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By analyzing 7.33 fb~! of e*e™ collision data collected at center-of-mass energies between 4.128 and
4.226 GeV with the BESIII detector, we search for the semileptonic decays D — K(1270)%"v, and
D} — b,(1235)%*w, for the first time. No significant signals are observed for either decay mode. The
upper limits on the (product) branching fractions are determined to be B[D{ — K,(1270)%¢*v,] <

4.1 x 107 and B[D} — b;(1235)%*

DOI: 10.1103/PhysRevD.108.112002

I. INTRODUCTION

In the standard model (SM), semileptonic charmed meson
decays provide an outstanding probe to explore the dynamics
of both weak and strong interactions in the charm
sector [1]. Compared to the semileptonic decays into pseu-
doscalar and vector mesons, charmed meson decays
involving axial-vector mesons in the final state are not
well-studied from either the experimental [2,3] or the theo-
retical [4-9] side. Extensive studies of the semileptonic
charmed meson decays into axial-vector mesons K;(1270)
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v,] - B[b;(1235)° - wn°] < 6.4 x 107+ at 90% confidence level.

and b,(1235) play an important role in the understanding
of non-perturbative strong-interaction dynamics in weak
decays [4-9]. BESIII and CLEO Collaborations have
reported studies of D) — K,(1270)e*v, [10-12]. The
reported branching fractions are consistent with theoretical
predictions based on the Isgur-Scora-Grinstein-Wise (ISGW)
quark model [5] and its updated version (ISGW2) [6], as
well as with those based on the covariant light-front quark
model [4]. The BESIII Collaboration has also performed a
search for D°*) — b, (1235)e*v,, and no significant signal
was observed [13]. For semileptonic D} decays into axial-
vector mesons, no experimental study has been carried out
so far.

The semileptonic decays of Dj — K;(1270)%*v, and
DY — b,(1235)%* v, can proceed via the Feynman dia-
grams shown in Fig. 1. Reference [4] has predicted
the branching fraction of D} — K,(1270)%e*v, to be of
order 10™*. In contrast, the D] — b;(1235)%¢*v, decay

Ve
w* e*
c g g d
D? K}
S < < S
(a)
Ve
W+ e*
¢ STRR99000 ——>—— 4 (1)
D! 2900000 4 b(])
P - d@
(b)

FIG. 1. Feynman diagrams of (a) D} — K;(1270)%¢*v, and
(b) D} — b,(1235) " b,
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TABLEI. The integrated luminosities and requirements of Mpgc
for various energy points.

E.. (GeV) Luminosity (pb™") Mg (GeV/c?)
4.128 401.5 [2.010, 2.061]
4.157 408.7 [2.010, 2.070]
4.178 3189.0 [2.010, 2.073]
4.189 569.8 [2.010, 2.076]
4.199 526.0 [2.010, 2.079]
4.209 571.7 [2.010, 2.082]
4.219 568.7 [2.010, 2.085]
4.226 1091.7 [2.010, 2.088]

rate is highly suppressed due to isospin violation and the
Okubo-Zweig-lizuka (OZI) rule, so the weak annihilation
effect in D} — b,(1235)%*v, decay is relatively small.
Experimental measurements of these two decay modes are
important to test theoretical calculations and to understand
nonperturbative effects in heavy meson decays.

In this article, we present the first search for
D} - K,(1270)%*v, and D} — b,(1235)%*y, with
K;(1270)° - K=z"2% and 5,(1235)" - wa’, respec-
tively. The charge conjugate channels are always implied
throughout this paper. This analysis is performed by
analyzing e"e™ collision data corresponding to an inte-
grated luminosity of 7.33 fb~! [14] collected at eight
center-of-mass energy (E.,) points, as listed in Table I,
between 4.128 and 4.226 GeV with the BESIII
detector.

I1. BESIIT DETECTOR AND MONTE CARLO
SIMULATION

The BESIII detector [15] records symmetric ete™
collisions provided by the BEPCII storage ring [16]
in the center-of-mass energy range from 2.0 to
4.95 GeV, with a peak luminosity of 1 x 10% cm™2s~!
achieved at /s = 3.77 GeV. BESIII has collected large
data samples in this energy region [17]. The cylindrical
core of the BESIII detector covers 93% of the full solid
angle and consists of a helium-based multilayer drift
chamber (MDC), a plastic scintillator time-of-flight system
(TOF), and a CsI(TI) electromagnetic calorimeter (EMC),
which are all enclosed in a superconducting solenoidal
magnet providing a 1.0 T magnetic field. The solenoid is
supported by an octagonal flux-return yoke with resistive
plate counter muon identification modules interleaved
with steel. The charged-particle momentum resolution at
1 GeV/c is 0.5%, and the dE/dx resolution is 6% for
electrons from Bhabha scattering. The EMC measures
photon energies with a resolution of 2.5% (5%) at
1 GeV in the barrel (end cap) region. The time resolution
in the TOF barrel region is 68 ps, while that in the end cap
region is 110 ps. The end cap TOF system was upgraded in

2015 using multigap resistive plate chamber technology,
providing a time resolution of 60 ps [18-20]; about 83%
of the data used here benefits from this upgrade.
Luminosity [14] at each energy point, with a total uncer-
tainty of about 1.0%, is given in Table I.

Simulated data samples produced with a Geantd-
based [21] Monte Carlo (MC) package, which includes
the geometric description of the BESIII detector [22]
and the detector response, are used to determine detection
efficiencies and estimate backgrounds. The simulation
models the beam energy spread and initial state
radiation (ISR) in the e ¢~ annihilations with the generator
KKMC [23]. Inclusive MC samples 40 times the size of data
are used to simulate the background contributions. These
samples, which contain no signal D] — K,;(1270)¢*v,
and D — b;(1235)%"v, decays, include the production
of open charm processes, the ISR production of vector
charmonium(-like) states, and the continuum processes
incorporated in KKMC. The known decay modes are
modeled with EvtGen [24,25] using branching fractions
either taken from the Particle Data Group [2], and the
remaining unknown decays from the charmonium states
with LUNDCHARM [26,27]. Final state radiation (FSR)
from charged final state particles is incorporated using
the PHOTOS package [28]. The signal decays D] —
K,(1270)%¢*v, and D} — b,(1235)% ", are simulated
using the ISGW2 model [6]. The K (1270)° is allowed to
decay into all subdecays with the K~z 2 final state and
the branching fractions of K(1270)° subdecays quoted
from PDG [2]. The b,(1235)° decays into the wz® final
state with @ — 7tz 7. A relativistic Breit-Wigner func-
tion is used to parametrize the resonances K(1270)° and
b1(1235)°, whose masses and widths are fixed to the
individual world-average values [2].

III. ANALYSIS METHOD

In the efe™ collision data taken at center-of-
mass energies between 4.128 and 4.226 GeV, the Df
mesons are produced mainly via the eTe™ — D:*D —
y(z°)Di Dy process. In the analysis we adopt the
double-tag (DT) method pioneered by the MARK III
Collaboration [29,30]. In single-tag (ST) candidates, the
Dy meson is fully reconstructed via one of its hadronic
decay modes. In a DT candidate, the transition y(z°) from
Dt and the signal decay are successfully selected in the
presence of a ST D7 meson. The branching fraction of the
signal decay is determined by

o Nor
SIg T ajtot | ’
NST " €y (x0)sig

B (1)

where Npp and N[ are the yields of the DT events

and of the ST Dy mesons, respectively; &0 =
S i(Nipelr/ekr) /NS is the effective signal efficiency
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of selecting the y(z”) and the signal decay in the presence
of the ST Dy meson, averaging the values obtained for
each ith ST mode according to the corresponding yields
of ST Dy mesons, where ek and ek are the detection
efficiencies of the ST Dy mesons and the DT candidates
(ST and DT efficiencies) for the ith ST mode, respectively.

IV. SINGLE TAG SELECTION

To reconstruct the candidates for ST Dy, we use thirteen
hadronic decay modes: Dy - KK 7n~, KK 7 n°,
+ KYKk=, K4Kk=2°, K9KQn~, K§4K*mozo,

01— — — — — —
KSK=mta™, 0,7, Npip o, niﬁﬂ,nwn , n;poﬂ , and

T,

n,,p~. Throughout this paper, the p denotes p(770) and

the subscripts of #(") denote the reconstructed decay modes.

All the charged tracks, except for those from the Kg
mesons, are required to originate from a region defined as
|cosf] < 0.93,|V,,| <1 cmand |V, < 10 cm, where 8 is
the polar angle with respect to the z axis (the MDC
symmetry axis) |V,,| and |V_| are the distances of closest
approach with respect to the interaction point (IP), in the
transverse plane and along the z axis, respectively.

Particle identification (PID) of charged kaons and pions
is implemented by combining dE/dx and TOF information.
For charged kaon (pion) candidates, the likelihood for the
kaon (pion) hypothesis is required to be larger than that for
the pion (kaon) hypothesis.

The K candidates are reconstructed via the K% — 77~
decay. The two charged pions are required to satisfy
V.| <20 cm and |cosd| < 0.93. They are assumed to
be ntx~ without any PID selection, and their invariant
mass is required to be within (0.486,0.510) MeV/c?. The
decay length of the Kg candidates from the IP is required
to be greater than twice the vertex resolution, and this
requirement suppress about 75% of background.

Photon candidates are identified using showers in the
EMC. The deposited energy of each shower must be more
than 25 MeV in the barrel region (|cos 6| < 0.80) and more
than 50 MeV in the end cap region (0.86 < |cos 8| < 0.92).
To exclude showers originating from charged particles, the
angle subtended by the EMC shower and the position of the
closest charged track at the EMC must be greater than 10°
as measured from the IP. To suppress electronic noise and
showers unrelated to the event, the difference between the
EMC time and the event start time is required to be within
[0, 700] ns.

The 7° and 1,, candidates are reconstructed from photon
pairs with invariant masses being in the mass intervals
(0.115, 0.150) and (0.500,0.570) GeV/c?, respectively. A
1-constraint kinematic fit is performed on each selected
photon pair, by constraining the invariant mass to the z°
or n nominal mass [2]; to suppress the combinatorial
background, > < 20 is required. To select p~(©), /Y

" . _, and 1 , candidates, the invariant masses of the
natx 7P

7%, 2%zt 7=, nata, and yp° combinations are required

to be within the mass intervals (0.570,0.970) GeV/c?,
(0.530,0.570) GeV/c?,  (0.946,0.970) GeV/c*>  and
(0.940,0.976) GeV/c?, respectively. In addition, for ’7; "
the energy of the y is required to be greater than 0.1 GeV.

The low momentum pions from D** decays are sup-
pressed by requiring the momentum of any pion not from
K9, n, or i’ decays to be greater than 0.1 GeV/c. In order to
reject the peaking background from Dy — K%z~ in the
selection of Dy — #tx~z~, the invariant mass of any 7z 7~
combination is required to be outside the mass window
(0.468,0.528) GeV/c>.

The backgrounds from non-Df DT processes are sup-
pressed by using the beam-constrained mass of the ST Dy
candidates, defined as

Myc = \/E%eam/C4 - |ﬁST|2/62’ (2)

where E.,, is the beam energy and pgr is the momentum
of the ST Dy candidate in the e™ e~ rest frame. The My is
required to be within the intervals listed in Table I [31,32].
This requirement retains most of the Dy and D] mesons
from ete™ — D;TDF.

If there are multiple candidates present per ST mode per
charge, only the one with the Dj recoil mass,

- 2 -
M. = \/(Ecm - \/‘pST|2C2 + m%);c4) /C4 - |pST|2/C2’
(3)

closest to the Di™ nominal mass [2] is kept for further
analysis. The invariant mass distributions (Mgyt) of the
accepted ST candidates for each mode are shown in Fig. 2
for the data sample at E., = 4.178 GeV. For each ST
mode, the yields of reconstructed D mesons are derived
from fits to the individual Mgy distributions. In the fits, the
signal is described by the shape obtained by signal MC
simulation convolved with a Gaussian function to include
the resolution difference between data and simulation.
In the fit of the Dy — K%K~ ST mode, the shape of the
Dy - K gzz‘ peaking background is modeled by the corres-
ponding MC shape convolved with the same Gaussian
function used for the signal shape, and the corresponding
yield is left unconstrained. The combinatorial background
is described by a second-order polynomial, as verified by
analyzing the inclusive MC samples, whose parameters
are left free in the fit. Figure 2 shows the fit results, where
the black arrows indicate the selected Mgt signal regions.
The candidates located in these signal regions are kept for
further analysis.

The contribution from the ete™ — (yigr) Dy Dy process
has been estimated by MC simulation between 0.4% and
1.1%, and it has been subtracted to extract the final D7
yields. Table I summarizes, separately for each ST mode,
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FIG. 2.

Invariant mass distributions of the ST D7 candidates for each ST mode, from the data sample at E,, = 4.178 GeV. The points

with error bars denote the data, the blue solid curves represent the best fit results, and the red dashed curves stand for the fitted
backgrounds. For the Dy — KgK ~ ST mode, the blue dotted curve is the peaking background from D~ — K(S)n". The arrows indicate

the chosen Mgy signal regions.

the total yields of ST Dy mesons (Ngt), obtained summing
up all the energy points, together with the average ST
efficiencies est = Ng1/ Y ;(Ngp/€sp), where Ngp and ey
are the corresponding ST Dy yield and ST efficiency for the
Jj-th energy point, respectively.

V. DT SELECTION

To reconstruct DT events, the transition photon or 2% in

the system recoiling against the ST Dy is required. If more
than one y or z° candidate is present in the event, only the
combination with the smallest energy difference |AE| with

AE = Egp + B

(%)

Efto p- = \/\ﬁy<ﬂo) + Pst|?c? + m%rc“, E; and p;
(i=y(z") or ST) are the energy and momentum of
y(7°) or ST Dy in the rest initial e*e~ frame, respectively.
In the presence of a ST Dy and a transition y(z°), the
signal decay candidates are selected with the remaining
tracks as follows. There must be exactly three charged
tracks available. One of the tracks with charge opposite
to that of the ST Dy is identified as the positron. The
other two oppositely charged tracks are identified as kaon
and pion for D} — K,(1270)%e*v,, or two pions for

D- + E, () — Ecr, 1s retained, where
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TABLE II. The yields of ST Dy mesons (Ngr) and the average
ST efficiencies (egy) for the complete data sample. Uncertainties
are statistical only. The efficiencies do not include the branching
fractions of the daughter particle decays.

Tag mode Ngr (x10%) est (%)

K*K- 7z~ 280.7 0.9 40.87 £0.01
K*K~ 7~z 86.34 1.3 11.83 £0.01
rata 727+ 1.4 51.86 +0.03
KOK~ 622+04 47.3740.03
KSK=n° 23.0+0.6 17.00 £ 0.03
KSK§n~ 104 £0.2 22.51 £0.05
KSK*nn~ 29.6+0.3 20.98 +0.03
KYK ntn~ 153+£04 18.23 +£0.03
™ 39.640.8 48.31 +0.04
VY 117403 23.31 £0.05
T 19.74£0.2 25.17 +£0.04
Nl om 50.1+1.0 32.46 +0.03
NP~ 80.1 +£2.3 19.92 +0.01

D} — b(1235)%"v,. The selection criteria of kaons and
pions are the same as those used in selecting the ST Dy
candidates. The pion candidate must have charge opposite
to that of the positron for D} — K;(1270)%¢*v,. To form a
K(1270)° candidate, the K*z 7" invariant mass is
required to be within (1.158,1.358) GeV/c?. For the
D} — nta n%2%* v, candidates, there are always two
possible 77~ 7° combinations to form the w: the candidate
is kept for further analysis if either or both of the
combinations has an invariant mass falling in the @ mass
signal region of (0.757,0.807) GeV/c?. To form a
b1(1235)° candidate, the wz° invariant mass is required
to be within (1.080, 1.380) GeV/c?.

The e™ PID uses dE/dx, TOF, and EMC information to
construct likelihoods for the electron, pion, and kaon hypo-
theses (L,, L., and Lg). The e* candidate is required to

8__ '(a)' T T T __
% 63— ‘
= T ]
3 4 ]
ER ]
5 2 .
m> - _

T LT T

0Il (I) I IOIlI
U, .. (GeV)
FIG. 3.

satisfy £, > 0.001 and L,/(L,+ L, + Lx) > 0.8. Its
deposited energy in the EMC is required to be greater
than 0.75 and 0.80 times its momentum reconstructed
by the MDC for D} — K;(1270)%¢*v, and D} —
b,(1235)%"*v,, respectively, to further suppress the back-
ground from misidentified hadrons and muons.

The signal candidates are examined by the kinematic
variable  Upige = |Ecm —Esr— Ey(;zo) —-E,- Ee| - | - ﬁST_
Py(x%) — Ph—DPelc, where Ey and p, (k= e or h) are the
energy and momentum of the e™ or the hadron [K; (1270) or
b1(1235)] in the ete™ rest frame. To improve the U,
resolution, the candidate tracks, along with the missing
neutrino, are subjected to a kinematic fit requiring energy
and momentum conservation. In addition, the invariant
mass of each D meson is constrained to the nominal
known D mass, the invariant mass of the D{y(z") or
D;y(7°) combination to the known D}* mass, and the
combination with the lowest y> is kept. This kinematic
fitis only used to improve resolution and no event is rejected.
For correctly reconstructed signal events, U, peaks
at zero.

To suppress backgrounds from D7 hadronic decays, the

maximum energy of the unused showers, Ej&.,, must be

less than 0.3 GeV and 0.2 GeV for D} — K,(1270)¢*v,
and Dy — b;(1235)%"v,, respectively, optimized with
the Punzi method [33] using the inclusive MC samples. The
DT candidate events with additional charged tracks (NS

extra

or additional 7z° candidates, N;‘im # 0, are removed.
Figure 3 shows the U, distributions of the
selected candidate events in data. Unbinned maximum
likelihood fits are performed on these distributions. In the
fits, the signal and background are modeled by the
simulated shapes obtained from the signal MC events
and the inclusive MC samples, respectively, and the yields
of the signal and background are left free. Since no
significant signal is observed, upper limits will be set by

o

Events/(4.0 MeV)

-
LA N I B B L B B N B
PRI SR AN T TR R [N M T S Y

Fits to the Uy, distributions of the (a) D} — K (1270)°e*v, and (b) D} — b;(1235)%¢* v, candidate events. The points

with error bars are data, the red dashed curve is the signal, the black dotted curve is the background contribution, and the blue solid curve

shows the total fit.
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TABLE III. The DT efficiencies (ept) and the effective signal
efficiencies (€,(y0)5,) for various ST modes. The uncertainties
are statistical only. All the efficiencies are given in % and
do not include the branching fractions of the daughter particle
decays.

Tag mode eDT,K] Gr(”ﬂ>sig_K1 EDT.bI ey(ﬂo)sig,b]

KtK—n~ 3.10£0.03 7.58£0.08 1.194+0.01 2.92+0.03
KtK—7=z° 0.78 £0.03 6.57+0.24 0.28 +0.01 2.34 +0.07
Tt 421 4+0.04 8.13+0.09 1.67£0.02 3.22£0.04
KgK_ 378 £0.05 7.98£0.11 1.544+0.02 3.25+0.05
KgK_TL'O 1.31£0.04 7.74+0.22 0474+0.02 2.78+£0.12
Kgngr‘ 1.62+0.06 7.194+0.26 0.58 £0.03 2.56+0.13
K2K+ﬂ_7[_ 1.33 £0.05 6.33+£0.23 0.514+0.02 2.43+0.09
KgK_zr - 1.28£0.05 7.02£0.27 0424+0.02 228 £0.12
Ny~ 4.06 £0.04 8.40+0.09 1.67+0.03 3.4540.06
[/ 1.83 £0.03 7.84£0.15 0.70+£0.02 298 £0.14
P 1.86 +£0.03 7.394+0.13 0.71 £0.02 2.83 £0.10
nypom” 2.63 £0.04 8.10+£0.14 1.00+0.02 3.07 £0.06
Ny~ 1.83 £0.06 9.19 £0.28 0.66 £0.01 3.30 £0.07

assuming all the fitted signals are from K,(1270)°
or b;(1235)°.

Table III summarizes the average DT efficiencies and the
effective signal efficiencies for various ST modes, respec-
tively. The average DT efficiency for each ST mode are
averaged over the yields of ST Dy mesons at the different
energy points. The averaged signal efficiencies €0\,

are 0.0773 +0.0005 and 0.0295 £ 0.0002 for D} —
K(1270)°¢*v, and D} — b;(1235)%¢"v,, respectively.

VI. SYSTEMATIC UNCERTAINTY

In setting the upper limit branching fractions, the
systematic uncertainties are divided into efficiency inde-
pendent and dependent parts.

A. Efficiency independent systematic uncertainty

The efficiency independent systematic uncertainty orig-
inates from the fit to the U, distribution of the signal D
decay candidates. It affects the signal yield determination
and is dominated by the uncertainty from imperfect knowl-
edge of the background shape. The uncertainty associated
with the signal shape is negligible. This systematic uncer-
tainty is studied by altering the nominal MC background
shape with two methods. First, alternative MC samples are
used to determine the background shape, where the relative
fractions of backgrounds from ¢g, non-D** Dy open charm
are varied within their uncertainties. Second, the back-
ground shape is obtained from the inclusive MC samples
using a kernel estimation method [34] implemented in
RooFit [35]. The smoothing parameter of RooKeysPdf is
varied between 0 and 2 to obtain alternative background
shapes.

TABLE 1IV. Efficiency dependent systematic uncertainties of
(@) D} — K,(1270)%" v, and (b) D} — b,(1235)%"v,. All the
uncertainties are given in %.

Sources (a) (b)
Ngr 0.5 0.5
K*, n* tracking 2.0 2.0
K*, 7zt PID 2.0 2.0
e* tracking 1.0 1.0
e* PID 1.0 1.0
7° reconstruction 2.0 4.0
y(z°) from Dt 1.0 1.0
Eyve, Nty and Niyy, 2.6 2.6
@ mass window e 1.2
K9(1270), b9(1235) mass windows 1.5 0.9
MC statistics 0.8 0.7
B of K, or @ decays 10.7 0.8
Signal model 1.1 1.0
Total 11.8 6.2

B. Efficiency dependent systematic uncertainty

The efficiency dependent systematic uncertainties in the
measurement of the branching fractions are listed in
Table IV.

The uncertainty associated with the ST yield Ngp is
estimated to be 0.5%, from the change of the Ng} yield
when modifying the angle of MC-truth association for the
signal shape and changing the order of the polynomial for
the background shape. The uncertainties associated with
the efficiencies of e* tracking (PID), K* tracking (PID), 7+
tracking (PID), and #° reconstruction are investigated using
data and MC samples of e*e™ — yete™ events [36] and
ete” - K"K n"zn~ [37]. The systematic uncertainties
from the tracking (PID) efficiencies are assigned as
1.0% per K*, n*, or e*. The 7° reconstruction efficiencies
include photon finding, the z° mass window, and the
1-constraint kinematic fit, and the corresponding system-
atic uncertainty is estimated as 2.0% per z° [37].

The uncertainty from the selection of the transition y(z°)
from Di" with the least |AE| method is estimated to be
1.0% by using the control samples of D] — K" K~z" and

Dj — na*a® [38]. The uncertainties of the EV%., N,
and NS requirements are estimated to be 2.6% by
analyzing DT Dj Dy events. The systematic uncertainty
associated with the @ mass window is assigned to be 1.2%
using a control sample of D° — K$w [13].

The systematic uncertainties related to the K,(1270)°
and b,(1235)° mass windows are estimated using alter-
native signal MC samples, which are produced by varying
the mass and width of the K;(1270)° and b,(1235)° by
+10. The maximum changes of the signal efficiencies,
1.5% and 0.9%, are assigned as the systematic uncertainties
for D} — K,(1270)%¢*v, and Dy — b,(1235)%"v,,
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FIG. 4. The distributions of likelihood versus the corresponding branching fraction products of (a) Dy — K,(1270)%"v, and
(b) D = b,(1235)%*w,. The black arrows correspond to the upper limits at the 90% confidence level.

respectively. The uncertainties due to MC statistics, propa-
gated from those of the ST and DT efficiencies, are
0.8% and 0.7% for D} — K,;(1270)%*v, and D} —
b,(1235)%"v,, respectively.

The uncertainty from the quoted branching fraction
of the K;(1270)° - K"z~ 2" decay is estimated as
10.7% [2,39]; for the b,(1235)° decay the @ — zt 7~ x°
uncertainty of 0.8% [2] is considered for the analysis.

The uncertainties due to the signal model are estimated
to be 1.1% and 1.0% for Dy — K,(1270)%¢*v, and
D} — b,(1235)%*v,, respectively, by comparing the
DT efficiencies obtained from the nominal and phase space
models, and varying the relative fractions of different K
subdecays.

By adding these uncertainties in quadrature, the total
efficiency dependent systematic uncertainties, o, obtained
are 11.8% and 6.2% for D — K,(1270)°¢*v, and
Dy — b,(1235)%"v,, respectively.

VII. RESULTS

To take into account the efficiency independent system-
atic uncertainty, the maximume-likelihood fits are repeated
using different alternative background shapes as mentioned
in the previous section and the one resulting in the most
conservative upper limit is chosen. Finally, the second kind
of systematic uncertainty o, is incorporated in the calcu-
lation of the upper limit via [40,41]

L(B) /U 1 L(B%) exp [_(%f‘ﬂ de.  (4)

where L(B) is the likelihood distribution as a function of
assumed branching fraction; € is the expected efficiency
and ¢, is the averaged MC-estimated efficiency. The
likelihood distributions incorporating the systematic uncer-
tainties are shown in Fig. 4.

The upper limits on the product of branching fractions at
90% confidence level, obtained by integrating L(B) from
zero to 90% of the total curve, are

BID{ - K%"v,] - BIK) > KTn~2°] < 1.9 x 10~
and
B[Dy — bletv,] - Bb) - wr’] < 6.4 x 1074,

where the numbers in the particle notations are omitted
for brevity. Considering the branching fraction of
B[K(1270)° - K*z~2° = 0.467 4 0.050 [2,39], we set
an upper limit on

B[D{ — K(1270)%*y,] < 4.1 x 1074

at 90% confidence level, which is comparable with the
theoretical prediction in Ref. [4].

VIII. SUMMARY

In summary, by analyzing 7.33 fb~! of e*e™ collision
data collected at E,,, between 4.128 and 4.226 GeV with
the BESIII detector, we search for the semileptonic decays
D} — K,(1270)%e*v, and D} — b,(1235)%e*v, for the
first time. No significant signal is observed for both the
decays. The upper limits on the (product) branching
fractions are determined to be B[D} — K,(1270)%"v,] <
4.1 x 107* and B[D] — b,(1235)%"v,] - B[b;(1235)° —
wr’] < 6.4 x 107 at 90% confidence level.
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