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Efficiency for non-resonant decay B—D°nn®
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Comparison of resonant and NR signal MC
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Change of Strategy

e Revision of the selection criteriain order to get rid of the continuum background
e Imposing mass cutonthep
e Using B—D%t as a control channel
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Signal efficiency vs Continuum background rejection

After cut
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abs(M, — 0.77) < 0.15 —

deltaE {CSMVA_ WithCorr_Flavor_Vertex>0.98&&abs(rho_InvM-0.77)<0.15}
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Signal 23586 0.76
Continuum 155 0.005
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Total events 30028 1.0
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Candidates per 0.01 GeV

Fitting parameters
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Fit result

Fit for MC14,, 700fb™
?33500 * MC
5 — Fit result
g 000 00000 % e Signal
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Total events 30028 30927
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Control channel study
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Control channel B'—D°rt" MC15_
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Control channel B*'—D°mt’ MC15 . vs Data

Proci3

BF(B*—D%*) = (4.81+0.15) x 10°®
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Control channel B'—D°rt" MC15 . with CSMVA cut applied

Composition Nevents
Signal 35123 0.036
Continuum 79 0.002
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Control channel B*'—D°mt’ MC15 . vs Data

Proci3

BF(B*—D%*) = (4.81+0.15) x 10°®

C Cuts applied:
0 > Mbc>5.27
25005— > abs(AE)< 0.1
- > CSMVA>0.98
2000 7 MC > 1.85< m(Km) < 1.88 (~3 0) GeV
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Candidates per 0.005 GeV

Fitting MC B'—>D°nt’

MC15, 1 ap

Nbkg = 4512 +/- 277
Nsig = 42162 +/- 337
7000 i dE1_0 = -0.00538 +/- 0.0007
5 dE1_Sigma = 0.00993 +/- 0.00009

. 1
Signal MC1 5;1 4‘.&?9 = 42664 +/- 207

dE1_0 = -0.00423 +/- 0.0004
dE1_Sigma = 0.0097 +- 0.0001
27N dE2_Sigma = 0.0227 +i- 0.0007

.|\ dE_0 = 0.00028 +/- 0.00007
frac = 0.78 +/- 0.01

dE2_Sigma = 0.023 +/- 0.001
dE_0 = 0.00033 +/- 0.00008

Candidates per 0.005 GeV
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Candidates per 0.01 GeY'

Candidates per 0.01 GeY

Fitting background MC B*'—D°rt* (without CSMVA cut)
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Fit MC B'—D°nt’ with fixed parameters and without
CSMVA cut

Fit MC15,, 1

[ |
ﬁmxkg = 45893 +/- 264
Nsig = 101638 +- 354 Composition Nevents o

Signal 106178 > 10

:

— = =sns Background

Candidates per 0.01 GeV

Background 33364 > 10

19



Candidates per 0.01 Gel

Fitting parameters MC B*'—-D°nt’ W|th CSMVA> 0. 98 cut
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~

Fit MC B'—D°nt" with fixed parameters and CSMVA cut

. 1
Fit MC15, 1 ﬁiﬁ)kg_mva = 3161 +/- 70
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NEW cuts
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BB-background MC B*—D°n* NEW cuts

Cuts app“ed: 0 = BB-bar background

> Mbc>5.27 250 —— pi_PID_bin_pion>0.8

> |AE|<0.1 - abs(DO_InvM-1.865)<0.008
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> binary pion PID > 0.8
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MC sample composition after new cuts
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2x RooGauss Signal+SxF MC1

Fit MC B*'—D°nt’ Signal + SxF without CS cut

PP BB bkg MC1 -
Signaks SxF MC”.N'E:‘E'—? 159013 - 264 b 9 srm = 18451 +/- 136

dE1_0 = -0.00593 +/- 0.0006
dE1_Sigma = 0.00851 +/- 0.00006
N dE2_Sigma = 0.0235 +- 0.0007

a00 beta = -20.4 +- 2

frac = 0.25 +- 0.02

dE_0 = 0.00040 +/- 0.00005
frac = 0.888 +/- 0.007

Candidates per 0.01 GeV
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Candidates per 0.01 Gel
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TOY for fit without CS cut
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MC sample composition after new cuts + CS cut

Composition Nevents

Signal 24279 0.955
Continuum 45 0.002
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Candidates per 0.1 Gel/

Fit parameters for MC B'—D°nt* Signal + SxF with CS cut

Signal+SxF MC15Ii 1

III|IIII|IIII|IIII|IIIIIIIII|IIIIIIIII|IIII|III]

DY - SPTY

sig = 24992 +/- 156
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dE2_Sigma = 0.039 +/- 0.001
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BB-bar background “bump” composition

-0.02 < AE < 0.03 GeV
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Candidates per 0.01 Gel

Fit MC B*'—D°nt’ Signal + SxF with CS cut

Fit MC15, 1 ab [§S-eut

kg = 1140 +/- 58
Nsig = 24206 +- 163
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Fit Data B*—>D°n’ Signal + SxF with CS cut

Candidates per 0.01 GeV

-1
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Candidates per 0.005 GeV

4000

Simultaneous fit MC15

MC15, 1 ap

Nbkg = 18363 +/- 234

L

Nsig = 71348 +/- 1398

beta =-33.9 +-3

dE1_0 = -0.0217 +/- 0.002
dE1_Sigma = 0.00971 +/- 0.00005
dE_0 = 0.00024 +/- 0.00007

frac = 0.13 +/- 0.03
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Candidates per 0.005 GeV

4000

1000

MC15, 1 ab’
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Nsig = 71348 +/- 1398

beta =-33.9 +- 3

dE1_0 = -0.0217 +/- 0.002
dE1_Sigma = 0.00971 +/- 0.00005
dE_0 = 0.00024 +/- 0.00007
epsilon = 0.34 +/- 0.04
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Candidates per 0.05 GeV

deltaE » -0.05

Continuum bkg MG+ s
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| p1=-0.182 4000
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Candidates per 0.05 GeV
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Candidates per 0.005 GeV

Result for Data €pata = 0.33 £+ 0.01

Data Proc13 cgcut
Data Proci Nbkg_mva = 64 +/- 23
oy fu >
fias W g - Nsig = 17329 +- 154
Nsig = 17329 +- 154 -
5000 € 1000— dE1_0 = -0.0060 +/- 0.004
dE1_0 = -0.0060 +/- 0.004 2 -
E epsilon = 0.33 +- 0.01
fudgel = 1.106 +/- 0.009 ] E
5560 ¥ ssigl_ fudge1 = 1.106 +/- 0.009
mean_k = -0.00067 +/- 0.0001 = B mean k = -0.00067 +/- 0.0001
p1=-0.333 +/- 0.05 2 5 T e
2000 S L p1=-0.333 +- 0.05
9O s00|—
1500 -
400 —
1000 -
200 |—
500 B
ol PO ki) (kA LL bl | 230 ] 1
-0.04 -0.02 [} 0.02 0.04 0.06 0.08 01 J
deltaE deltaE
A RaoPba of 'dedul™
| 2RI TWIR LS. : ¢ :
[ TR IR TR ST Serape e ree. PRRTTLE SR ST
S SK1) L3 it $ ki ; yityed ¢ o
- -2
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Candidates per 0.005 GeV

g

Result for MC

MC15

e = 0.324 4

Nbkg = 11989 +/- 207

Nsig = 70116 +/- 318

dE1_0 = -0.0222 +/- 0.002
fudgel = 1.013 +/- 0.004
mean_k = -0.000244 +/- 0.00005
p1=-0.100 +/- 0.03

- 0.010

MC15¢cs

Candidates per 0.005 GeV

0.06

o
o
[
= 2
r
.
!—.—1
.
.
e

Nbkg_mva = 64 +/- 14

Nsig = 70116 +/- 318

dE1_0 = -0.0222 +/- 0.002
epsilon = 0.324 +/- 0.010
fudgel = 1.013 +/- 0.004
mean_k = -0.000244 +/- 0.00005
p1 =-0.100 +- 0.03

O e N &
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Efficiency before CSMVA > 0.98 cut

N, signal N, signal
BF = — € = = 34.9%
L-€-€x, ‘ BFppg - L - €k i

Efficiency of CSMVA > 0.98 cut

Nsigcsmv A

= 0.343 = 0.003
Nsig -

CCSMVA —
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Failed : Passed approach

efficiency is calculated from the Signal Yields for events that failed and passed CS cut

38



Candidates per 0.005 GeV

Simultaneous Fit result for MC15 1 ab™

MGC15 1 -1 L
C151 ak Nbkg = 12096 +/- 171 MC15:| 1ab ToNBRG_mva = 65 +/- 15
- >
aooo - Ntot = 69945 +/- 285 2 Ntot = 69845 +/- 285
E beta = -1.58 +/- 0.3 g 800 beta_mva= 10 +/-2
8000 = dE1_0 = -0.0222 +- 0.001 ‘i 000 dE1_0 = -0.0222 +/- 0.001
7000 E— epsilon = 0.347 +/- 0.002 3 800 epsilon = 0.347 +/- 0.002
= fudgel = 1.010 +- 0.004 = fudgel = 1.010 +/- 0.004
6000 — T 3000
E mean_k = -0.000250 +/- 0.00004 b‘% mean_K = -0.000250 +/- 0.00004
5000 ;— 2500
000 f— 2000
3000 E— 1500
ot ) » - passed
- k
1000 — Oy 500
: == [T
o .04 —0.02 4] 0.02 .04 0.06 .08 [+R o —0.02 [+] 0.02 .04 5
deltaE aeltaE
RaoPa ol 'delul™ 4 A RaoPia ol ‘dedal™
4 o3
: 3 3 ¢
: | § : IRy
1 il et S PR, POCS W W
ottt bppidited A PR P
" X ¥§ ) ’ é ’ g ¢ P ®
= & .

evo = 0.347 +0.002

fitting script is available here: /eos/infnts/belle2/users/olgawer/fitting/D0pi_simultaneous.cc



Simultaneous Fit result for Data Proc13 275 fb™

Data Proc13 2 2

Mbkg = 2939 +/- 84
> 2200 F—
& E Ntot= 17388 +/- 149
g o beta = -3.97 +- 0.6
E 1800 — dE1_0 = -0.0064 +- 0.003
@ 1600 = epsilon = 0.348 +/- 0.004
= = fudgel = 1.110 +/- 0.008
2 tamp— 9
& = mean_k = -0.000652 +- 0.00010
ST ] =
1000 —
#00 —
800 —
00—
200
o : 1uef L 1 1 1 1 1 1 1 1 - T 1 ' L & 1 1
—0.04 —0.02 [+] 0.02 .04 .06 .08 01

. E?{-{i.i.¥-ﬁ-i.i{-HH—{.i.;&.;ﬁ.i.{.ﬁﬁ_}_

deltaE

€Data = 0.348 £ 0.004

Candidates per 0,005 Gel

Data Proc13 275 fo-les-eut

Mbkg_mva = 46 +- 21

II|III|III|III|III|II

Ntot = 17388 +- 149
beta_mva = -35 +/- 28

dE1_0 = -0.0064 +/- 0.003
epsilon = 0.348 +/- 0.004
fudgel = 1.110 +/- 0.008
mean_k = -0.000652 +- 0.00010

=

bblaome

¢

amu'ﬂ;
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Continuum suppression efficiency

a a . 4 j: . 4
€ Dat 2038 0.00 :1.003
ENC 0.347 + 0.002
is counted as systematic
uncertainty of CSMVA cut
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Total : Passed approach

efficiency is calculated from the Total Yields (Nsig + Nbkg) for events that failed and passed
CScut
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Simultaneous Fit result for MC15 1 ab™

MC15, 1 ab™ gs.eut

eig_ tot = 70038 +/- 548

MC15 1 ab~—

Nsig_tot= 70038 +/- 548
=
& 14000 beta_mva = -1.42 +- 0.5
& dE1_0 = -0.0223 +- 0.001
E 12000 fudgel = 1.007 +/- 0.004
0 mean_k = -0.000260 +- 0.00003
g 10000
a
3
Q  B000

I|III|III|III|III|III|III|I

Candidates per 0.005 Gel'

bata = 10 +/- 2
dE1_0 = -0.0223 +- 0.001
epsilon = 0.346 +/- 0.003
fudgel = 1.007 +/- 0.004
mean_k = -0.000260 +- 0.00003

fitting script is available here: /eos/infnts/belle2/users/olgawer/fitting/D0pi_simultaneous1.cc
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Simultaneous Fit result for Data Proc13 275 fb™

MC15 1

1

andidates per 0,005 GeV
TTT

Nsig_tot= 17361 +/- 88
beta_mva = -4.50 +'- 0.6
dE1_0 = -0.0055 +/- 0.003
fudgel = 1.108 +/- 0.007

mean_k = -0.0007032 +- 0.00009

Candidates per 0.005 GeV

3

L
MC15:| 1ab ToNzig. tot = 17361 +/- 89

beta = -35 +/- 28
dE1_0 = -0.0055 +/- 0.003

epsilon = 0.348 +/- 0.002
fudgel = 1.108 +/- 0.007
mean_k = -0.000703 +/- 0.00009

€Data = 0.348 = 0.002
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Continuum suppression efficiency

eData 0-348 :I: 00002
= = 1.006 = 0.010
EMC 0.346 + 0.003

45



PID Systematic framework

pi efficiency for cut "pionID > 0.8"

15 q
0.95%0.06 1.01+0.02 1.02+0.02 1.04%0.02 1.04+0.01 1.04+0.02 1.02+0.03

1.8
0.99+0.08 1.02+0.03 1.00+0.03 1.01+0.03 1.01+0.02 1.00+0.02 0.99+0.03
0.99+0.04 0.91+0.03 0.94%0.03 0.94+0.03 0.92+0.03 0.93%0.04
0.88+0.05 0.99+0.06  0.98+0.05 0.94+0.04  0.93+0.03 0.96+0.05
0.91+0.07 0.92+0.07 1.11+0.08  0.87£0.05 0.95%0.04 0.98+0.06
1.02+0.09 1.13%0.16 1.04x0.11  0.93%0.08 0.95+0.06  0.93%0.07
1.13+0.26 ~ 0.82+0.18  0.80+0.15 1.19+0.13 0.91+0.08 0.98%0.11

3.5
0.93+2.24 A1-+£0.33 0.84+023 1.07+0.16 1.02+0.09  0.85+0.07 0.93+0.09

4.0 -
0.55+0.18 121+0.50 [NO:9T:0:120 EGISEEUNNE 0.84+0.16

451 ' ! ' | | '
-0.682 -0.4226 -0.1045 0.225 0.5 0.766 0.8829 0.9563

cosTheta bins

-10

-0.8

K efficiency for cut "pionID < 0.8"

1.5
0.98+0.01 0.97+0.01 0.99+0.03 0.98+0.02 0.96+0.01 0.99+0.05 1.00+0.01
18-
0.99+0.02 0.96+0.02 1.01+0.03 1.00+0.04 0.95+0.02 0.97+0.05 0.96+0.03
2.1 A
0.97+0.02 0.93+0.02 0.95+0.02 0.99+0.04 0.98+0.03 0.91+0.02 0.97+0.02
24 -
0.95+0.04 1.12+0.06 0.94+0.03 0.94+0.03 0.98+0.02 1.02+0.05 0.98+0.01
2.7 -
1.05+0.08 0.99+0.05 0.93+0.03 0.92+0.03 0.91+0.03 1.04+0.06 0.99+0.01
3.0 1
0.98+0.11 0.94+0.06 0.92+0.04 1.00+0.05 1.05+0.05 1.03+0.05 0.97+0.03
3.3 1
0.93%0.04 1.02+0.13 0.92+0.09 1.01+0.08 1.00+0.05 1.02+0.07 1.07+0.06
3.5 1
0.91+0.05 0.88+0.03 1.01+0.09 1.09+0.09 0.99+0.03 1.00+0.04 1.01+0.01
4.0 -
0.87+0.04 0.99+0.10 125+0.11 0.93+0.02 1.06+0.07
451 l ! ' ! | ' i
-0.682 -0.4226 -0.1045 0.225 0.5 0.766 0.8829 0.9563

cosTheta bins

-10

-0.8

0.6

0.4

0.2

0.0
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4000 A

3500 A

3000 A

2500 -

2000 -

1500 -

1000 -

500 A

mmm Unweighted
Weighted

1400 -

1200 -

1000 A

800 A

600 -

400 A

200 A

0.5

B Unweighted
Weighted

1.0 s 2.0
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B+ —» D°(—Knn°mn control channel

Selection applied:

Mbc > 5.27
1.84<M, < 1.88
CSMVA >0.98

E, . o>004

photonO

E >0.05

photon1

DZ—KPID >0.2
D b < 0.8

N Z0 250 72 20 20 77
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5000

4000

3000

2000

1000

B—-D%—Knn°)t MC15 1 ab™

— totalevents
continuum

BB-bar-bkg

Composition Nevents Fraction
Signal 54424 0.36
Continuum 2252 0.015
SCF 34795 0.23
BB-bar bkg 60161 0.40
Total events 151685 1.0
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3000}

2500}

2000

1500

1000

500

BB-bar background of B—D°(—Knn°)nt MC15 1 ab™

A A

— total bb-bar

- bb-bar bkg
2 SxF

7 P - e s
S O i i

—— bb-bar after 71 PID cut

Py ||

04 -0.05 0 005 041 0.15

0.2
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B— D% —Knn°)n Data proc13 360 fb™

2000 =
= 2200
1800 =
- - — Data
1600 1800
14001— 1600 — MC
1200 1400 —
1000— 12005—
- 1000
800 E
= 800—
600 =
= 600
4001 400F-
200— 200~
:I L : 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 L1 1 I 1 1 1 1 | 1 1 1
0 815

-0.1 -0.05 0 0.05 0.1 0.15 0.2
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Candidates per 0.01 GeV

Signal fit

:

i

:

Signal DO(Kpipi0)pi MC1 5.1 ab’

® MC15
----- BifurGaussian

Gaussian
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Backup
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n° energie for D°(—Knn°mn vs D

1600

1400

1200

1000

800
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400

200

MC_DOpi
— MC_DOrho

i
|I|I H{'{{
i i i
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