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1. Introduction

Precision measurements of charm decays provide rich irdmomto better understand strong
and weak effects. Firstly, the deferential decay ratesebtleptonic and semileptonic decays can
be simply functioned as decay constégt or form factors and CKM matrix elemefMq)|. From
analysis of theD leptonic and semileptonic decays, we can determine theseeettary constants,
thus calibrating the LQCD calculation dig+ and the form factors and testing the CKM matrix
unitarity.

Secondly, studies dD hadronic decays are important due to several aspectsy(8170
resonance peak, the quantum correction propertp®imeson production provides an access to
CP asymmetry irD°D° mixing and strong phase parameters which can be used taa@ionstes
and to further test the CKM matrix unitarity. Improved knedte of singly-cabibbo-suppressed
(SCS) decays is helpful for understandindJefpin andSJ (3) flavor symmetry breaking effects.
Datlitz plot analysis of three-body decays can provide ridbrmation about the parameters of
sub-resonances and strong phases.

Thirdly, in the Standard Model (SM), the Flavor Changed KeuCurrent (FCNC) process
and the Leptonic Number Violation (LNV) process are highlypgressed. However, some new
dynamics beyond the SM may enhance these kinds of procesebsdrvable level at BESIII. So,
search for these rare decays can be used to probe for nevephgsiond the SM. Any evidence of
rare decay and CP violation in charm decays or significariatien of CKM unitarity may indicate
new physics beyond the SM.

Finally, compared to charmed meson decays, the knowledgeanmed baryol! decays is
still very poor. Currently, the total measured branchiragfions forA/ is still not more than 65%
and lots of the decay modes are unknown [1]. Thus, it is dg#gweémprove the measurements
of the known decays and search for new decay modes. Signifidarproved knowledge of the
decay rates or dynamics of charm decays can also provider Iogduts for beauty physics.

We report recent results on the studies of the leptonic, eystarhic and hadronic decaysb¥f,

D* andA{. These are based on 2.93 [2] and 0.567 [3]'fdlata at,/s = 3.773 and 4.599 GeV
collected with the BESIII detector [4]. The charge conjugais always implied.

2. D leptonic and semileptonic decay

In the Standard Model, the™ mesons decay intév, via a virtualW " boson. The decay rate
of the leptonic decayB™ — ¢ v, can be parameterized by tBe" decay constanty via

(DT — Ty = G—%\Vcd\2f2+mfmo+(1— m ) (2.1)
8m D m,”’

whereGe is the Fermi coupling constaniyy| is the quark mixing matrix elementy), and mp+
are the lepton andd™ masses. To investigate the leptonic de€y — u*v, [5], the singly
taggedD~ mesons are reconstructed using 9 hadronic dekays Kgrr, KgK*, KK,
Ktmmn®, ntmm, K n®, K'mmmm and K@ m . From these, we accumu-
late (170314 0.34) x 10* singly taggedD~ mesons. Fig. 1 shows thé? . distribution of the

miss
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DT — u*v, candidates, which are selected in the systems againstrifly $aggedD~ meson-
s. We obtain 40% 21 netD* — u*vy signals and measured the branching fractis(D™ —
ptvy) = (3714 0.19¢a + 0.065ys) x 104, Using the measure®(D* — utv,) and the quark
mixing matrix elementVgy| from a global Standard Model fit [1], we determine the decay
constantfp+ = 2032+ 5.35tat &+ 1.8sys MeV. The Z(D" — utv,) and fp+ measured at BESI-
Il are consistent within errors with previous measuremeli$ with the best precision. By us-
ing the measure®(D™ — u*v,) and the LQCD calculation offip+ [6], we determingVeq| =
0.2210+ 0.058stat £+ 0.0475ys, which has the best precision in the world to date.

Onthe other hand, tHe semileptonic decays can be parameterized by the quark gnixatrix
element and the form factor of hadronic weak current simplys providing an ideal window to
probe for the weak and strong effects. For example, therdiffeal decay rates d — K(m)e™ ve
can be simply written as

dr  G?
dg? — 24m
whereGr is the Fermi coupling constan/.gq)| is the quark mixing matrix elemenfy . is

the kaon(pion) momentum in th° rest frame,ff(")(qz) is the form factor of hadronic weak
current depending on the square of the four momentum tragstepp — pk()- To investigate
the semileptonic decayB® — K (1)~ e ve [7], we reconstruct the singly taggédP mesons us-
ing 5 hadronic decays of T, Kt m®, Kt ™, Kt m @ and K+ i, which
give (27933+ 0.37) x 10* singly taggedD® mesons. Base on 70727278 D — K~e' v, and
6297+ 87 andD® — et v, signals, we determine the branching fracticB$D? — K e ve) =
(3.5054 0.014s¢5t 3= 0.0335y5)% and #B(D° — et ve) = (0.2950+ 0.004La; & 0.0026yys )%,
respectively. The branching fractions measured at BE®#Icansistent within errors with pre-
vious measurements, but with the best precision. Fig. 2 shberfits to the partial widths for
D% — K~etve and D® — et ve using the Simple Pole model [8], the Modified Pole model
[8], the two-parameter series expansion (Series.2.Paf.arnd the three-parameter series expan-
sion (Series.3.Par.) [9]. From the fits, we obtain the patarseof different models. With the

Vesia PPE (| 1577 (P)I, (2.2)
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Figure 2: Fits to the partial widths of (a)° — K~ et ve and (b)D° — 1 e ve.

extractedff(") (0)|Ves(ay | based on two-parameter series expansion and the expfsfc(t@(dO) by
LQCD [10, 11], we determine the quark mixing matrix eleme¥ts ) |.

To study the semileptonic decas — K e ve, D* — K~ et ve andD™ — w(¢)e’ ve, we
use 6 hadronic decays kf" -, Kt 0, K€, KQmr 0, K2 - andK K~ 1. With
about 24 thousands &@* — K,(_’e+ Ve signals [12], we make first measurement of the branching
fraction Z(D* — K" Ve) = (4.482+0.027s¢at +0.103,y5 )% and the CP asymmeug@:ﬁ*@e+ Ve —
(—0.594+ 0.60s¢4; £ 1.50sy5 )%, supporting that there is no CP asymmetry in this decay. In-add
tion, we perform simultaneous fit to the event density) for different tag modes with the two-
parameter series expansion and obtain the produﬁi@ﬁ)|vcs| = 0.728+ 0.006sat +0.0115ys.

Using 18262D" — K~ mr"e' v candidates [13] which is almost background free, we deter-
mine the branching fractio®(D" — K~ et v,) = (3.714+0.03+ 0.08)%. A partial wave anal-
ysis (PWA) is performed on the selected candidates, withitseshown in Fig. 3. The PWA results
show that the dominar*° component is accompanied by &wave contribution accounting for
(6.05+0.224+0.18)% of the total rate, and other components can be negligible.oltain the
mass and width ok *°(892) My:o(ggy = (89460 0.25:0.08) MeV/c? andr o (ggy = (46.42:
0.56+0.15) MeV/c?, the Blatt-Weisskopf parametegyy = 3.07+0.26+0.11 (GeV/c) 1, as well

as the parameters of the hadronic form factgrs= %(00)) =1.4114+0.058+0.007,r, = ﬁiggg =

0.788+0.042+0.008,my = (1.817345+£0.02) MeV/c?, my = (2.617542-£0.03) MeV/c?, A;(0) =
0.5854+0.011+0.017. In the above PWA process, the phase of the non-resomahkgtound
ds(mk ) is factorized by the LASS parameterizations, and the tglform factorsH, (g2, mg ),
H_ (g%, M) andHo (g2, mk;) are parameterized by the spectroscopic pole dominance) (8B&®
el [14]. We also make model-independent measurements ad{ima ), and the helicity form
factors, respectively. The results are consistent wittetpeectations of the corresponding models
and previous measurements.

Based on 49% 32 D" — we™ v, signals [15], we determine the branching fractigiiD™ —
we" Ve) = (1.63+ 0.11g¢5 £ 0.08sys) x 103, which is consistent with previous measurements but
with better precision. We perform amplitude analysi®df— we* v, for the first time, and obtain
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Figure 3: Projections of the kinematic variables of PWA for — K~ " e" v, wheremg  is theK mmass,

¢? is theeve mass squard is the angle betweerr andD momenta in the&K 7 rest frame 8 is the angle
betweenve, andD momenta in theeve rest frame angy is the angle between the two decay planes. The
dots with error bars are data, the blue curves are the weigigeal MC and the hatched histograms are the
simulated backgrounds.

the ratios of the hadronic form factors tohe= %(00)) = 1.24+0.09%¢5t £0.065ys andrp = ﬁiggg =

1.05 0.156¢5¢ £ 0.055ys. Also, we search fob™ — @e™ ve, but do not find obvious signal. So, we
set the upper limit on the branching fraction @1 — @e™ v, to be 13 x 10~° at 90% Confidence
Level, which is significantly better than previous searches

3. D hadronic decays

We perform Dalitz plot analysis on the 3-body deday — Kgrﬁno [16]. Based on 166694
candidate events with a background of about 15%, we fit thaklifon of data to a coherent sum
of six intermediate resonances plus a nonresonant compwaiitéra low mass scalar resonance
included. From the analysis, we obtain the partial brarghiactions for each component combing
with the fitted fractions and the world averaged branchiregtfon for D+ — K2mr* n° (6.99+
0.27)% [17].

We determine thé®°D° mixing parameteycp = (—2.14 1.3qtar & 0.75y5)%, by analysis of
D% — K~ ¢*v, (¢ = e and ) using the CP even tadgé K, m"m andK2r°n®, and the CP odd
tagsk2r®, K2n andkK2w [18]. This result is compatible with the previous measunetmeth about
two standard deviations. However, the precision is stiltistically limited and less precise than
the current world average.

Measurement of the strong phase difference betvwzfeand DO is important to relate to the
DODO mixing parameterz andy from x' andy’. We measure thB — K~ 11" strong phase difference
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Figure 4: Fits to therr™ i1~ ¥ invariant mass spectra of the selected¥®)— wm® and (b)D* — wrm™. The
blue hatched hitograms are the sideband background events.

based on analysis @° — K~ " andK* - using the CP even tags" K, rt -, KQrn®, m°n®
andp®m®, and the CP odd tag€2n®, K2n andKlw [19]. We determine the asymmetry ofSF of
the branching fraction d® — K~ rr* in CP-odd and CP-even eignensates t¢1#7+1.3+0.7)%.
With external inputs of? = (3.5040.04) x 103, y = (6.7 +0.9) x 10~3 from HFAG [20] and
Rws = (3.80+0.05) x 102 from PDG [17]. The codx;; is determined to be.02+ 0.1 +
0.06sys £ 0.0%input.

It is expected thatz(D%+) — wr®*)) is at 10 level [21]. CLEO searched for and did not
observe thd® — wn® andD*™ — wrr' signals using single tag method [22]. They set the upper
limits on these two decay branching fractions to b&@»210* and 34 x 10~* at 90% confidence
level, respectively. We search fbf — wn® andD™ — wrr* by using double tag method [23] with
the fitted 7t r~ 1 invariant mass spectra shown in Fig. 4. The significance@bth— wm? and
D' — wrr' signals are 40 and 540, respectively. These two branching fractions are detezchin
to beZ(D° — wnP®) = (1.05+ 0.4 151t +-0.09%ys ) x 104 andZ(D* — wrrt) = (2.74-: 0584t &
0.17sys) x 1074, Also, we confirm that thew helicity angle of theD?*) — wn®*) candidates
follow the expected2 = coS bheiicity formalism.

4. D rare decays

Search for the FCNC and LNV rare decays of charmed mesonsheginseme lights on new
physics beyond the SM. At BESIII, we have searched for the dacays oD° — yy [24] and
DT — K(m)*eTe" [25] with double and single tag methods, respectively. Idaiéicant signals are
observed, thus we set the upper limits of their branchingfifras to beZ(D° — yy) < 3.8 x 1076,
B(Dt — Ktete™) <1.2x10% #(DT — K ete") <0.6x10°° #(DT — Krete ) <0.3x
108 #(D* — K-ete") < 1.2 x 1076 at 90% confidence level. Some of them are improved
compared to previous measurements.
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Figure 5: The distribution of (left) fits to thégc distributions for different single tag modes and (right) fit
to theUpss distribution within the/\ signal region.

5. A{ semileptonic decay

The Al was observed iete~ annihilation at Mark Il in 1979 [26]. Thereafter, many works
have been done to study tii¢ decay properties. However, the knowledge/qf physics are
still very poor [1]. The sum of the branching fractions of #reown A decays is not more than
65% and their uncertainties are quite large. So, signifigantproved measurements of these
decay branching fractions are important to comprehensivetierstand thé&! decay properties.
we performed the the first absolute measuremen® i — Aetve) by analyzing 567 pbt [2]
of data accumulated af's = 4.599 GeV with the BESIII detector at the BEPCII collider [27].
This is the largesf\{ data sample near tH&éKg threshold, where th&7 is always produced in
association with aRg baryon. HenceZ(A\{ — Ae've) can be accessed by measuring the relative
probability of finding the semileptonic decay when ﬂ_n@ is reconstructed in a number of prolific
decay channels. This will provide a clean and straightfodwF measurement without requiring
knowledge of the total number WK— events produced.

The/\ are reconstructed using eleven singly hadronic decay mdﬁ@s—> pKS, pK 1

KarP, pK*rrn0 pRrTt T, AT, AT, A, 50, S0 and - it i, where the
|ntermed|ate parUcIeKS, A, 20, £~ and i are reconstructed by their decays |rh¢§—> e,

A — prtt, 50 — yA with A — prrt, == — pr® and © — yy, respectlvely The single taggédq
signals are identified using the beam constrained nMgs,= /E beam ]—p‘,\ 12, whereEpeamis

the beam energy ang A; Is the momentum of th§‘ candidate. Thdlgc distributions are shown
in Fig. 5 (left). Finally, we obtain the total single tag Ydedummed over all 11 modes to bk/%‘
14415+ 159. Candidate events foxi — Ae™ v are selected from the remaining tracks recoiling
against the single tagC candidates. After subtracting the background, we obta®5t10.9 net
signal yields forAl — Ae"ve and measured the branching fractigh Al — Aetve) = (3.63+
0.38stat +0.20sy5 )%, which provide the first direct measurement of the absditdaaching fraction
for A& — Ae've and provide a stringent test on non-perturbative models.
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double tag modes.

6. A hadronic decay

We also study 12 hadronic decays/qf, which areA — pKE, pK =", pKEr®, pkdmt i,
At At 0, Attt pKo e, 20, TP, Tt and It w [28]. The Mg distribu-
tions for the single tags and the double tags are shown ir6Klgft) and Fig. 6 (right), respectively.
Then we used a least-squares fitter, combing the yields faimdingle tags and double tags, to ob-
tain these branching fractions of the A2 hadronic decay modes globally. We measus#d\; —
pK2) = (1.52+0.0840.03)%, B(A — pK~ ") = (5.84+0.2740.23)%, BN — pKInP) =
(5.84+0.2740.23)%, BN — pK2m"m) = (1.534+0.11+0.09)%, Z(A\ — pK-mri°) =
(4.53+0.234+0.30)%, BN\ — AIT") = (1.2440.07+£0.03)%, BN — Airti°) = (7.01+
0.37+£0.19)%, B(NS — At ) = (3.8140.24+0.18)%, B (A — 2°m") = (1.27+0.08+
0.03)%, Z(N¢ — =T 1°) = (1.1840.10+0.03)%, B(AE — ZT T ) = (4.2540.2440.200%
and Z(N\; — ZTw) = (1.56+0.20+ 0.07)%, where the uncertainties are statistical and the sec-
ond systematic. These results are more precise than the BDEs\1]. TheZ(Al — pK— ")
measured in this wok and the one measured at BELLE [29] wilbte other decay rates o
with much better precisions.

We also studied the first direct measurement of Afedecays involving the neutron with
the double tag method [30]. We performd a two-dimensionsrungal likelihood fit to theM2,
and M+ distributions in bothMgc signal and sideband regions simultaneously. The fitting is
shown in Fig. 7. We modelled thel: and M2, distributions with a product of two one-
dimensional probability density functions (PDF), one faclk dimension. The signal functions
for M2, ..andM, . are both described by a double Gaussian function. The pgdkiokground
in M2, distribution is described by a double Gaussian functior wrameters fixed according
to MC simulations, and the flat distribution in tihé,+,— spectrum is described by a constant
function. The nomM decay background is modelled by a second-order polynonmetion in the

M2 . distribution and a Gaussian function plus a second-ordigmpaial function in theM: -
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distribution, in which the parameters and the normalizezkbeound numbers are constrained by
the events iMpgc sideband in the simultaneous fit. We obtain28810.6 signal events foA; —
nK2mr" and measured the absolute branching fraction toAgad — nk2mt) = (1.82+0.23+
0.11)%. This is the first direct measurement&df decays involving the neutron in final states
experimentally, sincé/ has been discovered more than 30 years ago. According toeghsured
BNG — pK—t) and B(AE — pKI®) at BESIII [28], we haveZ (A — nKOrtt)/ B(NE —
pK~1rt) = 0.62+0.09 andB(A — nKOrrt)/B(AE — pKPrP)) = 0.97+ 0.16, in which the
common uncertainties have been cancelled in the calcolafidese ratios are useful to test the
isospin symmetry and extract strong phases of different &taes [31]. The measurement of
the neutron mode in this work provides the first complemgndiata to the previously measured
proton-involved decays, which is a significant progresgtidyang theA .

7. Summary

In conclusion, by analyzing 2.93 and 0.567 fimlata taken a{/s= 3.773 and 4.599 GeV with
the BESIII detector, we report the precise measurementgeafé¢cay constarfy-+, the form factors
of D semileptonic decays, the Dalitz plot analysi¥af — Kgn+ m°, the strong phase measurement
in D° — K~ 7rt, theD°DP mixing parameteycp, the observation of the singly-cabibbo-suppressed
hadronic decay®* — wm™ and D% — wrP, as well as the first absolute measurements of the
branching fractions foN{ — Ae've, Al decays to 12 hadronic final states and the first direct
measurement o decays involving the neutrofi{ — aniﬁ. These are important to test the
LQCD calculations orfp+ and the form factors dD semileptonic decays, to test the CKM matrix
unitarity, to search for new physics beyond the SM, and topretrensively understand tie’
decay property. More interesting physics based on charmesbns and charmed baryons are
hopefully achieved at BESIII in the near future.
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