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Introduction

Studies of CP violation of the weak decays of D mesons are important for
exploring physics within and beyond the Standard Model.

theoretical research based on factorization-assisted topological-
amplitude (FAT) approach, predicted the K§ — K asymmetry to be 0.113 +
0.001 for all possible processes of two-body nonleptonic DO decays.

This paper reports the first measurements of the BFs of D? - KX (X =
$nwn’), as well as the BF asymmetries between KX and KJ X, the CP
asymmetries in these decays are also determined.

All the results are cited from PHYSICAL REVIEW D 105, 092010 (2022)



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.092010

Data and MC sets

Data sample: 2.93 fb~1sample of e*e™ annihilation data at+/s = 3.773 GeV with BESIII detector.

Inclusive MC sample: corresponding to the luminosity, containing the
production of DD pairs, the non DD decays of the ¥(3770), the ISR
production of the J/ ¥ and ¥ (3686) states, and the continuum processes,
Is used Iin this analysis(shown in the table, cite from the MC sample page
of Charm Group of BESIII).

Signal MC sample: additionally generate signal MC sample (0.6 M for each
signal mode) , to obtain their signal line shapes and to determine double
tag (DT) efficiencies.

Physics Nvent Lum Scale
D°D° 232M 21.7x
D*D~ 91M 10.8x
qq (lundlw) 366M 7.4x
qq(KKMC) 366M 7.4x
RR2S 102M 10.2x
RR2S 33M 10.2x
TT 90M 10.2x
ee 400M 0.26x
nonDD 15M 10.2x
U 92M 5.0x




Analysis method

Double-tag (DT) method:

Iny(3770) - D°DY, D° meson is found as a“single side” or “single tag”(ST),the
partner D° meson is reconstructed by the rest of the event and called “signal side” or “double tag(DT)”
(charge conjugate channels are implied, unless noted otherwise).

In this analysis the D° meson is reconstructed by three hadronic modes:
D° - Ktn  Ktn n®, Ktm mntm™

For a special ST mode i, the ST and DT yields observed in data are given by:
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Analysis method

At [ = 3.773 GeV, D°D? pairs are produced coherently, the effect of quantum-correlation (QC) in
D°DOpairs:
The Cabibbo-favored (CF) and doubly Cabibbo-suppressed (DCS) amplitudes: 7;°the ratio of the DCS and

CF amplitudes for D°D? decays to same final state, & is the strong-phase dlfference between these two

amplitudes.
ZriRicosé‘f
strong-phase factor: Cf = T2

integrating over the phase space).

, Rj is the coherence factor, 0 < R; < 1(quantifies the dilution due to

The amplitude of the neutral D decays can be decomposed as mixture of the CP+ and CP— components.
quantum-correlation (QC) factor fj¢ = , all signal decay final states studied are CP+

_ 1- Cf(Z Slg— )
elgenstates.
the absolute BF are determined by: NE el
B .. = : - tag
Stg fQC Zj N.%‘T'E;ag,sig
Tag Mode Joc
DV - Ktn 0.898 + 0.007
D' = K*n 0.935 + 0.007

D' - K'nmata~  0.972+0.019




Fitting method

Two kinematic variables: energy differenceAE = Ezo — Epeqm, t0 SUpPress combinatorial
backgrounds: (-0.055, 0.040) GeV for channels with 7°, and (-0.025; 0.025) GeV for

channels without =°.

beam-constrained mass Mg, = \/ (EZoqm/c* — Pao/c?)

A binned maximume-likelihood fit is performed on the corresponding Mg distribution.
The signal is modeled by the MC shape convolved with a double-Gaussian function.
The combinatorial background is described by the ARGUS function.

The candidates with Mg within (1.859,1.873) are kept for further analyses.

The total yield of ST DYmesons is
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Fitting method

To obtained the DT yields. X (X = ¢mwn’) particles are reconstructed with:
¢ > KK, 0w ->ntn~n’,n-yy/ntnnn - atnn,, /py

Forn — yy , 1-C kinematic fit are performed and required M,,, € (0.51,0.57) GeV.
The mass window for X particle are listed in the table.

Then the signal yields are extracted by fitting to missing mass square M/2,;..(MM?) distributions for each
signal channel.

MM? = ET%ll'SS/C4 o ﬁrzniss/cz

E,iss @nd p,,;.c are the missing energy and momentum of the DT event in the e*e™ center-of-mass
frame, respectively.

- - -
Emiss — EDO _ EX yPmiss — Ppo — Px

Requirement | Mass window (GeV/c?)
Mg+ k- (1.003, 1.035)
M_. - o (0.535, 0.560)
M_._- o (0.752,0.812)
M+ 21 (0.945, 0.970)
M, (0.938, 0.978)




Fitting method

The background candidates into four categories:
D% > KX ,KQ - nn?, : D% > nn,D° - n¢p, D° - nn’
: remaining peaking background channels, like D° - KPK*K~,K)ntn~n°
BKG IV(black dot) : combinatorial background components

In this fit:
Signal(red solid curves) is modeled by the MC shape convolved with a double-Gaussian function.
and are described by the corresponding MC shapes.
The shape and size of are fixed to those obtained from the inclusive MC sample
BKGIV is modeled by the MC shape for Kfn; oo and 10° — 0°F .
modeled by a linear function for the other signal decays. 1 10%
10 0 10g
Blue solid curves are the fit result, data are o * it g b

shown as points with error bars.
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Fitting method

There are combinatorial backgrounds which can form a peak in the MM? distributions, is

estimated by the corresponding sideband regions.

the normalization factors of background events in the signal and sideband regions (S,,), the net

signal yield (Npet = Nsig — Nsige * Sco)

Side-band region

Decay N Ngg Seco N et €sig (%)
D" = KV¢pgig- 1271£39 27619 1.33+0.17 904+46 9.02+0.10
D’ — Kin,, 2132+ 71 2132+ 71 20.46 £0.15
D — K%y, -0 565+29 36+10 0.61+0.10 543+30 5.11+0.07
D’ = Kw, . -0 66924100 368 £39 1.58+0.07 6110+ 118 21.70 £0.18
D" - Kjr.. , ~ 688+£29 8L+6 047+008 684+£29 3.30+0.10
10.55 £ 0.15

D’ = Ky, 2002 + 61 2002 + 61

(0.985,1.000)U(1.045,1.060) GeV
(0.495,0.515)U(0.580,0.600) GeV
(0.712,0.732)U(0.832,0.852) GeV.

(0.913,0.938)U(0.978,1.003) GeV




Systematic uncertainty

By using the DT method, the systematic uncertainties associated with the ST selection are
canceled. Systematic uncertainties are estimated as follow.

Tab. 22: Systematic uncertainties (%) in the measurements of the BFs.

Source K 0xrk- | Kpllyy | Klpenno | Kj@rigpo | K[Mpr, En;t .
ST yields Ny, 0.5 0.5 0.5 0.5 0.5 0.5
K*/r* tracking 0.4 - 0.3 0.2 0.6 0.2
K*/n* PID 0.3 - 0.2 0.2 0.2 0.2
7' /n reconstruction - 0.5 0.7 0.7 0.7 -
Y reconstruction - - - - - 1.0
Mass window requirement 0.2 - 0.2 0.1 0.5 0.1
N:;;rr;edf#’fq 0.8 0.8 0.8 0.8 0.8 0.8
M M? fitting 0.9 23 2.4 1.1 1.4 1.2
open angle 1.4 1.4 1.4 1.3 0.9 1.6
Quoted BFs 1.0 0.5 1.2 0.7 1.2 1.3
MC statistics 0.6 0.3 0.5 0.5 0.6 0.4
Strong phase 0.7 0.7 0.7 0.7 0.7 0.7
Total 24 3.0 3.4 2.4 2.6 2.9




Tab. 22: Systematic uncertainties (%) in the measurements of the BFs.

Source K2¢K+K— Kng Kgr]nvf,,u ng,mr—,,n K.(L”];r-n-,; Kgr];)uv
ST yields Ny, 0.5 05 0.5 0.5 05 0.5
n n K*/x* tracking 0.4 . 0.3 0.2 0.6 0.2
€ 3 rT] r ] € 3 r ] K*/x* PID 0.3 - 0.2 0.2 0.2 0.2
St a tl C u C rta I aY/n reconstruction - 0.5 0.7 0.7 0.7 -
7y reconstruction - - - - - 1.0
Mass window requirement 0.2 - 0.2 0.1 0.5 0.1
N o 0.8 0.8 0.8 0.8 0.8 0.8
MM?2 fitting 0.9 2.3 2.4 1.1 1.4 12
. . . tag . P— . open angle 14 1.4 1.4 1.3 09 1.6
ST yields uncertainties come from the My~ fits to the ST D candidates . Quoted BFs o [ es | 12 07 | 12 | 13
" n _ MC statistics 0.6 0.3 0.5 0.5 0.6 0.4
. . : : Strong phas 0.7 0.7 0.7 0.7 0.7 0.7
K= /m* tracking /PID: determined by analyzing DT DD events of 1(3770). Strong phase B

70 reconstruction: studied by using the events D° » K*n~, Kt ntn~ vs.D® » K~ n™nY, KSY, after
correcting the MC efficiency to data, the residual uncertainties as the uncertainty. That of  reconstruction
assigned by referring to the m° reconstruction.

Photon detection in D° - KP'n,0, : 1.0% per photon, estimated from a J /i = p°n® control sample.

Mass window: use the control sample of D® - KX, the relative difference in efficiency between data and
MC is considered as the systematic uncertainty.

N aroea 0 /m: Based on double-hadronic-tag events(D® — tag vs. D® — K¢{r°), the difference between
data and MC simulation for these requirements were studied.

Open angle: the BFs are measured using different angle requirements, maximum deviation of the BFs from
0.9-1.6% is taken as the systematic uncertainty.

MM fitting: valuated by varying the signal shape, the background shape, and the size of peaking
backgrounds within their uncertainties.

Quoted BFs: assigned as individual systematic uncertainties.(¢p » K¥K~,w - n*n~n%n > yy/n*nn’n > ntnn,,/
p°Y)

The uncertainties arising from the finite sizes of the signal MC samples are 0.3-0.6%.



Summary

The BFs of D° and D°, B, and B;ig, are also measured separately.

BY. —B_ ) .
A9 is determined as ASY = #, the obtained BFs and asymmetries
sig T Zsig

are summarized in Table, No significant CP violation is observed.

Decay B, (%) (%) o (%)

D' - KV 0.428+£0.029 0.405+0.034 2.7+54+0.7
D' — Kgr; 0.445+0.018 0421 £0.017 284+29+04
DY — KLm 1.200 £0.030 1.121 +£0.031 34+19+0.6
D’ - Ky 0.789+0.028 0.826 0.028 —2.2+2.5+04

ﬂlﬁ




Summary

The first measurements of the absolute BFs of D® = K2X (X = ¢nwn’), these results are
important to test the theoretical prediction for the BFs of D® — KPX.
The difference of B(D® - K2X) and B(D° - K?X) are obtained.

These results can help to deeper understand the K& — K asymmetry.

TABLE IV. Comparison of measured BFs and K{ — K] asymmetries with theoretical calculations of Ref. [6]. B, (Bgar) and
R(D")¢yp (R(D")gar) are the BFs and Kg — K asymmetries of the experimental measurements (theoretical calculations).

Decay Bexp (%) Beat (%) Difference R(D?) exp B(DY)¢ar Difference
D' — Hﬁd) 0.414 £0.021 £0.010 0.33 £0.03 226 —0.001 £ 0.047 240
DY = K'{Lj.ij 0.433 +£0.012 £0.010 0.40 = 0.07 0.5 0.080 £+ 0.022 0.113 - 0.001 .50
D' — K{ij 1.164 = 0.022 £ 0.028 0.95 £ 0.15 l.4e —0.024 £ 0.031 ' ’ 4.4a

D" —= Ky 0.809 £0.020 = 0.016 0.77 = 0.07 0.5¢ 0.080 = 0.023 .60




