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» data-taking started in 2018
» three journal publications

» "Measurement of the integrated luminosity
of the Phase 2 data of the Belle Il
experiment” (2020 Chinese Phys. C 44
021001)

» "Search for an invisibly decaying Z’ boson
at Belle Ilin eTe™ — ptp~ (etpT) +
missing energy final states” (Phys. Rev.
Lett. 124, 141801 (2020))

» "Search for axion-like particles produced in
ete™ collisions at Belle II" (Phys. Rev.
Lett. 125, 161806 (2020))

» many performance studies + rediscovery analyses

> latest published analyses based on up to 72 fb~*
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https://iopscience.iop.org/article/10.1088/1674-1137/44/2/021001
https://iopscience.iop.org/article/10.1088/1674-1137/44/2/021001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.141801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.141801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.161806
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.161806

The Belle Il experiment

» asymmetric collision of ete™
> center-of-mass energy mostly at 7°(45) resonance
> 1(45)— BTB~ (~51.5%), 7(4S)— B°B° (~48.5%)

KL and muon detector

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

(end-caps , inner 2 barrel layers)

EM Calorimeter
Csl(Ti), waveform sampling electronics

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

electrons (7 GeV)

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

positrons (4 GeV)
Central Drift Chamber

Smaller cell size, long lever arm
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Belle Il

 New beam pipe SuperKEKB

& bellows

Add / modify RF systems
for higher beam current

Low emittance positrons
to inject

Damping ring ’ "
L/

Low emittance gun

Positron source

New positron target /
capture section

Low emittance electrons
toinject
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Duke
Benefits of Belle Il

et

e~ collisions very clean compared to pp collisions

low background environment allows reconstruction of final states containing photons from 7%, p*, 7
excellent flavor tagging

symmetric flavor production + (almost) no charged reconstruction asymmetry

low track multiplicity and detector occupancy = high reconstruction efficiency and very low trigger bias
good vertex resolution thanks to Lorentz boost of eTe™ system

delivered luminosity via Bhabha scattering = absolute branching fraction measurements

initial state perfectly known = analyses of missing mass

vV vV vy V. v Y vV VYY

production of large sample of charm mesons and 7 leptons as well
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Search for BT — K*vw decays using an inclusive tagging method at Belle |l

arXiv:2104.12624 (submitted to PRL)

» FCNC suppressed in standard model

) L W=
» |lower theoretical uncertainties in

b— svD than in b— sfT4~

u, et

(a) Penguin diagram

> challenge: two (undetectable) neutrinos in the final state

u, ¢, i

(b) Box diagram

> in the past: reconstruct second B-meson to constrain properties of signal B-meson
» here: use inclusive tagging method = four times higher signal reconstruction efficiency

> signal KT track with highest transverse momentum + > 1 hit in pixel detector + PID wrt 7

> remaining tracks and neutral clusters in calorimeter define rest of event = missing momentum
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https://arxiv.org/abs/2104.12624
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Search for BT — K*vw decays using an inclusive tagging method at Belle |l
arXiv:2104.12624 (submitted to PRL)
» train BDT using equal number of candidates of each of the seven dominant background sources
» other decays of charged and neutral B-mesons, u, d, s, and ¢ continuum, ete™ — 77~

> event shape variables like Fox-Wolfram moment R; (momentum imbalance in event) most discriminating
among 51 variables
» mismodelling of input variable distributions corrected via event weights, validated using off-resonance data

> fit in bins of pr (K1) and BDT output
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Study of B— D™h decays using 62.8 fb™" of Belle || data arxiv:2104.03628 Sl

» B~ — D°(— K27"n~)K~ most sensitive B— Dh mode to determine CKM angle ¢
» BDT to improve K2 purity
» continuum suppression via BDT % 150 F ot protiminary) & - D [ rop— E—
5 0 Lgconn pon snarced EI (e ion envinced
. . S teofd T M) PR -
> simultaneously fit B— Dh (h = 7,K) samples HE e low £
[T S S (R 8B background + + +
. . . ) . . E - qffbackground ﬂ m 4y
> fit AE distribution to extract signal yields o - 0 ST i
_ . 3 o
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» significant cross-feed contribution but energy resolution improved with respect to Belle
= higher sensitivity
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Measurement of the branching fractions of B— n' K decays Duke
using 2019/2020 Belle Il data arxiv:2104.06224
» rare charmless hadronic B decay mediated via hadronic penguin diagram
» possible to probe beyond standard model contributions with sin 23 measurement of B® — 5/ K2
> reconstruction via ' = n(— yy)n T~ and ' = p(— 7 T )y
» high candidate multiplicity resolved via best B vertex probability
» continuum suppression validated on off-resonance data
» unbinned maximum likelihood fit to beam-constrained mass M., energy difference AE, and BDT output

B(BT— fKt) = (63.4i§:§ (stat) + 3.2 (syst)) 1076 world average : (70.4 +2.5) - 10~

B(B°— n'K°) = (59.9;*?:2 (stat) £2.9 (syst)) -107° world average : (66 & 4) - 1076

Belle Il - Preliminar
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Results on the K7 puzzle

>
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significant difference between direct CP-violating asymmetries in B - K*7~ and BT — K+ x°

» large hadronic uncertainties

» isospin sum rule for B— K decays

B(K()ﬂ_())
B(K+n—)

B(K°7") Tgo
B(K+tn~) 15+

B(K*T7%) Tgo
B(K+n~) T+

Ikr = Apt e + Agont — 2A 5+ 0 —2A K00

> null test of SM (I, = 0) in the limit of isospin symmetry and no electroweak penguin contributions

» "First search for direct CP-violating asymmetry in B® — K°7° decays at Belle II” (arXiv:2104.14871)

» "Measurements of branching fractions and direct CP-violating asymmetries in BT — K*7% and # 7 x

0

decays using 2019 and 2020 Belle Il data” (arXiv:2105.04111)

» fit of energy difference AE and modified beam-constrained mass M.

» BDT with 39 variables to suppress continuum background validated with Bt — D°(— K*7~)xt

» BDT output optimized using S/v/S + B
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. . . Duke
Branching fractions and Acp in BT — K*7% and 77" decays arXiv:2105.04111 777

» BDT rejects 99.3 %(99.6 %) of background at signal efficiency of 54.6 %(44.0 %) for KT 7°(zn"7°)

» in events with multiple candidates kinematic-fit quality used to select best candidate

; 1 Ng- — N
i - B B+
7DJ (Mbc,AE) = *(1 —qi - -Araw) X R(MbC7AE) with -Araw = X~
2 Ng- + Np+
B B
> simultaneous fit for Bt - K+#° and B* — 7179 yields
» fraction of signal and cross-feed constrained from simulation
3 ol frascon e, E I R LA I TR
S b 1 oy ko 8 : . 1 oy ons g wf ) 1B gy b
% w0l . T backgroun 2 Z aF background 2 ~ q round
5ok s g g ®
L i " "
ATV, - +
20 10
' » ‘
D T T T ) E “ o5 e T e 055 TR PR
My, [GeVic?] M, [GeVic] AE [GeV]
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Branching fractions and Acp in BT — K*7% and 77" decays arXiv:2105.04111 777

Np+ s p+70 Np—h—70

€t 0 X R Xx(1—Aaw) X N5  €,—0XxRpp X (1+Aaw) xNg g5

Bp+_ p+0 =

> signal efficiency ¢, data-MC PID ratio Rpip, 35.8M BB pairs
B(BT — K'7% = [11.97]7) (stat) & 1.6 (syst)] - 10™° world average : (12.9 4 0.5) - 10°°
B(BT — 7 x®) = [5.5159 (stat) 4 0.7 (syst)] - 107° world average : (5.5 +0.4) - 107°
> largest systematic uncertainty from 7° reconstruction efficiency
> account for detection asymmetry of K¥ /7% Acp = Aaw — Ader
> A(K) = A(KT) — A(K? 7T) +A(KS) [ A(r ) A(KIm) — A(K?)
» determined with DT — K97 and D° — K+n~
Ag+r0 =—0.09 £ 0.09 (stat) £ 0.03 (syst)
A +0 =—0.04£0.17 (stat) £ 0.06 (syst)
> largest systematic uncertainty from detection asymmetry and background modeling
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Branching fraction of B®— K97 arxiv:2104.14871
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35 F

Belle Il (preliminary)
I Ldt =62.8 bt
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My double Gaussian + Argus distribution (phase-space driven continuum background model)

AFE: Crystal Ball model + linear function

two-dimensional kernel distribution to account for non-signal B decays (BT — K°p*, Bt — K**70)

B(B°— K°z°) = [8.57 ¢ (stat) £ 1.2 (syst)] - 107°

largest systematic uncertainty from 7

Frank Meier (Duke University)
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reconstruction efficiency
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world average : (9.9 £0.5) - 107°
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CP-violating asymmetry of BY — K%7% arxiv:2104.14871

» constrain signal-to-background fraction to results from initial yield fit
» extend fit to quark flavor ¢

Pag(q) = %(1 +q-(1—2w,)- (1 —2xa)Agoq0)

» xq = 0.1858 £ 0.0010 is time-integrated mixing parameter

» background assumed to be flavor-symmetric Belle II (Preliminary)
0.30

Iz = —0.11£0.13 Belle+BaBar+LHCb+Belle IT Winter 2021

0.25
=== Projected uncertainty without Belle IT

—— Projected uncertainty with Belle IT

Agozo = —0.40T048 (stat) & 0.04 (syst)

0.20
0.15

0.10

I sensitivity

> expect gain in signal efficiency and overall
sensitivity by relaxing continuum suppression
requirement and incorporate BDT output in fit

0.05

0.00

2021 2022 2026 2030
Year
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o Duke
CP-violating asymmetry of BY — K%7% arxiv:2104.14871

» constrain signal-to-background fraction to results from initial yield fit

» extend fit to quark flavor ¢

Pagla) = 5 (1+a- (1= 2,) - (1 - 2xa) Agoro)

» xqa = 0.1858 4+ 0.0010 is time-integrated mixing parameter
» background assumed to be flavor-symmetric

Belle IT (Preliminary)

0.5
0.46 & 06 /000,13 (World Average
Agomo = —0.407946 (stat) + 0.04 (syst) £ . om e
.g X —0.138 + 0.025 (Indirect, assuming I~ = 0)
g 04 = 05 0.40 £ 0.45 (Belle IT Winter 2021)
wn
> expect gain in signal efficiency and overall < 02
sensitivity by relaxing continuum suppression =

requirement and incorporate BDT output in fit 0.0

0.06 05 1 510 50
Integrated luminosity [ab~1]
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Projected data-taking at Belle |l
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Conclusion
» carly days of the experiment
» data set still small: results shown today based on 62.8 fb~*
» ~120 fb~! for summer publications
new analysis ideas like in BT — Ktvw
unique analysis opportunities like in B® — K°#°

systematic uncertainties dominated by statistical precision of control modes, e.g. = efficiency

vV v.v v

stay tuned for new results in the near future
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Prospects for charm physics
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Prospects for CPV measurements
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Prospects for electro-weak penguins
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Prospects for hadronic B physics measurements
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Prospects for lepton flavor violation measurements
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Prospects for semi-leptonic measurements
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