the large width reported for
x(3.55) + Y37, If this experimental result is confirmed it would cast
grave doubts on the relevance of QCD multipole expansions for charmonium

cascades.
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