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dependent CP violation and charm
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e Measurements of SiN2¢1 |
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interference with non-sSM amplitudes

» Clean theory prediction, only few %
deviation from tree-level b—scC

» Many final states with neutrals, deal at

Selle |l

e Rich program of charm-hadron litetime

measurements (D9, D+, A+, QL, D)

» Test of non-perturbative QCD (e.qg. lifetime

hierarchy)

to ete- collider
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» Probing albsolute litetimes with decay-time
iNndependent selection efficiency, unigue
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Belle || at SuperKEKB

e Asymmetric ete- collisions at the SuperKEKB
accelerator complex in Japan

» Achieved world's highest instantaneous
luminosity (4. /x1034 cm-2s-1)

» Collected 362 fo ! at the Y(4S) iIn 2019-22,

corresponding to 38/M BB pairs o colision
» Additional 42.3 b1 off-resonance T

PN 10°F '\ Bellen, 10 fb~! -
e Amost brand new detector, especially important i ¢\ Bellel, 10 1

for time-dependent measurements 10
Belle 3
» X2 better Impact parameter resolution wrt Belle
(radial/longitudinal =10/15 um), thanks to pixe 10}
detector closer to interaction region BABAR
» Efficient neutrals reconstruction (0, Ks) anc PN/
charged K/t separation L

t [ps]
Michele Veronesi | Lepton Photon 2023 t<O: detector resolution



Charm baryon lifetimes |

e Neasurement of apsolute lifetimes
» Callbration of the position of the

interaction region (~250 pm |

>
N

» Distance between e+e-

iNnteraction point and decay

vertex (~100 um)

e Recent results on charmed baryons
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measurement of

the /\¢t lifetime (better than WA)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.071802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.L031103

Precise

Ds* lifetime

e Reconstructing 116k Dst— @11t decays, using

~Nhalt of Belle || dataset

» Secondary Ds* from
rejected with reguirement on momentu

» Backgrou

S decays efficient

Na decay-time PDF modeled

Yy
m

WIth

events from the upper Dst mass sidepand

Dst lifetime measurement (

as precise as world average)

» Leading systematic uncertainties from

esolution

function and residual misalig
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https://arxiv.org/abs/2306.00365

Charm flavor tagger

Phys. Rev. D 107, 1120710
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e Novel flavor-tagging algorithm recovering DY candidates not tagged by traditiona
approach of reconstructing the D*+—Dort+ decay chain

e xploiting charm palr production and charge correlation between signal D flavor
and the tracks Iin the rest of the event

o [ffective tagging efficiency calibrated in data with flavor-specific decays, roughly
= 47.91+£0.07 (stat) £0.57 (syst) %

Michele Veronesi | Lepton Photon 2023


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.112010

Proper-time difference

_O |
Beam spot constraint b D™ Tag-side

6—|At|/TB()

P(At,q) = {14 q[Ssin(AmaAt) + Acos(BmaAt)] }, g =+1(Bly), —1(Biag)

47’30

e \easuring the time difference At of conerently produced BB pairs
from the decay of a Y(4S), boosted along z

e |mproved Az resolution from pixel detector, In spite of lower Poost

» Belle: By=0.43, Az=200um —> Belle II: By=0.29, Az=130um

e nhanced At resolution from the beam spot profile In combination
with the new nano-beam scheme

Pixel detector radius = 1.4 cm
Michele Veronesi | Lepton Photon 2023 /



B— OKs

e Sensitive 1o effective value of
N oenguin transitions

» =xperimentally clean with good At
resolution from 2 prompt tracks

» Main challenge: dilution from non-
r'esonant decays with opposite CP

e Quasi-two body analysis of resonant
3_’CI)|’<S decays

» Non-resonant B2 KHK-Ks
disentangled in cosBr

» Effect of NEQ ecting Interference
estimated with inputs from previous
Dalitz measurement |[PRD 82,
0/3011]

Michele Veronesi | Lepton Photon 2023
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.073011
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B KsKsKs

e Same underlying quark transition as

opposite-CP backgrounds

B— OKs, W/0 contributions from

e \ain challenge: no prompt tracks
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B— KsrV

e Sensitive 1o eff

N b—sdd anc

active value of sin2¢+
imiting the precision

of the Isospin sum-rule In B—hh

(see Xlaodong's talk)

e Regulres excellent capabllities with
neutrals, unigue to Belle |l

» Ks reconstruction & vertexing

» High purity & efficient 10 selection

¢ \/aldated on B—=J/PKs events
reconstructed w/o J/ vertex

e Competitive with wo

UsSINg much less luminosity

Michele Veronesi | Lepton Photon 2023

d’'s best results

arxiv:2305.07/555
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https://indico.cern.ch/event/1114856/contributions/5423682/
https://arxiv.org/abs/2305.07555

Summary

e Continuing effort in charm physics

» World's leading measurements of
charm-hadron litetimes

» EXPAa
NOVE

e Severa

» £SSEe
ONyS

Nding effective dataset size with

CP violation with penguins

tagging algoritnms

new results on time-dependent

ntial to probe generic BSM

ICS IN l00pPS

» Precision on several opbservaples
already on par with world’'s best ano

MOST

vy unigue to Belle |
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.211801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.071802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.L031103
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TABLE 1. Systematic uncertainties on the A/ lifetime. TABLE I. Systematic uncertainties.
Source Uncertainty (fs) Source Uncertainty (fs)
=. contamination 0.34 Fit bias 3.4
Resolution model 0.46 gesilutlon dmodzll gg
Non-=,. backgrounds 0.20 ACRSTOUNT MOTe '
D I 0.46 Detector alignment 1.6
EUZCILOIT Al TSIl ‘ Momentum scale 0.2
Momentum scale 0.09 Input Q° mass 0.2
Total 0.77 Total 11.0
DS+ — CI)T[JF

Source Uncertainty (fs)

Resolution function +0.85

Background (¢, 0;) distribution +0.40

Binning of o, histogram PDF +0.10

Imperfect detector alignment +0.56

Sample purity +0.09

Momentum scale factor +0.28

D7 mass 10.02

Total T or6

TABLE I. Summary of systematic uncertainties.
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Experiment N(BB) —NSh—sq7s Chsqgs
PK"
BABAR 262]  470M 0.66 & 0.17 4 0.07 0.05 4 0.18 + 0.05
Belle 261]  657M 0.90 0% —0.04 £ 0.20 4 0.10 £ 0.02
Belle Il (362M BB pairs) 0.54 + 0.261)0° —0.31 £0.20 = 0.05
KK K
BABAR 383]  468M 0.94 T3, +0.06 —0.17 £ 0.18 £ 0.04
Belle 384]  722M 0.71 £ 0.23 4 0.05 —0.12 4 0.16 + 0.05
Belle | (362M BB pairs) —1.371)22 £0.03 —0.07+022 £ 0.02
WOKO
BABAR 381]  467M 0.55 & 0.20 % 0.03 0.13 4 0.13 + 0.03
Belle :378: 607M 0.67 £ 0.31 = 0.08 —0.14 +0.13 = 0.06
Belle Il (362M BB pairs) 0.74%-29 + 0.04 —0.041)12 +0.05
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Source 0A 05
Flavor tagging 0.013 0.011
Resolution function 0.014 0.022
BB background asymmetry 0.030 0.018
qq background asymmetry 0.028 < 0.001
Signal modeling 0.004 0.003
Background modeling 0.006 0.018
Fit bias 0.005 0.011
Best candidate selection 0.005 0.010
Tpo and Amy < 0.001 < 0.001
Tag-side interference 0.006 0.011
VXD misalignment 0.004 0.005
Total 0.047 0.040

arxiv:2305.07/555
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https://arxiv.org/abs/2305.07555
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https://arxiv.org/abs/2307.02802
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Signal probability 0.014 0.008
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Background At shape 0.004 0.002
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