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Results and Predictions

* The standard model predicts all leptons have
the same coupling (g,=, , ) to electroweak

bosons (W,29)
« HFLAV average tension of 3.3¢0

 OUR GOAL: Increase precision of R(D™)
measurement with /nc/usive tagging to further
test lepton flavor universality...
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First lepton flavor universality (LFU) results from Belle 11!

Shifts difference (exceeding) standard model (SM) predictions from
3.20 t0 3.30

Standard Model (SM) predictions:

R(D) = 0.298 + 0.004
R(D*) = 0.254 + 0.005



https://indico.cern.ch/event/1114856/contributions/5423684/attachments/2685890/4660084/2023-07-04_LP2023_KojimaFinalVer_main.pdf
https://indico.cern.ch/event/1114856/contributions/5423684/attachments/2685890/4660084/2023-07-04_LP2023_KojimaFinalVer_main.pdf
https://hflav.web.cern.ch/content/semileptonic-b-decays

Inclusive Tagging Method

« With good ROE, exploit Belle 11 high resolution tracking,
Impact parameter, and small beam spot

» Exact topology of tag side is not important, but simple
masks placed to ensure “good” By,

» Apply lepton veto to ROE to ensure there is no missing
energy on the tag side — increase signal fit resolution

« ADVANTAGE: Maximize sensitivity by
Increasing signal efficiency

« DISADVANTAGE: Yields
lower purity compared to
FEI tagging Signal
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https://link.springer.com/chapter/10.1007/978-3-319-98249-6_4

Inclusive Tagging Method

« With good ROE, exploit Belle 11 high resolution tracking,
Impact parameter, and small beam spot

» Exact topology of tag side is not important, but simple
masks placed to ensure “good” By,

» Apply lepton veto to ROE to ensure there is no missing
energy on the tag side — increase signal fit resolution

« ADVANTAGE: Maximize sensitivity by
Increasing signal efficiency

« DISADVANTAGE: Yields
lower purity compared to
FEI tagging Signal

FEI Thomas Keck

\ Inclusive Tag
) e=0(1000% — : :E
Consistency of B

tag

Semileptonic Tag /]E
= OW%  —
Knowledge of B ez

tag

Efficiency e

Exact knowledge of

tag

Lepton veto applied to ensure no
missing information due to
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https://link.springer.com/chapter/10.1007/978-3-319-98249-6_4

Analysis Procedure

Signal Reconstruction
Simultaneously
reconstruct signal and
normalization modes.
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Variable B — Dev B — Drv
binary K-ID > 0.1
binary m-1D > 0.1
etop [GeV/(] > 0.2
MVA e-1ID > 0.9
D" InvM [GeV/c?| 1.85 < InvM < 1.88

(27.1+0.1)% (222 + 0.1)%




Analysis Procedure

ROE Mask
Track thetalnCDCAcceptance, pValue > 0.001,

[pf. < 0.15 and (d—:z | ”E—fl) < 1]

or [().15 < pt < 0.25 and (‘—2 | f—;”) < 1]

or [0.25 < pt <05 and (%74 £7) < 1]
Signal Reconstruction or [05 <pt <10 and (%" + &) <1]

or [1.(] < pt and (ﬂf-r2 f n’:Q) < L]

Simultaneously
reconstruct Signal and Energy Cluster beamBackgroundSuppression > (.15,

I. t. d fakePhotonSuppression = (.15,
normaliZation moaes. (FWD Endcap, clusterE > 0.075),
or (BRL, clusterEs > 0.05),

or (BWD Endeap, clusterls > 0.1)

Variable B — Dev B — Drv
binary K-1D > 0.1
binary w-1D > 0.1 Rest Of Event
¢'p [GeV/d > 02 Select only good By,
MVA o.ID ~ 009 candidates via minimizing
D TnvM [GeV/c?] 1.85 < TnvM < 1.88 Mbcgor and AEgor Widths

(27.1+0.1)% (222 + 0.1)%

Lepton Veto
Ensure no missing mass for
better resolution of signal fit



Analysis Procedure

ROE Mask
Track thetalnCDCAcceptance, pValue > 0.001,

[pf. < 0.15 and (d—;z

}
or 015 < pt <025 and (%71 £7) <1

or [0.25 < pt < 0.5 and (t_ 42) <] Background Suppression
Signa| Reconstruction or [().5 <pt <10 and (%’2 ‘ d—fz) < 1] Application of XGBoost MVA
Simultaneously or (L0 <ptand (art ) <1 with signal classification:
reconstruct signal and Energy Cluster ‘“BPll‘fqd"pp“;l“ B - (D° - Kn)(t —» evv)v
normalization modes. (WD Endeap,chtes > 0.075),

or (BRL, clusterEs > 0.05),
or (BWD Endeap, clusterls > 0.1)
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Analysis Procedure

ROE Mask

Track thetalnCDCAcceptance, pValue > 0.001,
[pf. < 0.15 and (d—;z | “E—fz) < 1] i .
or 015 < pt < 025 and (%74 £7) < 1] _ Signal Fit
or [025 < pt <05 ana (421 £%) <1]  Background Suppression Employ RooFit to
Signal Reconstruction or [05 << roand (74 5%) <1] - Application of XGBoost MVA complete KDE template
Simultaneously [0t {0 < with signal classification: construction and MLE of
reconstruct signal and e Chustr lfLBPlquljun;lm B — (D° - Kn)(T — evi)v composite model
normal |Zat|0n mOdes (FWD Endcap, clusterE > 0.075),
or (BRL, clusterEs > 0.05),
or (BWD Endeap, clusterls > 0.1)
Variable B — Dev B — Drv |¥aximum FOM: MV4 Output > 0.7 |
binary K-ID > 0.1 ¢ ‘ '
binary m-1D > 0.1 Rest Of Event .m ;
e*-p [GeV/c] > 0.2 Select only good Byq, o - S | R
MVA 1D -~ 0.9 candidates via minimizing o R
D InvM [GeV/c?| 1.85 < InvM < 1.88 Mbcpor and AER o Widths
(27.1 £ 0.1)% (22.2 £ 0.1)% B
Lepton Veto
Ensure no missing mass for AN i
better resolution of signal fit



Signal Efficiency

B* - (D°> Km)f*v

With hadronic and semi-
leptonic tagging, the
efficiency is O(< 0.5%)

B — D" 7(— evv) v

Kpi

B +»D"evw
Kpi
Reconstruction 0.271 £ 0.001
Rest of Event
¢ Veto2 0.253 £+ 0.001
5.2<Mbe 0.191 + 0.001
< deltabE<2 0.190 £ 0.001

Background Suppression
SignalProb>0.7

Best Candidate Selection
B vertex chiProb

0.077 £ 0.002

0.077 £+ 0.002

Reconstruction
Rest of Event
¢ Veto?2
5.2<<Mbec
-4<deltab<2
Background Suppression
SignalProb>0.7
Best Candidate Selection

B vertex eclmProb

0.222 4+ 0.001

0.207 + 0.001
0.158 &+ 0.001
0.157 + 0.001
0.126 + 0.002

0.126 + 0.002

With inclusive tagging we get
efficiency of 0(10%)
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Kernel Density Estimation

Non-parametric method of constructing a continuous PDF based on dataset

Each data point is assigned a multi-dimensional kernel (Gaussian)

Histogram PDF

Density funchon
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High density of
data within bin
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point)



https://en.wikipedia.org/wiki/Kernel_density_estimation

Kernel Density Estimation

Statistics

|| Signal Component ‘ Events Used for Template Construction ||

« Non-parametric method of constructing a continuous PDF based on dataset bobm o
B— D*tv 1468

. . . . . . . B — D*ev 30278
« Each data point is assigned a multi-dimensional kernel (Gaussian)
» User defines bandwidth (# datapoints associated with kernel) which controls the tradeoff between

smoothness and fine-scale fluctuations
ADVANTAGE: Avoid bias of binning associated with a histogram (binned) PDF — increase sensitivity
Missing Mass Squared Projection (|pD|+|p‘|) Projection

DISADVANTAGE: Unbinned fit requires extended ] ]

I 2500f

processing time

B - (D° - Km)Tv Template
Bandwidth = 2 =
Any smaller leads to overfitting (PDF fits each data point Histogram of Data
and microscopic fluctuations present)

Any larger leads to underfitting (greatly worsen y?/ndf
and unable to extract macroscopic properties, ie amplitude)

Io,+le]

2D Kernel Density Estimate Template

7] x2mat=1.0892

-1 yield = 93521.00




Pull

Missing Mass Squared Projection
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Events / (0.16 x 0.05)

Histogram of Data

data__mm2_optd_Kpi_pY
Entries 8358
Mean x 1.873
Mean y 2.524

Std Devx 2.577

“2N'std Devy 0.7555

2D Composite Model

model__mm2_optd_Kpi_pY

Entries 40000

Mean x 1.852
Meany 2.518
Std Dev x 2.541

N StdDevy 0.7536

/| lendf 0.8311 |

10 12
m%-\ss
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Concluding Remarks

« Atest of lepton flavor universality via a precision measurement on R(D(*)) — deviation from the SM
prediction could be signs of new physics!

 Inclusive tagging permits high efficiency — increased sensitivity

« Simultaneous reconstruction of signal and normalization modes

- Most errors cancel out in R(D)) as we are taking the ratio

« KDE is employed to construct signal templates Vr
T > / _
W .
W™ 2 |
r ﬁg
b —» p— C
B¢ DU
U > u




Backup Slides

Tia Crane — UHM — 2023 Belle Il Summer School



MetaData

D" Signal Metadata
Release release-06-00-08
Generated Signal Events 20M Events
K+ K27 File 13.5¢6
— K (0.0395) 2905995
— K27 (0.144) 10594005
K3m File 6.5c6
D*" Signal Metadata D** Signal Metadata
Release release-06-00-08 Release release-06-00-08
Generated Signal Events oM Events Generated Signal Events 5M Events
K+ K27 File 3.4e6 Ko+ K27 File 3.4c6
— K (0.0395) 731880 — K (0.0395) 731880
— K27 (0.144) 2668120 — K27 (0.144) 2668120
K3m File 1.6¢6 K 3w File 1.6c6

Reconstruction Release: light-2303-iriomote
MC15ri_b Samples

Tia Crane — UHM — 2023 Belle Il Summer School



Signal Selection

Final State Selection
lepton veto

kaon goodTrack
binary kaonID (no SVD)

Standard lists with pion goodTrack (no pt=0.1 for K3pi)
recommended binary pionlD (noSVD) (not for K3pi)
corrections pi0 eff50_May2020Fit
pil) goodGamma
pil pt = 0.15 [GeV /]
clectron pt > 0.2 [GeV /¢l muon pt > 0.6 [GeV /¢l
MVA clectronID = 0.9 MVA muonlD = 0.9 |GeV /¢
Composite State Selection: electron
Kpi K2pi K3pi
1.85386 < InvM < 1.87562 1.83637 < InvM < 1.88824 1.85342 < InvM < 1.8756
DO vertex fit (conf_level=0.001) D.ﬂ vertex fit ((Zt?llf_lﬂ‘\f(!l:ﬂ.ﬂﬂ]_:. DO vertex fit (conf_level=0.001)
pil) mass constraint)
B vertex fit (conf_level=0.001) B vertex fit (conf_level=0.001)

B vertex fit (conf_level=0.001)



https://questions.belle2.org/question/14402/stde-and-stdmu-release-6-iriomote-implementation/
https://questions.belle2.org/question/14402/stde-and-stdmu-release-6-iriomote-implementation/

Signal Definition

The signal is defined through...
1. The intermediate resonance structure for the respective decay branch (TopoAna)

e nSiglncCascDeyBr_(decay branch) and B_mePDG—-521
e nCeSiglneCascDeyBr_(decay branch) and B.mePDG=521

2. (B.mePDG*D_mePDG)=-521%421 or (B.mePDG*D_mePDG)—-511%421

e The multiplication of the mePDGs ensures the mode is properly reconstructed (i.e. proper D
associated with the proper B)

3. (DomePDG*l.mePDG)=lIrec*421
o Irec € {11, 13}
4. B_mcErrors < {16,32,64, 152}.
o D
— electron/muon: B_mcErrors < 16
— tauon: B.mecErrors < 32
e D*" and D**": B_mcErrors < 64

e D*" and D***: B_mcErrors < 521
5. (LmePDG*_genMotherPDG )=Irec*lmother

o Irec € {11,13}
e Imother € {521,511, 15}

Tia Crane — UHM — 2023 Belle Il Summer School



Signal Efficiency

B - (D*° —— Km)¥v

B - D*"ev

B - D* 7(— evv) v

Kpi

Kpi

Reconstruction

Rest of Event
¢ Veto?2
H.2<Mbc
-4<deltalE<?
Background Suppression
MVA Output=>0.7
Best Candidate Selection
B vertex chiProb

0.227 £ 0.002

0.212 £+ 0.002
0.158 £+ 0.003
0.157 4+ 0.003
0.067 &= 0.004

0.067 & 0.004

Reconstruction

Rest of Event
¢ Veto2
H.2<Mbc
-d<deltalE<?2
Background Suppression
MVA Output=>0.7
Best Candidate Selection
B vertex chiProb

0.182 4 0.002

0.170 &= 0.002
0.129 4 0.003
0.128 4= 0.003
0.088 £ 0.004

0.088 £ 0.004

Tia Crane — UHM — 2023 Belle Il Summer School




Signal Efficiency

B - (D*T —> Km)fv

B - D" ev

B - D*" 7(— e vv) v

Kpi

Kpi

Reconstruction

Rest of Event
¢ Veto?2
H.2<Mbec
-d<deltalE<2
Background Suppression
MVA Output>0.7
Best Candidate Selection
B vertex chiProb

0.273 &= 0.002

0.254 &= 0.002
0.188 &= 0.003
0.150 &= 0.003
0.077 = 0.004

0.077 = 0.004

Reconstruction

Rest of Event
¢ Veto2
H.2<Mbc
-4<deltalE<?2
Background Suppression
MVA Output=>0.7
Best Candidate Selection
B vertex chiProb

0.216 £+ 0.002

0.201 £ 0.002
0.151 £ 0.003
0.187 £ 0.003
0.102 £ 0.004

0.102 £ 0.004

Tia Crane — UHM — 2023 Belle Il Summer School




MVA and BCS Statistics

Efficiency Figure of Merit: Candidates Candidates
(SigProb>0.7) ol Before After
VS+B
Relative Sample Signal 0.7343 3.2958
Fake D 0.1158 56.2299
Fake B 0.3347 57.3869
gqgbar 0.0772 1.9459
TOTAL 965644 414869

MVA Background Suppression

Mean # # Candidates Mean # # Candidates
Candidates Before Candidates After After
Before

TOTAL 1.005 414869 1.003 414256

Best Candidate Selection

Tia Crane — UHM — 2023 Belle Il Summer School



MVA Output

roaDeltae Kpi
KSFWVariables_hoo0
©Ms D0 1 angle
KSFWVariables_hso22
roeMbe_Kpl
weMiss_PTheta opt5 Kpi
flightDistance

TagVChiz
DO_Kpi_flightDistance

R2

cosTBz

KSFWvariables hso02
ertex_daughter_distance_DO_Kpi
KSFWVariables hsal2
pi_Kpi_dr
KSFWvariables hsolo
wertex_daughter_distance | Kpi
chiProb

K_Kpi_dr

CleoCones2

CleoCones3
KSFWVariables_hso00

K Kpi kaonlD_binary nosvD
CleoConesd

cos_pv
KSFWvariables_hso01
CleoConess
KSFWVariables_hool
CleoCones?
nROE_Photons Kpi
DO_Kpi_chiPrab
CleoConesé
KSFWVarlables_hood
KSFWVariables_hso04
KSFWVariables_hsold
BROE Tracks Kpi
K_Kpi_dz

pl_Kpl_dz

CleoConesd
KSFWVariables hso03
CleoConest

CleoConesl

TagVNDF
pi_Kpi_plonlD_binary_noSVD
nROE_Kaons Kpi
roeCharge Kpi

o Kpi_InvM

Feature importance

Test Data:

1245.0
997 0
5670
636.0
770.0
j675.0
663.0
64530
629.0
595.0
579.0
567.0
558.0
557.0
543.0
540.0
516.0
514.0
510.0
501.0
500.0
483.0
4620
459.0
449.0
437.0
436.0
426.0
416.0
405.0

1400.0

400.0

397.0

381.0
373.0
364.0
362.0
357.0
356.0
347.0
320.0
282.0
276.0
156.0
135.0
123.0
45.0
200 400 600 200 1000 1200
F score

True Positive

True Positive

True Positive

0.0 4

—— Signal vs Rest (test) (AUC = 0.87)
--- Signal vs Rest (train) (AUC = 0.94)
--- chance level (AUC = 0.5)

0.2

0.4 0.6 0.8 1.0
False Positive Rate

0.0

—— Fake B vs Rest (test) (AUC = 0.74)
Fake B vs Rest (train) (AUC = 0.88)
chance level (AUC = 0.5)

0.4 0.6 0.8 1.0
False Positive Rate

0.0

—— micro-average test OvR (AUC = 0.90)
--- micro-average train OvR (AUC = 0.94)
--- chance level (AUC = 0.5)

0.2

0.4 0.6 0.8 1.0
False Positive Rate

0.0

0.0

0.8

0.6

0.4

0.2

0.0

—— Fake D vs Rest (test) (AUC = 0.86)
- —--- Fake D vs Rest (train) (AUC = 0.92)
--- chance level (AUC = 0.5)

0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate

—— qgbar vs Rest (test) (AUC = 0.95)
e --- qgbar vs Rest (train) (AUC = 0.97)
--- chance level (AUC = 0.5)

0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate

—— macro-average test OVR (AUC = 0.85)
macro-average train OvR (AUC = 0.93)
- chance level (AUC = 0.5)

0.0 0.2 04 0.6 0.8 1.0
False Positive Rate




MVA Output

Train Data;

16000 1 1 All MC1b5ri Data
Signal Truth
14000 1 Fake D Truth
120004 L [ Fake B Truth
1 qgbar Truth
10000 - :
1
8000 1 !
1
6000 H
L : m|
4000 - :
1
2000 - 1¥aﬁ___ I 4
1
0 T |_'l__ T —T T
00 02 04 06 08 1.0
Signal Probability
20000 - H
1
17500 - i
1
15000 - !
1
12500 - i
1
10000 - !
1
7500 i
1
5000 - !
1
2500 i
1
O T T T T L T
00 02 04 06 08 10

Fake B Probability

25000

20000 4

15000 +

10000 A
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Fake D Probability

70000
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50000 -

40000 A

30000 4
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10000 H

.

0.0 0.2 0.I4 O.IE 0.8
qqbar Probability

Independent Data (w/o Signal MC):

60000 4 [ All MCl1b5ri Data
I Signal Truth
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MVA Output
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Dominant Generated Signals

Number of Number of Total cases Cumulative
B B+ cases cases
- cases \ (B_ and B+) /
rowMo cascade decay branch of I3 iCascDeyBrP  nCase nCcoCase nAllCase nCCasc
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3 B =e @DV D" 5 D% D" 5 gt K 28 (R G701 13352 73392
| B a7 D7 e Garr, D" 50K 32 (12 G013 1215 RAG0T
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B — (D - Km)ev Train- Test
Template

Missing Mass Squared Projection (|pD|+|p||) Projection
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50% of signal samples for PDF

@ 10000f— ° 2 3000
= A i £
= X N : construction, 50% for
S go00|— § 2500~ . . . .
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Template

Events/ {0.16x 0.05)

Events /{0.16)

3000

2500

2000

1500

1000

500

Missing Mass Squared Projection

Histogram of Data

- |||I||, |-|,"-
il |.|'!'|'-|"- |""|'|'i|'|||f|||'l.: r.

¥2Indf = 3.7351

2
Miniss

data__mm2Z_optd_Kpi_pY

Entries
Mean x
Mean y
5id Dev x

"+ | std Dev )y

93521
3591
2064
1.839
0.4937

Events / { 0.08x 0.025)

Events /{0.05)

30000
25000
20000
15000
10000

(Ip,|*Ip|) Projection

le_l+le|

¥2indf = 1.5521

2D Kernel Density Estimate Template
Eniries 40000
Mean x 3.592
. Mean y 2064
., | 5td Dev x 1.864

—
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Fake B Template

Missing Mass Squared Projection (|pD|+|p||) Projection
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Summer 2018:3.620

R(D) = 2.30,
R(D*) = 3.00

Spring 2019:3.08¢0
R(D) = 1.40,
R(D*) = 2.50

Spring 2021:3.30
R(D) = 1.4o0,
R(D*) = 2.80

Summer 2023:3.20

T

R(D) = 1.980,
R(D*) = 2.150

End of 2022:3.50
R(D) = 1.820,
R(D*) = 2490

+Belle II Result:3.30

R(D) = 2.00,
R(D*) = 2.20


https://hflav.web.cern.ch/content/semileptonic-b-decays

	Slide 1: Precision Measurement on cap R open paren cap D to the , open paren asterisk operator close paren end superscript , , close paren  with Inclusive Tagging Methods at Belle II
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17: Backup Slides
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45

