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1. Introduction

The study of mesons and baryons which contain at least one charkiigjuelierred to as open
charm physics. It offers the possibility to study up-type quark transitiSivece thec quark cannot
be treated in any mass limit, theoretical predictions are difficult and experihieptd is crucial.
The at-threshold decay topology offers special opportunities to stuely ciparm decays.

The BESIII is a magnetic spectrometer working at a double-ghg~ collider operating
at center-of-mass energy between 2.0 GeV and 4.6 GeV, located atdtiteténof High En-
ergy Physics (IHEP) in Beijing. The maximum luminosity of the BEPCII at 3.7 & 1x
10°3cm2s71 [1]. The samples of interest for the analysis described in the following waden
at theDD threshold (3.773 GeV]{ Dy threshold (4.009 GeV) attii A, threshold (4.599 GeV)
with integrated luminosities of 2.93 f8, 0.482 fo! and 0.567 fbl, respectively. Throughout in
the following, charge conjugate is implied.

2. Pureleptonic D5 decays

The pure leptonic decay of charg@qs) mesons proceeds via the annihilation of thguark
and the antd (anti-s) quark to a virtuaW= boson and its decay " v,. The decay rate can be
parameterized as:

me

— Tvy) = G | B MMo (1- mzé ) Ved(s) %, (2.1)
b
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whereGe is the Fermi coupling constanty, and Mp, are the masses of the lepton and g
meson in the final state, respectively.

By analyzing the data sample accumulated at 3.773 GeV, we first selected theson sam-
ple from its hadronic decay modes, which is called singly tagged [(3T) TheD* — putv,
decays are selected in the recoil side of thel5T To select the Ieptonil‘:)+ decay with a missing
neutrino, we calculatedmiss = Emiss— Pmiss OF Mmlss_ Er2r1|ss pmlss, whereEniss and pmiss are
the missing energy and missing momentum of the event. Figure 1 shows the dmnrdn‘le,SS
After subtracting the backgrounds, 402 21.2 signal events are retained and the branching frac-
tion (BF) is measured to bBF (D™ — pTv,) = (3.710.19%¢ £ 0.064¢) x 10~4, which is the
most precise measurement to date. Combining this BF measurement and tHe BaticGroup
(PDG) [2] values ofD* lifetime, mp+, m, and magnitude ofVey| determined from the global
Standard Model (SM) fit, the decay constant is determined tépbe (2032 + 5.3¢4 + 1.844)
MeV. Alternatively, the magnitude of CKM matrix elemewiy is extracted to b&yy = 0.2210+

0.00584 4 0.004 7 [3].

2.2 Search for D™ — ye've decays

We present the first search for the radiative leptonic d&xay— ye*ve using a data sample
collected at/s= 3.773 GeV. We search for thiz" — ye' v, signal in the remaining charged tracks
and showers recoiling against the 8T mesons. Figure 2 shows the distributiondJgfiss No
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miss

Figure 1:  The M2, distribu-

tions of theD* — p*v, candi- Figure2: TheUpissdistribution
dates, where two arrows denotef theD™ — ye™ v, candidates.
the signal region.

significantD™ — ye' ve signal is observed. With a 10 MeV cutoff on the radiative photon energy,
the upper limit of the decay BF fdd™ — ye've is BF (D™ — ye've) < 3.0 x 107° at the 90%
C.L. [4]. The result approaches the theoretical predictions.

23 D — ptvgand D — 1Tv;

By analyzing the data taken at 4.009 GeV, we also studied the ledignéecays. From nine
Dg hadronic decay modes, 1512821 STDg mesons were accumulated. In the system recoiling
against the SDg, the signal events d¢ — ¢ v, (¢ = , or T) decays were selected. We obtained
69.3+9.3D¢ — ptvy, and 325+:4.3 D¢ — 1T v, events. The distribution d¥12, is shown in
Fig. 3.

The results of BFs are determined toBfe(Dg — u*vy) = (0.495+ 0.067¢a & 0.0265 )%,
BF (Dg — T7v;) = (4.83+0.65¢4 £ 0.2654 )%, and the decay constafyf, = (2410+ 16.3¢4 +
6.6,5) MeV [5].

3. Semi-leptonic D g decays

3.1 DY) — Petye (P=K—,m K%, )

In the SM, neglecting the lepton mass, the differential decay rat®for) — Pet v, (P =
K=, m,KCor °) is given by

ar . G?

dg ~ " 2ar? Veas |?P% F£(0?) %, (3.1)

where X is a multiplicative factor due to isospin, which equals to 1 for mob€s— K—e* v,

DO — et ve, DT — KOt ve, and 1/2 for mod®* — nPe* ve, pis the momentum of the pseudo-

scalar mesof® in the rest frame of th® meson,g? is the squared four momentum transfer, i.e.,
the invariant mass of the electron and neutrino systifg?) is the form factor which describes

the strong interaction between the final state quarks and is usually paraetttardata analysis.
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Based on the data taken at 3.773 GeV, BESIII studies the dynamics DPtheK ~e*ve and
D® — me've decays. The BFs are measured toBfgD° — K-etve) = (3.505+ 0.01444 +
0.033y¢)% andBF (D% — 1 e ve) = (0.295+ 0.004¢4 & 0.003y4)% [6]. Similarly, the BFs
are measured to H&F (D" — K%' ve) = (8.60+ 0.0644 + 0.1555)% andBF (D — mletve) =
(0.363=+0.00844t +0.005y5 )% [7].

We also studied the differential decay rates of these two processeges@and 5 show
the fit results. We extract the produtt(0)|Vcsq)| @and other form factor parameters. Using the
values forff(") (0)|Ves(a)| from the two-parameterseries expansion fits and wiftf (0) = 0.747+
0.011+0.015 [8] andf[(0) = 0.666+ 0.020-+ 0.021 [9] calculated in LQCD|V,s| is obtained to
be 09601+ 0.0033+0.0047+0.0239 (V¢g| = 0.2155+ 0.00274+0.0014+ 0.0094), where the first
uncertainties are statistical, the second ones systematic, and the thirdeodas & the theoretical
uncertainties in the form factor calculations. The BESIII results are ird ggpeement with the
previous measurements, and with the best precision to date.
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Figure5: Fits to partial decay widths @™ — K%e* ve (left) andD ™ — rPet ve (right).

32 D —n(n’)etve

By analyzing the data taken at 4.009 GeV, BESIII studied the semi-lepighie> n(n’)e’ ve
decays [10]. The information of the signal candidate is inferred fronvéhiableUn,ss. Figure 6
shows the distributions s
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After subtracting the backgrounds, .58 8.0 D — ne'v, candidates, 83+ 20 D —
n'(nmtm)etve candidates and8+3.2DF — n’(yp°)et ve candidates are retained, respectively.
The BFs are determined to IBF (DS — netve) = (2.30+ 0.31ga £ 0.08y4)% andBF (DS —
n'e*ve) = (0.93+ 0.3044 £ 0.05¢4)%, which are consistent with previous measurements within
uncertainties. Combining the BF measurements, we obtain theBRtidS — n’e*ve)/BF (D —
netve) =0.40+0.1444 £ 0.0254, Which provides complementary information to understarrg!
mixing.
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Figure 6. The Up;ss distributions of the (@Dt — u*vy, (b) DI — n'(nm"m)etve and (c)DS —
n’(yp®)e" ve candidates. The arrows denote the signal region.

4. Hadronic D decays

An amplitude analysis of the dec®f — K~ " it m— has been performed with the data at
\/S= 3.773 GeV. With a nearly background free sample of about 16000 ewemisvestigate the
substructure of the decay and determine the relative fractions and tekespiiaong the different
intermediate processes. Our amplitude model includes the two-body de®aysK*°p°, DO —

K~af (1260 andD® — K; (12707t the three-body decay@® — K0t -, D° — K~ 11t p°, as

well as the four-body non-resonant deday — K~ " it m—. The dominant intermediate pro-
cess isD? — K~a;] (1260, accounting for a fit fraction of 54.6%. By using the inclusive BF
BF (D® — K~ mr* 1) = (8.074 0.23)%, taken from the PDG and the fit fraction for the differ-
ent component&F (n) obtained in this analysis, we calculate the exclusive absolute BFs for the
individual components witBF (n) = BF (D° — K~ rrt m—) x FF(n) [11].

5. A{ decays

The electromagnetic structure of hadrons, parameterized in terms of elagimetic form
factors (EMFFs), provides a key to understand the strong interactim@vioRsly, the Belle col-
laboration measured the cross sectioreoé~ — AZA; using initial-state-radiation (ISR) tech-
nique [12], but the results suffered from significant uncertainties imeceof-mass (CM) energy
and cross section. Therefor, nggrA; threshold, precise measurements of the EMFF ratios are
highly needed.

5.1 A¢ semi-leptonic decays

Based on the data sample collected,@&= 4.599 GeV, we apply a tag technique to study
the semi-leptonic decay @f;. To identify theA{A; signal candidates, we firstly reconstruct one
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N¢ baryon, called ST\;, through the final states of any of ST modes. The signal candidates for
A¢ — Alv, wherel = e, i, are selected from the remaining tracks recoiling against th& STAs
the neutrinos is missing, we emplbly,s to obtain information for the neutrino.
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Figure7: TheUpssdistributions of the (af\{ — Ae've, (b) A{ — Autvy,. The green-dashed line in the
right sub-figure denotes the MC-driven background shapes.

Figure 7 shows the distributions bf,iss From the fits, after subtracting all the backgrounds,
we determine the number of signal events/Agr — Ae*ve to be 1035+ 10.9. The absolute BF
for A — Aetveis determined to b8F (Al — Aetve) = (3.63+0.38(tat.) 4 0.20(sys.)% [13].
Similarly, we determined the absolute BF for dedgy — Au*v, to be(3.49+ 0.46+ 0.26)%.
The ratioBF (Af — Autvy)/BF (AL — Aetve) is found to be(0.96+ 0.16-+ 0.04)% [14].

5.2 A¢ hadronic decays

Mode This work (%) PDG (%)
pK2 1.52+0.08+£0.03 | 1.15+0.30
pK-mt | 5.84+0.274+0.23| 50+13
pK2n® | 1.87+0.13+0.05 | 1.65+0.50
pK2mrt | 1.53+0.114+0.09 | 1.30+0.35
pK2mm® | 453+0.23+0.30 | 3.4+1.0
iV 1.244+0.07+0.03 | 1.07+0.28
Amrtm® | 7.01+0.37+£0.19 | 3.6+1.3
Attt | 3.81+£0.24+0.18 | 2.6+0.7
YO0t 1.27+0.08+0.03 | 1.05+0.28
PRI 1.184+0.10+0.03 | 1.00+0.34
Ttmtm | 42540244020 | 3.6+1.0
Ttw 1.56+0.20+0.07 | 2.7+1.0

Table 1: Comparison of the measured BFs with previous results froi® PD

We apply a double tag (DT) technique pioneered by the MARK-III Collabion [15] to study
the hadronic decay dk{. The DTA/ for all of tag modes are selected from the remaining tracks
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recoiling against the ST\;. By analyzing the data sample taken at tkg/\; threshold (4.599
GeV), we simultaneously reconstruct 8T and DTA{ candidates for th&A; decays. We use
a least-squares fitter, which considers statistical and systematic correlatioong the different
hadronic modes, to obtain the BFs of the twelve decays. The extracted absolute BFs\Gf
hadronic decays are listed in Table 1. The total numbéex/of; pairs produced is obtained to be
(1059+4.840.5) x 10% and the goodness of fit is evaluatedxggnd f=0.9 [16].

6. Summary

We present a selection of recent BESIII charm results based on taesel® collected by
BESIII detector near th®D threshold (3.773 GeV)D{ D threshold (4.009 GeV) andiA;
threshold (4.599 GeV) with integrated luminosities of 2.93%b0.482 fb! and 0.567 fb?, re-
spectively. From the leptonid ) pure leptonic and semi-leptonic decays we determined the most
precise values for the decay constdipt, the hadronic form factor$_'f(")(0), and the form fac-
tor shapeff(")(qz) which provide important test to LQCD calculations, and CKM matrix unitary.
Using the tag technique on the threshold data set, BESIII firstly measuredb$oéute hadronic
BFs of twelve Cabibbo-favored decays/gf baryon. The study of charmed meson and charmed
baryon hadronic decays is given with significant improved precisionSIBElso presented the
first model-independent measurement of the BFé\pfsemi-leptonic decap\ — Ae*ve and
A — Autvy,. BESII have taken more than 3 fh DD} data at,/s = 4.180 GeV, many more
results are expected.
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