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1. Introduction

In the standard model (SM), the strong and weak interaciioteptonic and semileptonid
decays can be well separated, as shown in Fig)?g) mesons decay intév, via a virtualWw+
boson and the decay rate can be parameterized Uy(@decay constantg< 5 via

2
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where f% is theD meson decay constaMq) is the Cabbibo-Kobayashi-Maskawa (CKM) ma-
trix element describing the mixing between quark weak ejtgirs and flavor eigenstatés;; is
the Fermi coupling constarm% andmy are the masses &f meson and lepton [1]. And semilep-
tonic D decay rate can be parameterized by the quark mixing magment and the form factor
of hadronic weak current in theory. Setting the simplesecém D — K(m)e" ve, it's differential
decay rate can be simply written as
dr(D—K(metve) G2
do? 2471 3(

Ve | 5 (62))2( B (1.2)

where ff(") (¢?) are theD meson decay constant and hadronic form factor A is the mo-
mentum of the pseudoscalar meson.

q q

Figure 1. Feynman diagrams for leptoriizdecays (left) and semileptoritdecays to pseudoscalar mesons
(right).

From experimental studies of semileptonic and purely leiptdecays of charmed mesons, one
can determine the decay constafg§ or the form factors and the CKM matrix elemef¥syq)|,
which are important to calibrate the theoretical calcoladiand the CKM matrix unitarity test. For
leptonic D decays and semileptoni2 decays to pseudoscalar mesons, the hadronic currents are
almost cancelled out when we calculate the ratio of decag ftat different generations of leptons.
With the precisely determined SM prediction, we can testidpton flavor universality (LFU) in
the charm sector at a very good precision.

Measurements of leptonic and semileptonic charm decaysairdy carried out in the charm
factory, nowadays mostly at the BESIII detector [2] with2® and 3.19 fb! data collected
at center mass energy 3.773 GeV and 4.178 GeV, respectivalycharm factories which work at
the energy of théD threshold, theD mesons are produced in pairs. If we first fully reconstruct
a D meson using hadronic decays, the otBemeson is then guaranteed to exist in the recoiling
system.
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2. Recent results at BESIII

2.1 Leptonic Dé) decay

BESIII has recently reported an improved measuremebBtfof+ u* v, decay [3] with a total
of about 39 x 10° single taggedDs mesons reconstructed based on 3.1¢ fitata taken at a center
mass energy of 4.178 GeV. Figure 2 shows the missing massesqtidghe neutrino, which is

defined asviZ o= \/E2 s~ PPicg WhereEmiss and pmiss are the missing energy and momentum
of the candidate event. The BF is measured toAi®F — ptv,) = (5.4940.1640.15) x 103,
Given the lifetime of thé{ meson [1], we obtairip; Ves| = 2462+3.6+3.5 MeV. If we input the

F T T T
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Figure 2: Fit to theM2 . distribution of D — u* v, candidates, where the dots with error bars are data,

the blue solid curve shows the best fit and the red dashed showes the background shape.

CKM matrix elementVcs| from a global fit [1], we havep; = 2529+ 3.7+ 3.5 MeV. In contrast,
inputting fp; from Lattice QCD calculation [4, 5] givel¥s| = 0.985+0.014+0.014 These are the
most precise single measurements to date. Averaging thasumement of8(DJ — p*vy) with
the previous measurements [6, 7, 8, 9] and combining thedvawrage of4(D¢ — 1+v;) [1],

2
we find @[’fﬂ =9.98+ 0.52, which is consistent with the SM prediction of 9.74.
“’Dg —utvy
BESIII has also searched fart — 1+v; with 7+ — v, based on 2.93 fit data taken at
the center mass energy of 3.773 GeV [10], with a total of aliduk 10° single tagged mesons
reconstructed(See Fig. 3). The" — 11v; decay is observed for the first time with a statistical

significance> 5.10. Combined with the previous measurement of the BBof— u*v,, from
BESIII [11], we obtaingg% = 3.214 0645t £ 0.435ys; [10], which is also consistent with

—HTVu

the SM prediction of 2.66.

2.2 SemileptonicD decays

In recent years, semileptorizdecays to pseudoscalar mesons have been performed at BESII|
for D — K(metve, D — K(mu*vy, andD — netve, etc [12, 13, 14, 15, 16, 17, 18]. The
measured BFs and the product of form factorg?at 0 and CKM matrix elements are summarized

in Table 1. Most of the measurements are consistent with L@&lBulations. We also find that

+ K0
fES —K (0)

) = 1.164+0.144+0.02, which is consistent with U-spin symmetry.
b
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Figure 3: The simultaneous fit to tH\E‘ImISSdlstributions of the muon-like sample (with deposited gyen
the EMC less than 300 MeV) and the pion-like sample (with ¢&pd energy in the EMC larger than 300
MeV).

Table 1: The measured BFs and product of form factorgiat= 0 and CKM matrix elements for some
semileptonid decays to psuedoscalar mesons.

#A(D° 5K e've)  (3505+0.014+£0033% | fO~K (0
DO K-ptv,)  (3431+0.019+£0035% | fP~K (0

)Ves|]  0.7172+0.0025+ 0.0035
( )|Ves]  0.7133+0.0038+ 0.0030
(DT — Kl ve) (8.60+0.0640.015% fD'=K°(0)Ves|  0.7053+0.0040+0.0112
(DF — KO%tve)  (3.25+0.38+0.16) x 1073 fES+ K (0)|Ved|  0.16240.019+0.003

(D0 —~metve)  (295+0.04+0.03) x 1073 | 227 (0)|Vey| 0.1435+0.0018+ 0.0009
(Dt — mPe*ve)  (3.63+0.08+0.05) x 1073 | fD' =™ (0)|Veg|  0.14004 0.0026+ 0.0007
(D* = netve)  (10.74+0.81+051) x 104 | {2 77(0)Veg|  0.07860.0064-=0.0021
(DI — netve) (2.323+£0.063+0.063% | 2 "7(0)|Ves|  0.4455+ 0.0053+ 0.0044
(DS — n'etve) (0.824+0.073+£0.027% | f2 77 (0)Ves] ~ 0.47740.04940.011

%8%%%%%%%8&%8%&

The ratio of the decay rates for semileptobialecays to pseudoscalar mesons with muon or
with electron can be used for test of LFU. Such studies haea berformed at BESIII, yielding
M(DO—K~ptvy)

(D —=Koutvy) (D01 ptvy)
TSR 67 ve) =0.974+0.014 F(DTK%*“) = 0.988+0.033 Wmﬁ“) = 0.922+ 0.037,
r(D*—mPutvy,)

andm = 0.964+0.045 [15, 19, 20], these are all consistent with the SM préuist
within 20 [21]. One may wish to look at the ratios in differeqt intervals which give us better

sensitivity to potential LFU violation effect. Figure. 4ashs the results fob® — K—¢*v, decays,
no significant deviation is observed.

The situation is more complex in the case of semilept@ndecays to vector mesons with the
presence of extra polarization vectors. Considering tee céD* — K*Oe" v, [14], the decay rate
is described by three extra angular variables in additiogftancluding the angle between the
and theD direction in theK 1T rest frame @), the angle between thg and theD direction in the
eVe rest frame @q), and the angle between the two decay plangs6 illustrated in Fig. 5. The BF
of the K*? contribution and the extracted form factor ratios are suniwed in Table 2.

Similar analyses are also performed @f — K°rretv, [22], DT — wetve [23], D —
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Figure 4: Test for LFU in differenty? intervals, where the points with error bars are data anddlgcurves
are the SM predictions.
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Figure 5: Projections of the fit to the five kinematic variables.

et ve [24] and DY — K*Oet v, [18] at BESIII and the results are summarized in Table 2. We
also notice that a significant S-wave contribution is obsefor fo(500) in D — 1 " e" ve with
B(Dt — fo(500)€" Ve, fo(500) — 11 1m) = (0.630+ 0.04340.032) x 103, while no evidence
for D* — fo(980)e* v, is observed. The U-spin symmetry is also found to be condewith

rDs+HK*° rD;aK*O
~—F% =1.134+0.26£0.11 2—75 = 0.93+0.36+0.10.
r\IZ/) —p rD —p

2

Table 2: The measured BFs and form factor ratios for some ofxlmeson decays to vector mesons.

Decay BF rv o

DT — KOety, (3.54+0.03+0.08)% 141+0.06£0.01 0794+0.04+0.01
DO — K_**e+ve (1.36+0.03+0.03)% 146+0.07£0.02 0674+0.06+0.01
Dt — we've 1.63+0.11+0.08) x 102 1.244-0.09+0.06 106+ 0.15+0.05
DO — p~etve 1.454+0.05+0.04) x 1072 1.704+0.08+0.05 085+ 0.06-+0.04
DT — p%t v, 1.86+0.07+0.06) x 1072 1.704+0.08+0.05 085+ 0.06-+0.04
DS — KOetve (2.374+0.26+ 0.20) x 102 1.674+0.34+0.16 077+0.284+0.07

~~ I~ /—~

It is also interesting to search for semileptobialecays to scalar mesons which may help us
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understand the internal structure of the light scalar m&sB&SIII has recently searched for—
ap(980)e™ Ve [25], whereD° — ap(980)~e* v, is observed for the first time with 64significance.
The BF is measured to b&(D° — ay(980)~€*ve,a0(980)~ — nm) = (1.337933 +0.09) x
10~4. The significance foD* — ay(980)%e" ve is 2.90 with Z(D* — ay(980)°e™ Ve, a9(980)° —
nmP) = (1.66798 +0.11) x 1074, and less than.8 x 10~ at 90% confidence level. Ref. [26]
proposed a model-independent method to study the natuighottalar mesons with

PB(DT — 1p(980)et ve) + B(DT — fp(500)e" ve)

R= % (DT — a9(980)% " vg) ‘

R is estimated to be.Q+ 0.3 for two-quark description of these scalar mesons, a@e-8.9 for
tetraquark description. With BESIII's results we haRe> 2.7 at 90% confidence level, which
favors the tetraquark description.

Recently, BESIII has also observed semileptdicdecays to axial-vector mesbﬁ(lZ?@o [27],
with the statistical significance- 100(See Fig 6). The BF of this decay is determined to be
ABIDt — K1(1270%€" ve] = (2.30+ 0.265ta¢ 4 0.185yst + 0.25externa) x 10-3. Our result indicates
6k, ~ 33 or 57 and opens up opportunity to precisely study the natuﬂ%l()IZ?O).
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Figure 6: (a) TheMy -+ 50 VS. Umiss distribution of the SL candidate events and (b, c) the ptajas to
Mk -+ 0 @ndUmiss, respectively, with the residugl distributions of the 2-D fit. Dots with error bars are
data. Blue solid, red and black dashed curves are the fittyéisalfitted signal and the fitted background,
respectively.

3. Summary

In conclusion, BESIII has reported the most precise measemés of the decay constants of
the leptonicD ) decays, the hadronic form factors of semileptddidecays, and the CKM matrix
elementgVegq) |- Meanwhile, LFU tests with these decays have been perfoemédo evidence
of violation is found. Searches for charm semileptonic gle¢a scalar mesons were performed
and our results are in favor of the tetraquark descriptiogy@80), fo(500) and fo(980). The
semileptonic to axial-vector meso®* — K1(1270 e v, is observed for the first time. With
more data coming from BESIII, experimental studies of lapt@nd semileptoni® s decays
will be further improved in the future.
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