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Introduction: eTe~ Collider




ete™ Collider & B Meson Analysis

Characteristics of ete™ colliders for B meson analysis
> Focusing eTe™ beams that CM energy goes near 10.58GeV, the mass of Y(4S) (Upsilon 4S)

T e e T e

BaBar[1] SLAC, USA 9.0 GeV 3.1 GeV
Belle[2] KEK, Japan 8.0 GeV 3.0 GeV
Belle 11]3] KEK, Japan 7.0 GeV 4.0 GeV

o Upsilon(4S) creation from e e~ collision : decays to BB with 96% branching ratio
o Clean event : Only 2 B mesons (and background particles like cosmic ray) are in the event

= The best condition to study B mesons

Belle Il D
- BaBar . eox -
‘ rivelatore di mu (IFR) . -‘
M g s /%f !
_ i (
. calorimetro elettromagnetico (EMC) s Naw bean pge SuperKEKB &
— =
- rivelatore Cherenkov (DIRC) |
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How to Reconstruct B?

B meson analysis : reconstructing B inclusively or exclusively

B meson decays to final state particles 4 . I
+ + + + Purlty
er, U, -, K=,y
Reconstruction of B meson should be done. Efficiency (¢)
: : . _ Inclusive Exclusive
Inclusive : signal-side B reconstruction only ~ 0(100%) e ~ 0(0.1%)
Exclusive : 1) tag-side (B,,,) 2) signal-side Something
: we need Something
B reconstruction //. /. g
It is possible because B decay events from B4 “q/ Something
ete™ and Y(4S) are ‘clean’
Y (4S) Y(4S)
Some track/ \ /
S:Jme\ Bother Btag )
gamy \Somethlng D
= 0
Daughters T / \KL
Inclusive method Exclusive method
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Large statistics
Large background (and candidates!)
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Cleaner sample and signal kinematics

Lower tag-side efficiency




Difficulties of B Tagging

There are many B meson decays.
> 500 for B*, B® each

the selection of tagging mode is important.
> Signal efficiency is always important!

.wni\upmiﬂﬂ“uwicm
> Since not tagged decay channels are excluded,

.....
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Difficulties of B Tagging

There are many B meson decays. P @ 07 £ 00%) x 109
> 500 for B, B® each v Y | o
> Since not tagged decay channels are excluded, ©ore (K o0 008
the selection of tagging mode is important. o Do K (1.46+0.05)%
- Signal efficiency is always important! ©Ta |K2w ) o (0%
T'se ata® (1.247 + 0.033) x 10~°
B daughters can be decayed with various channels. W Py (327+0.18) x 10
> Need to consider for daughter’s decay mode to reconstruct
More work for reconstruction of tagged B K5 o w
> Decay channel: (seems) determined on collaboration group o
o Anyway, reconstructing manually is not so easy.. ':f,.::',‘; S
> Not finished: quality control of tagged B
Then why doing exclusive B study?
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Advantages of B Tagging

Advantages of exclusive B tagging
o Effective continuum suppression due to different event topologies

o Requiring no additional particles in event (Completeness)

> Accessing tagged B information and additional information for quality control
: optimized to research that invisible particles are included in the decay channel.

Hadronic 'tagging’
side

Different event topologies

Spherical ’ \ Jet-like
e’ B - gt /
— ] G—
e /§ / Signal sid
/\ q ignal side
B-mesons Continuum ‘
Calcultaion of m2,; . using information of pfag
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Automatic B Tagging with MVA




Reconstructing B with Machine Learning

B tagging with MVA (MultiVariate Analysis)

Automatically reconstructing tagged B mesons 1. Dt - K—ntxn? 4 D+ channel
Applied at each particle reconstruction & identification 2 DY 5 K x'xtx" -Eachdecaychannel
Assigning a classifier to each decay channel 3. Dt - K" Ktr? takes its classifier
Used MVA tools: BDT(for Belle II) and ANN(for Belle, Babar) 4. D' - K K"ntxn"

Something
ECL Clusters

Detector data
and...

Something
invisible

V4
Y(4S)

‘Nﬁ Focusing on

Btag
D-

TNE| Y /

Schematic view of B tagging via B — D1t channel
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Training a Classifier for Final State Particle

Final state particles : 4 charged particles (e, u, i, K) and gamma
o Reconstructed with subdetector information

o Charged particle (e, y, m, K) : track information + PID information
> Photon : deposited energy, shape information from calorimeters + PID information
> Training sample condition
o Precut: PID information (track) or energy (cluster)
o Postcut: probability(>0.01) and rank (10 for charged, 20 for photon) of particle classifier

Training samples: . . .
aining sampies Machine learning process Training output ECL Clusters Detector data
detector information " =0\ _____ g g

Track info.
Boosted decision tree 4».
PID info. charged particle
candidate Intermediate stages
Energy
ECL shape Boosted decision tree 4’.
PID info. gammacandidate @~ [T T T T T T T T T —e— mTTTTTTTTTTmTmTmmTmTTTT
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Training a Classifier for Intermediate Particles

Training for particles as a part of B,
> Particle type : 7%, K3, ] /1, D°, D, DS, D%, Dt*, DF*

o Training variable : kinematic variables + vertex variables + classifier probabilities of the daughters

> Training sample condition
° Precut : Py, o, Product, mass difference (AM), released energy (for D¥)

o Postcut : probability (> 0.001) and rank (10) of particle classifier

Detectordata

ECL Clusters

Final state particle

kinematic

vertex Boosted decision tree 4>.

p B daughter I Intermediate stages
daughter candidate
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Training a Classifier for B Mesons

Final training for B mesons

o Training variables : kinematic variables + vertex variables + MVA probabilities of the daughters
> Not using an invariant mass (hadronic) or angular variables (semileptonic) for training

> Avoiding high correlation of M;. (hadronic) and cosHB)D(*)f (semileptonic)
° Training sample condition

° Precut : Py, ghier Product

o Postcut : B candidates with 20 highest probabilities

ECL Clusters Detectordata
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Applying to B® — #XtT Decay




Properties & Processes of B — Pt Decay

Lepton flavor violation in B® — #%7+ C Start )
> Forbidden in the Standard Model I
> Predicted to occur in ‘beyond the Standard Model’ theories / Event /

The properties of the signal B
° |nvisible particles (neutrino) from 7 decay

tagB No

reconstructed?

> Lack of signal mode for B reconstruction

No

Only 2 leptons
+ tagB in event?

Sample condition | Ves
o Signal: Belle MC samples, Take other tagB

No

tagB > 10°%?

> One B meson should be decayed to £+ f

No tagB with the

highest prob.?

o Background: Belle generic background MC

° Generated events of B pair or quark jet pair based on the Standard model

Store event as signal Ignhore event

Best candidate selection of tagB
> tagB with the highest classifier output C "d )
En

Event selection after B tagging

11/2/2022 KYUNGHO KIM




Application of B Tagging: Results

Result of B tagging[6] application

. . . . Class Signal Backgrounds
> 1% signal tagging efficiency -
. . Type B® » ¢*1t  genericB  ete” - qg rare B b - utv
> 0.04% or lower background efficiency
: Before taggin 40 x 106 754 x 10° 2350 x 10° 5.66 x 10° 5.47 x 10°
> Tagging works: g8ing
: : : 0, gt T
> High continuum suppression After BY o etT 400,980 138,820 19,657 287 2,050
" . . . tagging T
o Additional signal/background separation with B® - u*t* 380,315 135,908 19,068 290 2,007
classifier output
Tagging efficiency for B—€7 Oet Op-t
0000 ‘;'Sjg;m\f{(‘ | Generic BB Conti B““"Ew::‘dsBdec b - uf
. . . . =ignal I IENETIC ontimuum are ay = utv
FEI output in e-tau, semi mode FEI output in mu-tau, semi mode B o £t~ | Bogeneric  ete-—>qq  Borare  Bwithh - ufy
BOUU;I—I-slignla\‘ - L I——12000 E‘—‘-S‘ign‘all ol D S 12000 1.00€-01
— | bb | 7000 |— | = bb
7000} d : ] =?:reB r"
E | uinu ~" 10000 | o uinu I 10000
50003_ -'_FIJ T i_—aUOD 5000:_ | i 8000

s
imd |

1.00E-03

.,
L
—

1 116000 o
i o
N 1.00€-04
+ 4000
il o]
[
il
112000 2000 1.00E-05 ol
L
Y
00
logio Opg; (output of FEI classifier) logyo Opgr (output of FEI classifier) 1.00£-06
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Summary

ete™ colliders: the best condition to study B mesons

o Precise construction of Y(4S) and B pair production makes the best condition for analysis.
o Suitable to apply B tagging due to clean event.

> Using B tagging can take the advantage of continuum suppression, signal/background separation with
completeness, and additional variables for quality control.

The steps and processes of automatic particle reconstruction are shown.
° Training with classifiers at each steps and each particles are done.

> Application to B® — #TtF decay channel shows remarkable background suppression and
signal/background separation.

11/2/2022 KYUNGHO KIM




Thank you!

for listening my presentation!
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Steps for Event Simulation

B meson decay at collider
> B mesons will be decayed to various decay channel.
o Usually B daughters will be decayed to other particles.
> 9% meson: mean lifetime 8.43 x 10™17s, decay to 2 y with 98.82% probability

o Any particle will be decayed to stable particle: e*, ut, nt, K%,y

Simulation of detector-based B meson analysis (at Belle)

> Decay mode information is used to randomly generate tables (.gen) with event
generation toolkit (EvtGen[4]).

> From the generation table, detector simulation with GEANT3[5] calculates the
interaction between particles and variables.

o Simulation result (.mdst) is constructed from detector simulation.
o Simulation results are saved same form as the data detected from detector.

o Particles will be reconstructed from simulation results.

11/2/2022 KYUNGHO KIM

Start

v
Decay mode
decay.dec
./
Event generation

EvtGen 2.0
v

Decay information

hepevt.gen
\ 4

Detector simulation

GEANT3 (Belle)
v

Simulation result

gsim.mdst
4

End




Final state particles

Intermediate state
particles

B meson

Charged particles

(e, u, m, K)

Gamma

% KQ,J /Y, D% D*, D&,
D%, D**, D&

Bhadronic ’

B

semileptonic

track information,
PID information

deposited energy, shape
information from
calorimeters,
PID information

kinematic variables, vertex
variables,

H P daughter

kinematic variables, vertex
variables,

H P daughter

(excluding invariant mass or

angular variables)

(pre) PID information
(post) P > 0.01, rank 10

(pre) deposited energy
(post) P >0.01, rank 20

(pre) l_[ Pdaughterr AM
(pre) released energy (D*)

(post) P >0.001, rank > 10

(pre) I1 Pdaughter
(post) P rank 20



Data Flow Overview (Belle Il)

P ettt e e e e e e e

Managed by Collaboration 7~,  Belle Il Software Standard Tools
; A - numpy/pandas
- - ", CLaTex
ol . \ -, - the next cool thing
Hits | ,
Waveforms | N
— — "' basf2 User
Skimming '—> Analysis | ntuple
Tracks mdst+ 7 Energy,
Clusters Particles .’ .~ Momentum,
_________________________ Likelihoods__________ e Mass, ...
. . : e
| MC smulatnon samplg flow | | | : !.f
: ; | | Detector , '/ | Published Analysis - Ntuple ||
:_ - /1 Simulation | same parameter! § Paper Note Analysis
: : : : structures  |f
: | ' Geant4 as naﬁture :;
I : ’ i
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Steps for Simulation

Steps for simulation of detector-based B meson analysis

Decay mode information is used to randomly generate tables(.gen) with event

generation toolkit(EvtGen|[4]).

From the generation table, detector simulation with GEANT3[5] (or Geant4[6])

calculates the interaction between particles and variables.

Simulation result(.mdst) is constructed from detector simulation.

Particles will be reconstructed from simulation results.

_,. | Reconstruction > Skimming '—>

Tracks mdst +
Clusters Particles .
Likelihoods SR i
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T

v
Decay mode
decay.dec
./
Event generation

EvtGen 2.0
v

Decay information

hepevt.gen
\ 4

Detector simulation

GEANT3 (Belle) or Geant4 (Belle 1)
v

Simulation result

gsim.mdst
4

C End D




Introduction of B® — %1t Decay

Lepton flavor violation in B® — £%¢+ 50 S

ﬁ
> Forbidden in the Standard Model
e lepton number 0 * 1 0
° Predicted to occur in ‘beyond the Standard Model’ theories
T lepton number 0 * 0 -1
Research for BY — ¢*¢+ B - p T
o BaBar collaboration (2008)[4] p lepton number 0 # 1 0
> Using hadronic tagging method with 378 x 10° BB pairs T lepton number 0o # o -1
° T(B® » e*r%) <28 %1075
° T(B® » u*t%) < 22x 1075
> Belle collaboration (by Hulya Atmacan, 2021)[5] 2 1")C';’."*’“' oI o+
o Using hadronic tagging method(FR) with 771 X 10° BB pairs v,
° T(B® > e*t™) < 1.6 x 1075 _
i I‘(BO N ,ui’[$) < 15 x 10-5 At Neutrino oscillation
> My research +”’T
o using semileptonic tagging method(FEI) with 771 X 10° BB pairs, ongoing d 1-""Cv;ﬂ.f W-— g T

Feynman diagram of B® — e* 1~ with neutrino oscillation
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