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ABSTRACT: By analyzing ete™ annihilation data corresponding to an integrated luminosity
of 2.93fb~! collected at a center-of-mass energy of 3.773 GeV with the BESIII detector, the
first observation of the semileptonic decays D® — K27~ n%etv, and DT — K3ntr et is
reported. In the hypothesis that all events correspond to K;(1270) decays, the branching
fractions are measured to be B(D® — K1(1270)~ (— K3~ 7%)eTv.) = (1.691032+0.15) x 10~
and B(D* — K1(1270)%(— Kntn)etr,) = (1477055 4 0.14) x 10~* with statistical
significance of 5.40 and 5.60, respectively. When combined with measurements of the
K1(1270) — K7~ decays, the absolute branching fractions are determined to be B(D? —
K1(1270)"etv.) = (1.087914709810.21) x 1073 and B(D+ — K(1270)%etv,.) = (1.7075:25 +
0.13 £ 0.35) x 1073, The first and second uncertainties are statistical and systematic,
respectively, and the third uncertainties originate from the assumed branching fractions of
the K;(1270) — Knm decays.
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1 Introduction

Semileptonic charm decays induced by the ¢ — se™ v, process are dominated by pseudoscalar
(K) and vector (K*(892)) mesons, i.e. contain a kaon and at most one pion in the final-state
hadronic systems [1, 2]. Semileptonic decays with higher multiplicity final states involving a
kaon and two pions are highly suppressed and are expected to be mostly mediated by the axial-
kaon system with a mixing angle 0k, [3]. Thus knowledge of 0k, is essential for theoretical
calculations describing the decays of D particles into strange axial-vector mesons [4—6]. The
D — Krretv, decays provide a unique opportunity to study K;(1270) and K;(1400) mesons
in a clean environment, without any additional hadrons in the final states. Such studies can
lead to a better determination of O, as well as of the masses and widths of the K; mesons,
which currently all have large uncertainties [7]. By exploiting the measured properties of
D — K1(1270)¢*v, and B — K1(1270)7 decays, the photon polarization in b — sy can be
determined without considerable theoretical ambiguity, according to refs. [8, 9].

The BESIII collaboration, performing studies of the hadronic systems K~ w7~ and
K~ 770 reported the first observation of semileptonic D decays involving a K7(1270) [10, 11],
and measured the branching fractions (BFs) B(D° — K;(1270) et v,) = (1.06 +0.127092 +
0.21) x 1073 and B(D* — K;(1270)%"v.) = (2.30 & 0.2675:35 + 0.50) x 1073, Here the
first and second uncertainties are statistical and systematic, respectively, and the third
uncertainties originate from the assumed BFs of K;(1270)%" — K+t7~7%* [7]. The decays
D° — K9r~ %" v, and D — Klr"r~ et v, have not yet been observed. In 2011, based on
the Ktn T~ system in the decay of BY — J/¢Kntn~, the Belle collaboration found the
BFs of K1(1270) — Kp, Kw, and K*(892)7 to be consistent with previous measurements,
but reported the measured BF of K;(1270) — Kj(1430)7 to be significantly smaller [12].

Bk, (1270) s K*x
By, (1270) = Kp

Furthermore, measurements of the BF ratio Ry, (1270) = yield different results



depending on the decay channels used [13-17], whereas they are expected to be identical
under the narrow width approximation for the K;(1270) meson assuming CP conservation
in strong decays [18]. Measurements of the BFs of D — K;(1270)(— K2nm)etv, decays are
desirable, as they would improve the knowledge of the relative decay rates of K;(1270) into
final states with one kaon and two pions.

This paper presents the first observation of the semileptonic decays D° — Kgﬁ_woeere
and DT — KrTn etv. and measurements of the BFs of D® — K;(1270)"e*rv, and
Dt — K(1270)%*v,. The analysed data samples come from eTe™ collisions at a center-
of-mass energy of 3.773 GeV, which were collected by the BESIII detector operating at the
BEPCII storage ring. These samples correspond to an integrated luminosity of 2.93fb~!
accumulated at the ¢ (3770) resonance [19]. Throughout this paper, charge conjugate channels
are always implied.

2 Detector and data sets

The BESIII detector [20] records e*e™ collisions provided by the BEPCII storage ring [21]
in the center-of-mass energy range from 2.0 to 4.95GeV, with a peak luminosity of 1 x
1033 em~2s~! achieved at /s = 3.773 GeV. BESIII has collected large data samples in this
energy region [22]. 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(Tl) 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.
Details about the design and performance of the BESIII detector are given in ref. [20].

Monte Carlo (MC) simulated data samples produced with a GEANT4-based [23] software
package, which includes the geometric description of the BESIII detector and the detector
response [24], are used to determine detection efficiencies and to estimate background
contributions. The simulation models the beam-energy spread and initial-state radiation
(ISR) in the ete™ annihilation with the generator KKMC [25, 26]. An ‘inclusive’ MC event
sample includes the production of DD pairs (including quantum coherence for the neutral D
channels), the non-DD decays of the ¥(3770), the ISR production of the J/¢ and v(3686)
states, and the continuum processes incorporated in Kkmc [25, 26]. All particle decays are
modeled with EVTGEN [27, 28] using BFs either taken from the Particle Data Group (PDG) [7],
when available, or otherwise estimated with LUNDCHARM [29, 30]. Final-state radiation (FSR)
from charged final-state particles is incorporated using the PHOTOS package [31]. The total
size of the inclusive MC samples is approximately 10 times that of the data.

The D — K;1(1270)et v, decays are simulated with the ISGW2 model [2], and the
K1(1270) is allowed to decay through all intermediate processes leading to the final state
K gmr. The K;(1270) resonance shape is parameterized by a relativistic Breit-Wigner function
with a mass of (1.253 £ 0.007) GeV/c? and a width of (90 4 20) MeV [7]. Using the BFs of



K1(1270) measured by Belle [12] as input in the simulation gives good data/MC agreement
in the kinematic distributions [11]. The e*e™ — DD signal MC samples, in which the D
decays exclusively into signal modes while the D decays inclusively, are used to determine
the detection efficiencies.

3 Measurement method and single-tag selection

At /s = 3.773 GeV, the 1(3770) resonance is produced in electron-positron annihilation, and
then decays predominately into DD pairs without accompanying hadron(s), thereby offering
a clean environment to investigate D decays with the double-tag (DT) method [32, 33]. In
these cases, when a D meson is fully reconstructed, all of the remaining tracks and photons
in the event must originate from the accompanying D meson. The fully reconstructed meson
is called a single-tag (ST) D. The ST D mesons are selected by reconstructing a D° or D™ in
one of the following decay modes: Kt7—, Ktn 7%, Ktr—ntn—, Ko~ ntn—n for neutral
tags, and Ktn— 7, ngﬂ'_, Ktn—n 0, ngﬂ'_ﬂ'o, KTK~7~ and Kg7r+7r_7r_ for charged
tags. Using the ST D samples, the decays of D — KgmreJrue can be reliably identified from
the recoiling tracks as DT events. The BF of the signal decay is then determined by

Npr

Bag = ~—ioie—

(3.1)
where Nt and Npr are the ST and DT yields, €5, = 3; [(hpNép) / (€5 NEY)] is the
efficiency of detecting the SL decay in the presence of the ST D meson, reconstructed in any of
the tag modes. Here, i denotes the tag mode, and egT and ept are the ST and DT efficiencies
of selecting the ST and DT candidates, respectively. Using the BF of K;(1270) — KYrr
given in the PDG [7], the BFs of the D — K;1(1270)e* v, decays can be obtained.

For the reconstruction and identification of K g, K*, 7% and 79, the same criteria are used
as in refs. [34-39]. For any selected charged track, except for those used for reconstructing
Kg decays, the polar angle 6 with respect to the z-axis (defined as the symmetry axis of
the MDC) is required to satisfy |cos@| < 0.93, and the point of closest approach to the
interaction point (IP) must be within 1cm in the plane perpendicular to the z axis and
within £10 cm along the z axis. Particle identification (PID) for charged tracks combines
measurements of the energy deposited in the MDC (dE/dx) and the flight time measured
in the TOF to form likelihoods £(h) (h = K, ) for each hadron hypothesis h. Charged
kaons and pions are identified by comparing the likelihoods for the kaon and pion hypotheses,
L(K) > L(m) and L(7) > L(K), respectively.

The Kg candidates are selected via the Kg — wt7~ decays, and hence they are
reconstructed from pairs of oppositely charged tracks. For these two tracks, the distance of
closest approach to the IP is required to be less than 20 cm along the z axis. The two charged
tracks are constrained to originate from a common vertex that is required to be displaced
from the IP by a flight distance of at least twice the vertex resolution. The invariant mass
of the 77~ pair is required to be within (0.486,0.510) GeV /c?.

The 7° candidates are reconstructed via 7

— ~v decays. Photon candidates are
reconstructed from isolated electromagnetic showers detected in the EMC crystals. The

deposited energy is required to be greater than 25 (50) MeV in the barrel (end-cap) region. To



Tag mode AFE (GeV) Mgc (GeV/c?)
DY — K+r~ (—0.029,0.027)  (1.858,1.874)
D° — K+r—n0 (—0.069,0.038)  (1.858,1.874)
DY - Ktn—mtr— (—0.031,0.028)  (1.858,1.874)
DY - Ktr—atn—n% (—0.040,0.025)  (1.858,1.874)
D™ — Ktn n~ (—0.025,0.025)  (1.863,1.877)
D™ — Ktr—nn° (—0.055,0.040)  (1.863,1.877)
D™ — Kdn~ (—0.025,0.025)  (1.863,1.877)
D™ — K2r—n° (—0.055,0.040)  (1.863,1.877)
D™ — Knta~n~  (-0.025,0.025) (1.863,1.877)
D~ - KtK n~ (—0.025,0.025)  (1.863,1.877)

Table 1. Summary of the AF requirements and Mpc mass windows for the ten tag modes.

exclude showers that originate from charged tracks, the angle subtended by the EMC shower
and the position of the closest charged track at the EMC must be greater than 10 degrees as
measured from the IP. To further suppress fake photon candidates due to electronic noise
or beam-related background, the measured EMC time is required to be within [0, 700] ns
from the event start time. The invariant mass of a photon pair is required to be within
(0.115,0.150) GeV /2. To further improve the resolution of 7° momentum p 0, the invariant

9 mass [7] by applying a kinematic fit.

mass of the photon pair is constrained to the known 7

For the ST candidates D° — K7 ~, the background contributions from cosmic rays and
Bhabha events are rejected by using the analogue requirements as described in ref. [40]. First,
the two charged tracks used must have a TOF time difference less than 5ns and they must
not be consistent with being a muon pair or an electron-positron pair. Second, there must
be at least one EMC shower with an energy larger than 50 MeV or at least one additional
charged track detected in the MDC.

The tagged D mesons are selected using two variables, the energy difference

AE = Ep — Epean (3.2)
and the beam-constrained (BC) mass
Mpc = \/Elgeamu/c4 - ’ﬁD‘2/027 (3'3>

where Fyeam is the beam energy, and pp and Ep are the momentum and the energy of the D
candidate in the eTe™ rest frame. For each tag mode, if there are multiple combinations in an
event, only the one giving the minimum |AF)| is retained for further analyses. Combinatorial
background contributions are suppressed with a requirement on AFE for each tag mode as
described in refs. [10, 11]; the AE requirements are summarized in table 1.

To extract the yields of ST D mesons for each tag mode, binned maximum-likelihood
fits are performed to the Mpg distributions of the accepted ST candidates. The signal
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Figure 1. Fits to the Mpc distributions of the ST D candidates. The dots with error bars are the
real data, the red dashed lines denote the background and the blue solid lines represent the overall fit.
The arrows indicate the limits of the Mpc signal window.

is modeled by the MC-simulated shape convolved with a double-Gaussian function. The
combinatorial background shape is described by an ARGUS function [41]. All parameters of
the double-Gaussian function and the ARGUS function are left free in the fit. The numbers of
ST D mesons are obtained by integrating over the D signal shape in the mass windows [10, 11]
which are listed in table 1. The Mpc distributions of the accepted ST candidates in data
for the ten tag modes are shown in figure 1. The ST yield and the ST efficiency (eéT) for
cach tag mode are summarized in table 2. The total ST yields of DY and D~ candidates
are (250.5 & 0.4gat.) x 10% and (153.2 £ 0.34a4.) x 10%, respectively.

4 Branching fractions

4.1 Selection of signal candidates

Candidates for the semileptonic decays D — K{rmetv, are reconstructed from the remaining

tracks and showers that have not been used for the ST D reconstruction. The K2, 7+



and 7° candidates are selected with the same criteria as on the tag side. Positron PID
uses the measured information in the MDC, TOF and EMC. Combined likelihoods (L) are
calculated under the positron, pion, and kaon hypotheses. Positron candidates are required
to satisfy £'(e) > 0.001 and £'(e)/(L'(e) + L'(w) + L'(K)) > 0.8. To reduce background
from hadrons, the positron candidate is further required to have a deposited energy in the
EMC and momentum which satisfy E/|p|c > 0.18 Xx(QjE/dm + 0.32 [11], where E and p
are the energy and momentum of positrons, X(Zi E/do is the difference between the measured
energy loss and the expectation from the Bethe-Bloch curve normalized by the resolution
for positrons. To partially compensate for the energy loss due to FSR and bremsstrahlung,
the four momenta of neighboring photons with an energy greater than 50 MeV and within
a cone of 5 degrees around the positron direction, are added back to the four-momenta of
the positron candidates (FSR recovery).

When reconstructing the D? — Kgﬂr*ﬂoe*l/e decay, the 7 mesons are required to have
an energy greater than 0.22 GeV and a decay angle 6,0 defined through [cosf,0| = |E,, —
E.,|/|Prole, less than 0.83 to effectively veto fake 7° candidates. Here, E,, and E., are
the energies of the two daughter photons of the 7° candidate, and {0 is its reconstructed
+ <

momentum. To suppress the background from D? — Kgﬂ+7r_7r0 decays, M KOn—n0m
1.78 GeV /c? is required, where 71, _ is the positron candidate reconstructed under the pion
mass hypothesis.

For the DT — K3ntm~etv, decay, the positron must have the opposite charge to that
of the tagged D~ meson and the two charged pions must have opposite charge. To suppress

the background from Dt — K3ntn~nt decays, the mass M + is required to be

0.+ —
ST Tesn

less than 1.83GeV/c?. In order to reject background events from Dt — K2r™n¥ with
the 70 Dalitz decay 70 — ete™+, the opening angle 6, between et and 7~ is required to
satisfy cosf, < 0.95. To reject contamination from D — K3rtn~ 770 decays, the mass

M

KOmtn—nt, q0 18 required to satisfy My 4 — + o <14GeV/ c? when there is at least
S e—T S e—T

one ¥ candidate recoiling against the ST D~ meson in the event. Furthermore, the opening
angle 03 between the missing momentum (defined below) and the most energetic unused

shower is required to satisfy cosflzg < 0.88.

4.2 Measurement of branching fractions

To obtain information about the undetected neutrino, a kinematic quantity is defined as
2 2 4 = 272
Mmiss = Emiss/c - ’pmiss‘ /c s (4.1)

where s and Pmiss are the total energy and momentum of all missing particles in the event,
respectively. They are calculated using Emniss = Ebeam — 2_; Fi, Dmiss = —PD — »_; Pi Where

FE; and p; are the measured energy and momentum of particle i in the ete™ center-of-mass

+

frame, and ¢ runs over Kg, 7%, 70 and et of the signal candidate. In order to improve

the M2

miss

momentum conservation is imposed, and the invariant masses of the D? and DT candidate

resolution, a four-constraint (4-C) kinematic fit is employed. Here energy and

particles are constrained to their known values. Then the momenta and energies from the

kinematic fit are used to calculate M2, ..
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Figure 2. Distributions of M2, . versus M KSmr for the accepted semileptonic candidates (left column)
and the projections on M2, . (middle column) and M K9xr (right column) of the two-dimensional fits.
The top row is for D° — K¢r~ n%"v, and the bottom row is for D* — K¢rTn~eTv,. The dots
with error bars are data. The blue solid line denotes the total fit. The red dashed line represents the
signal. The green dotted and purple dash dotted lines represent the combinatorial background and
peaking background of D — K g7r7r7r, respectively.

The distributions of M?2

iss versus M KOrr distributions of the candidate events for
D° - K2r~n%*y, and Dt — K2ntm~eTr, surviving in data are shown in figure 2 after
Miiss' They
are found to cluster around the K;(1270) nominal mass in the M KOy distribution. The

combining all tag modes for D or D*t. Signal events concentrate around zero in

signal events are assumed to be from D — K;(1270)et v, and potential contributions from
non-resonant K¢rm and D — K1(1400)e* v, will be discussed later. To determine the signal
yield, a two-dimensional unbinned extended maximum-likelihood fit is performed on the M2,
versus M distributions of the accepted DY — K2r n%*ty, and DT — Kdrtr—etv,
candidate events, respectively. The two-dimensional signal and background shapes are derived
from the signal and inclusive MC samples, respectively. The numbers of peaking background
events are fixed based on the estimation from the simulated samples, while the yields of signal
and combinatorial background are free parameters. The two-dimensional probability density

functions of signal and background are modeled by using RooNDKeysPdf [42].

The one-dimensional fit projections to the M2

and M KOmr distributions of D —
Kyr~mYeTv, and Dt — K2ntn~etv, are shown in figure 2. The fits return event yields
of 16.5791 for the D° — K(1270) et v, signal and 20.2752 for the DT — K;(1270)%e ",
signal. The DT yields and signal efficiencies are summarized in table 2. The uncertainties in
table 2 are only statistical, and the systematic uncertainties will be discussed in section 5.

The statistical significance of the signal is estimated to be 5.40 for D — K;(1270) e v, and



Tag mode Nér (x10%) ek (%) eéig (%) Esig (N0) Npr

DY — K+n~ 540.740.8 66.57 = 0.09 4.86+0.05
D% — Ktr~n® 1066.8+1.2 3476 £0.04 4.1040.03 3891003 16.531
DY - Ktn—mtr— 736.3+1.2 41.2240.05 3.30+£0.04
DY —» Kta=mtr—70  162.04£0.4 15.94+0.05 2.02+0.04
D~ — Ktn—n~ 800.6+1.0 51.10+£0.06 9.99+0.11
D™ — Ktr a7 253.0£0.6 24.54+0.06 7.83+0.17
D™ — Kdr~ 93.3£0.3 50.90 £0.17 9.9940.33 8.9640.09 20.27%2
D™ — K2r—n® 208.9£0.5 25.15+0.06 7.88+0.21
D™ — Kl nnt 107.5+£0.4 29.47 £0.09 5.234+0.22
D™ — KYK—n~ 68.940.3 41.23+£0.18 9.0040.35

%

Table 2. Summary of ST yields N, ST efficiencies €& (%), signal efficiencies € Of different tag
modes ¢, where the uncertainties are statistical. The last two columns are the weighted efficiencies €,
and signal yields Npr.

5.60 for DT — K1(1270)%* v, by comparing the likelihoods with and without the signal
component, and taking the change in the number of degrees of freedom into account. The
significances of D° — K3r~ 1Y% v, and DT — K3ntr et v, are 4.50 and 4.00, respectively,
after accounting for systematic uncertainties associated with the 2D fits.

Inserting Npr, &g, and NEJ into eq. (3.1) yields the BF for each decay. Using the world
average BFs of B(K1(1270)” — K27~ 7%) = (16.0043.45)% and B(K;(1270)° — Krt7~) =
(11.67 + 2.26)%,' the absolute BFs of D — K;(1270)"e*v, and DT — K(1270)%* v, are
also determined. The obtained BFs Bgj, are summarized in table 3 and are in agreement with
those obtained from measurements with a charged kaon in the final state [10, 11]. Therefore
the two sets of the results are combined to yield the values Beom, which are also given in table 3.

In addition to the D — K;(1270)eT v, contribution to the D — K2rmetv, signal, the
one from non-resonant Kgﬂw events could be sizeable. However, the latter component
cannot be accurately determined due to the lack of knowledge regarding its fraction and
limited statistics. To evaluate its effect on the nominal fit, a 10% contribution relative
to the K1(1270) component from non-resonant K277 is imposed in the fit. The shape of

1 —
BK?*}K%W*W* - BK?*}KDW+W7 X 2 X BKg—HrJrW*

BKg—>7r+7r_

4 4
= — 9 X <§ X B, skp+ 9 X Bre, o k*(892)r + 9 X BK]—>K[’;(1430)77 X BK(*)‘(1430)—>K-K

+ BKlaKer X Bw—>7r+7r_) ’

1

BK;aKg,ﬂ'*WU = BK;HKUT‘-*WO X 5 X BKg,Anr*w*
Brosntn- /2 4 4
= — 9 X 3 X Br, s xp+ 9 X By s K+ (892)x + 9 X BK1—>K5(1430)7r X BK3(1430)—>K7r »

where K7 denotes K1(1270) and K¢ is reconstructed via Kg — 7t7~.



Decay mode Bsig (x107%) Beom (x107%)

DY — Kyn~n%tu, (1.697023 +0.15) /

Dt — Kdntnetr, (1471550 £ 0.14) /

D — K1(1270)"etv,  (10.6753 +£0.94+23)  (10.8715795 +2.1)
DT — Ki(1270)%Tr, (129732 +1.0+2.5) (17.0755+1.343.5)

Table 3. Summary of measured BFs By, for different decays and combined BFs By for D —
K1(1270)et v, decays. The first and second uncertainties are statistical and systematic, respectively.
For D — K;(1270)e* v, modes, the third uncertainty originates from the assumed BFs of K;(1270)
decays [7].

B(D — Kdrmetv,) x 1074 B(D — K1(1270)e*v,) x 1074
I 1.69+0:33 10.6+33
D" 1.68+0:32 9.675:4
111 1.64+033 9.4734
I 1.47+045 12,6733
DT 1.6070:46 12,5455
11 1.56+0:42 12.2433

Table 4. Summary of BFs obtained from the nominal fits (I), the fits with the inclusion of the
non-resonant contribution (II), and the fits with the inclusion of the K;(1400) contribution (III). All
the quoted uncertainties are statistical only.

the non-resonant component is modeled using simulated D — Kgmre+

Ve events generated
evenly in the available phase space. The yields of non-resonant and K;(1270) contributions
are combined and treated as signal events to evaluate B(D — K2rmetv.). The yields of
D — K;(1270)et v, are used to evaluate B(DT — K;(1270)"e*v,). The obtained BFs with

the 10% non-resonant contribution are summarized in table 4, specifically in row II.

Furthermore, there is a possible contribution from D — K;(1400)e* v, decay. It is also
challenging to determine the fraction due to the large intrinsic width of K;(1400). A 10%
contribution relative to D — K;(1270)e* v, from D — K;(1400)e* v, decays is considered to
evaluate its effect on the nominal fit result. The D — K;(1400)(— K2nm)etv, decays are
simulated with the ISGW2 model, and the K7(1400) resonance shape is parameterized by
a relativistic Breit-Wigner function with the mass and width fixed to the PDG values [7].
The yields of K7(1400) and K;(1270) are combined and treated as signal events to evaluate
B(D — Klrmetv.). The yields of D — K;(1270)e*v,. are used to evaluate B(D* —
K;(1270)"e*v,.). The obtained BFs with the 10% K;(1400) contribution are summarized
in table 4, specifically in row III.



5 Systematic uncertainties

While in the BF determination using eq. (3.1) the uncertainties associated with the ST
candidate selection cancel, the following sources of systematic uncertainties must be considered.

« The uncertainty in the total yield of ST D mesons is assigned to be 0.5% [10, 11].

o 7* tracking and PID efficiencies. The data/MC differences of 7% tracking and PID
efficiencies are re-weighted by the corresponding 7+ momentum spectra of signal MC
events. The systematic uncertainty of tracking (PID) efficiency is assigned to be 0.2%
(0.3%) per 7*, based on the residual statistical uncertainties of the measured data/MC
differences.

e et tracking and PID efficiencies. The systematic uncertainties originating from e
tracking and PID efficiencies are studied by using a control sample of ete™ — yete™
events. The tracking and PID efficiencies of MC are also re-weighted in momentum
and cos  to match the D — KgWTF6+Ve data. The systematic uncertainty of tracking
(PID) efficiency is assigned to be 0.3%(0.3%) per e*.

o K¢ reconstruction. The systematic uncertainty associated with K2 reconstruction is
studied with control samples of the decays J/¢ — K**KT and J/¢ — ¢K2K*7T [43].
The systematic uncertainty for each Kg is assigned as 1.5%.

o 70 reconstruction. The systematic uncertainty of 70 reconstruction is assigned as 2.0%

per 7¥ from studies of the DT D°D° hadronic decay samples [34].

e Two-dimensional fit. To estimate the uncertainty arising from the signal shape used
in the fit, the mass and width of K;(1270) are varied by +1o. To take into account
the potential resolution difference between data and MC simulation in the fit, a

convolution of a Gaussian function is considered for M2

and M K The peaking
background yields are varied by 20.0% after considering their statistical fluctuations.
The uncertainties of combinatorial background shapes are estimated by varying the
smoothing parameters [42]. The associated systematic uncertainties are summarized

in table 5.

e Signal generator. To estimate the systematic uncertainty associated with the signal
generator, alternative signal MC events are generated using a phase-space model.
The changes in the measured BFs using this alternative MC simulation are 6.5% for
B(D° — Kr~7mY"v,) and 4.0% for B(DT — K3ntr—eTv,).

o K1(1270) subdecays. The uncertainties in the ratios of K;(1270) subdecays are assigned

by remeasuring the BFs based on PDG models [7]. A systematic uncertainty of 2.0% is
assigned both for B(D? — K27~ n%*v,.) and B(D" — KdrTn~etv.).

e MC sample size. The systematic uncertainty due to the limited size of the MC sample

o \2
is assigned to be 1.07% by | fi—t) , where f; is the tag yield fraction, and ¢; an
d to be 1.0% b >l f ; here f, h 1d f d d

o, are signal efficiency and the corresponding uncertainty of tag mode %, respectively.

e FSR recovery. The uncertainty from FSR recovery is assigned to be 0.3% following
ref. [44].
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Uncertainty (%) Kyr—mletv., Kirtr—etv,

Signal shape 3.0 5.0
Resolution 2.4 3.3
Peaking background 1.3 2.1
Combinatorial background 1.0 3.8
Total 4.3 7.4

Table 5. Systematic uncertainties from the 2D fits.

Uncertainty (%) Kyr—mletv. Kirtrn etv,
Ngr 0.5 0.5
7t et tracking 0.5 0.7
7+, e* PID 0.6 0.9
Kg reconstruction 1.5 1.5
7¥ reconstruction 2.0 /
Two-dimensional simultaneous fit 4.2 7.4
Signal generator 6.5 4.0
K1(1270) subdecays 2.0 2.0
MC sample size 1.0 1.0
FSR recovery 0.3 0.3
Total 8.6 9.0

Table 6. Relative systematic uncertainties in the BF measurements. The systematical uncertainties
are evaluated under the assumption that all signal events are from the D — K;(1270)e™ v, decays.
The uncertainties related to the possible non-resonant and K7;(1400) contributions are not considered.

The systematical uncertainties are evaluated by assuming all signal events are from the
D — K1(1270)e* v, decays. As summarized in table 4, in the presence of the 10% non-resonant
component, the BFs values of B(D® — K;(1270)"e*v,) and B(Dt — K;(1270)% ") are
reduced by 9% and 1%, respectively. In the same way, if the 10% K;(1400) component
is considered, B(D" — K1(1270)"e*v,) and B(D+ — K;(1270)%*v,) will be reduced by
10% and 3%, respectively.

The total systematic uncertainty is estimated by adding all the individual contributions
in quadrature. The sources of the systematic uncertainties in the BF measurements are
summarized in table 6. They are assigned relatively to the measured BFs.

6 Summary

By analyzing a data sample corresponding to an integrated luminosity of 2.93 fb~! collected
at /s = 3.773 GeV with the BESIII detector, the first observations of the semileptonic decays
D — Kdr~ YT v, and DT — K3ntm~eTv, are obtained with statistical significances of
5.40 and 5.60, respectively. Under the assumption that K;(1270) is the only contributing
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source, the resulting BFs are summarized in table 3. The measured BFs of D — K1 (1270)e* v,
decays are consistent with previous measurements using K;(1270) — K~ n+x(=0 [10, 11].
The combined BFs of D — K1(1270)e* v, agree with the CLFQM and LCSR predictions
when 0, ~ 33° or 57° [4, 5] and contradict the predictions reported in ref. [6] when setting
the value of 0k, negative.

With approximately six times more data coming from BESIII at /s = 3.773 GeV in the
foreseen future [22, 45|, a thorough investigation with the enlarged data samples in the four
K channels (K- 7tat, Kdr%+, Kdntr—, K~ ot 70) will be possible to further elucidate
the knowledge on K7(1270) and K7(1400) meson in a systematic fashion.
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