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Introduction armless B decays

* Precise measurement of flavor physics
(CKM angle)

BY = ztn~

Dominant amplitudes of charmless B decays
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Color-allowed tree  Color- suppressed tree W-exchange

« Sum rule test Bt - K2 B 5 Ktz >M< > <

A
IK Annihilation Pengum W- Ioop

B0—>KO7Z'O B+—>KOJZ'+
* b — s loop diagram + time dependent CP violation analysis:
0> @K

- Three-body Dalitz analysis: local CP asymmetries

 Belle Il strength: high luminosity + neutral final states
(c.f. LHCDb)



Introduction detector
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Summer Achievement @ ICHEP 2020

Charmless B decays at Belle |l

[Ldt = 34.6 tb~! good-quality skimmed data collected in 2019 - 2020 summer

e Two-body e Three-body:
* Two tracks: BT - K*K KT,
B - K*z~, B —» ntn~ Bt = Ktp—rpt

TS ¢ Decayswith 7'

B+ N K+72'O, B-l— N 7Z'+7'[O
. Kg benchmarking:
Bt = K%+ BY —» K97V

\_ J

anxiv: 2008.03573 [AREM * B VV:

Bt = ¢K+, BO N ¢KO Bt = ¢K*+,BO N ¢K*O
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https://arxiv.org/abs/2009.09452
https://arxiv.org/abs/2008.03873

Analysis strategy

—

Selections

Continuum
suppression

\/

Signal extraction

(Unbinned maximum
likelihood fit)

\/

{ - Charged tracks: Impact parameter + PID
. 70 (2 y with E,> 20 MeV): M(yy) + helicity angle

. Kg (m*7~ from the same vertex): | 7(1{8) | + flight distance

- Peaking-background veto for three-body final states

Multivariate algo. w/ training inputs:
A AL event topology flavor tagging
(_1 vertex information kinematic fit
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Analysis strategy

Selections Beam-energy-constrained mass:

T~ M, = \/S/(4C4) — (p];k/c)2
\/

Continuum
suppression - For 2- & 3-body K/ modes:

— AL fits with signal region: M,,. > 5.27 GeV/c*

ForB - VP,B — VV-:

Multidimensional fits on M, ., AE

Signal extraction
(Unbinned maximum C. . (transformed continuum-suppression output)

likelihood fit) m(K+YK™), m(Kr) (invariant masses)

COS QH,(p, COS B g (cosines of helicity angle)

v
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Candidates per 0.03 GeV
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Candidates per 0.015 GeV
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Candidates per 0.005 GeV
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CP asymmetries
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Branching fractions, longitudinal polarizations

Bt - ¢K
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Branching fractions, longitudinal polarizations

BO N ¢K*O
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Systematics

- Branching fractions

Tracking [ ~0.9%

Kg efficiency -—~‘| 2%

7 efficiency IR AT, ~6%

PID & continuum supp. eff. -_ ~2-4 %
Np; | —> 7%

Signal model -—~2%

Continuum bkg. mode!  ——— 3%

BB bkg. model H-0.3%

0 3 6 9 12

(relative uncertainties in %)

* Instrumental asymmetries

Instrumental asymmetry Value . L t d | | _ t
Aget(KTn7) ~0.010 % 0.003 ongitudinal poiarizations
Ager(Kgm™) —0.007 + 0.022 » Modeling of transformed continuum-
Ager(K™) —0.015 % 0.022 supression output (C.,)

Aget (1) —0.007 + 0.022 . Acceptance function for helicity angles
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* First measurements in charmless B decays with:
12 branching fractions (&)
6 CP asymmetries (Ap)

2 longitudinal polarizations (f;)
are reported using 2019-2020 summer Belle |l data

* Yields and purities are comparable with Belle’s best

» Establishes solid understanding of detector and analysis workflow

» Near future:
B’ — 797" to complete ¢,/a determination

A»(K'71") to complete sum rule test

» Long run: data accumulating & analysis ongoing!
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Introduction ess B decays — ¢),/a Measurements

* Isospin relation
arXiv: 1002.5012

Feynman diagrams for B —» zxn, B — pp systems
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https://arxiv.org/abs/1002.5012

Introduction 3s B decays — K-x puzzle

Feynman diagrams for B — Kz, B — &z systems
b

- SU(3) symmetry ) | w;<d’< X

Bt > K*7' B> K*z~ S . ¢ K
b B*, BO
B*, B0 a0 g g )
: u,

Ix

T c ) ) d
b u u,d
u i /.il”<fl d 7
B - K2 BT - K7t - W b— s
J S_ B+ .7[+ K+
ot K+ w ’
u u u u

[ AR KO B(K’z") g0 o A K70 2B(K*7’) 150 5 A K'n0 2B(K’z?)
B(K /4 ) Tp+ B(K /4 ) Tp+ B(K /4 )

- SuperKEKB prospect arXiv:1808.10567
- 102 —— B—K nBelle 1 Fa s
Ll) - B—K nBelle+B-K'nBelle 502"  Belle-I1 1 O 0.6
— - —— B— K nBelle 150 ab’! Preliminary < -
1 3 041
10-! 0.2 :
of
1072 B
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https://arxiv.org/abs/1808.10567

Introduction e || experiment

Summary of sensitivity

arXiv: 1002.5012

Observable Belle 2006 SuperKEKB TLHCDb
(~0.5 ab™1) (5 ab™1) (50 ab=1) [(2 1) (10 fb~1)
Unitarity triangle parameters
sin 2¢ 0.026 0.016 0.012 ~0.02 ~0.01
¢o () 11° 10° 3° - -
¢2 (pm) 68° < ¢ < 95° 3° 1.5° 10° 4.5°
o2 (pp) 62° < @2 < 107° 3° 1.5° - -
¢2 (combined) 2° S1° 10° 4.5°
Observable Belle 2006 SuperKEKB TLHCDb
(~0.5 ab™1) (5 ab™1) (50 ab—1) J(2fb~1) (10 fb~1)
Hadronic b — s transitions
ASy ko 0.22 0.073 0.029 0.14
AS, ko 0.11 0.038 0.020
ASKgKgKg 0.33 0.105 0.037 - -
AA,,ng 0.15 0.072 0.042 - -
Apprc+ 0.17 0.05 0.014

¢77 (K ) Dalitz
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https://arxiv.org/abs/1002.5012

Introduction

arXiv: 1011.0352

Table 1.3: Expected performance of components of the Belle II spectrometer.

Component Type Configuration Readout Performance
Beam pipe Beryllium Cylindrical, inner radius 10 mm,
double-wall 10 pm Au, 0.6 mm Be,
1 mm coolant (paraffin), 0.4 mm Be
PXD Silicon pixel Sensor size: 15x100 (120) mm? 10 M impact parameter resolution
(DEPFET) pixel size: 50x50 (75) pm? 0z ~ 20 pm
2 layers: 8 (12) sensors (PXD and SVD)
SVD Double sided Sensors: rectangular and trapezoidal 245 k
Silicon strip Strip pitch: 50(p)/160(n) - 75(p)/240(n) pm
4 layers: 16/30/56/85 sensors
CDC Small cell 56 layers, 32 axial, 24 stereo 14 k orp = 100 pm, 0, = 2 mm
drift chamber r=16-112 cm 0p. /Pt = 1/ (0.2%p;)? + (0.3%/)2
- 83 < z <159 cm 0p. /Pt = /(0.1%p;)? + (0.3%/B)2 (with SVD)
OdE/dz = 9%
TOP RICH with 16 segments in ¢ at r ~ 120 cm 8 k Np.e. ~ 20, or = 40 ps
quartz radiator 275 cm long, 2 cm thick quartz bars K/ separation :
with 4x4 channel MCP PMTs efficiency > 99% at < 0.5% pion
fake prob. for B — py decays
ARICH RICH with 4 cm thick focusing radiator 78 k Npe ~ 13
aerogel radiator and HAPD photodetectors K/m separation at 4 GeV/c:
for the forward end-cap efficiency 96% at 1% pion fake prob.
ECL CsI(T1) Barrel: 7 = 125 - 162 cm 6624 %= ol12%
(Towered structure) End-cap: z = 1152 (F) Opos = 0.5 cm/VE
-102 cm and +196 cm 960 (B) (E in GeV)
KLM barrel: RPCs 14 layers (5 cm Fe + 4 cm gap) 0: 16 k, ¢: 16 k A¢p = AO = 20 mradian for K,
2 RPCs in each gap ~ 1 % hadron fake for muons
end-caps: 14 layers of (7 — 10) x 40 mm? strips 17k A¢p = Af = 10 mradian for K,
scintillator strips read out with WLS and G-APDs op/p = 18% for 1 GeV/c K|,
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Candidates
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Systematics struction efficiencies

- K reconstruction
Average flight distance in signal MC (truth-matched) * 1%

- 7° reconstruction
The uncertainty is evaluated as the difference of efficiency
ratio of £ =2 (= D= K'am)r ) jn MC & data

BY - D*( - DY - Ktz )n)nt

0 - 0 +o—N o\t 0 i ~0 + = O\ _—\ .+
B "> D (- D' (- Kz)n)r B > D (D (- K'nn)n)n
% 200 _ Belle Il (preliminary) e Daa % 450 _ Belle Il (preliminary) ® Data
Q) . O 400 F —— Total fit
180 E f L dt =346 1" Tota : f L dt =346 ol
pay - ceee 10 0 vy py 350 :_ sens B—D [=D [=K 7 z%x ]z +c.c.
g 160 [ BO%D*_[_)ZT[_)Kf_]” I ++C'C' g . ---+ B =D [=D[=K'pi n°)7 K" + c.c.
= 140 - ===t B'D [»D =K pilr]K" +c.c. - 30k BB background
O - ) - == === Background
O 1290 F © 250 F
n n 7)) C
% 100 | % 200 |
e 80 2 150
c 60 S 100 f
S 0 S :
20 F 50 F
ot et IR B ¥ 0 Eosesnsazog: e 1 e
-0.15 -0.1 -0.05 0 0.05 0.1 0.15 -0.15 -0.1 -0.05 0 0.05 0.1 0.15
AE [GeV] AE [GeV]

25


https://arxiv.org/abs/2008.03873

Systematics tal asymmetries A .,

- CP asymmetry correction with instrumental effects:
_ N(b) — N(b)
~ N(b) + N(b)

raw — ACP T Adet
- A 4. @SSessment:
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D’ -
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