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1. Introduction

BEPCII/BESIII [1] is an upgrade facility from the previous BEPC/BE8Xperiment. The
BESIII spectrometer consists of a main drift chamber with momentum resolutét & 1 GeVe,
an electromagnetic calorimeter with energy resolution 2.5% at 1.0 GeV, a TirkdigDt counter,
a superconducting magnet with a magnetic strength of 1 T, and a muon chgystem made of
resistive plate chambers.

Based on 106 10° [2] ¢/ events taken in 2009, charmonium spectroscopy is widely studied.

2. Measurements of he with ¢ — 1°h;

As the P-wave spin singlét, is first observed by E835 experiment [3] with scanning antipro-
ton energy. Later, CLEO Collaboration observedhhim the cascade procegsd — m°he, he — yne
with both inclusive and exclusive measurements [4, 5]. There are ticEdqgredictions [6] for the
production and decays 6f, which can be tested with the largegtdata sample at BESIII. Both
El-tagged and E1-untagged methotijr— yn. are performed at BESIII to measure the branching
fraction of ' — 1°h. [7]. The results are shown in Fig. 1. The mass and width.afetermined

4000 ;— (a)
3500 Prrge +——+_v e
3000 F
E 1000
2500 s00 |
. 2000F Do}
= 1500F = A b
= “TFrT ESa o T =7
% 1000F
2 500 3.51 352 353 354
__1‘_—|‘-‘ 0 E 1 1 . 1 . . . L .
£ 50000 - e (b)
3] F
= 40000
30000 | 1seof
' oo}
20000 L Ly it 4 Y
IS TR
F 1000 EXT EEE EEE 353
3.51 3.52 3.53 3.54

7% recoil mass (GeV /c?)

Figure 1: The recoiling mass of the tagged in ¢/ — m°h¢: (a) for the E1 tagged method, (b) for the E1
untagged method.

with the E1 tagged method aké, = 3525404 0.13+0.18 MeV/c? andly, = 0.73+0.45+0.28
MeV. The mass split Myhs = (M(1°P)) — M(1'P) = —0.10+ 0.13+0.18 MeV/c?, which is con-
sistent with zero predicted by the potential model. The branching fractrendedermined to be
B(Y — 1m°he) = (8.3+1.3+1.0) x 104 and Z(h — ync) = (54.3+ 6.7 +5.2)%, which also
agree with the theoretical predictions. Exclusive measurements are algasitith sixteem de-
cay channels, and the simultaneous fit is shown in Fig. 2. Results fromc¢hesise measurement
are:Mp, = 352531+0.11+0.14 MeV/c?, andlp, = 0.70£0.284+0.22 MeV. They are consistent
with the previous measurement at CLEO [5].
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Figure 2: Simultaneous fit to 16 exclusive decay modes.

3. Measurements of the mass and width of the nc using ¢/ — ync

Properties ofj. are not well understood although it has been observed for many. ydsese
are obvious discrepancies between results from different experirf@ntdn obvious distortion
in the line shape of. is reported by CLEO [9], but similar effect is not observed/in— m°he,
he — ync at BESIIIL.

Measurement afc at BESIII is performed with six decay channels, incIudi(&( T, KTK— 0,
o n, KeK3m, KK n® and 3" ) [10]. A simultaneous fit with uniquge mass and
width is performed on th@. mass spectra, where a full interference betwggand non-resonant
' radiative decays is considered and the quantum number of thgyoomponents are assumed
to be 0. The corresponding relative phases in different decay modes ane fo be consistent
within 3g, which are constrained to the same value in the final fit. The simultaneousHihis1s
in Fig. 3. The obtained results ali,, = 29843+0.6+0.6 MeV/c?, I, = 320+ 1.24+1.0 MeV,
@ = 2.40+0.074+0.08 rad (constructive), angh = 4.194+0.03+0.09 rad (destructive). The BE-
SlII results are consistent with that from two-photon production [11,182 The precision of the
measured mass and width are improved.

4. First observation of the M1 transition ¢/ — yn/

n¢ is first observed by Belle Collaboration [14] B»— KKsK ™ r", which is also expected in
the radiative transition of/’. According to the potential model, the branching fraction is predicted
to be B(Y' — ynl) = (0.1—6.2) x 1074 [15].

BESIII performed a searching for thg in several decay modes, and signal is only observed
in the KK 7T [16] final state. Figure 4 shows the fit result to the mass spectrukiKaf. With
a simultaneous fit we obtain the mass and widtmpf My, = 3637.64+294+1.6 MeV/c?, and
M, = 16.946.4+4.8 MeV. The product branching fraction is determined toBg)’ — yn¢) x
(Nt — KKm) = (1.30+£0.20+0.30) x 10-5 . Using the previous measuremesitn, — KK ) =
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Figure 3: The simultaneous fit of six decay channels.
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Figure 4: The simultaneous fit to th€K 1 mass spectrum.

(1.94+ 0.4+ 1.1)% from BaBar [17], the M1 transition rate is determined toB&y’ — ynl) =

(6.81.1+4.5) x 1074,

Searching for/ is also performed with theV final states, including®p®, K*°K*°, and .
The intermediate charmed meson loops can be taken as a mechanism to evatieithselection

rule, which provides possible explanation for the long standipg”“puzzle. Considering this
effect, the production of). — VV is expected to be quite high. Based on 106yKMdata, no
significantn/ signal is found in the three final states we studied, and the branchirn@frapper

limits are determined to be&#(n. — p°p°) < 3.1x 1073, B(n., — K*°K*0) < 5.4 x 103, and

B(nkL — @) < 2.0 x 1072 [18], which are lower than the theoretical predictions [19].
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5. Summary

With the 106x 1P ¢/ data collected by BESIII, the following results about Charmonium
spectroscopy are obtained: the propertiehofire measured with both inclusive and exclusive
methods; the properties gf. are precisely measured using the radiative decayg oivhere the
interference between; decays and non-resonant decays is taken into account; the M1 transition
@' — yn.is first observed with th&K 7t final state.
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