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1. Introduction

The standard model (SM) has been widely accepted as therfigmdal theory of elementary
particle physics according to its successful descriptibth® experimental phenomena. However,
SM still leave many unanswered questions. These questiagdbmclassified into two categories:
the first is relevant to very high energy region includingtsas search for Higgs particles and
new physics beyond SM; the second is for the non-pertuatiysics at long-distance, is mostly
related to the Quantum Chromodynamics (QCD).

Operating at 2~ 4.6GeV energy region, BES(BES-I and BES-II)/BEPC aimed tdgioume
to the non-perturbative physics, because it spanned thigyerenge where both short-distance and
long-distance effects can be probed. Eventually it hasuymed fruitful physics results such as the
mass measuremeiR;value measurement, new resonances and enhancementatioseiand non-
DD decay ofyY (3770, etc. However, higher precision measurement and a bettirstanding of
rare processes need larger statistics, that's why BEPCdateg to BEPC-II since 2004. The
updated machine is a high luminosity double-ring collided atill works at the charm energy
region. Correspondingly, BES-II is updated to BES-Ill tontke the upcoming huge data and
provide much more precise measurement based on enhanctiviées and resolutions in each
sub-detector as well[1].

Since the firstet e~ collision event in BES-IIl, BES-IlIl has already collectetcait 106M
W(2S), 226MJ/y and Ifb~1 (3770 events till now. In which each of thg(2S) andJ/y sample
is the largest one in the world. With these data samples atdrtHuture, BES collaboration will
contribute a lot to the physics afcharm region. There will be abundant and interesting misysi
such as light hadron spectroscopy, charmonium states, taessabove open charm threshold
(X,Y,2), J/y and(2S) hadronic decays, electromagnetic form factors and QCDs@estion (R
value) and high precision mass and charm physics near threshold, open charm physicgarch
for new physics. In this report we only focus on the two readrarmonium results at BES-III: the
measurement di; via (2S) — n°he, the observation of branch fraction of two-photon traositi

of ¢ — yyd/y@

2. Recent Charmonium Transitions

2.1 Observation of he

he is aP; charmonium statec€), which is predicted for a long time by theoretical physics
based on simple quark model. And because it is expected aarachium singlet state, there is
non-strong spin-spin interaction and its mass would be teeage of masses of triple 1P-wave
states, i.6Xco.1.2. Till now, it only be found viay(2S) — n°he, and only CLEOC[2] gives its mass
and product branching fractions before BES-III results.

We apply two methods to measure the mass and width afd the transition rate af(2S) —
m°he: one is an E1-tagged analysis@f2S) — 1°he, he — yn. in witch the radiative photon from
h. decay is tagged; another one is the inclusive analysig(@S) — n°h.. Here about 106M
Y(2S) events collected by BES-IIl at BEPC-II in March and April afar 2009 has been used.
Notice in these two methods the performance of BES-IIl etentgnetic calorimeter (EMC) is
crucial because it is the key detector to measure the enedylisection of photons fronm® or
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hc radiative transitions. In BES-IIl EMC, energy resolutia dood to achieve.8% at 1GeV.
Further effects, such as using time information to rejeeinbgas and add energy deposit in TOF
to improve efficiency, have been applied to improve detectiod resolution also. From Fig.1, the
comparison between Monte Carlo (MC) and data shows goodideince.

Fig.2(a) shows thet® recoil mass from E1-tagged proceg$2S) — m°h, he — yne, which
is fitted by the signal convolved with the resolution and phaskgrounds. Here the signal of
hc is described by non-relativistic Breit-Wiger, the resmlntis obtained from MC simulation
and parameterized by double-Gaussian, and backgroundemmesented by tha® recoil mass
spectrum in the sideband of the E1 photon. The mass and widih and normalization floated
when fit. Obtained results! (h;) = 353540+ 0.13 MeV,N(h;) = 3679+ 319 and’ (h) = 0.73+
0.45 MeV are consistent with CLEOC's result[2l1(h;) = 352535+ 0.23 MeV and theoretical
predictions. Notice the width df; is the first observation and only statistical errors areqmtesi
here.

Fig.2(b) shows the™ recoil mass from inclusive)’ — m°he, which is fitted by the signal
convolved with the resolution and plus backgrounds, andhimfit the mass and width df. are
fixed to the values obtained from previous El-tagged aralyBiackgrounds are parameterized
by a 4th-order polynomial. Combined with the previous Ejged results, we can get the branch
fraction Br (¢ — m°h;) = (8.4+ 1.3) x 10~ andBr(h; — yn.) = (54.346.7)%, they are both
first observation in the world. And these results are alssistent with CLEOc’s product branch
fractions results[2]Br (¢ — 1°he) x Br(he — yne) = (4.22+0.44+0.52)~4.

This work has already been published in Ref. [3].
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Figure 1. Comparisons between MC (lines) and data (dots): (a) enasfiytalition of the radiative photon
in Y — yXc1, X1 — Y3/ W, 3/ @ — 1717; (b) energy distribution of the radiative photongt\ — yxc2, Xc2 —
yd/Ww,J/ — 1717; (c) invariant mass distribution af® in ¢/ — 3/, J/@ — 111,

2.2 Two-photon transition of Y (29)(¢') — yyd/y

The two-photon spectroscopy has been always a very powedlfor the study of the ex-
citation level of different size-scale systems, such asemdes, atomic hydrogen and positron-
ium [4, 5, 6]. This transition in hydrogen is specially udefuthe study of cosmological hydro-
gen recombination in the universe [7]. It is a direct analogtudy the similar process among
the quarkonia. CLEOc reported the observation of two-phdtansition ofY{(3S) to Y(2S) [8].
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Figure2: (a) Ther recoil mass spectrum and fit for tBd -tagged analysis af’ — 1°h¢, he — ync; (b) the
m° recoil mass spectrum and fit for the inclusive analysispof— m°h.. Fits are shown as solid lines,
background as dashed lines. The insets show the backgsubidacted spectra.

Charmonium is a specially interesting system because itigge a good place to test the non-
perturbative Quantum ChromoDynamics(QCD) [9] . Hence,nisasurement of such transitions
among charmonium states will promote our understanding@DEheory. Until now, two-photon
transition in charmonium is still escaped from experimbemeaasurement. The reason is basically
due to its low branching ratio and the limited experimenttbd For instance, th&/ ¢ yield from
two-photon transition fromy(2S) is estimated to be much smaller than that throyghinterme-
diate states [10]. Therefore, with the broadened instridah@asolution of the spectrometer, the
dominant two E1 transitions, which have same final statekentalifficult to evaluate the strength
of the two-photon continuous process, if the statisticoisemough.

Taking advantage of the high luminosity of electron-pasitstorage ring at BEPCII and ex-
cellent spectrometer, BESIII took about 10&2S) data, 4 times of CLEOCc’s. This high statistics
data guarantee the significance of the measurement of tetmplransition ofy(2S) to J/y.

Here we use two decay modes to tagpy, J/¢ — ete” andJ/P — putu~—. After event
selection we can see some hint of the two-photon transitic@s) — yyJ/y in the red boxes(signal
region) on the scattering plots ofy | recoil VS. Myy, See Figure3. by studying the invariant mass
distribution of the two leptons of the events in the red boxee can extract the yield of the signals
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Figure 3: Scattering plots ofy  recil VS. Myy. The upper row isl/(y — ete~ channels, the bottom row
J/@ — ptu~ channels; from the left to right the plots are data, inclesidonte Carlo and phase space
Monte Carlo. The events in The boxes will be used to extracsipnal.

ee channel U u channel
No. of signals 498+ 379 6159+40.9
acceptance (7.44+£0.02)% (9.92+0.02)%
significance 150 14.30

Br(y' — yyJ/@)[10°%] 1.06+0.08'915 0.99+0.07'513

1.02+0.05"0 33(average)

Table 1: Summary of the results of two-photon transitionyof2S) — yyJ/ @

of two-photon transition.

With the reconstruction via"e~ andu™u~ channel, the plots in Figure 4 show the distribu-
tion of m+|- of the combined exclusively simulateg2S) decay backgrounds, where the relative
branching fractions are taken from ref. [11]. Unbinned nraxin likelihood fit is performed to the
selected data as shown in Figure 4, where the MC backgrowmgksiind signal shape are taken
from the MC simulation. The results are summarized in Tahléhd signals ofy’ — yyJ/y two-
photon transition are observed with high significances, thedresult does not conflict with the
up-limit assumption oBr ((2S) — yyJ/@) < 1 x 10° by CLEO [10] .

3. Summary

Some recent charmonium results, obtained based on 10@4) data collected at BESIII/BEPCII,
are presented. These results include the observatibpfadm ¢ (2s) — 1°he, and the observation
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Figure 4: Scattering plots oMy | recoil VS. Myy. The upper row is)/i — e*e~ channels, the bottom row
J/@ — ptu~ channels; from the left to right the plots are data, inclesidonte Carlo and phase space
Monte Carlo. The events in The boxes will be used to extracsinal.

of two-photon transition ofy(2S) — yyJ/@. Some of them are observed/measured for the first
time in the world, which include the measurement®8ofy(2S) — yh. andBr(h. — yh;) sepa-
rately, the width otc, and that oBr(y/(2S) — yyJ/@). More exciting results at BES-III, which
will improve our knowledge at this energy region, are consogn.
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