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ABSTRACT

Measurement of time-integrated CP
asymmetry in D'->r'7 and D'"->K'K~

with Belle II Monte Carlo data

KIM, JAE-YEON
Department of Physics

Graduate School of Soongsil University

[t could be the key of the new physics to measure Time-integrated

CP asymmetry(A.,) of Charm particles. This is because the order
of Acp is small(~ 0(107%)) in Standard Model. Among many charm
decay channels, Belle collaboration measured A, of D'—r'm
channel and D"->K'K™ using 976fv ' experiment data[l] whose
result is AZp =(+0.55+0.36+£0.09)% and AN =(—0.32+0.21+£0.09)%. We
calculated A, of D’>r'r and D°-K'K~ with Belle I
Monte-Carlo data using the method of Staric’s, before the data

size of Belle II experiment data reaches to 50ab *.
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1.1 Belle II A3H
1.1.1 KEKB/Belle &

Belle AEe A ojufeby|d squpalo] 9ix|st no|yr] 74&7]o
T71-4KEK)2] KEKB 71&7]2t Belle detectorES ©]835to] B meson?]
CP ThY4 7iAe Shets AFolth. 1998WRE sbEetr] Alststod
20100 dloj] F7o] TrEUCH, 200982 7IEC=2 AA FGQ]

luminosityQl 2.11x10%em %s~ 0] &3t [2]
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New positron target /
capture section
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Belle I

[ 1-1] SuperKEKB 714719} Belle II detector

1.1.2 SuperKEKB/Belle II A&

av]
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oX,
)
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Belle A3 o] AlS9] JluminosityS =o C S gt A
Wspl 27et] At Aol MY, A o5l 7147]9)
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)
S
2
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50ab 0], 20209 X Phasel?} Phase22 & Phase3°] =<Ql5}

of BAMo® dolelg y] AR,

1.2 Belle II detector



KEKB 714717} SuperKEKBZ A do]EE]HA], Belle detector 9A|
Belle II detectorz2 g o]EE Tt SVD(Silicon Vertex Detector)et
PXD(Pixel Vertex Detector)?l M&A] dXel&]9)1 ARICH detector?t

—_
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Belle Il Detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps, inner 2 barrel layers)

-

KL and muon detector: J

—=
[[——
EM Calorimeter: \\\\
Csl(Tl), waveform samplil K\ \‘ , ticle Idérltificat.ion:
e-of-Propagation counter (barrel)

= Prox. Focusing Aerogel RICH (fwd)

3 ,

l' f

\

electron (7 GeV)

|

\" |
-

7

Beryllium beam pipe:

I .
2 cm diameter % 7 3 "I~/ \ l 'y positron (4 GeV)
s S |

/.

z

v

Readout (TRG, DAQ):

Max. 30kHz L1 trigger

~100% efficient for hadronic events.
11MB (PXD) + 100kB (others) per event
- over 30GB/sec to record

Offline computing:
Distributed over the world via the GRID

He(50%):C2Hs(50%), Small cells,

Central Drift Chamber:
long lever arm, fast electronics

[ 1-2] Belle II 4&7]9] F#+&(BELLE2-TALK-CONF-2019-047)

1.2.1 Belle II detectorE 0|28t oi7 HiAl

[2” 1-2]9= Belle II detector®] +4 Q4A7F 4@} Qltt. Beam

pipeS AU FE3F "9 e = TOHYSH UALZ B35k, B mesono|tt D



meson & E01AsH QAXRSL oA SH final state particle® THA] 53
sttt 9FA St final state particleg2 7HF WAl VXD(Vertex Detector)
Q} CDC(Central Drift Chamber)Es AUt *zTHo| SAHG. 1 %
ARICH(Aerogel RICH)?} TOP(Time of Propagation counter)s AU
ojd ARFIR] AHE] 1 (PID), ECL(Electromagnetic Calorimeter)s &
8 oyx7t &AEi, KLM(K-Long and Muon detector)ojA]
Long-lived particle?l K,;°t ;S 7ZA&sHt.

A&719] 7t B Bo|AL final state particle59] AHETFS A2 5 9)
ocuog BA At mother particleg9 AHE A7] QofA]+= final
state particle®] AHE wo} XA (reconstruction)S sfjoF sttt Belle
I AFoA] BEAES st= WA oA= BASF2(Belle II Analysis Software

Framework)E 0|83t Q)C}.

HEZ 234 D meson® CP violation® F7]%, o010 ?) A== At
2 7o 7 &=t [5] Belle II A3oA D meson CP asymmetry?] =
A A" e o0 Yol =2 olgolug[6], SRR 50ab '] HOJEIZ}
Z49H D meson® CP tiF/do]l wolulgh a&olM 7MA UA=AE
gl & Q& Zlojth. & A= A9 HolH gol 245 ez 59
7] Ao, Belle A9 M. Staric et al9] ¥WHE 2895t00 D meson

9] CP time-integrated asymmetryS —15}%



2.1 H3Lo] o]L3st MC data

2 AFolA = Belle II A2l MCI12 dataE ©|&sttt. & dlo]E 9
OF2 500fb '0]1., mixedFE charged, uubar, ddbar, ssbar, ccbar,
taupair7tx] L= AZo] =Z3tE|o] 9t} reconstruction A OJA=
skimo] ¥ do]E]7} AFE|9J 00|, Beam background’} ZFHe dfjo]E]
(BGx0)?t Beam background”’} ZE|A] 942 Hlo]&|(BGx1)of| tish 242t
CP asymmetryS AARHC.

2.1.1 Event selection

[ 2-1] reconstructiong {5 A&t selection cut

|dy| < 1em, | 24| < 3em

0.296706 < 0 < 2.61799

pionlD >0.5 for =

kaonID> 0.5 for K

1.80 < M(D,) <1.93 (D' ->K'K ",
DK 7*) (GeV/P)

1.81 < M(D,) < 1.93 (D">r'1") (GeV/&?)

D" 0<Q<0.018 (GeV)

[E 2-1]ol&= reconstruction M7JolA  Zofst=  JAMEO]  digh



selection cuto] We} 9Qltt. final state particle(K, =) particle
identificationo]] Y¥tA o0& o]&L]l= track AHR}t, =A% particle ID
S criteria2 AASHACE DQF Dol= flavor taggingS sl ZHzr
CMS momentumy} Q-value criteria® £ 1, D] mass cut: &

t}. D° masst D>r'r AEolA 1.81 < M(D,) <1.93, 1 2]9] &2 of|A]
1.80 < M(D,) <1931, D1’z 9] mass H7} © £& Z& high

mass tail®] JFFS =9 signal fittingS 80|31 TH=7] ¢gtolct.

2.2 Time-integrated CP asymmetry(4.,)9] &% 4
D'>r'r 9} D'->K'K™ 9] Time-integrated A S ZAtsl= vlHoz
“ M. Staric et al[7]9} B. Aubert et al[8]9] Bl WHEA|7]l 9fH S

ol g3t

221 A AH¥

rec

CP asymmetry2 #AAst7] QsliA=, @Al final state particle

(h=mK)e2 D’ mesong Aj/dsto] §solZd D9 D" J39

asymmetry(A,, )2 sttt

A - NWD'h"h) = N(D">h'h)

" N SR )+ N(D SRR

D' mesong APAsHs  IHOIME  flavor tagging® 9l
D"—p'r! mEZ mpAsto] Slow piono] AstE DUQIA] DA A|

Ak, ol2ist OlRR A, A App AP BRI AFS BSOS

rec -

7o) 371X] asymmetryQ] o2 L}eRd 4~ Qlch
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ATEC:ACP+AFB+A€7T
of W, AcpQt App, A79] Ol Thgap 2T},

(DR )—(D"—>h'h)

Ao ) DSk piel el Cp
asymmetry
App oo A%&719] Forward-Backward asymmetry
AT e Slow pion®] chargeo] T2 Detection asymmetry

222 AT ALt

D"9] Flavor taggingo] =Z§IE]:= 752 chargeo] w2} detection
efficiencyo]] xfo]7} QIc}. weta A AsymmetryofA] A9 7|0 &
BAsE eyt ded, A= DK 79t Z& Cabibbo-favored D'
decay channelo] Oj&}] Flavor tagging2 3813 <] A,.°F Flavor
tagging= SHA] oS ™ 4,9 Al= #+& & Qo

Aol — A LT+ A+ A
Afssed = g Kng gD ARy AT

rec

T __ tagged itagged
A=A AT
223 Ap FE

A, o4 AT correction2 3$F asymmetry A“ = A=A p+A R

UERE & Qdoh D9 Apye A9 4 D9 CMS polar angle(cost)oll

5l anti-symmetrico]il, A p+= symmetrico]”7] Tj&of] AN A,

rec
o A, THeT Zol BT 2 Ytk



A 7(cosf) + AT (—cosh)

rec

2

A (cosh) — AN (—cosh)
App = 5

2.3 Agp AL
Acpe et 22 &A= AL
DOD"-SK 7" untagged, D"->K 7" tagged, D'—>r'n, D">K'K RE

Ao tid] D° massZ signal?} background2 fitting

= . = N(signal) .
285 D’ m o g o =2 v
ass binof| tfsf N(signal) + N Gackgron )4 weights 2

o]

@)D" histogram2 LAst 37]9] cos# bin® 2 WH+o] binOtt} 4, =
A4k

@D°—K 7" untagged M@} D"-K ' tagged 29 4,5 o]&s}
o cospol]l T ATE ALH

B)A (cosh) S Eol] D'>r'm oF D >K'K 9] A, (cosd)S correction

. A (cosh)+ AL (— cosh) N _
®A Agp = 9 2 0]835t9 D'or'm oF D'>K'K™

O] @E |cosh| binof tholl A5 AA

2.3.1 Signal fitting
fittingo]] 2tA] D mass histogramS IF1([2H 2-1]), 2+ 29

entry number= [& 2-2]2} Zc}.
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Events
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Events
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Events

Events
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400
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Events

Events

2000
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1000
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[E 2-2] ZF ;149 entry number

D"->K 7" tagged 244673

D’—>K 7" untagged 3029411
BGx0

Dt 30044

D">K'K~ 38844

D"->K 7" tagged 944496

D’—>K 7" untagged 12034451
BGx1

Dt 117949

D">K'K~ 149623

D">K 7" tagged, DK n" untagged, D-r'n, D">K'K~ 47}]9]
AE-E Probability density functiong linear function+triple
gaussian© 2 7PAstal fittingstH o (1 2-2]) Beam background”t
23+El(BGx1) D%—r'n RfEUt single gaussian signal+double gaussian
and linear background® fittingo] E %1, UMX] ©jo]E= double

gaussian signal+single gaussian and linear background® fittingo]

A
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Events

Events
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Events

Events
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Events

Events

D% = K*K~(BGx0)

2000 r
| — signal
1750 —— background
1500
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1000
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500 |
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2.3.2 A, fitting

lcosh| o] THEF A S 73 F. n7H9] binol] Tt n7ie] A,S fitting
i HEMoz AM(h=mK)S THCL fittingo] AFBSHE dak
constant functiono|®, parameter 17]= fittingstod 7 parameters
Aly ., fitting errorZ statistical error2 F| G35ttt o|H ALojA= 08
B 171X19 cosh| S 572 WRofA] fittingstich O ZAute= [23 2-3]
2 2t
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(2 2-3]904 M2 QA= 7} bin®] QAto|t{, 7k2 QAR= bin size

olojsitt. & evento] weightE ¥ojgiouz bin QA= A&

uju

4,5 A 0 weights 121F QAR o = Yu(w bin O] A
o[#l E°] weight)& A4tgt F o]& A4 oA error propagationg

A gstoict
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A3 e

[ 3-1] At Agp

BGx0 —0.181 +£1.04
D>t

BGx1 +0.443 +0.569

BGx0 0.000 +0.769
D'->KTK™

BGx1 +0.409 +£0.824

[ 3-1]2 &Aooz AktH A So0]th 500/ '] Monte-carlo
data® AHASE Ax}, statistical error?] d3Fo] x|ujAolm g D'ortr
a1 D'>K'K~ #fE9] Time-integrated CP asymmetry7} ZHEg]9]
T} HW7|= ofdEdct M. Starico] @h=2® 97676 '2] Belle A Hlo]E =
A Y-S W D'SK'K 9 Agps= —0.32+0.32+0.09, D'>r'm Q] A pe
+0.55+0.36 £0.090] % 1, Belle 119] 50ab '0]|A]= statistical error?} 108
o] 1= &ol5 Zoz oFE2=[6], Belle I Y Hlo|E7l F&5] &o0]

£ #5Z 4 3= Holth. Eeh, HlolH FAof tiv]sto] signal
fitting 1P of] A8 probability density functiong Z|Aster L Q 7t
Ao0, AR systematic error FGS YU &5 AFLE 71" Fojoh
S& Ao dA d2> AES WAl AEY dAolH, FASt AY =

fitted result?} v £~ 9)c}.
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