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Introduction & motivation
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Introduction
Signal decays: D° — Vv, (V = ¢, p% w)
(Charge-conjugated decays are also included)
> DO — p(— KK )y
> D% — pO(— ntr )y

> DO — w— (rFaa0)y
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Figure: Feynman diagrams [prp 58, 092001(19908)]
D° — K*°(— K~7t)y: n° veto calibration
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https://digitalcommons.unl.edu/physicsbloom/139/

Motivations
DY — Vv
> Previous results at Belle (see below table)
O ABr ~ O(10%), AAcp ~ O(10-2)
O No evidence so far of non-zero Acp
» Sensitive to NP in Acp measurement

O SM prediction: 0(1073) [James Lyon and Roman Zwicky, PRD 106, 053001(2022)]

O SM extension with chromomagnetic dipole operators: up to O(1072) for
V = ¢, po [Gino Isidori and Jernej F. Kamenik, PRL 109, 171801(2012)]

» DO — wy not yet been measured

» Table of Belle results [T.Nanut et ai(Belle), PRL 118, 151801(2017)]

Channels Br Acp

DY — pOy (1.77 £0.30 £ 0.07) x 10~ | +0.056 + 0.152 + 0.066

D% — ¢y (2.76 +-0.19 £ 0.10) x 10~> | —0.094 + 0.066 - 0.001
D% — K*0y (4.66 +£0.21 £0.21) x 10~* | —0.003 #+ 0.020 + 0.000

Jaeyoung Kim D — V~ at Belle Il Jan.18, 2023


https://doi.org/10.1103/PhysRevD.106.053001
https://doi.org/10.1103/PhysRevLett.109.171801
https://doi.org/10.1103/PhysRevLett.118.051801

Motivations

Expectation for Belle Il

Table 113: Acp results of the Belle study and extrapolation of the statistical uncertainty to
Belle 11, for different values of integrated luminosity.

Int. luminosity Acp(DY — ply)
Belle result 1ab~! +0.056 ((£0.152) +0.006
5ab~! +0.07
Belle II statistical error 15 ab~! +0.04
50 ab~! L 0.02 )
Acr(D° > 37)
Belle result 1ab™! —0.094 (£0.066) £0.001
5ab~! +0.03
Belle 1T statistical error 15 ab~! +0.02
50 ab~! L +0.01 )
Acp(D° - K0)
Belle result 1ab~! —0.003 (£0.020Y +0.000
5ab~! +0.01
Belle 1T statistical error 15 ab™! +0.005
50 ab~! L £0.003)

[The Belle Il Physics Book, PTEP 123C01(2019)]
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D* flavour tagging (D° or D°?)
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D* flavour tagging (D° or D°?)

» Useful in charm meson analysis,
O Provide a clean sample of flavor-tagged D°, used extensively at B factories

O Determine the flavor of D° or D° through the charge of pion emitted in D*
decay

D*+ — DO7T+

D*~ — D%~

» Am= M(D**) — M(D°)
O Shows sharply peaking distribution,
O Belle Il achieved Am resolution of 180keV/c?
O Eliminates considerable background

> Typical ep, = 80%

> Typical mis-taggin rate = 0.2%
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Dominant background from 7°
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Dominant background from 7°

Sources
> D° = Vo= vy)
Features
» Background peak in M(D°) overlaps with signal peak
> BranChing fraction [R.L. Workman et al. (Particle Data Group), Prog.Theor.Exp.Phys.2022, 083C01(2022)]
V D% — Vr© D% — Vv
o || (66+04)-10° | (281+0.19)-10°
0 | (3.86+0.23)-1073 | (1.82+0.32) 105

P
K*0 || (1.95+0.24)-1072 (414+0.7)-107*
w | (1.17£0.35)-107* | < 2.4-1074(C.L. 90%)
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Analysis procedure

o R wbh=

Pre-selection

Dedicated 70 veto (MVA)

Signal extraction with additional cuts

Check and calibrate data/MC discrepancy of 70 veto (plan)

Calculation of Br and Acp with normalization modes (plan)

\% DY — vy Normalization mode
6 | D' o(> KK )y D" = KTK-

p° D% — pO(— wha )y DO — ntn~
K | DO — K*9(— K—nt)y D° - K=

w || D° = w(— mTa~70)y D — ptr— 0
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Event selection & background study
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Pre-selection

Criteria
Particles selection criteria
263 in CDC acceptance
Lz >0.5
dr < 1.5,|dz| < 3.5
hard 7=+ in CDC acceptance
L.k >0.5
dr < 1.5,|dz| < 3.5
slow 7T in CDC acceptance
dr < 1.5,|dz| < 3.5
0 eff30_May2020
TM(V) = m(V)] < 0.02GeV

K*0 :< 0.22GeV
0 1< 0.245GeV
w :< 0.04GeV

% E > 300MeV
clusterE9E21 > 0.95
clusterNHits > 5
clusterSecondMoment < 1.5
DO pcm > 2GeV
D** || Am = M(D*T) — M(D") < 0.160GeV

vertex treeFit:
min(confidence level)=0.001
IP constraint
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Pcm D>l<+ cut
> 1. Maximize FOM(Nsig/+/Nsig + Npkg)

» 2. Suppress the combinatorial bkg from B°B°, B* B~ & qg(ui, dd, s5)

DOty o6 DOy o2
200 s 0.974
01 0981 011 0.072
190 110
012 0.10
150 0.982 . 0.970
= 5 &
010 & 0.09 5
< 170 g ooz o g ooz 5,
Z 008 8 £ 100 008 & £
2 150 S 5 2 985 J0.066
= £ oswd = g &
0.06 5 95 0.07 5
150 0.964
00t fog7s %0 0.06
140 0.962
0.02 a5 0.05
130 0.971 0.960
20 22 24 26 28 50 sz 34 % 2027 24 26 28 50 32 a1 o
Fey(D*!) cut Fey(D*") cut
D=py
0200 44,965 . ooso |29
180 0.175 )
1225
175 o150 |0.960 0055 g 40
s 120.0 0.050 1,
170 0125 & 5
£10.955 2 117.5 g B
Z g g = 0.015 81088
0.100 = k= 1 i
O 165 3] = Quso 2]
= Eloosn™ = 0.010 8
160 0.075 510,950 1125 5087
155 0.050 oos 110.0 0.035
o 0030 10.86
150 0.025 1075
0.000
20 22 24 26 28 50 52 34 2.00 250 275 500 S
Foy(D*) cut Fey(D*) cut
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pcm D*T) cut
» 1. Maximize FOM(Nsjg /+/Nsig + Npig)

» 2. Suppress the combinatorial bkg from B°B°, B* B~ & qg(ui, dd, s5)

400

=3 cobar 8000 ) T
2 taupair
. 350 b = taupair
) = ssbar <> 7000 =3 ssbar
= 300 = 6000 ddbar
é c) uubar
2 250 B charged 2 5000 = charged
& E mixed =1 B mixed
£ 200 S 4000
< <
$ 150 & 3000
£ g
= 100 B 2000
=) =]
50 1000
9 0
2.0 2.5 3.0 3.5 4.0 45 5.0 2.0 2.5 3.0 35 4.0 4.5 5.0
pen(D* ) [GeV/c] pou(D*7) [GeV/e]
5ri == ccbar 4000 | M@yt 5T = ::‘::;,
o 10000 = taupair < 3500 =3 sshar
= @ ssbar = ddbar
> 8000 == ddbar % 3000f wubar
o 2. W charged
g B uubar 8 2500 . mixed
= 6000 B charged =
= B mixed < 2000F
- @
ﬁ 4000 .g 1500 L
g & 1000 F &
o 2000 5}

X 25 3.0 35 4.0 4.5 5.0
peu(D*1) [GeV/e|
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After additional cuts for signal extraction

10} K*° P w all
IM(V) — Munominat( V)] < 11MeV < 60MeV < 125MeV < 15MeV
|Q - Qnomina|| < 0.6MeV
pam(D*T) > 2.3GeV | > 2.45GeV | > 2.57GeV | > 2.73GeV
Bkg constituents of D° — ¢ in [ Ldt =1/ab MC
200k MC151i ‘: [‘)nﬁwn‘i

6:: [ ccbar

; 350 E comb

(05 300 [ signal

[~e)

g 250

£ 200

8 150

B

< 100

M 50

°™170 175 180 185 1890 195 2.00 205
M(D%) [GeV /c?]
Q = M(D*") — M(D°) — M(x%) = Am — M(=™)
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After additional cuts for signal extraction

10} K*? o° w all
IM(V) = Mpominat (V)] || < 11MeV | < 60MeV | < 125MeV | < 15MeV
|Q - Qnominal| < 0.6MeV
pem(D*T) > 2.3GeV | > 2.45GeV | > 2.57GeV | > 2.73GeV

Bkg constituents of D° — K*%y in [ Ldt =1/ab MC

Entries /(0.008GeV /c?)
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After additional cuts for signal extraction

10} K*? o° w all
[M(V) = Mpominal (V)] || < 11MeV | < 60MeV | < 125MeV | < 15MeV
|Q - Qnominal| < 0.6MeV
pem(D*T) > 2.3GeV | > 2.45GeV | > 2.57GeV | > 2.73GeV
Bkg constituents of D° — p%y in [ Ldt =1/ab MC
2500 M‘Cl5ri ‘ I |:|‘ D°~>7r‘*7r’7rn"
c%\ EE cchar
~ I comb ]
% 2000 [ signal
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After additional cuts for signal extraction

10} K*° P w all
IM(V) = Muominat(V)] || < 11MeV | < 60MeV | < 125MeV | < 15MeV
|Q - Qnominal| < 0.6MeV
pam(D*T) > 2.3GeV | > 2.45GeV | > 2.57GeV | > 2.73GeV

Bkg constituents of D° — wv in [ Ldt =1/ab MC, (caution: upper limit!)

)
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Not included: D° — w(n® = vv), D° = w(n — vv), D° = 777~ 7°%(n — vv) in bkg MC
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An issue for D° — w~

» Not included main bkg(D° — wr®, D® — wn, D® — 7+t7~7%) in bkg MC
Adding according to PDG value
Br(D°® — wn®)2016,8E5/m = (1.17 £0.35) - 10~*
Br(D® — wn)a018.85m = (1.98 £0.18) - 103
Br(D® — 77~ 7%0)2020, 8511 = (3.23 +-0.22) - 103

> We will add these 3 decays.
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7 veto (MVA)

» Purpose: suppression of dominant background, D® — V70(— Y10%)
O not 7%like vs. 70-like

> Tool: BDT(Boosted Decision Tree)

> Training variables: M(v172), E(72), cosHelicityAngleMomentum
O ~1: primary candidate in D° — V7 reconstuction
O ~2: any photons except 7; remained in each event
signal: D° — Vyq, bkg: D° — V(= y1%)
> Selection of photons

particles

selection criteria

71

|clusterTiming| < 200ns
clusterTiming
|c|usterErrorTiming ‘ <20

E > 300MeV
clusterE9E21> 0.95
clusterNHits> 5
clusterSecondMoment < 1.5

Y2

|clusterTiming| < 200ns
clusterTiming

| TasterErrorTiming | < 20

in forward, E > 25MeV

in barrel, E > 20MeV
in backward, E > 20MeV
clusterNHits> 2
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70 veto training

> Samples
O not 70 like: pre-selected 1M signal MC of 4 channels(¢, p°, K*°, w)
(required grand-daughter of D** and daughter of D°)
O 70 like: true 70 in pre-selected background MC

» Distribution of training variables
M(v172), E(72), cosHelicityAngleMomentum

A variable of 7' veto A variable of 7 veto A variable of 7° veto
wm  like " like 12 o T

25 777 not «” like 8 2 not =° like ;‘ot " like
20

6
15

4
10
R 2
5

~ - 0
B0 o0z o4 05 08 10 12 800 025 050 075 100 125 150 175 200 B ——— ]
s 7 G o
M(7172) [GeV/e?] I, [GeV] cosHelicityAngleMomentum

cosf: 0 between the line defined by the p> — py in 70 frame and 5(7°) in lab
frame (7% — v172)
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70 veto results

> MVA output for each channel
(bkg: true daughter of 7 in lab~! bkg MC, signal: 1M true signal MQ)

- generic 1:1‘9 20.0| E# generic bkg

20} 772 signal(D’—o9) 2 signal(Di— k)
17.5
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125
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0.0 02 0.4 0.6 9.0 02 0.4 0.6

7% Probability 7% Probability
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208 722 signal(*s") )
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12.5
10 10.0
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25
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After 7° veto (7¥ probability < 0.9)

» Bkg constituents of D — ¢~: before vs. after

400 3 D=’ 3 D’—=on’
R = cobar &, 250 == cobar
= %0 = comb = = comb
3 s00 3 signal 3 200 3 signal
8 250 g
g g 150
= 200 =
@ @

o 150 8 100
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] =
g 5]
0 0 =
1.70 1.75 1.80 1.85 1.90 195 200 205 1.70 1.75 1.80 1.85 1.90 1.95 200 205

M(D) [GeV/c?] M(D°) [GeV/c?]

> Bkg constituents of D® — K*0v: before vs. after

10000 ne15ri 0 DUk oAt 70908 Me1sri = DK n
N B ccbar 1, 6000 B ccbar
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%
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After 7° veto (7r0 probability < 0.9)

> Bkg constituents of D0 - p ~: before vs. after

2500 MC157'I

=3 pPlortra
B cchar
E comb
1 signal

3 Dot 1r“
B cchar
B comb
1 signal

1400 Mc15m

2000

Entries /(0.008CeV /c?)
Entries /(0.008GeV/c?)
@

5

1.80 1.85 1.90 195 200 205 1.70 1.75 1.80 1.85 1.90 195 200 205
M(D°) [GeV/c?] M(D) [GeV/c?]

> Bkg constltuents of DO — wy: before vs. after (cautlon upper I|m|t|)
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o
3
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M(D?) [GeV/c?] M(D) [GeV /c?]

1.70 1.75 1.80 1.85 190 195 200 205
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Future plans

Jaeyoung Kim

D° — V~ at Belle Il

Jan.18, 2023

26



Planl:check and calibrate 7° veto

» Using D_0 — K*0y, check 70 veto dat_a/MC discrepancy between
D% — K*O(— K=7t)x% and D® — K*0(— K—7F)y
> Compare €yeto = % of data & MC

before

» For ideal case, R = €yeto,MC/€veto,data = 1
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Plan2:extract signal

» Do 2D fitting(M(D°), cos 0)

» Calculation Br&Acp with normalization modes,

\% DY — vy Normalization mode

1) D° — ¢(— KTK™)y D° —» KTK-

p° D% — pO(— wta )y DO — ntn~

K | DO — K*9(— K—nt)y D° - K—m

w || D° = w(— mTa~70)y D° — ptr— 0
Nrec,DO—nj)'y/eDO—nj)'y

For example, Br(D° — ¢ry) = Br(D® — K*K™) 4

rec,DO K+ K— /€00 it K~
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Thank you for your attention!
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Backup
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costy
> For V=¢,p° K*®in D° — V(= ftf )y

cosfy
f-
D° v y
f+
> For V=w
cosfy
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cosfy distribution

D¢y
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70 veto results

» ROC curv

1.0 T T T
c
g °® ]
=
=
0]
=
© 06} .
he]
c
=)
O 04} b
E’ . mass veto, E,, > 50MeV
8 o2l mass veto, Ey, > 75MeV 1
e »  mass veto, E,, > 125MeV

« FBDT
0.0

0.86 0.88 0.90 0.92 0.94 0.96 0.98 1.00
Signal efficiency

> Mass veto: remove the region of near m(7°) (details are in backup)

» BDT is the best until now
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Mass veto

> Select one primary photon
> Make pair with other photons in ROE

> Choose one candidate where M(7172) is nearest to nominal mass(7?: 0.135GeV)
1M Signal MC(D" — K*')

2000 Background for D" — K"y
base ‘ ‘ I ‘
base ].r_m 0.3ab !
3500 . BOMe ) .
E,_ > 50MeV 4 E._ > 50MeV [
3000 E, . >TiMeV 0000
E, >125MeV 1
2500 30000 [
2000
1500 I 20000 | i
1000 o . £
- Py 10000 ]
o B T - : — e
010 011 012 013 014 015 016 f0 om oz o013 om0 ol

M(YyVroe) [GeV] M(Yyr0e ) [GeV]
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