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. decays can be simply functioned as decay constant
0 Introduction . .
fp+ or form factors and CKM matrix element

Precision measurements of charm decays |Vaw |. From an analysis of the D leptonic and
provide rich information to better understand semileptonic decays, we can determine these
strong and weak effects. Firstly, the (deferential) elementary constants, thus calibrating the LQCD

decay rates of the D leptonic and semileptonic calculation on fp+ and the form factors and testing
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the CKM matrix unitarity.

Secondly, studies of D hadronic decays are
important due to several aspects. At ¢(3770), the
quantum correction property of D’ meson
production provides an access to CP asymmetry in
DD’ mixing and strong phase parameters which
can be used to constrain y/¢; and to further test
the CKM matrix unitarity. Improved knowledge of
2-body decays is helpful for understanding U-spin
and SU (3) flavor symmetry breaking effects.
Datlitz plot analysis of 3-body decays can provide
rich information about the parameters of sub-
resonances and strong phases.

Thirdly, in the Standard Model (SM), the
Flavor Changed Neutral Current (FCNC) process
and the Leptonic Number Violation ( LNV )
process are highly suppressed. However, some
new dynamics beyond the SM may enhance these
kinds of processes to observable level at BESIII.
So, search for these rare decays can be used to
probe for New Physics beyond the SM. Any
evidence of rare decay and CP violation in charm
decays or significant deviation of CKM unitarity
may indicate New Physics beyond the SM.

Finally, compared to charmed meson decays,
the knowledge of charmed baryon A decays is still
very poor. It is desired to improve the
measurements of the known decays and search for
new decay modes.  Significantly improved
knowledge of the decay rates or dynamics of charm
decays can also provide better inputs for beauty
physics.

Herein, we report recent results on the
studies of the leptonic, semileptonic and hadronic

decays of D", D" and A.. These are based on
2. 93" and 0.567% b ! data at /s = 3.773 and

4.599 GeV, where D°D°, D' D™ and AA,  are
produced in pairs, taken with the BESIII
detector®!, Throughout the proceeding, charge

conjugate is implied.
1 D leptonic and semileptonic decay

In the Standard Model, the D" mesons decay

into ly, via a virtual W' boson. The decay rate of
the leptonic decays D" —["y, can be parameterized

by the DT decay constant fp+ via

N2 2
P(D = 1* ) :%; [V 12 o iy (1= 222

mp-°

(D
where Gr is the Fermi coupling constant, |V, | is
the quark mixing matrix element, m, and mp+ are
the lepton and D" masses. To investigate the
leptonic decay D" —>4 " u,lm , the singly tagged D™
mesons are reconstructed using 9 hadronic decays
K'rnn . Kir K K . K'K 7 ,.Kxrxa,
rrr s Ko 2 Kol rr and Koo' .
From these, we accumulate (170.3140. 34) X 10"
singly tagged D~ mesons. Fig.1 (a) shows the
M, distribution of the D" — 4"y, candidates,
which are selected in the systems against the singly
tagged D™ mesons. We obtain 409421 D" —>u"y,
signals after background subtraction, which leads
to the branching fraction 4(D"—y " v,) = (3. 71+
0.19.,, 4 0. 06,. ) X 107",
BD"—>u"y,) and the
element |V, | from a global Standard Model {it"®’,

Using the measured

quark mixing matrix

we determine the DT decay constant fp+ =203. 2+
5. 3ga. £1. 8 MeV. Fig. 1(b) compares the fp+
measured at BESIII and CLEO"! as well as those
calculated by recent theories. The 4(D" —>p"y,)
and fpt measured at BESIII are consistent within

errors with previous measurements, but with the

best precision. By using the measured
B(D"—>p"y,) and the LQCD calculation on
[+, we determine

| Vi |=0.2210 4 0. 0584 0. 047, »
which has the best precision in the world to date.

On the other hand, the D semileptonic decays
can be parameterized by the quark mixing matrix
element and the form factor of hadronic weak
current simply, thus providing an ideal window to
probe for the weak and strong effects. For
example, the differential decay rates of D —
K(m)e v, can be simply written as

dr _ Gt
d¢*  247°

‘V«.\«d) ‘2,@%«”) | ffﬂ (qz) |2 (2)
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Fig. 1

where Gy is the Fermi coupling constant, |V | is
the quark mixing matrix element, px, is the kaon
(pion) momentum in the D° rest frame, /5™ (¢*)
is the form factor of hadronic weak current
depending on the square of the four momentum
transfer ¢ = pp — prxw. To investigate the

semileptonic decays D° — K(x) e v, we
reconstruct the singly tagged D° mesons using 5
hadronic decays of K"z, K'nx ', K'n 7 = .
Kz 7 n 7" and K" = 22,
(279.334+0.37) X 10" singly tagged D° mesons.
Based on 70 727+278 D°—>K e¢"y, and 6297 +87

and D°—rx ey,

which give

signals, we determine the

branching fractions
B —>K e y) =
(3.505 4 0. 014y, +0.033, )%
and
B —>g e y) =
(0.295 040.004 1y, +0.002 64 )%,

respectively. The branching fractions measured at
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(a) M, distribution of the D"— ," y, candidates. (b) Comparison of fp

BESIII are consistent within errors with previous
measurements, but with the best precision. Fig. 2
shows the fits to the partial widths for D’ >K e'y,
and D> ¢'y, using the Simple Pole model™’, the
Modified Pole model™, the two-parameter series
( Series. 2. Par. )" and the

parameter series expansion ( Series. 3. Par. )

three-
[10]

expansion

From the fits,
different models.
SE2O) [V |
expansion and the
LQCD12)
elements | Vi, |. Fig.3 compares the | Vi |
extracted at BESIII with the ones from different

we obtain the parameters of
With  the
based on two-parameter series
K®(0) by

we determine the quark mixing matrix

extracted

expected

experiments,

To study the semileptonic decays D" —Kje ™

D"—>K z"e"y, and D+—>w(¢)67 v.s we use 6

Ve s

hadronic decays of K'# n » K'nx « «"» Kt

K 7y K&e"r 7 and K" K 7 . With about
24 thousands of D" —>K/e "y, signals"'®, we make
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Fig. 2 Fits to the partial widths of (a) D’ > K ¢" v, and (b) D’ > 7 ¢y,
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first measurement of the branching fraction
BD > Kle" v.) = (4.482+0. 027, +0.1034 )%
and the CP asymmetry

ABy Kl = (—0.59 4+ 0. 60y, + 1.50, )%,
supporting that there is no CP asymmetry in this
decay. In addition, we perform simultaneous fit to
the event density I (¢*) for different tag modes

with the two-parameter series expansion and obtain

H 0.230+0.011 PDG2014(w)
CDHS, CCFR, CHARMII, CHORUS

—

{ 0.223+0.0104£0.004 HPQCD Calculation
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| and (b) | V; | based on different experiments

SE) |V, |=0.728+0.006, +0.011,, .
Using 18 262 D" =K x' ¢ v, candidates™"
which is almost background free, we determine the
branching fraction
BD'—>K z"e v) = (3.7140.0340.08) Y.
A partial wave analysis (PWA) is performed on

with results shown in
Fig. 4. The PWA results show that the dominant

the selected candidates,

the product of K*° component is accompanied by an S-wave
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Fig. 4 Projections of the kinematic variables of PWA for D" —> K " ¢' v, , where my;, is the Kx mass, ¢

is the o,

mass square, (x is the angle between 7 and D momenta in the Kr rest frame, ¢, is the angle between v, and D

momenta in the e, rest frame and y is the angle between the two decay planes. The dots with error bars are

data, the blue curves are the weighted signal MC and the hatched histograms are the simulated backgrounds
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contribution accounting for (6. 05=+0. 22+0. 18) %
of the total rate, and other components can be
negligible. We obtain the mass and width of
K" "(892) Mg+ 0 592 = (894. 60+0. 25+0. 08) MeV/c*
and 'z *0(ge9) = (46. 42+£0.56+0. 15) MeV/c?, the
Blatt-Weisskopf parameter rpw = 3.07 £ 0. 26 £
0.11 (GeV/c) ™!, as well as the parameters of the

hadronic form factors n, :X((%)) =1.4114+0. 058+
1

_ A (0)
0. 007, rz_Al(O)

(181508 4+ 0.02) MeV/c?, my = (2.6150% +
0.03) MeV/c*, A (0)=0.585+0.011%0.017. In
the above PWA process, the phase of the non-

=0.7884-0. 0424-0. 008, my =

resonant background s (my, ) is factorized by the
LLASS parameterizations, and the helicity form
factors Hy (¢* ymy, ), H- (¢ smy,) and H, (¢, my, )
are parameterized by the
dominance ( SPD) model"*",
model-independent

O0s(mi, ), and  the

respectively. The results are consistent with the

spectroscopic  pole
We also make
measurements of the
helicity  form  factors,
expectations of the corresponding models and
previous measurements.

Based on 491432 D™ —> ¢ "y, signalst®, we
determine the branching fraction Z(D"—we v,) =
(1.63 £ 0. 11y, & 0.08y ) X 107%, which is
consistent with previous measurements but with
better precision. We perform amplitude analysis of

D" —>w ey, for the first time, and obtain the ratios

) ) _ Vo _
of the hadronic form factors to be ry A,(0)
A0
1.244£0. 094, £0.06y, and r NON 1.05+

0. 15, 40. 05, .

but do not find obvious signal. So, we set the

Also, we search for D" —>g¢e" v, ,

upper limit on the branching fraction for D™ —>ge " v,
to be 1. 3X1077° at 90% confidence level, which is

significantly better than previous searches.

2 D hadronic decays

We perform Dalitz plot analysis on the 3-body
D" K 7", 166 694
candidate events with a background of about 15%,

decay Based on

we fit the distribution of data to a coherent sum of
six intermediate resonances plus a nonresonant
component with a low mass scalar resonance «
included, with results shown in Fig. 5. From the
analysis, we obtain the fitted fraction for each
component,

Combining the fitted fractions and the world
averaged branching fraction for D' —>Kixr z°
(6.997£0.27) %™, we

branching fractions as summarized in Tab. 1.

obtain the partial
Tab.1 Summary of the partial branching fractions.
where the uncertainties are statistical, experimental

systematic and modeling systematic, respectively

Dt — partial Z(%)

K%+ 7% nonresonance 0.3240.0540. 2575 %
1
1

o K¢ p"—>nta 5.830. 1640. 301012
o(1450) T K4, p(1450) T >zt 2"
K*(892)077 ,K* (892)">K8&r® 0.25040. 01240, 01555 0%

K¢ (14300077 , K¢ (1430)°—>K&® 0. 26=+0. 04£0. 05+0. 06

K* (1680)°7" ,K* (1680)°—>K&z®  0.09740.0140. 0573 3¢

10 1t > K 0.54740. 0940, 2873 35

5

0.1540.0240. 09759

NR+«°
K&r" S-ware

1.3040. 1240, 1275 12
1.2140.1040. 1675319

At present, among the 3 angles of CKM
triangle, a/¢>5 B/ 41 and ¥/¢s» the y/4; is the least
precisely measured. The y/¢; can be constrained
by the phase differences ¢; and s, of D and D°.
Here, ¢; and s; denote the weighted average of
cos ASp and sin Adp, where ASp is the phase
difference of D’ and D°. We perform binned Dalitz
plot analysis of D’ — K¢, #~ x by using the
flavored tags K 7y K 2’ and K n n' 7
the CP even tags K"K, ' 7 ,» K&’z" and

ix’, as well as the CP odd tags K¢x”, Kip(yy),
d(r" 1), K o 7’) and Kg«r]/[m. The
extracted ¢; and s; with only statistical uncertainties

2-23]

are compared to the CLEO measurement'? and

the model prediction in Fig.6. Our results
represent a significant statistical improvement over
previous measurements, which will allow for
increased precision in the measurement of the
unitarity triangle y/¢; using the decay B —

D(K% "7 )K* through the GGSZ method™",
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We determine the D°D’ mixing parameter

yep=(—2.1%1.34. £0.7, )%, by analysis of
D'—>K "y (I=e and p) using the CP even tags
K'K , 7" and Kéx'z", and the CP odd tags
Kir", K&y and K.

with the previous measurement with about two

This result is compatible

standard deviations. However, the precision is still
statistically limited and less precise than the
current world average.

Measurement of the strong phase difference
between D’ and D° is important to relate to the
D°D° mixing parameters z and y from 2z’ and y'.
We measure the DK 7" strong phase difference

based on analysis of D°>K x" and K™ x~ using
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the CP eventags K"K, r & » Ki’z", 2°x° and
o'n’ s and the CP odd tags Kix’, K&y and Ko,
We determine the asymmetry of /% of the
branching fraction of D—=K 7" in CP-odd and CP-
even eigensates to be (12.7+1.340.7)%. With
external inputs of ¥ =(3.50+0.04) X107*, y=
(6.7 +0.9) X 107° from HFAGY and Rws =
(3.80740.05) X10* from PDG*'. The cosdx, is
determined to be 1. 0240. 11, 3=0. 064, 0. 01
It is expected that Z(D" " —wr” ") is at 10°*
level™ . CLEO searched for and did not observe the
D’ —> @i’ and D™ — wr' signals using single tag
method®’. They set the upper limits on these two
decay branching fractions to be 2. 6 X 10 * and 3. 4 X
107" at 90% confidence level, respectively. We search

for D > wr® and D" — wr'

by using double tag
method® with the fitted 7" 7 #° invariant mass
spectra shown in Fig. 7. The significance of the D’ —

+

wri' and DT — @r signals are 4.1s and 5. 4o,

These two branching fractions are
determined to be 4(D’ —wrn’) = (1. 05+ 0. 41, £
0. 09y ) X10* and B(D" —wr )= (2. 7474-0. 58, +
0.174.) X 10",

helicity angle of the D" — oz’" candidates

respectively.

Also, we confirm that the w

follow the expected H?=cos’ iy formalism.

3 D rare decays

Search for the FCNC and LNV rare decays of

40~ @)
30k
_\) .
> L
L
O .
S201-
£ 1
g L
10 *
O-I 1 Ill Ill 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
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charmed mesons can shed some lights on New
Physics beyond the SM. At BESIII, we have
searched for the rare decays of D° — yy*" and
D" —>K (n)" e ¢ with double and single tag
methods, respectively. No significant signals are
observed, thus we set the upper limits of their
branching fractions to be Z(D°—yy)<(3.8X107°,
BD"T—>K e e )<<1.2X10 %, (D" —>K ¢ e )<<
0.6X10°%, %(D"—>K"e e )<0.3X10°°,
BD"—>K e'e)<<1.2X10 % at 90% confidence
level. Some of them are improved compared to

previous measurements,

4 A decays

¢ annihilation at

Mark II in 1979%%). Thereafter, many works have
been done to study the A decay properties.

The A" was observed in e

However, the knowledge of A physics are still
very poor™. The sum of the branching fractions of
the known A decays is not more than 60% and
their uncertainties are large. So, significantly
improved measurements of these decay branching
fractions are important to comprehensively
understand the A decay properties. By analyzing
567 pb~! data taken at 4. 559 GeV with the BESIII
detector, we study 12 hadronic decays of A,
which are A" —pK%, pK =", pKi’, pKir

Ar"y An'A2’s A n ., pK xxs 'z,

30 (b)

(o))
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N
=

events / (0.05 GeV-¢?)

393
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Fig.7 Fits to the " x #° invariant mass spectra of the selected (a) D" — «r” and (b) D" —> et ' .

The blue hatched histograms are the sideband background events
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ST, STt and TP, Fig. 8 shows the fits twelve decays, which are

to the My spectra of the accepted single tag BN — pK$) = (1.48+0.08) %,
candidates. From these, we obtain about 15 BN — pK~ 7)) = (5.774+0.2D %,
thousand of the singly tagged A" baryons. BAS — pKr®) =(1.774+0.12) %,

At the recoil systems of the singly tagged A DAL — pKr" ) = (1.434+0.100 %,
baryons, we select the candidates for the doubly BN — pK™ 7" 7°) = (4.25+0.10) %,
tagged A A, baryon pairs. Fig. 9 shows the fits to BAL > A" = (1.204+0.67) %,
the Mp: spectra of the accepted candidates. From BAS > A" 7°) = (6.70+0.35 %,
these, we obtain about one thousand of the doubly BN > Ar" 7 ) =(3.67£0.23) %,
tagged A A, baryon pairs. BAS =37 = (1.28+0.68) %,

By combining the singly tagged A baryons BAS >3 72" = (1.184+0.1D %,
and the doubly tagged AA. baryon pairs, we BN =" ) = (3.58+£0.22) %,
determine the absolute branching fractions of these BN >3 w) = (1.474+0.18) %,
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Fig. 8 Fits to the My spectra of singly tagged A candidate events
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Fig. 9 Fits to the My spectra of doubly tagged A. candidate events
where the uncertainties are only statistical. These -
results are more precise than the PDG values™ . F
The #(A —>pK n") measured in this wok and 1E+ b
the one measured at BELLE™! will calibrate other 2 e i
decay rates of A" with much better precision. 1 s ” 1.
We also perform the first absolute “
measurement of the semileptonic decay of A, — 1E—1 I »Z TTHH
Aem B The U, distribution of the selected T ™
1 L L L
candidates is shown in Fig. 10. After subtracting 02 0.1 0 0.1 0.2

background, we obtain 103. 54+ 10. 9 signal events
of AY — Ae' y,. This leads to the
branching fraction to be Z(AS —>Aev,) =(3.63+
0.3840.20)%. This work improves the precision

absolute

Fig. 10 U, distribution of the selected
Al — Ae' v, candidates
of the world average value'®™ more than two fold.

As the theoretical predictions on this rate vary in a
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large range of (1.4~09.2)%, this measurement

provides a stringent test on these models.

5 Conclusion

By analyzing 2. 93 and 0. 567 fb™' data taken
at /s = 3.773 and 4.599 GeV with the BESIII

detector, we report the precise measurements of
the decay constant fp+, the form factors of D
semileptonic decays, the Dalitz plot analysis of
D" —Kir " x°, the strong phase differences in D—

*, the D’D’ mixing parameter

irr and K x
yeps the searches for 2-body hadronic decays
decays of D°—yy and
D"—>K(m)*FeTe" as well as the

improved measurements of the absolute branching

DY e, rare

significant

fractions for Al — Ae" vy, and 12 hadronic final
states. These are important to test the LQCD
calculations on fp+ and the form factors of D
semileptonic decays, to test the CKM matrix
unitarity, to search for New Physics beyond the
SM, and to comprehensively understand the A,
decay property. In 2016, BESIII will collect 3 fb™!
data at 4. 18 GeV. More interesting physics based
on charmed mesons and charmed baryons will

hopefully be achieved at BESIII in the near future.
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