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= Introduction

@ Searches for BSM physics often rely on accurate theory descriptions
of strong interactions at low energy

e typically achieved using effective models like Heavy Quark Expansion
@ Charm hadrons in particular provide excellent tests

e charm quark mass is much less than that of beauty quark
o higher order corrections and spectator effects more significant

o Lifetime measurements are an essential test of non-perturbative QCD
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Charmed hadron lifetimes: experimental status

e D% and Dt dominated by
e FOCUS: photon beam experiment
o SELEX: hyperon beam experiment
o CLEO: the only ete™ measurements
@ Charmed baryons dominated by LHCb
— all relative measurements with respect to D™
Tar = 203.5 £ 1.0(stat) + 1.3(syst) = 1.4(7p+) fs PRD 100 (2019) 032001

@ Belle Il can make absolute measurements
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Charmed baryon lifetime hierarchy

@ Hierarchy was long believed to be:

T(QQ) < 7(E) <7(N) <7 T
PDG %N =
@ In 2018 and 2021 LHCb measured Q2 e
lifetime to be nearly four times larger 201519 ] _ ¥ [
than previously measured LHCo Prompt | |
(2021) LHCb comb.
@ This changed the hierarchy to be:

T T T T
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lifetime [fs]

7(22) < 7(Af) < 7(Q2) < 7(=)

@ Belle Il can measure these lifetimes and hopefully confirm
(or disprove) LHCb findings
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Belle |l experiment: 2nd generation “Super B Factory”

Kt and muon detector:

Resistive Plate Counter (barrel outer layers)

New final focus Scintillator + WLSF + MPPC (end-caps, inner 2 barrel)

EM Calorimeter:
Csl(Tl), waveform s:

Beryllium beam pipe:
2 cm diameter

M e

2 layers DEPFET + 4@SSDS Readout (TRG, DAQ):
Max: 30kHz L1 trigger
=100% efficient for hadronic evts

Central Drift Chamber: 1MB (PXD) + 100kB per evt

He(509%):C2Hs(50%), Small cells, (IR O

long lever arm, fast electronics Offline computing:
Distributed over the world via
the GRID

New positron
damping ring

Animation © KEK

Belle Il detector

SuperKEKB accelerator
@ upgraded KEKB
@ target luminosity: 30 x KEKB

@ general purpose spectrometer

@ vertexing, tracking, neutral’s
detection, PID
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SuperKEKB accelerator

e Asymmetric eTe™ collider running at or near T(45)
e cC production cross-section similar to BB (1 nb vs. 1.2 nb)
e selection of charmed hadrons from prompt production by a simple
kinematic cut: pMS > 2.5 GeV/c
@ High instantaneous luminosity via the nano-beam optics
o 20x smaller beam spot compared to KEKB
o small beam size better constrains event kinematics
e improves flight time resolution

Belle Il Online luminosity Exp: 7-26 - All runs
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Belle Il vertex detector

@ Vertex detector
o 2 DEPFET layers + 4 layers of DSSD
— second DEPFET layer be completely installed in 2023
e smaller inner radius, larger outer radius compared to Belle
— two-times better vertex resolution
— improved efficiency for slow pions and Ks
— more robust tracking against beam background

@ Precise alignment crucial for precision lifetime measurements
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D o .
Proper decay time reconstruction

DP proper decay time distribution
- comparison with Belle and BaBar

T ™

]
Bellell

D0 —K-a+ |

V p« production vertex

P BABAR. ™

Proper decay time calculated from h
distance between production and :
decay vertices projected to the DO decay time [ps]

momentum vector of reconstructed i . )
— much improved time resolution at Belle Il

charmed hadron
(thanks to 2x better vtx resol., 20x smaller BS)
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Lifetime fit

o Lifetime measured from unbinned ML fit to the (t, o) distribution

e simultaneous fit to signal and invariant mass sidebands
e background fraction constrained from fit to invariant mass distribution

e Probability density function (PDF)

f(t,of) = p/e_t//TR(t —t' — b;s0¢)dt'S(o+) + (1 — p)B(t, o)

p is signal fraction

R(t, o) resolution function, single or double Gaussian
o b bias parameter (free in the fit)
@ s scaling parameter (free in the fit)

S(o:) PDF of oy, histogram template derived from data

B(t, o) background PDF, shape determined by fitting sidebands
o zero-lifetime and two exponentials, all convoluted with a Gaussian

resolution function with free mean and width corresponding to so
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D% and D lifetime measurements

Neutral D meson PRL 127 211801 (2021)
@ Reconstructed in D*t — DOz, 10* ILI;tdzle;Zlfb’li A
D® — K~ [\ St

. . D'~
@ Binned least square fit i

e Signal yield: 171k
e Background: 0.2%

Candidates per 1 MeVi/c?
—

Charged D meson

10° E
@ Reconstructed in D*t — D79, i "
Dt — K—rntnt 0wE . S
i . 1.75 1.8 1.85 1.3 1.95 2
@ Binned least square fit Mass [GeV/c’]
e Signal yield: 59k vertical lines indicate signal and

o Background: 9%

sideband regions
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D% and D lifetime measurements

Lifetime fit

@ Neutral D meson

e Resolution function: double Gaussian
e Background neglected

— systematics assigned

@ Charged D meson

e Resolution function: Gaussian
e Background: zero-lifetime + two
non-zero lifetime components

Systematics

Candidates per 70 fs

Source (D) [fs] T(D7) [fs]
Resolution model 0.16 0.39
Backgrounds 0.24 2.52
Detector alignment — 0.72 1.70
Momentum scale 0.19 0.48
Total 0.80 3.10
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D o "
D% and D lifetime measurements
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D o n
A} lifetime measurement

@ Relatively clean sample of AT — pK— 7t

e Signal yield: 116k
e Background: 7.5%

o Potential bias due to =¥/ — AT7—/0

e not accounted in previous A, lifetime

measurements (negligible)
e additional systematics assigned
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D o n
A} lifetime measurement

220 ——————————————
; .% Updated for FPCP,
E = supersedes Moriond results
S210 :
< Lg
200 | ] 1
. g
Preliminary result g
190
7(AF) = 203.20 + 0.89¢a1 + 0.775ys; fs
180 8 ]
19}
PR P AR B
@ World's best measurement ts 2000 2010 2020
. . . Year
@ consistent with previous measurements
Source Uncertainty [fs|
=, contamination 0.34
Resolution model 0.46
Backgrounds 0.20
Detector alignment 0.46
Momentum scale 0.09
Total 0.77

— to be submitted to PRL
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= Conclusions

@ Major upgrade done at KEK for the next generation B-factory
e Many detector components and electronics replaced, software and
analysis tools also improved
e Rich physics program, complementary to existing experiments
@ First high-precision results are here:
e World's best D meson lifetimes
o World's best A, lifetime
@ Nearly 1% of target integrated luminosity collected so far - much
more to come
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Backup: =, contamination

o Potentially problematic backg. from =0 — At7~ and =f — Al #°
@ not accounted in previous A, lifetime measurements

decay BR T
=0 > Afn~ [ 055 +0.20 % (LHCb) 153 £6 fs
= AP0 | 111 % (theory pred.) 456 £ 5 fs

@ Reduce background with veto and correct for remaining
o require M(=.) — M(A.) within 20 of nominal mass difference
@ use conservative upper estimate for production yields determined from
fit to impact parameter of AT
e mix signal events with generic MC to test potential remaining bias
o take half the shift as correction and half as systematic uncertainty
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