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Using the inclusive photon spectrum based on a data sample collected at the /iy peak with the KEDR
detector at the VEPP-4M ete~ collider, we measured the rate of the radiative decay J/¥ — y1nc as
well as 1. mass and width. Taking into account an asymmetric photon lineshape we obtained 1“19,]C =

Available online 6 October 2014 2.98 +£0.187012 keV, M,  =2983.5 + 1.4718 MeV/c?, I, =27.2£3.1%5 2 MeV.

Editor: M. Doser

Keywords:
Charmonium
Radiative decays

© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/3.0/). Funded by SCOAP3.

1. Introduction

J/¥ — ync decay is a magnetic dipole radiative transition in
charmonium with the most probable photon energy wg of about
114 MeV and a fairly large branching fraction of (1.7 & 0.4)% [1].
This is a transition between 1S states of the charmonium system
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and its rate can be easily calculated in potential models. In the
nonrelativistic approximation, the magnetic dipole amplitudes be-
tween S-wave states are independent of a specific potential model,
because the spatial overlap equals one for states within the same
multiplet. A simple calculation in the nonrelativistic approxima-
tion yields the result [2] B(J/¢¥ — ync) = 3.05%. It is reasonable
to assume that relativistic corrections are of order 20 + 30%, sim-
ilarly to the case of the electric dipole transitions in the char-
monium (see, for example, the reviews [3,4]). However, in 1986
the Crystal Ball Collaboration measured this branching fraction in
the inclusive photon spectrum and obtained a much smaller value
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(1.27 £ 0.36)% [5]. There are a lot of theoretical predictions for
this decay rate [6-13], based on QCD sum rules, lattice QCD calcu-
lations and so on, but as a rule they lead to values approximately
twice as large as the Crystal Ball result.

This discrepancy remained unchanged for more than twenty
years. During this period no new measurements of this branch-
ing fraction were performed, and the PDG average [14]| was based
on the single Crystal Ball result. Only in 2009 the CLEO Collabo-
ration published the result of a new measurement [15], in which
12 exclusive decay modes of the 1. were analyzed. The obtained
value B(J/¢¥ — ync) = (1.98 £ 0.09 £+ 0.30)% is closer to theo-
retical predictions. Combining the Crystal Ball and CLEO results,
PDG obtained B(J/¢¥ — ync) = (1.7 £0.4)% [1] with a scale fac-
tor of 1.6. In this work we report the result of a new independent
measurement performed using the inclusive photon spectrum.

2. Photon spectrum

The spectrum of detected photons in J/v¥ — y 7. decay is given

by the formula [3]
2

ar _ A—lae—caﬁlMlz BW(w). (1)

do 3 m?
Here w is a photon energy, « is the fine structure constant, e. and
mc are c-quark charge (in electron charge units) and mass, M =
(ncljo(wr/2)|J /) is the matrix element of the transition (without
relativistic corrections), jo(x) = sin(x)/x, BW(w) is a Breit-Wigner
function. A typical momentum transfer inside the charmonium
bound state is about 700 to 800 MeV [16] (this is of the order
of the inverse size of the system), so the matrix element is al-
most constant (close to one) up to such photon energies. Therefore,
in this energy range the decay spectrum ‘“;# ~ w3 BW(w). Since
BW(w) ~ w2 at w > wyp, the decay probability grows as w when
w increases. If a resonance width is not small, it can give a no-

ticeable tail in the photon spectrum at photon energies > wyp.
For the J/¢¥ — yn. transition we have 1;—’705 ~ % ~ }l. This
value is not small, therefore we should take into account this tail.
It should be also noted that in theoretical calculations of the decay
rate this effect is as a rule neglected, and, assuming a small width
of the resonance, w is replaced with wg in (1).

At the same time it is known that the usual form of the Breit-
Wigner function is applicable only in the close vicinity of a reso-
nance and gives an overestimated value far from it. For example,
in the theory of atomic transitions a photon absorption lineshape
has the same functional form as a (non-relativistic) Breit-Wigner
function, but with I'(w) ~ @3 [17], so BW(@) ~ w3 at @ > wy.
Also, it should be taken into account that this function gives a cor-
rect description of the resonance in the limit of its zero width only.
Given this, the photon lineshape in the decay J/v¥ — ync has the
form

dr(w)
dw

where the correction factor f(w) is about one near the resonance
and falls far from the resonance.

Due to the w? factor and a fairly large 1. width, the photon
lineshape in this decay is asymmetric, and this is confirmed ex-
perimentally. The Crystal Ball did not consider this issue in their
publication, noting only that the w3 factor was used in the fit of
the spectrum in the convolution of the detector response function
with the 7. Breit-Wigner resonance shape. However, because of
the large background, such an asymmetry cannot be revealed us-
ing the data collected at the Crystal Ball.

The CLEO Collaboration used exclusive decay modes of the 7,
that allows one to suppress background strongly. As a result, it

~ o’ f(w) BW(w), (2)

was found that the photon lineshape of this transition is really
asymmetric. The Breit-Wigner function alone, traditionally used to
describe resonances, provides a poor fit to data. Its modification
with the @? factor improves the fit around the peak, but gives
a great tail at higher photon energies, as it was noted above. To
suppress this tail, CLEO used |M|?> = exp(—%) in their fit with
B =65 MeV. However, such a form of matrix element is valid for
harmonic oscillator wave functions only. Also, the value of 8 used
in the fit is too small for the charmonium system and gives very
fast fall of the matrix element with the photon energy increase.
In addition, in their analysis CLEO did not consider interference
effects, which may be not small for exclusive spectra.

When measuring the branching fraction B(J/¥ — ync), one
should separate the events of J/¥ — yn. decays from the back-
ground events. This requires either a knowledge of the photon
lineshape or a background measurement with sufficient accuracy.
As a rule, the latter is a difficult task, especially for inclusive de-
cays, because of the small signal to background ratio. Therefore, to
determine the number of signal events, during the data fitting one
has to specify the explicit form of the resonance. However, con-
sidering that exact w dependence of the f(w) factor in (2) is un-
known, we can conclude that the measurement of B(J/¢¥ — ¥ 1c)
will be inevitably model-dependent, until the photon lineshape
will be measured or calculated theoretically with a sufficient ac-
curacy. In this work we assume that the photon lineshape has the
form (2) wherein f(w) is chosen under the assumption that the
spectrum tail at photon energies @ — wp > 41, can be neglected:
at w — wo < 20y, the factor f(w) =1, at @ — wp > 417, the fac-
tor f(w) =0, and in the region 2I;. < w — wo < 41, the decay
probability falls linearly.

3. KEDR data

The experiment was performed at the KEDR detector [18] of the
VEPP-4M collider [19]. It operates at a peak luminosity of about
1.5 x 10° cm™2s~! near the J/y resonance energy. The lumi-
nosity is measured using single Bremsstrahlung online and small-
angle Bhabha scattering offline. Two methods of a beam energy
determination are used: a resonant depolarization with an accu-
racy of 8+-30 keV and an IR-light Compton backscattering with an
accuracy of ~ 100 keV [20].

The view of the KEDR detector is shown in Fig. 1. Subsystems
are listed in the figure. Detector includes a tracking system con-
sisting of a vertex detector and a drift chamber, a particle identifi-
cation (PID) system of aerogel Cherenkov counters and scintillation
time-of-flight counters, and an electromagnetic calorimeter based
on liquid krypton (in the barrel part) and Csl crystals (endcap
part). The superconducting solenoid provides a longitudinal mag-
netic field of 0.6 T. A muon system is installed inside the magnet
yoke. The detector also includes a high-resolution tagging system
for studies of two-photon processes.

Charged tracks are reconstructed in the drift chamber (DC) and
vertex detector (VD). DC has a cylindrical shape, with a 1100 mm
length and an outer radius of 535 mm, and is filled with pure
dimethyl ether. DC cells form seven concentric layers: four ax-
ial layers and three stereo layers to measure track coordinates
along the beam axis. The coordinate resolution averaged over drift
length is 100 pm. VD is installed between the vacuum chamber
and DC and increases a solid angle accessible to the tracking sys-
tem to 98%. VD consists of 312 cylindrical drift tubes aligned in 6
layers. It is filled with an Ar + 30% CO, gas mixture and has a co-
ordinate resolution of 250 pum. The momentum resolution of the
tracking system is op,/p = 2% ® (4% x p[GeV]).

Scintillation counters of the time-of-flight system (TOF) are
used in a fast charged trigger and for identification of the charged
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