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Charmed and Charmless B-decays
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A
B—D(*)h 0By

- mediated through favoured b — c tree transition with high branching fractions of ~ 0.5%
—> serve as important control modes

- B—>D(*)K modes are theoretically clean modes to precisely determine y/¢5

Charmless decays:
- mediated through Cabibbo-suppressed b — u and/or loop-suppressed b — d/s transitions
b =

- highly sensitive to non-SM loop contributions

- probe SM and non-SM dynamics in all three CKM angles (today: a/¢,)

Challenges:

- low BFs of order <= 10~

- e*e” > qq background dominated

A
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SuperKEKB and Belle Il Detector

e SuperKEKB: energy-asymmetric e* e~ collider
running at Y(4S) resonance (10.58 GeV)
—> clean experimental environment

world record peak luminosity: 3.1 x 1034 cm2 s
Goal: 50 ab1 by mid 2030s
so far 213 fb! of data collected

* unique reach on final states with multiple
neutrinos and t%/photons

Today: results on ~63 fb!

Ap-Byz 1

KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

(end-caps , inner 2 barrel layers)

—

J—
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EM Calorimeter
Csl(TI), waveform sampling electronics

\

electrons (7 GeV) Particle Identification

Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

- “4_"!»:.::-“7\_

&

i positrons (4 GeV)

Vertex Detector
2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD

/// -

Central Drift Chamber

Smaller cell size, long lever arm

Belle Il TDR, arXiv:1011.0352
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Analysis Overview

AE = Ex —\/s12 Signal
Continuum
BB background

Reconstruction

e combine candidates in kinematic fits to fill list of B-meson
candidates from low-level observables

Selection

* mostly loose baseline selection cuts followed by optimized 03 02 01 0 01 02 03
continuum suppression and particle identification cuts AE (GeV)

Modelling
* extract models from simulated data (+ calibrate on data)
* determine selection efficiencies for BR calculations

o]

Fit to data & calculate physics quantities

 fit using usually one to three fit variables (AE, M,.and continuum
suppression variable) q
Systematic Uncertainties

* toy studies and control mode analyses

i

5.2 5.22

[ My, =/s/4-p¥*

[ Signal
[ Continuum
[ BB background

524 526 528 53
M, (GeV/c?)

B/B

momenta distribution in CMS frame
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kaon-enhanced £(K /m) > 0.6 pion-enhanced £(K /m) < 0.6
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= 40 a kaon enhanced = i -1 pion enhanced
3 MLdt:Gas fb s o) Ldt=62.81b
. . . 2 30 g !
—> clean approach to test theory predictions of factorization | )\ W60 H
and SU(3) symmetry breaking in QCD b ) o LY
10 20 [
 simultaneous 2D-fit in AE and CS classifier of kaon/pion- |_ $ _ 9
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https://arxiv.org/pdf/2104.03628.pdf

BO - TL’OT[O

* unique Belle Il capability to study all B — mmr channels in consistent manner to extract a/¢, Op-Dyz 4t
* most challenging mode:

* two % in final state (i.e. photons only)
* low B (10°)
* optimized 1t%selection: combine 20 ECL variables using multivariate technique to suppress background photons
e 3D-fit in AE, M,.and transformed continuum suppression variable T.
https://arxiv.org/pdf/2107.02373.pdf
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Candidates per 0.002 GeV/c?

9

056 5265 527 5275 528 5285 5,29
M, [GeV/c?]

Nii(B® - m°70) = 14728 with 3.40

0.50 First measurement in Belle Il data!
%ﬁt(BO - T[OT[ ) = [1 09+0 41 (Stat) + 0.27 (SyS)] X 10‘6
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https://arxiv.org/pdf/2107.02373.pdf

+ + O > Belle Il (preliminary) % s Belle Il (preliminary)
B 3 p p % f Ldt=6281" z) ] f Ldt=6281"
5 S
~
. . (7] A
* pion-only final state and broad p-peak = large backgrounds g 8
* Spin-0 = Spin+1 + Spin-1 = angular analysis L S § = J
P P : : ,,v‘i‘fﬁl;,, o
015 01 005 0 005 or 0 s o7 os oo H T
[ . . . + 2
 6D-fit including AE, T, , and p masses to extract signal; and A5 [5eu mx') [GeV/c]
o o o o o o RS elle relimina i elle relimina - Data
helicity angles to measure fraction f, of decays with longitudinal 3 }L"dt'i:;.;fb« ‘”” : }L”d.l:;;fb-1 ” %z.gm"g
polarization = a f S
N 3
g’. § [ Continuum
* syst. uncertainty dominated by data driven 0 efficiency g S
il
—> will decrease with time 2
o
6 0. ; 09 108 6 4 2 0 2 4 6
Nfit =104 + 16 m(r*r) [GeV/c

Belle Il (preliminary)
f Ldt=62.8b"

Belle Il (preliminary)
f Ldt=62.81"

B = [20.6 £ 3.2(stat) £ 4.0 (sys)] x 10°
fi = 0.93610:979 (stat) + 0.021 (sys)

Candidates per 0.1
Candidates per 0.2

First reconstruction in Belle Il data, surpassing early
Belle performance! Eai—e L e B
(20% better precision than Belle using 78 fb-1) O cose, s TTRORATeR 0 B 0A 00 e
(PRL91, 221801 (2003))
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0 + 0 + 0 0 0 0 i
T B(KTrT) T+ ™ B(K ) T "|B(Ktr)

https://arxiv.org/abs/2104.14871

Isospin sum rule: stringent null test of SM, sensitive to

o 12
_ . o [ Belle Il (preliminary) e Data, B’ tags > [ Belle Il (preliminary) e Data, B’ tags

presence of non-SM dynamics 2P| [ra-con o DaeB S o] [la-men _° DuaB

. . . = - — - B® > K%a® 3 ‘ — - B® = K%®

in Belle II: unique, consistent access to all channels o 2f o B secioroind 20 = A
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First measurement in Belle 1l data and last N AR SR ki SO JE

- - - 5.24 5.25 5.26 5.27 5.28 5.29 5.3 -0.3 -0.2 -0.1 0 0.1 0.2 0.3
missing piece to sum rule! M,, [GeV/c?] AE [GeV]
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https://indico.desy.de/event/28202/contributions/105863/
https://arxiv.org/abs/2104.14871

Isospin sum rule — uncertainty projection

. . . Ap-Dg=4 1
* extrapolate the uncertainty on /,,, into next decade (assuming stat. = syst.) pE7=2
e future projections with Belle Il and LHCb expected luminosities
e dominant uncertainty coming from A, = Belle Il will play crucial role in pinning down I,
- Belle IT (Preliminary)
' Ixr=—0.114+0.13 Belle+BaBar+LHCb+Belle II Winter 2021
25 :
0-25 —===Projected uncertainty without Belle II using Only updates on C’qK+r[- ’ CAK+T[0 and
> —— Projected uncertainty with Belle II Ao+
£ 0.201
&
=
% 0.15 1
wk considering updates on complete Kt set
5‘ 0.10 1 possible with Belle Il
0.05 -
0.00 -— . . .
2021 2022 2026 2030
Year https://arxiv.org/abs/2104.14871
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https://arxiv.org/abs/2104.14871

Summary

Belle Il train has picked up pace for a leading role in testing
isospin sum rule and precise determinations of a and y

* First/improved measurements of charmless decays in 63 fb1 of
early data and a number of vital control modes

* First Belle Il measurement of Ay, completes the ingredients for
the isospin sum rule

e All results agree with known values within uncertainties, still
dominated by small sample size
* but already 213 fb'! on tape, ready to be analysed!

A lot of done and ongoing work not presented today:
expect many more new/updated results in the future!
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Ap-Byz2t
Belle Il Online luminosity Exp: 7-18 - All runs
14
Integrated luminosity
mmm Recorded Weekly /’
12

1 IERecorded dt =213.49 [fb—I] 200

r 150

r 100

Total integrated luminosity [fb=1]

- 50

B— D(*)h https://arxiv.orqg/abs/2104.03628

B— K*rt, KOrt, rt*mv : https://arxiv.org/abs/2106.03766
B— K*r®, m*n : https://arxiv.orqg/abs/2105.04111

B— Kon®: https://arxiv.org/abs/2104.14871

B— m°n@: https://arxiv.org/pdf/2107.02373.pdf



https://arxiv.org/abs/2104.03628
https://arxiv.org/abs/2106.03766
https://arxiv.org/abs/2105.04111
https://arxiv.org/abs/2104.14871
https://arxiv.org/pdf/2107.02373.pdf
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Backup
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Continuum Suppression

e continuum background strongly dominating

« exploit kinematic, topological differences between BB and qq

* employ binary boosted decision tree (FastBDT) to create classifier

variable from up to ~40 variables

» cut and/or fit this CS classifier

July 26th, 2021
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Background rejection
o
(&)}

- Belle Il (simulation)

.- BEAUTY 2019
E - -. ICHEP 2020: topology info
- — ICHEP 2020: topology + vertex + flavor info

Signal efficiency
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B > D*h™

— simultaneous fit of pion- and kaon-enriched samples in

. * IR _
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CPV in multibody decays

First step towards search of local CPV in Dalitz plots: investigates relative Ap-Doyz1k
contributions of tree and penguins, and probes non-SM physics.

160 -
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First reconstruction in Belle Il data! Belle Il accesses consistently
all channels
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o-body: BV = h*z~, htzY, Kgﬂ'-l_

fque Belle Il capability to study all the B — Kx decays to investigate isospin sum-rules. ATNAY >3 24
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Challenge of z° reconstruction performances, require good PID.
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17
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Acp(BY = K*2% = —0.09 = 0.09(stat) = 0.03(syst) Acp(BT = nt72% = —0.04 £ 0.17(stat) £ 0.06(syst)
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syst. uncertainties: 1) branching ratios

Ap-Dez 41
* Tracking efficiency: 0.91% per charged track as suggested by TG e

* K, rec. efficiency: 1% per cm average flight length
S

* PID/CS efficiency: stat. uncert. of selection efficiency using control channel B~= D% (- K*¥n~) ™

* Ngg: combination of uncertainties in L, O'(Y(4-S)), foo (f,.) and beam energy spread 2 2.7 %

* Signal modeling:
a. shape: fit with 2 Gaussians instead, difference as systematic

b. nCDCHits mismodeling: require > 4 hits in CDC for each track, difference as systematic
* Background modeling: fit with first order poly. instead, difference as systematic

* Peaking background: fix peak. bkg. ratio instead of floating, difference as systematic
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Instrumental asymmetries
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