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1. Introduction

To meet the challenge of precision measurements of T—charm physics, a major upgrade on
the Beijing Electron-Positron Collider (BEPC) and the Beijing Spectrometer (BES) has been com-
pleted in 2008 (called BEPCII and BESIII afterwards). The BEPCII is a double ring "€~ collider.
The design peak luminosity is 103 cm=2s~! at 3.773 GeV, which is 100 times better than its prede-
cessor. In this talk the recent results on charmonium decays, light hadron spectroscopy and charm
decays are presented with the samples of 106 million ¢’ events, 225 million J/{ events and 2.9
fb~! of Y(3770) collected at the BESIII detector.

2. Measurement of the n¢ properties [1]

In this analysis, the mass and width of n¢ are measured via (' radiative decays, where N
are reconstructed from six decay modes: KK, KK~ ¥, " n, KK3m, KTK=mr mn° and
3(rrtmr). For the first time, the interference between the n¢ and the non-resonant amplitudes
around the ¢ mass is considered, which has a significant impact on the ¢ mass and width. A si-
multaneous fit is performed on the ¢ mass spectra shown in Fig. 1, where the interference between
N and non-resonance decays is considered and the quantum number of the non-¢ components are
assumed to be 0~ . Assuming an universal relative phase between the two amplitudes, we obtain
Ne mass and width, M =2984.24+0.6+0.6 MeV/c? and ' = 32.041.24+ 1.0 MeV/c?, respectively,
which are so far the most precise single measurement of the mass and width of ne.
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Figure 1: The mass spectra for different decay modes, where the line is the result of the simultaneous fit.

3. Observation of h; [2]

We present measurements of the charmonium state he(!Py) made with 106 million ', Clear
hc signals are observed for ¢ — 1°h, with and without the subsequent radiative decay he — YN,
which are shown in Fig. 2(a) and Fig. 2(b), respectively. First measurements of the absolute branch-
ing ratios (Y’ — 1) = (8.4+£1.34+1.0) x 10~* and Z(hc — ync) = (54.3+£6.74+5.2)% are
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presented. A statistics-limited determination of the previously unmeasured h¢ width leads to an
upper limit ['(he) < 1.44 MeV (90% confidence). Measurements of M(he) = 3525.40 £0.13 £
0.18 MeV/c? and Z(Y' — n’he) x ZB(he — yne) = (4.58 +0.40 £ 0.50) x 10~ are consistent
with previous results.

We also performed a study of the 16 specific decay processes of ¢ in the decay chain of ¢’ —
mhe, he — yNe. A simultaneous fit to the 16 7 recoil-mass spectra yields M(h) = 3525.31 &
0.1140.15MeV /c? and I (he) = 0.70+0.28 £0.25MeV /c?. These preliminary results are consis-
tent with the above BESIII measurements.
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Figure2: (a) The 1° recoil mass spectrum and fit for the E 1-tagged analysis of (' — 1°he, he — ync; (b) the
m° recoil mass spectrum and fit for the inclusive analysis of (' — 7°h¢. Fits are shown as solid lines,
background as dashed lines. The insets show the background-subtracted spectra.

4. First observation of the M1 transition ¢ — yn¢(2S) [3]

The first measurement of the M1 transition process )’ — yn¢(2S) was performed in this anal-
ysis, where 1¢(2S) was reconstructed with KK and KK~ 7° final states. The nc¢(2S) sig-
nals are observed in the mass spectra of KIK* 7" and KK~ shown in Fig. 3 with a statistical
significance of greater than 10 0 under a wide range of assumptions about the signal and back-
ground properties. The data are used to obtain measurements of the n¢(2S) mass (M(nc(2S)) =
3637.642.94 1.6 MeV/c?), width (7 (n¢(2S)) = 16.946.444.8 MeV), and the product branching
fraction (B (Y — ync(29)) x #(Nc(2S) — KKm) = (1.3040.20+0.30) x 10~>). Combining our
result with a BaBar measurement of %(n¢(2S) — KK1t), we find the branching fraction of the M1
transition to be (Y — ync(29)) = (6.8 £1.1+£4.5) x 1074,

The search for N¢(2S) — p°p°, K*K*Y, and @@ was also performed using the same ' data
sample [4], but no signals are observed in any of the three final states. The upper limits on the
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Figure3: The invariant-mass spectrum for KK ™ (left panel), KK~ 71° (right panel), and the simultane-
ous likelihood fit to the three resonances and combined background sources as described in the text.

decay branching fractions are determined to be % (n¢(2S) — p°p°) < 3.1 x 1073, B(n:(2S) —
KOK*0) < 5.4 x 1073, and Z(nc¢(2S) — @@) < 2.0 x 1073 at the 90% confidence level.

5. Evidence for the Direct Two-Photon Transition from ¢/ to J/y [5]

The first measurement of the two-photon transition ' — yyJ/ was carried out and the
branching fraction is measured to be (3.1 £ 0.6(stat) "9 (syst)) x 107* using J/¢ — e"e~ and
J/Y — Ut decays. Since its statistical significance is just 3.8 0, we also present its upper
limit, 4.5 x 1074, at the 90% conference level. This work represents the first measurement of a
two-photon transition among charmonium states. The orientation of the )’ decay plane and the
J/y polarization in this decay are also studied. In addition, the product branching fractions of
sequential E1 transitions ' — yXc3, Xc3 — YI/W(I = 0,1,2) are reported.

6. Two-photon widths of the x> states and helicity analysis for xo — yy [6]

The two-photon decays of X was studied via { radiative decays. The clear X signals are
observed in the mass spectrum of two photons shown in Fig. 4. The branching fractions are deter-
mined to be B (X — YY) = (2.24+0.1940.12+£0.08) x 10~* and B (X — YY) = (3.21£0.18+
0.1740.13) x 10~*, which correspons the two-photon widths of Iy (Xco) = (2.33+£0.20+0.13 +
0.17) keV, [yy(X2) = (0.63 £0.04 £0.04 £0.04) keV, and Z =T yy(X2)/Tyy(Xe0) = 0.271 £
0.0294+0.013 £0.027. The ratio of the two-photon widths for helicity A = 0 and helicity A =2
components in the decay Xc2 — Yy is measured for the first time to be fy/, = r¢y: "X2)/ I'g\,y: 2(X2) =
0.00£0.02+£0.02.

7. Observation of ete™ — nJ/y at center-of-mass energy /s= 4.009 GeV

Using a 478 pb~! data sample collected with the BESIII detector at a center-of-mass energy
of /5= 4.009 GeV, the production of €"€~ — nJ/y is observed for the first time with a statistical
significance of greater than 100. The Born cross section is measured to be (32.1 £2.8 +1.3) pb.
Assuming the nJ/ signal is from a hadronic transition of the (/(4040), the fractional transition
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Figure 4: Upper plot: the fitted Ey, spectrum for the (' data sample. The expected positions of Ey, from
Xc0> Xcis X2 are indicated by arrows. The dashed curve shows the background line shape . Lower plot: the
number of standard deviations, X, of data points from the fitted curves.

rate is determined to be Z((4040) — nJ/Y) = (5.24+0.54+0.240.5) x 1073, where the first,
second, and third errors are statistical, systematic, and the uncertainty from the (/(4040) resonant
parameters, respectively. The production of ete™ — n’J/y is searched for, but no significant
signal is observed, and Z(((4040) — m°J/) < 2.8 x 10~* is obtained at the 90% confidence
level.
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Figure5: Distributions of M(yy) between 0.2 GeV/c? and 0.9 GeV/c? for J/( — u* pu~ (left panel) and for
J/Y — ete (right panel). Dots with error bars are data in J/{ mass signal region, and the green shaded
histograms are from normalized J/ mass sidebands. The curves show the total fit and the background term.

8. PWA of J/ — yppand ¢/ — ypp [7]

Using the 225.2 million J/ ¢ events, we performed a full partial wave anlysis (PWA) of J/ ¢y —
ypp. The pp invariant mass distribution is shown in Fig. 6(a), where strong pp mass threshold
enhancement is clearly observed. To determine its spin, parity, mass, width and production rate
with high precision, the full PWA of J/¢y — ypp with Mpp < 2.2 GeV/c? was performed after
taking into account the final state interactions using the Julich formulation [8]. In the PWA fit the
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Figure6: Comparisons between data and PWA fit projection: (a) the pp invariant mass; (b)-(d) the polar
angle 6, of the radiative photon in the J/{ center of mass system, the polar angle 6p and the azimuthal angle
@p of the proton in the pp center of mass system with Mpp —2m, < 50 MeV/ c?, respectively. Here, the black
dots with error bars are data, the solid histograms show the PWA total projection, and the dashed , dotted ,
dash-dotted and dash-dot-dotted lines show the contributions of the X(pp), 0" phase space, fy(2100) and
f2(1910), respectively.

pp threshold enhancement, f;(1910) and f;(2100) are described by Breit-Wigner propagators, and
the parameters of the f,(1910) and fy(2100) are fixed at PDG values[9].

Figure 6 shows comparisons of the mass and angular distributions between the data and the
PWA fit projections. The mass, width and product branching ratio of the X(pp) are measured
to be: M = 1832712 (stat.)™}5 (syst.) £ 19 (model) MeV/c?, T = 13 +39 (stat.)"}3 (syst.) +
4 (model) MeV /c? (a total width of I < 76 MeV /c? at the 90% C.L) and Z(J/@ — yX)B(X —
pp) = (9.0797 (stat.)f;:g (syst.) £2.3 (model)) x 1073, respectively. For the spin-parity determi-
nation of the X(pp), the 0~F assignment fit is better than that for 07 or other J°C assignments
with statistical significances that are larger than 6.80.

To check the contribution of X(pp) in ¢’ radiative decays and to measure the production ratio
between J/ and /' radiative decays, A PWA on ()’ — ypp was performed and the mass and width
of X(pp) as well as its J° were fixed to the results obtained from J/( decays due to limited statis-
tics of ' — ypp events. The produce branching fraction for X(pp) in " decay is first measured
tobe B(Y' — yX) x B(X — pp) = (4.57+0.36 (stat.) T} 53 (syst.) =1.28 (model)) x 10~° and the
production ratio of the X (pp) between J/( and ¢’ radiative decays is R= (5.08 10’} (stat.)fg:g; (syst.) £
0.12 (model))%.

9. Confirmation of X(1835) and observation of the resonances X(2120) and
X(2370) [10]

In this analysis, the two decay modes of n’, N’ — yp and n’ — 1" 11 1), are used to reconstruct
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Figure7: (a) The " n’ invariant-mass distribution for the selected events from the two )’ decay modes.
(b) mass spectrum fitting with four resonances, here, the dash-dot line is contributions of non-n’ events and
the 1’7t 71~ 1’ background for two )’ decay modes and the dash line is contributions of the total background
and non-resonant 717 711’ process; (c)Results of fits to the M(n 71" 11~ ) mass distribution for events with ei-
ther the 7T or N7T in the ay(980) mass window. The dotted curve shows the contribution of non-c and/or
non-ay(980) background, the dashed line also includes the contribution from J/( — b1(1235)ay(980), and
the dot-dashed curve indicates the total background with the non-resonant J/(/ — way(980)1T included.
x?/d.o.f is 1.27 for this fit.

n’, which help us cross-check our measurement, as well as obtain higher precision. Figure 7(a) and
Fig. 7(b) shows the 71" 71~ R’ invariant mass spectrum for the combined two n’ decay modes. In
addition to X(1835), a little peak corresponding to f;(1510) and two unknown structures around
2.1 GeV/c? and 2.4 GeV/c? are also observed. With the systematic uncertainties in the fit taken
into account, the statistical significance of the X(1835) is larger than 200, while those for the
f1(1510), the X(2120) and the X(2370) are larger than 5.70, 7.20 and 6.40, respectively. The
masses and widths of X(1835), X(2120) and X(2370) are measured to be, MX(1835) = 1836.5+
3.0139 MeV /2, T (1535) = 190£9) 138 MeV /%, My(2120) = 2122.4£6.7737 MeV /€2, Ty (2120) =
834 16)7] MeV/C?, My 2370) = 2376.3£8.7733 MeV /C%, Tx(2370) = 83+ 17 T¢* MeV /2.

10. Observation of a resonance X(1870) in J/y — wmm n [11]

To look for new decay mode of X(1835), we performed the analysis of J/{ — w1 n and
observed a new structure around 1.87 GeV/c?. The 7" 71 1) invariant mass with the requirements
of either M+ or My in @(980) mass region is displayed in Fig. 7(c). Three peaks corre-
sponding to f;(1285), n(1405) and a peak around 1.87 GeV/c? are clearly observed. In the fit
of mass spectrum the three peaks are parametrized by efficiency-corrected Breit-Wigner functions
convolved with a Gaussian resolution function. The background consists of three components,
namely contributions from non-w and/or non-ay(980) processes, J/Y — b; (1235)ay(980) events,
and non-resonant way(980) 7T processes. A conservative estimate of the statistical significance of
X(1870) is 7.20, which is determined by the change of likelihood with and without the assumption
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Figure8: Results of the fit of the f((980) m° invariant mass spectrum, (a)Charged mode; (b)Neutral mode.
The solid curve in the result of the fit described in the text. The dotted curve is the f;(1285) and n(1405)
signal. The dashed curves in (a) and (b) denote the background polynomial.

of X(1870). The mass, width, and the product branching ratio obtained from the fit are summarized
in Table 1.

Table 1: Summary of measurements of the mass, width and the product branching ratio of B(J/{y — wX) x
B(X — a(980)1) x B(ag (980) — n1t) where X represents f(1285), 1(1405) and X(1870).

Resonance | Mass (MeV/c?)  Width (MeV/c?) P (1074

f(1285) | 1285.1£1.070%  22.0£3.1%32  125+£0.10701
n(1405) | 1399.8+£2.272%  528+7.679F  1.89+0.217)3}

X(1870) | 1877.3+6.3734 57+12+)° 1.5040.2610 72

11. First observation of n(1405) decays into fy(980)m°

In this section, the results on the first observation of 1 (1405) decays into f;(980)7m° in J /(s —
yrrt 1 and 3/ — yr®® 10 is presented. The mass spectra of 71 7~ 1 and 711 are shown
in Fig. 8, where a prominent 1 (1405) peak and an evident bump around 1.3 GeV/c? regarded as
f1(1285) are observed. In the fit the two peaks are parameterized by efficiency-corrected Breit-
Wigner functions convolved with a Gaussian resolution function in which the mass and width
of f1(1285) is fixed at PDG values. A third order Chebychev polynomial is described for the
background events, of which the shape parameters are determined from a simultaneous fit to the
" 1 11° mass spectrum where 717 7T is in the f(980) sidebands. The mass, width, and the prod-
uct branching ratios of n(1405) and f;(1285) obtained from the fit are listed in Table 2. Since
the statistical significance of f;(1285) — m7°7° is only 1.20. Therefore an upper limit of the
branching fraction at 90% confidence level is given.

12. PWA of 3/ — ynn [13]

A full partial wave analysis on J/{y — ynn was performed using the relativistic covariant
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Table 2: Summary of measurements of the mass, width and the product branching ratio of Br(J/¢y — yX —
yr £o(980) — y3m).

Resonance M(MeV/c?) T (MeV/c?) B0
n(1405)(rt - 0) 1409.0£1.7 483452 150+ 1.1+1.1
f1(1285)(rrt 1 1°)fixed fixed 1.0£0.340.1
n(1405)(M° n°) 1407.0+£3.5 55.0+11.0 7.1+0.8+0.8
f1(1285)(m° 1) fixed fixed <0.7

tensor amplitude method and the results are summarized in Table 3. The scalar contributions are
mainly from fy(1500), fo(1710) and fy(2100), while no evident contributions from fy(1370) and
fo(1790) are seen. Recently, the production rate of the pure gauge scalar glueball in J/ radiative
decays predicted by the lattice QCD [14] was found to be compatible with the production rate of
J/ Y radiative decays to fo(1710); this suggests that f(1710) has a larger overlap with the glueball
compared to other glueball candidates (eg. fo(1500)). In this analysis, the production rate of
fo(1710) and fy(2100) are both about one order of magnitude larger than that of the f(1500) and

no clear evidence is found for fy(1370), which are both consistent with, at least not contrary to,
lattice QCD predictions.
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Figure9: Comparisons between data and PWA fit projections: (a) the mass spectrum of nn; (b) the mass
spectrum of waQ.

The tensor components, which are dominantly from f,(1525), f,(1810) and f,(2340), also
have a large contribution in J/(y — ynn decays. The significant contribution from f;(1525) is
shown as a clear peak in the N mass spectrum; a tensor component exists in the mass region from
1.8 GeV/c? to 2 GeV/c?, although we cannot distinguish f,(1810) from f,(1910) or f,(1950); and

the PWA requires a strong contribution from f;(2340), although the possibility of f,(2300) cannot
be ruled out.

13. PWA of J/y — ywe [15]

A study of the doubly OZI suppressed decays of J/{ — yw@ is performed and a strong devi-
ation (> 300) from three-body J/{/ — yw@ phase space is observed near the w@ mass threshold
shown in Fig. 9 that is consistent with a previous observation reported by the BESII experiment.
A partial wave analysis with a tensor covariant amplitude that assumes that the enhancement is
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Table 3: Summary of the PWA results for J/¢ — ynn.
Resonance Mass(MeV/c?) Width(MeV/c?) Z(J/Y — yX — ynn) Significance

fp(1500) 146871423 136731428 (1.6570207031) x 1073 820
fo(1710)  1759+67 12 17241048 (2357013 x 107 2500
fp(2100) 20811372 27375708 (L13T00T0%) x 1074 1390
£,(1525) 15134574, 75+12+16 (3427581130 %105 1100
f,(1810)  182272+% 220034 (5.407083%)x 1070 640
(2340) 236273700 334rENN (560008 30) x107° 760

due to the presence of a resonance, the X(1810), is performed, and confirms that the spin-parity
of the X(1810) is 0. The mass and width of the X(1810) are determined to be M = 1795 +
7(stat) " 1 (syst)£19(mod) MeV/c? and I = 95 + 10(stat) "3, (syst)£75(mod) MeV/c?, respectively,
and the product branching fraction is measured to be Z(J/P — yX(1810)) x A (X(1810) —
we) = (2.00+ 0.0S(Stat)i_?:gg (syst)£1.30(mod)) x 10~*. These results are consistent within errors
with those of the BESII experiment.

14. PWA of ¢/ — ppr° [16]

Based on 106x 10y events collected with the BESIII detector at the BEPCII facility, a par-
tial wave analysis of )/ — ppr° is performed. The branching fraction of this channel has been
determined to be B(y/(3686) — ppr®) = (1.6540.0340.15) x 10~*. In this decay, 7 N* interme-
diate resonances are observed. Among these N* resonances, two new resonances are significant,
one 1/2* resonance with a mass of 230039 *1%° MeV /c? and width of 340 30" 1{° MeV /c?, and
one 5/2 resonance with a mass of 2570%[9*3¢ MeV/c? and width of 2507, 5] MeV /c?. For
the remaining 5 N* intermediate resonances, the analysis yields mass and width values which are
consistent with those from established resonances.

Table 4: Summary of the PWA results for (' — pprt°.
Resonance M(MeV/c?) T'(MeV/c?) AS  ANgot  Sig.
N(1440) 13907130 340M5571% 725 4 1150

N(1520) 15100370 11578279 198 6 500
N(1535) 1535797 12030*, 494 4 930
N(1650) 16507373 15073718 821 4 1220
N(1720) 1700739732 450%,9°*0° 556 6 9.60
N(2300) 23003071 340739+10 1207 4 1500
N(2570)  257070"50 250157 78.9 6 1170

15. Semileptonic D decays: D — K~etv and meTv

The semileptonic D decay measurements are a good laboratory for testing theories of QCD.

10
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The BESIII experiment has taken about 2.9 fb~! data at open-charm threshold during the 2010
and 2011 data runs. Using one-third of the data, a partially-blind analysis has been done with
the D” — Kev and D — rev decays. The signal events with a missing v are inferred using the
variable U = Epjss — |Priss|, similar to missing mass square, where "miss" here refers to the missing
energy or momentum. Figure 10 shows the U distributions and fit projections for the decays of
DY - K*e vand D — e v.
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Figure 10: U distributions of D® — K*e~v(left) and D® — rrte~ v(right). Blue, green, and red curves are
the total fit, signal fit, and background fit, respectively.

Given the signal yields obtained from fitting U distributions and signal efficiencies obtained
from signal Monte Carlo, the absolute branching fractions are measured to be Z(D° — K*e"v) =
(3.54240.030+0.067)% and %(D° — mre~v) = (0.288+0.008 +0.005) %, which are consistent
with the previous measurements from CLEO-c [17].

16. Rare charm decays at BESIII: preliminary results on D — yy

Events/ 10 MeV

400

AE (MeV)

Figure 11: A fit to the D® — yy candidate AE distribution based on the (/(3770) data sample. Black points
are data, solid black curve is the overall fitted curve (signal plus backgrounds), the red-dashed curve is the
fitted total background, and the green curve is the exponential and linear polynomials.

With 2.9 fb~! data at ()(3770) peak, we analyze D — yy, and Fig. 11 shows AE distribution,
where AE is the energy difference between reconstructed energy of D meson and beam energy. The
signal candidates should be peak near zero, therefore, no significant signal events are observed. We
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perform a maximum-likelihood fit to the AE distribution. In the fit, the signal shape is fixed by
the corresponding MC shape. The background shape consists of three parts; MC-based shape to
represent the contamination from D — 7071 whose size is also fixed based on our own obser-
vation; a Ist order polynominal that covers the contamination from Bhabha events which appear
smoothly over the entire AE spectrum; a 1st order exponential polynominal, corresponding to the
rest of the backgrounds. The fit yields —2.9 £ 7.1 signal events. This translates into an upper limit
of 11 events at 90% C.L. based on the Bayesian method. Including the estimated total systematic
uncertainty, we arrive at (D" — yy)/%(D° — n’n’) < 5.8 x 1073 at 90% C.L.. With the known
value of 2(D° — m°n°) [9], this corresponds to (D — yy) < 4.7 x 1075,

17. Summary

Based on the samples of 106 million ¢/, 225 million J/¢ events and 2.9fb~! data taken
3.773 GeV, the recent results on charmonium decays, light hadron spectroscopy and charm decays
are presented, which illustrate the rich physics in the T-charm region. More promising results, in
particular the charm physics, are expected to be coming soon.
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