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(reminder)Analysis procedure

D" = nm": D*" tag & non- D** tag
Qn-oyy&n->ntn Y
Q Separate samples according to D** tag & non-D** tag

e To use high background suppression with D** tag

O Sample: MC15ri generic

DY — nn: D** tag
Q 1y N3r &Ny N3r (& N3N37: lOW statistics)
Q non-D** tag

e Not yet any planned.

e If we don’t have enough statistics, consider using CFT



Cut optimization(step2, tagged), .
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Signal pdf(arbitrary tight cuts)
D+ _)nyyn.+

e Johnson with gaussian convolution( parameters of johnson are fixed by signal MC)
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D" - n,, ™ (arbitrary tight cuts)
First fit

e Learned how to do simultaneous fit(D+ and D-) 8 1a000
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Lower region

Source: D} - n,,(p*— n*n’)

e Novo with gaussian convolution
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Cut optlmlzatlon(stepz non-tagged)
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D™ - ny. " (arbitrary tight cuts)

First fit

: : N
e Learned how to do simultaneous fit(D+ and D-) § 7000
o 6000 - s
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Belle Il ECL resolution

e oF /VE, slightly changed from about 2.5% at 100 MeV to 1.7% at 5 GeV. - Link


https://iopscience.iop.org/article/10.1088/1742-6596/587/1/012045/pdf

Summary and plans

Dt -» nmt
O Do simultaneous fit
Qd Plans
e MVA study(on-going)

e Extract expected stats. uncertainty

DO

Q

— n

Plans
e Focuson D* - nrt first

e Try simultaneous fit
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Cuts

Pre-selection(step0)

Charm mesons

n° mass veto forn,,,

Particles

Selection Criteria

Hard 7+

In CDC acceptance
dr <1, |dz] <3
Lr>0.6

particles

selection criteria

Normal 7+ in N3

In CDC acceptance
dr <1, |dz] <3
Lr>0.1

Slow 7+

In CDC acceptance
dr <1, |dz] <3

vy of

clusterNHits>1.5
0.2967< clusterTheta < 2.6180
E > 0.1[GeV]

~ of ©°

clusterNHits>1.5
0.2967< clusterTheta < 2.6180
Etorward > 0.05[GeV] or
Eparrel > 0.05[GeV] or
Ebackward > 0.075]GeV]

YROE

|clusterTiming| < 200ns

clusterTiming
clusterErrorTiming’ < 20

clusterNHits> 1.5
E > 75MeV

particles

selection criteria

|M(’Y’YROE) - mﬂ0)|

> 0.011GeV /c?

0.120 < M[GeV] < 0.145
kFit(mass): reject if fit fails

Ty

0.52 < M[GeV] < 0.57

URY:s

0.535 < M[GeV] < 0.57

DY 1.6 < M(D°%)[GeV] < 2.1
p* > 2GeV
B Am < 0.160GeV
p* > 2.5GeV
Vertex TreeF'it:
Min(confidence level) = 0.001
IP constraint
s 7Y mass constraint
Ny p > 0.4[GeV]
N3 p > 0.4[GeV]
Dt 1.6 < M(D")[GeV] < 2.1

p* > 2.5GeV
Vertex TreeFit:

Min(confidence level) = 0.001

IP constraint

n, ™0 mass constraint

D**" tagforD™

~ for slow 7°

|clusterTiming| < 2007

clusterTiming
| clusterErrorTiming | <20

clusterNHits> 1.5
FEforward > 0.025[GeV] or
Eparrel > 0.025[GeV] or
FEvackward > 0.040[GeV]

slow 7° 0.105 < M[GeV] < 0.150
p > 0.1GeV
D+ 0.138 < Am[GeV] < 0.143

choose lowest |M (D*) — m(D*")|
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D" - n,,n"(step1)

From pre-selection(step0)
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D" - n_+ - ot (step1)

From pre-selection(step0)
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Estimation of signal yields

e Fitting is not done yet. Will do fit using simultaneous fit(D* + D™)

e Let’s estimate signal yields by counting

Belle II: Nsig events(Topoana, counting)
Tagged, 1/ab
Non-tagged, 1/ab

+ +
DT - NyyTC

18290 + 135.2
48449 + 220.1

D" - n3,m?

7950 + 89.2
17925 + 133.9

Expected Nsig events in Run1(426/fb)

28430 + 168.6

11023 + 105.0

Previous results(fitted error)
LHCb(2021), 6/fb (ref.)
LHCb(2023), 6/fb (ref.)
Belle(2011), 791/fb (ref.)

DT > 1+, "

32760 + 380

D" - nytp-, "

(110.8 + 0.7) - 103

D* - nz,m

6476 + 110
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https://link.springer.com/article/10.1007/JHEP06(2021)019
https://link.springer.com/article/10.1007/JHEP04(2023)081
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.107.221801

Estimation of signal yields

e Siill there would be room to improve yields. Trying to improve with MVA.

Belle Il MC: pre-selection

Nsig true signal events after pre-selection D* - n,, " D* - n3,m”*

(MC matched, counting)

Tagged, 1/ab 22922 + 151 9681 + 98

Total: 116024 + 341 41206 £+ 203 D g
expected Nsig in Run1(426/fb) decreased significantly

cut based study

Belle + Belle 11?



Estimation of signal yields

Belle MC: pre-selection(detail will be in later report)

Belle: Nsig true events after pre-selection D* -»n,,m* Dt - ny,mt
(MC matched, counting)

Tagged in Y(4S) MC(711/b) 7815488 3668461
Non-tagged in Y(4S) MC(711/fb) 432144208 17692+133

Total in Y(4S) MC(711/fb) 510291226 21360+146

Expected Nsig true events in full data 67680+260 28330+168
(943/tb)
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0
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2.1

Entries /(0.0004[GeV /c?])

Entries /(0.0004[GeV/c?])

Entries /(0.0004[GeV /c?])

— nn distribution after

9000

8000 /de = 1000 b ! ) g :‘u = ﬁ,:;i
(==

7000 A . ss w% MC stat. unc.

6000 {

5000

4000 A

3000

2000

1000

pre-selection

Particles

Selection Criteria

Hard =+

In CDC acceptance
dr <1, |dz| <3
Lr>0.6

e
0.1400 0.1425 0.1450 0.1475 0.1500 0.1525 0.1550 0.1575 0.1600
AZ\I[GeV/CZ]

9000
I ¢ @B B

8000 /L‘“ = 10008 = w0
==

7000 BN 5y MCstat. unc.

6000 4

5000

4000

3000

2000 4

1000 +

AM [GeV/c?]

Normal 7= in N3n

In CDC acceptance
dr <1, |dz| <3
Ly >0.1

Slow 7+

In CDC acceptance
dr <1, |dz| <3

v of n

clusterNHits>1.5
0.2967< clusterTheta < 2.6180
E > 0.1[GeV]

L
0.1400 0.1425 0.1450 0.1475 0.1500 0.1525 0.1550 0.1575 0.1600

2250
2000 ] /de = 1000 fb~! . g fu = g;}"

= dd
1750 4 B 55 MCstat. unc.
1500 4
1250 4 #% i i,
1000 | » it Jol® "
750 -
500 { w -
250 4 l I m

AM [GeV/c?

v of 7

clusterNHits>1.5
0.2967< clusterTheta < 2.6180
FEforward > 0.05[GeV] or
Evarrel > 0.05[GeV] or
Frackwara > 0.075 [GeV]

0.120 < M[GeV] < 0.145
kFit(mass): reject if fit fails

Thyy

0.52 < M[GeV] < 0.57

37

0.535 < M[GeV] < 0.57

E
0.1400 0.1425 0.1450 0.1475 0.1500 0.1525 0.1550 0.1575 0.1600
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Motivation

Theoretical
Q DT - nrt, DY - nm(SCS): possible CP violation through interference of two different CKM phases,

Vcd Vllkd and Vcs Vu*s

e Tree diagrams

u N c > > d,s c > > d,s
- n
(_lTL' . is (_1,577
W i W+
Dt DO
c > > d
DT _ - n uo
d - d _ . u
d - d _n
- a

ua

Q D' - nn*, D% - nm: could be used to probe U-spin sum rule (slide #18 in ref.)

e Studying D* - nK*(DCS) is included in the plan, currently.

u

K+
W+§<s
> > d

D+(i -7
d - d
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https://indico.cern.ch/event/1184945/contributions/5437869/attachments/2716322/4718020/nierste_ckm23.pdf

Motivation

Experimental

Q D* - n3,m" studied at Belle with only 790/fb, not full data(2011, PRL.107.221801)

e Belle + Belle Il expects improvement in stats. uncertainty
e Belle: signal yields(D* + D7): 6476 + 110

Q DY - nh*(h*t =nt, K™) studied twice by LHCb at 2021, 2023
e JHEP(2021) : ny+,-, signal yields(D* + D7): 32760 + 380

o JHEP(2023) : 1;+,-, signal yields(D* + D7): (110.8 + 0.7) - 10°
e Totally, ~140k yields

Q D? - nn: never searched in terms of CP violation
e Brmeasured by BESIII(2018, PRD.97.052005), CLEO(2010, PRD.81.052013), CLEO(2008, PhysRevD.77.092003)

20


https://doi.org/10.1103/PhysRevLett.107.221801
https://doi.org/10.1007/JHEP06(2021)019
https://doi.org/10.1007/JHEP04(2023)081
https://doi.org/10.1103/PhysRevD.97.052005
https://doi.org/10.1103/PhysRevD.81.052013
https://doi.org/10.1103/PhysRevD.77.092003

Cut optimization(tag)

D" - 7Iyyn'-l_ D" - 713n7T+
U Optimized cuts Q Optimized cuts
o oS0y, > 0.99964(8,, < 1.5°)
e p(n) > 1.14GeV

e 050y, > 0.9995(0,, < 1.8°)
85 ® p(n) > 09BGeV

50
+ 0.525 + B ‘ 0.525 +
2 s “fo.s00 & 80 - &
e p(m™) > 0.48GeV | Fioors = ) > 0.49GeV - 0500 £
™) > 0.48Ge . e p(r™) > 0.49Ge , ars S| s
: 75 o 2
70 40
0.9995
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SN G 9099 = 0.9995 :
ang: 0.4 Cogpmy 0.9996 QA
‘9Vertn\. € beg,0.9997 N
Weg,, 0.9998 0.6
2 ap (9.3999 o3
rta..
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_ . e ) D* iyt (18290 2000 - 5 ) DT —m (7950
— 3500¢ /Ldt o - . BE <7 3000 1 +—>mr+( ) /Ld« — 10001 =00 =0 & 2000 o o (7950)
= =i o 1 D —yrt(7722) ~ oo 2w mm BB LI e D, =y * (4622)
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3 o] [ Remained(14651) = & 1500 4 ] Remained(7961)
2 5 2000 | & 20007 S 1250 |
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< v S 0 750
3 .2 1000 1 > Q
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M S 500
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Cut optimization(non-tag)

D+ — nyyn.+
d Optimized cuts
o oS0y, > 0.99930(8,, < 2.14°)
o p(n) > 1.24GeV
e p(n*) > 0.63GeV

E 0.80
£ 0.75 ]
0.70 20

0.65 +

0.60 £ 90
0.55
0.50
0.45
0.40

14 80

85

0.9995 &
Cogg 0.9996 08 QQ
2y bep,0.9997 Q
Weg,, 0.9998 0.6
£ an&)"g,ggg 0.4
eItRb
MC15ri 1/ab ccbar
22500 /
25000 | ‘ - ‘g ] ) D*—yrt (48449)
o | — BB ~—~ 20000 4
/Ldt = 10007 = ua BB N{ [ D;f—nrt(133745)
20000 | = o By MC stat, unc. | =z P00 o pi sarse)
fe 15000 { ] Remained(70872)
S 12500
15000 <
210000 4
=
10000 |- .6 75001
S 5000 1
C
5000 W 2500 4
0 : ‘ ‘ - ‘ ‘
170 175 1.80 1.85 190 195 200 205

870 1.75 1.80 1.85 1.90 1.95 2.00 2.05
M(D ) [GeV /c?]

M(D*) [GeV/c?]

D+ — 713n7T+
O Optimized cuts
o C0SOyy > 0.99967(0,, < 1.47°)

e p(n) > 1.11GeV
e p(*) > 0.61GeV

60

55

50

0.9995

Cogg 0.9996 08 QA
%y bep9.9997 j &
Wegy, 0.9998 0.6
2 ap &.3999 a7
e A
MC15ri 1/ab ccbar
16000 14000 /

1 e @ BB Py [ Dt —yrt(17925)
14000 R = w Y T 120001 ) piynt 46786)
S | == ™
£ 12000 | B s s MCstat unc. = 10000{ ) D —p"1(35164)
> O [ Remained(29143)
$ [
O, 10000 8 8000 A
R g
E 5000 | £ 6000 1
8 n
=~ 6000 D 4000 -
] c
— )
S 4000 | £ 2000 ] N
C - .
% 2000 ] o

0 — - : ; - -
170 175 1.80 1.85 1.90 1.95 2.00 2.05

NN AT /a21

M(D*) [GeV/c?]

T T = T T T T
170 175 1.80 1.85 1.90 195 200 2.05

22



