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== [Wotivation

* Slow pion efficiency as an important

uncertainty for measurements including 2 R(1)  Ry(1) |Vl
slow pions, like |V, | Statistical 30 41 28
Background subtraction 1.4 2.2 1.2
* Previous studies for Belle2-NOTE-PH-2023-035 size of simulated samples 1.2 1.7 11
MC15rd vs broc13+promot Lepton ID efficiency 0.2 1.6 0.1
P P P Slow pion efficiency 1.0 0.9 0.8

= need updated version for Tracking of K, 7, £

MC16rd vs proc16+prompt }vff

B(D** - Dz ™)
e Possible improvement by studying ee — cc B(D? —» K~ n*)

. . B lifetime
to provide more statistics Signal modeling 06 26 2.0

 Current relative tracking efficiency for MC15: Tota! 45 59 39 24
(97.441 +/- 1.99 +/- 0.817)% Phys Rev. D 108. 092013



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.092013
mailto:makdag@uni-bonn.de
https://docs.belle2.org/record/3694/files/BELLE2-NOTE-PH-2023-035.pdf

=———= Strategy

. Reconstruction of B"

» Selections and corrections

* Finding suitable variables for fit
e 2D fit with templates

e Jests: Asimov, Pull

* Yield calculation

» Slow pion efficiency calculation


mailto:makdag@uni-bonn.de

Reconstruction

0 " o MC: MC16rd_procl6 Runl, Lumi = 1368/fb
Study BY — D ~n™ decay with o Data: procl6+prompt, Lumi = 358/fb

K — _ _ :
subsequent decay D"~ — D"x; o Samples: qgbar, BBbar, taupair
o Release light-2406-ragdoll

D" candidates are reconstructed

using a combination of —  Belle2-NOTE-PH-2023-035

four decay channels

. . Kt m~
Charge conjugated decays included

: : , KO + -
Using these decay chains we will s 7

L
determine the real tracking efficiency \

D
of data to MC16rd Krn~ nt w™

Z/
N

Kt 7 70
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Selections and corrections

Particle Selection criteria
good track dr < 2em, |dz| < 4em and @ within CDC acceptance
7 good track
K good track, PZ"*Y > 0.1 (for K*n~ntn~ and Ktn~n° chan-
nels)
/o pi0 : ef f40_May2020
0 PDG
K9 Mgy — MEDC| < 0.01 GeV
b Mp — MEPC| < 0.02 GeV
D* 0.141 < AMp p- < 0.156
g 2.0 < Ppe— < 2.5 GeV

Energy difference

|AE| < 0.2 GeV

Beam Constrained
mass

5.270 < My, < 5.287 GeV

Belle2-NOTE-PH-2023-035

Disclaimer: have to update gamma efficiency,
track momentum scaling and photon energy
bias once available

Gamma efficiency (MC):
PhotonEfficiencyDataMCRatio_proc13
MC15_November2022

hadronID (MC): proc16+prompt

Track momentum scaling (Data)
via: scaleTrackMomenta
using: tracking data Moriond23_v1

Photon energy bias (Data)

via: correctEnergyBias

using:
PhotonEnergyBiasCorrection_MC15ri_
Nov2022
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All channels combined
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Pre-fit Data-MC agreement

\/Nsig+

kag

Luminosity scaled signal yield V<4, background yield /V .~ and
Sig bkg

significance of each channel in signal region, i.e. | AE|<0.05
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Fit templates

fakeDst Shape

Signal Shape

For relative tracking efficiency of 7, need

amount of signal events in data ="
50:146; | _

» Fit variables AE and AM: ™

compare their 2D shape of data with mc .

PERER S S SR R PETE S PETE U PR PRI S RO SR SO (VU S SR [N SR SR NS (U U S U (NS SN T U S SRR NS S
-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15

* Includes three templates i ' .
(fake D*, true D* and Signal)

« Fake and true D* as
background templates due to their
good separation in AM plane " vl

S

» Shown spectra include whole p(r,)

range "

| | L | | | | |
-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15
AE
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Fit procedure

Mismodelling:

Signal yield of data determined in e True D*:

4 bins of p(x,) in lab frame Add variation of 5% per bin

= mismodelling resulting from
poorly known branching ratios and
decay models for hadronic decays

Highest momentum bin used as
reference for fast tracks

All three mc components fitted onto like D*p
data individually for each bin
« Fake D*:
Extract signal yield via 2D fit with Correlated variation of 10%
-9 bins in AE = mismodelling of the
- 5 bins in AM ratio of the peaking and flat fake

(binned maximum likelihood fit via pyhf) D* component in signal region
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———= Asimov and pull test
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=——= Comparison : AE
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=———= Comparison : AM
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———= Relative tracking efhiciency

Fi

Njsip: extracted number of signal candidates of
each bin

Ng/ilg: number of candidates predicted by

sighal template of MC

Relative yield factors 7;:

measure discrepancy between efficiency of
reconstruction in data and MC for each bin

Ng; lumi ity dat
fit MC prediction = yMC . HMINOSILY &4

MC prediction SI9  luminosity MC

Normalise of the individual bins to ratio of
highest momentum, i.e. r;/r,

g .
"

(et two statistical uncertainties (uncorrelated and correlated)
obtained by linear error propagation:

y
y
1 r.
0,,2#4 = <— oy + —

2 2 2

0, = Ouncorr, T Ocorr,

_ Mc_l6rd - _ . —

Relative tracking efficiency: (99.795 +/- 1.17 +/- 0.269)%
Slow pion systematic: 1.202%

p.. range [GeV]

0.05-0.12 0.12-0.16

0.16-0.20 0.20-0.35

MC prediction

11849 + 56 17169 = 67

14232 + 61 22155 =76

Fitted yield

10744 =135 15754 £ 160

13083 + 149 20318 £ 178 ) |

ri
r; / T'max

o-llIlCOI'l~ :t UCOI’I‘

0.907 £0.012 0.918 = 0.01
0.989 1.001
0.013 = 0.009 0.011 £ 0.009

0.919 £0.011 0.917 £ 0.009
1.002
0.012 4 0.009
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———= Relative tracking efhiciency

Fi

Njsip: extracted number of signal candidates of
each bin

Ng/ilg: number of candidates predicted by

sighal template of MC

Relative yield factors 7;:

measure discrepancy between efficiency of
reconstruction in data and MC for each bin

Ng; lumi ity dat
fit MC prediction = yMC . HMINOSILY &4

MC prediction SI9  luminosity MC

Normalise of the individual bins to ratio of
highest momentum, i.e. r;/r,

(et two statistical uncertainties (uncorrelated and correlated)
obtained by linear error propagation:

2
g
1 r.
0y, = <— oy + —

2 2 2

0, = Ouncorr, T Ocorr,

_ Mc_l6rd - _ . —

Relative tracking efficiency: (99.795 +/- 1.17 +/- 0.269)%
Slow pion systematic: 1.202%

p.. range [GeV]

0.05-0.12 0.12-0.16

0.16-0.20 0.20-0.35

‘ (" MC prediction

11849 + 56 17169 = 67

Fitted yield
T
r; / T'max

o-llIlCOI'l~ :t UCOI’I‘

10744 £ 135 15754 £+ 160
0.907 £0.012 0.918 = 0.01
0.989 1.001
0.013 = 0.009 0.011 £ 0.009

14232 £61 22155+ 76 )|
13083 £ 149 20318 £178
0.919 +0.011  0.917 % 0.009
1.002
0.012 + 0.009
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———= Relative tracking efhiciency

Fi

Njsip: extracted number of signal candidates of
each bin

Ng/ilg: number of candidates predicted by

sighal template of MC

Relative yield factors 7;:

measure discrepancy between efficiency of
reconstruction in data and MC for each bin

Ng; lumi ity dat
fit MC prediction = yMC . HMINOSILY &4

MC prediction SI9  luminosity MC

Normalise of the individual bins to ratio of
highest momentum, i.e. r;/r,

i
| <
]

!

(et two statistical uncertainties (uncorrelated and correlated)
obtained by linear error propagation:

2
g
1 r.
0y, = <— oy + —

2 2 2

0, = Ouncorr, T Ocorr,

_ Mc_l6rd - _ . —

Relative tracking efficiency: (99.795 +/- 1.17 +/- 0.269)%
Slow pion systematic: 1.202%

p.. range [GeV]

0.05-0.12 0.12-0.16

0.16-0.20 0.20-0.35

MC prediction
Fitted yield

11849 + 56 17169 = 67
10744 £+ 135 15754 £+ 160

14232 + 61 22155 £ 76
13083 +£149 20318 =178

r;

0.907 £0.012 0.918 £0.01

r; / T'max

o-llIlCOI'l~ :t UCOI’I‘

0.989 1.001
0.013 = 0.009 0.011 £ 0.009

0.919 +£0.011 0.917 +0.009 ) |
1.002 ;
0.012 = 0.009
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———= Relative tracking efhiciency

Fi

Njsip: extracted number of signal candidates of
each bin

Ng/ilg: number of candidates predicted by

sighal template of MC

Relative yield factors 7;:

measure discrepancy between efficiency of
reconstruction in data and MC for each bin

Ng; lumi ity dat
fit MC prediction = yMC . HMINOSILY &4

MC prediction SI9  luminosity MC

Normalise of the individual bins to ratio of
highest momentum, i.e. r;/r,

g
"
]
: C
A8
%

(et two statistical uncertainties (uncorrelated and correlated)
obtained by linear error propagation:

5 2
1 v,
2 2 i 2 _ 2 2
Orlr, = <_> 0., t\ =5 | %, = Ouncorr; T Ocorr,

_ Mc_l6rd - _ . —

Relative tracking efficiency: (99.795 +/- 1.17 +/- 0.269)%

Slow pion systematic: 1.202%

p.. range [GeV]|  0.05-0.12 0.12-0.16 0.16-0.20 0.20-0.35
MC prediction 11849 + 56 17169 £ 67 14232 + 61 22155 =76
Fitted yield 10744 = 135 15754 = 160 13083 + 149 20318 =178
T 0.907+0.012 0918+0.01 0.9194+0.011 0.917 = 0.009
T; /Tmax 0.989 1.001 1.002

o-llIlCOI'l~ :t UCOI’I‘

;
b
) ."
|
g7

0.013 £0.009 0.01140.009 0.012 4 0.009
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———= Relative tracking efhiciency

Fi

Njsip: extracted number of signal candidates of
each bin

Ng/ilg: number of candidates predicted by

sighal template of MC

Relative yield factors 7;:

measure discrepancy between efficiency of
reconstruction in data and MC for each bin

Ng; lumi ity dat
fit MC prediction = yMC . HMINOSILY &4

MC prediction SI9  luminosity MC

Normalise of the individual bins to ratio of
highest momentum, i.e. r;/r,

(et two statistical uncertainties (uncorrelated and correlated)
obtained by linear error propagation:

1 : r ’
2 2 i 2 _ 2
Orlr, = < > 0., t\ =5 | %, = Ouncorr; T Ocorr,

2

_ Mc_l6rd - _ . —

Relative tracking efficiency: (99.795 +/- 1.17 +/- 0.269)%
Slow pion systematic: 1.202%

p.. range [GeV] 0.05-0.12

0.12-0.16 0.16-0.20

0.20-0.35

MC prediction 11849 £ 56

Fitted yield 10744 + 135
r; 0.907 + 0.012
Ti/Tmax 0.989

17169 = 67 14232 + 61
15754 £+ 160 13083 + 149
0.918 =0.01 0.919 = 0.011

1.001 1.002

22155 £ 76
20318 =178
0.917 = 0.009

\C Guncors = T __0.013 = 0.009

0.011 = 0.009 0.012 =+ 0.009

/,
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1.02 A

1.00 ~

normed yield ratio

0.96 -

0.94 -

Relative tracking efficiency: MCl6rd vs MCl5rd release 8

Fit yield ratios: MC15rd vs MC16rd

0.98 -

———————————— —— —— — — —

|
|
S s

¥
¥

MClérd
MC15rd

MC15rd

Relative tracking efficiency: (98.335 +/- 1.29 +/- 0.266)%
Slow pion systematic: 1.325%

p.. range [GeV] 0.05-0.12 0.12-0.16 0.16-0.20 0.20-0.35

MC prediction 9733 = 49 15833 + 63 12863 = 57 20260 £ 71

Fitted yield 8918 £134 15105+ 168  12374+156 19510 + 191
ri 0.916 +0.014 0.964 £0.011 0.962 +0.013  0.963 + 0.01
e 0.951 0.991 0.999 )

0.015+0.01 0.012+0.01  0.013 £ 0.01

Uuncorr :I: UCOI‘I’

_— MC16rd —

Relative tracking efficiency: (99.795 +/- 1.17 +/- 0.269)%
Slow pion systematic: 1.202%

p.. range [GeV] 0.05-0.12 0.12-0.16 0.16-0.20 0.20-0.35

0.05

0.12

0.16

0.20
pr. bin

0.35

MC prediction 11849 + 56 17169 = 67 14232 + 61 22155 £ 76

Fitted yield 10744 + 135 15754 +160 13083+ 149 20318 + 178
r, 0.907+0.012 0.918+0.01  0.919+0.011 0.917 =+ 0.009
(" i/Tmax 0.989 1.001 1.002 )

auncorr :l: 0001‘1’

0.013 £0.009 0.011£0.009 0.012 4 0.009
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———= Charge asymmetry

5000 f [ e
' L g
4000 | »
* To monitor charge dependent inefficiencies "
for 7, track finding in data and MC samples ool | Tam®
» Just to compare behaviour of the tooo|- =
data and MC samples s s T o TS ot T v o e
(not for providing any corrections) piS_pt
» Charge of 7, candidates identified using ErD »
their reconstructed PDG code $00F & Dewx AR
3000 | '?TL"LT::J
» In[0.1, 0.15] for p(7,): 5
7. higher reconstruction efficiency than 7" o .
1000:— r—a—«T
0 50 075 030 035 000 05 080 075 106
cosTheta
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——— Additional tree: D" — Dz

* |nstead of B decay,

directly access ee — ccC
for more statistics

e QOverlap of slowpi momentum:
expect large improvement for
Bin 3 and Bin 4

 Might include additional Bin 5

makdag@uni-bonn.de

Belle Il Note
Particle Selection criteria
good track dr < lem, |dz| < 3em
nt good track, P}b{i"ary > 0.8
Kt good track, Py > (.8
pEys pio > 2.0 GeV
DY 1.850 < Mp < 1.8713 GeV
D 0.14 < AMp p~ < 0.16
D*- 2.0040 < Mp. < 2.0176 GeV
pg{‘{s Pp* Z 2.5 GeV
x10°
25 — T | .
E Bin 1 E Bin 2 i Bin 3 E Bin 4 E Decay Mode
' ' ' ' == B’_.D'n
2.0 I D' - Dn
2 15
S
©
| —
S 1.0
0.5
0.0

21
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https://docs.belle2.org/files/15/BELLE2-NOTE-PH-2024-046/1/BELLE2-NOTE-PH-2024-046.pdf
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———= MC prediction comparison

MCl6rd: B — D*rx

Relative tracking efficiency: (99.795 +/-1.17 +/- 0.269)%
Slow pion systematic: 1.202%

. P, range [GeV] 0.05-0.12 0.12-0.16 0.16-0.20 0.20-0.35 ;
(" MC prediction 11849 + 56 17169 + 67 14232 + 61 22155+ 76 )]

Fitted yield 10744 + 135 15754 + 160 13083 + 149 20318 £ 178
T 0.907 +£0.012 0918 +£0.01 0.919+0.011 0.917 £+ 0.009
i/ Tmax 0.989 1.001 1.002

Ouncorr £ Ocorr 0.013 £0.009 0.011£0.009 0.012 4 0.009

MC16rd: D* — D% o

p.. range [GeV] 0.05-0.12 0.12-0.16 0.16-0.20 0.20-0.35 0.35-0.45 i
MC prediction 9138 +47 63103 +126 150273 +194 701324 +419 156897 198 )|
Fitted yield “
T
Ty /'rmax

Ouncorr + o corr

To be determined ...
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Thanks for listening



Data — Pred.

Candidates

Pred.

Data — Pred.

6000

4000
2000
6
0
o
o 4
=
T
g
O 2
]
Q
& f
-1

_ O = O

Bin 1

Categories
Bl Signal
B Background
7

¢ Data
? . ‘
: | A L | L | "
0.145 0.150 0.155
AM
Bin 4
X105
i Categories
Bl Signal
Bl Background
7777, Model stat. unc.
i } Data
0.145 0.150 0.155

Model stat. unc.

Data — Pred.

Data — Pred.

Candidates

Pred.

Candidates

Pred.

1.5

1.0

0.5

Bin 2

x 104
0.145 0.150 0.155
AM
Bin 5
x10°
_--_-; ------------ P | e T TTTTTTTTTN e -
0.145 0.150 0.155
AM

Pre-fit Data-MC agreement

Categories
Bl Signal
B Background

7777, Model stat. unc.

} Data
Categories
Bl Signal

BN Background

7772 Model stat. unc.

} Data

Data — Pred.

Candidates

Pred.

0.145 0.150 0.155
AM

Categories
Bl Signal
Bl Background
7777, Model stat. unc.
} Data

« MC16 PID corrections

applied

e MC15 track mom

scaling



®
le Com arlson Fit yield ratios: MC16 B decay vs MC16 Dst decay
#| MC16 Dst decay

1.08 - ' B MC16 B decay
@
.
1.06 A
Categories o 1041
6 ' BB Signal & T
©
%) ! Bl Background ] Result: (105.243 +/- 0.525 +/- 0.284)%
8 7777, Model stat. unc. E . Slow pion systematic: 0.587%
© - D g -
ata -
<o 4 t $
- oy
"g I ¥
© : 1.00 - ---—---JTH-_-'-_-'. - - D —
O 2
! —— | 1
0.98 -
Y. S . -
Q..-O 5 0.05 012 016 020 0.35 0.65
1[PPI Rt st e e 2#[ i 'H - Pr, bin
© E ! *
o -1t e Fit yield ratios: MC16 B d MC16 Dst d
A 0.1 0.2 0.3 0.4 0.5 0.6 0.7 " yIeld Tatios: ecay vs >t decay
1.02 - . ‘] MC16 Dst decay
prls — 7T @ MC16 B decay
——
Categories 7 R e S o - e
Bl Signal
%) Bl Background —e— [ 1
8 7777, Model stat. unc. -
© ¢ Data o 987
T © !
- z - Result: (98.942 +/- 0.3 +/- 0.267)%
- f; 1 Slow pion systematic: 0.405%
CU qé 0.96 1
O £ oss-
, 0 0941 ¢ } } {
o
o l¢ 7
& g : N
11D O Bssisssisesssiisvetsortasssiossingssstisstlatolc).
S 5: E | | | 0.92 1
g -1 - 1
A 0.145 0.150 0.155

0.05 0.12 0.16 0.20 0.35 0.65

AM pr, bin



Fit yield ratios: MC16 B decay vs MC16 Dst decay

— Fit results 1.02- . # MC16 Dst decay

T 44 MC16 B decay
>—'—<
Categories . Categories e T L o
I Background B Background
7/77. Model stat. unc. /77, Model stat. unc.
§ } Data § 30000 - ¢ Data 66—
'g -8 o sl .
2 5 b=
20000 - -
s 5 £ 098
[
10000 - = i Result: (98.942 +/- 0.3 +/- 0.267)%
8 Slow pion systematic: 0.405%
0 =
o | 1 S 0.96 -
E'Q L ] gb 0 ___________________________ N, z
i 0 f----- gro---m—-e-- e e Sececcmcncnnctcnnns ég U -
8 _1 T T T T T T T Q _1 v v v v ' ' ! >—*—<
0.1425 0.1450 0.1475 0.1500 0.1525 0.1550 0.1575 0.1425 0.1450 0.1475 0.1500 0.1525 0.1550 0.1575
Dst massDifference o DSt_maSSDifference_O
120000 - Bin 3 Cateaort erm— 0.94 -
egories : egories
In BN Signal 500000 1 Blﬂ 4 B Signal
100000 -
B Background B Background
80000 - 777, Model stat. unc. 400000 - /7, Model stat. unc.
§ ¢ Data § ¢ Data
© ©
o 60000 - i) 300000 A T T T T T T
T ° 0.05 0.120.16 0.20 0.35 0.65
S 40000 S 200000 - Pr. bin
20000 A 100000 -
0 0 ' * %106 Asimov Fit
_ 1 ‘ 1
g E -1 ® True
Lo B P P T Lo Y P G mnnan
3¢ 0 * 1 0 X it
8 - T T T T T T T 8 _1 T T T T T T T 2'5
0.1425 0.1450 0.1475 0.1500 0.1525 0.1550 0.1575 0.1425 0.1450 0.1475 0.1500 0.1525 0.1550 0.1575
Dst_massDifference_0 Dst_massDifference_0
120000 A - 20
" Categories _
100000 - B|n 5 B Signal
B Background
©
777, Model stat. unc. T
«» 80000 $ 15
R ¢ Data 3
g 5
5 60000 @
| =
S 1.0
40000 A
20000 - . - -
T - T T |
, 1 -
£ *
'.‘E 0 +----- o--mmmmmmme et e o--mmmmmmmee S 0.0
8
o
e -1 . . . . . . . 1.0 15 2.0 25 3.0 35 4.0 45 5.0
0.1425 0.1450 0.1475 0.1500 0.1525 0.1550 0.1575 . Bins

Dst_massDifference 0



Original bins

Modified bins

Alternatives for fitting: different b

Normed yield ratio

Normed yield ratio

Norm bin5

Fit yield ratios: MC16 B decay vs MC16 Dst decay

1.08 A

1.06 -

=

o

'S
i

1.02 A

[® mMcC16 Dst decay
[ MC16 B decay

Result: (105.243 +/- 0.525 +/- 0.284)%
—— Slow pion systematic: 0.587%

1.00 -_-_.___th,___.__-! - " - i

—— | L
0.98 4 1
0.05 012 016 020 035 0.65
pn, bin
Fit yield ratios: MC16 B decay vs MC16 Dst decay
# mMc16 Dst decay
1.04 1 o ‘ [# MC16 B decay
——
1.02 - N
1004 ~=====- -1 + - {
—e— | Result: (101.23 +/- 0.317 +/- 0.273)%
o Slow pion systematic: 0.415%
0.98
e
0.96
0.94 N
0.05 012 016 020 025 0.65

pn, bin

Normed yield ratio

in4 range

Norm bin4

Fit yield ratios: MC16 B decay vs MC16 Dst decay

1.02 A o [®) MC16 Dst decay
- T [® MC16 B decay
—e—
1.00 ----——-HA?:L - b ——————.
—— [ 1
o 0.98 1 T
= L = Result: (98.942 +/- 0.3 +/- 0.267)%
1?, Slow pion systematic: 0.405%
g .
5 0.96
=z
0.94 A } { |
0.92 1
0.05 012 0.16 0.20 0.35 0.65
Pr. bin
Fit yield ratios: MC16 B decay vs MC16 Dst decay
1.02 - . #] MC16 Dst decay
- [ McC16 B decay
1.00 - ———-———m% ————————————————————————————————
L 1l I
0.98
I { i
0.96
0941 Result: (97.615 +/- 0.429 +/- 0.264)%
Slow pion systematic: 0.508%
A
0.92 1
0.05 012 016 020 025 0.65
pn, bin




Number of bins: 7
Norm bin: Bin 7

Bin range:

110.064, 0.12], [0.12, 0.16],

[0.16, 0.2], [0.2, 0.25], [0.25,0.39],
10.35,0.4], [0.4,0.65]]

Number bins to fit in deltaM: 20

175

150

1.25

1.00

Signal Yield

0.75

0.50

0.25 -

0.00

W

Asimov Fit

n; Bins

® True
X Ht

sekskskokskkokakskokskokskokskokskokokokk
bin 1 min: 0.064

bin 1 max: 0.12

pre split: 38000

post split: 38000

data events: 8263

skeokskskokskkokakskokskokskokskokskokokkk
bin 2 min: 0.12

bin 2 max: 0.16

pre split: 263046

post split: 263046
data events: 54828

skeokskeskokskkskkskokskokskokskokskkokkk
bin 3 min: 0.16

bin 3 max: 0.2

pre split: 626245

post split: 626245
data events: 130192

Skokskskok sk sk ok skokok sk sk sk sk kokkskok sk sk
bin 4 min: 0.2
bin 4 max: 0.25

pre split: 1099755
post split: 1099755
data events: 226776

skeokskeskokskokskakskokskokskokskokskokokkk
bin 5 min: 0.25

bin 5 max: 0.35

pre split: 1825222
post split: 1825222
data events: 362618

sokskskokskkokakskokskokskokskokskokokkk
bin 6 min: 0.35

bin 6 max: 0.4

pre split: 406714

post split: 406714
data events: 76413

sekskskokskkokakskokskokskokskokskokokokk
bin 7 min: 0.4

bin 7 max: 0.645

pre split: 264165

post split: 264165
data events: 47673

binl

bkg_norm
sig_norm

bkg_norm
sig_norm

bkg_norm
sig_norm

bkg_norm
sig_norm

bkg_norm
sig_norm

fitted val

1.199 +- 0.
0.790 +- 0.

1.156 +- 0.
0.843 +- 0.

1.172 +- 0.
0.825 +- 0.

1.170 +- 0.

Results for binl:

Signal yield: 6006.728
Signal error: 138.515
Signal rel err: 0.023

MC yield: 7599.026

MC error: 87.172

Yield ratio: 0.79

Yield ratio err: 0.02
Normed yield ratio: 1.038
Normed yield error: 0.03
Uncorr err: 0.027

Corr err: 0.008

Results for bin2:

Signal yield: 46099.039
Signal error: 344.812
Signal rel err: 0.007

MC yield: 56721.645

MC error: 238.163

Yield ratio: 0.813

Yield ratio err: 0.007
Normed yield ratio: 1.067
Normed yield error: 0.01
Uncorr err: 0.009

Corr err: 0.009

Results for bin3:

Signal yield: 116589.921
Signal error: 530.896
Signal rel err: 0.005

MC yield: 138778.8

MC error: 372.53

Yield ratio: 0.84

Yield ratio err: 0.004
Normed yield ratio: 1.103
Normed yield error: 0.006
Uncorr err: 0.006

Corr err: 0.009

Results for bin4:

Signal yield: 207735.61
Signal error: 700.093
Signal rel err: 0.003

MC yield: 246354.44

MC error: 496.341

Yield ratio: 0.843

Yield ratio err: 0.003
Normed yield ratio: 1.107
Normed yield error: 0.004
Uncorr err: 0.004

Corr err: 0.009

Results for bin5:

Signal yield: 340177.735
Signal error: 867.229
Signal rel err: 0.003

MC yield: 412254.5

MC error: 642.07

Yield ratio: 0.825

Yield ratio err: 0.002
Normed yield ratio: 1.084
Normed yield error: 0.003
Uncorr err: 0.003

Corr err: 0.009

Results for bin6:

Signal yield: 72749.841
Signal error: 394.027
Signal rel err: 0.005

MC yield: 91798.0

MC error: 302.982

Yield ratio: 0.792

Yield ratio err: 0.005
Normed yield ratio: 1.041
Normed yield error: 0.007
Uncorr err: 0.007

Corr err: 0.008

Results for bin7:
Signal yield: 45468.368
Signal error: 312.915
Signal rel err: 0.007
MC yield: 59716.613

MC error: 244.37

Yield ratio: 0.761
Yield ratio err: 0.006
Normed yield ratio: 1.0
Normed yield error: 0.009
Uncorr err: 0.008

Corr err: 0.008




Signal yield

Fit yield ratios: MC16 B decay vs MC16 Dst decay

1.12 A [# MC16 Dst decay
[# mMcC16 B decay

110

1.08
© 1.06 -
£
o
v
>
T 1.04 - :
;
=

102 A

1004 —==--- -t -

——
0.98 -
0.05 012 016 020 025 035 040 0.65
pn, bin
Slow pion systematic: 0.867%
Signal yield per bin: MC16Dst
350000 A . .
—e——| ¥ MC16Dst signal yield
300000 A
250000 A
200000 A
150000 -+
—e—
100000 -+
—eo—
50000 A —— < i
o - .
0.05 0.12 0.16 0.20 0.25 0.35 0.40 0.65
pn, bin

Fitted in 20 bins from 0.142, 0.150
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Data — Pred.
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Data — Pred.
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300000 Decay Mode
3 B°-»D'nm
I D -Dn
250000
200000
2]
Q
&
S 150000
g
O
100000
50000
910 0.5
pT(ns) GeV
DecayMode :D" —»Dn
1 background
250000 1 signal
200000
wn
L
S 150000
=
O
100000
50000
%O 0.1 0.2 0.3 0.4 0.5
pr(ns) GeVv

skekskeskokskkokokskokskokskokskokskokokokok
bin 1 min: 0.06

bin 1 max: 0.12

pre split: 294485

post split: 294485
data events: 56599

skokskokokokkokakskokskkskkskokskokskoksk
bin 2 min: 0.12

bin 2 max: 0.16

pre split: 707774

post split: 707774
data events: 141905

skokskskokskkokkskokskakskakskokskokskkk
bin 3 min: 0.16

bin 3 max: 0.2

pre split: 1013414
post split: 1013414
data events: 207781

skokskeskokskkokkskokskakskokskokskokokkk
bin 4 min: 0.2

bin 4 max: 0.25

pre split: 1217539
post split: 1217539
data events: 247442

skeokskeskokskkskkskokskakskokskokskokokokok
bin 5 min: 0.25

bin 5 max: 0.35

pre split: 1153933
post split: 1153933
data events: 227100

skeokskeskokskkokkskokskkskokskokskokokkok
bin 6 min: 0.35

bin 6 max: 0.45

pre split: 131213

post split: 131213
data events: 25112

1e6 Asimov Fit
1.2

» ® True
» X Ft
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*
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o
g
z 2
Z
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0.4
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0.2
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1 2 3 4 5 6
n: Bins
Signal yield per bin: MC16Dst
MC16Dst signal yield
200000 A
150000 A
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0]
=
©
c
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(7]
100000 -
50000 A
0.05 0.12 0.16 0.20 0.25 0.35 0.45
pn, bin
Fit yield ratios: MC16 B decay vs MC16 Dst decay
MC16 Dst decay
[ MC16 B decay
1.06 1
1.04 4
o
e
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Y
>
o 1.02 1
o -
E
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=
1.00 ’_L—o—1 ——————————————
f——— |
0.98 1

0.05 0.12 0.16 0.20 0.25 035
pn, bin

Result: (103.84500000000001 +/-
Slow pion systematic: 1.129%

045

1.098 +/- 0.28)%




50000

300000 Decay Mode
3 B"-»D'nm
I D -Dn
250000
200000
2]
Q
&
S 150000
T
O
100000
50000
%.O 0.5
pT(ns) GeV
, DecayMode : D" - Dn
: 1 background
250000 : 3 signal
200000 '
- :
L
S 150000 |
T :
O
100000 |
E
I

0.4

0.5

skokskeokokskkokkskokskakskokskokskokskokok
bin 1 min: 0.06

bin 1 max: 0.12

pre split: 294485

post split: 294485
data events: 56599

skokskeskokskkokkskokskakskakskokskokskokok
bin 2 min: 0.12

bin 2 max: 0.16

pre split: 707774

post split: 707774
data events: 141905

skokskskok sk sk sk kokok sk sk sk skok sk sk sk sk sk
bin 3 min: 0.16
bin 3 max: 0.2

pre split: 1013414
post split: 1013414
data events: 207781

skokskokskokskokokskokskokokskokokokskokkok
bin 4 min: 0.2

bin 4 max: 0.25

pre split: 1217539
post split: 1217539
data events: 247442

skeskokskokskokskokskokskokokokskokskskokskok
bin 5 min: 0.25

bin 5 max: 0.45

pre split: 1285146
post split: 1285146
data events: 252212

le6

Asimov Fit
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E3
1.2 X Ft
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0.4
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1.0 15 2.0 25 3.0 35 4.0 45 5.0
s Bins
Signal yield per bin: MC16Dst
MC16Dst signal yield
225000 A
200000 A
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i)
]
'S, 150000 A
©
c
2
125000 A
100000 A
75000 A
50000 -
0.05 0.12 0.16 0.20 0.25 0.45
pn, bin
Fit yield ratios: MC16 B decay vs MC16 Dst decay
MC16 Dst decay
[ M™MC16 B decay
1.04
1.02
(=} ‘\V
‘é‘ -
© —
@ 100 et
>
°
LY
E
2 f——e— |
0.98
0.96
0.05 012 016 020 0.25 0.45
pn, bin
Result: (101.47999999999999 +/- 0.399 +/- 0.274)%

Slow pion systematic: 0.481%




Entries

2.0

1.5

1.0

0.5

0.0

-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00

Alternatives for fitting: difterent deltaM range

Candidates / 0.0250

(1)



Alternatives for fitting: parametric fit via CB

Would this pose any problems later on if we want to combine them?

Entries

Pion momentum distributions for different cosTheta ranges
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Normed yield ratio

Fit yield ratios: MC16 Dst decay (three cos@ splits)

® m™MC16 Dst split 1 (cos8 < —0.25)
—— .
& MC16 Dst split 2 (—0.25 < cos8 < 0.25)

® MC16 Dst split 3 (cos8 > 0.25)

|

0.05 012 016 020 025 0.65
pn, bin




———= MC prediction comparison

Relative tracking efficiency: (99.795 +/-1.17 +/- 0.269)%
Slow pion systematic: 1.202%

p.. range [GeV] 0.05-0.12 0.12-0.16 0.16-0.20 0.20-0.35
MC prediction 11849 £ 56 17169 £ 67 14232 + 61 22155 £ 76

Fitted yield 10744 + 135 15754 +160 13083 +149 20318 + 178
r 0.907 +£0.012 0.918 £0.01  0.919 +0.011 0.917 = 0.009
ri/Tmax 0.989 1.001 1.002

Ouncorr = Ocorr 0.013 £=6:809 9;&01—1():& 0087+ 0.012 £ 0.009

Slow._pion matices 0.405%

I

MC16rd: D* — D% "

Depending on the Fit results?

pr, range [GeV] 0.05-0.12 0.12-0.16 0.16-0.20 0.20-0.35 0.35-0.45

MC prediction 7599 + 87 06721 238 138778 £372 658609 £ 811 151514 + 389

Fitted yield 6006 + 138 46099 = 344 116589 =530 547837 == 1114 118244 + 503
T 0.79+0.02  0.813 £0.007 0.84 £0.004 0.832+0.002  0.78 &+ 0.004
Ti [ Tmax 0.954+0.028 0.977+0.009 1.01 4 0.005 0.938 £ 0.005

Ouncorr £ Ocorr 0.024 +0.002 0.008 + 0.002  0.005 =+ 0.002 0.005 =+ 0.002




Comparison MC15rd release 6 vs MC16rd release 8
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Previous results from Belle2-NOTE-PH-2023-035

Fit:yield ratios
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MC15rd release 8

Relative tracking efficiency: (98.335 +/- 1.29 +/- 0.266)%
Slow pion systematic: 1.325%

MC15rd release 6

Relative tracking efficiency: (97.441 +/- 1.99 +/- 0.817)%
Slow pion systematic: 1.46%

MC15 run dependent result

p.. range[GeV] 0.05-0.12 0.12-0.16 0.16-0.20  0.20-0.35
Pr, range [GeV] 0.05-0.12  0.12-0.16  0.16-0.20  0.20-0.35 MC prediction 9733 +£49 15832+ 63 12863 +57 20259 + 71
Mthfrgdlf’tllgn 89971383f 14394 1155180353f 16638 1122387643f 15576 1290521600517911 Fitted yield 9066 + 144 15336 4 188 12432+ 176 19920 =+ 220
itted yie
N 0.916 + 0.014 096440011 0.962+0.013 0.963=+0.01 r; 0.932 & 0.016 0.969 + 0.013 0.967 + 0.014 0.9833 = 0.011
ri/Tmax 0.951 0.991 0.999 Ti/Tmaz 0.947 0.985 0.983
Tuncorr - Tcorr 0.015 + 0.01 0.012 + 0.01 0.013 + 0.01 Ouncorr £ Ocorr 0.016 & 0.011 0.013 £ 0.011 0.015 £ 0.011
O irack +0.0027  =+0.0028 +0.0028
K K K 0 Ktn~ Ktrnatn™ Kdntn~ Kta—nd
Neig 14549.8 + 61.7 22839.5 + 77.3 4543.0 + 34.5 20008.0 + 72.4 Niig 13135 4 57 20836 + 72 4000 + 31 17529 + 66
ka%v 4257.0 + 33.4 16852.2 + 66.4 4857.6 + 35.7 22235.3 £ 76.3 Ny, 4374 4+ 33 17337 +65 4948 + 35 20970 + 72
SNt Ny 2061205 114603 469+ 0.3 97.3 £ 0.3 \/Nij-Nbg 99.3+0.4 106.6+0.4 42.3+0.3 89.3+0.3
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Collections

/belle/collection/MC/MC16rd_proc16_chunkl_{sample}_4S_v1
/belle/collection/MC/MC16rd_proc16_{sample} chunk{2,3,4} 4S v1
/belle/collection/Data/proc16_chunk{1,2,3} had_4S_v1
/belle/collection/Data/proc16_chunk4_4S had_v1
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