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Charm lifetimes: why shall we bother?

Lifetime hierarchy of heavy-tfavored hadrons
crucial to constrain/validate predictions of

mixing and CP violation based on heavy quark FbS
expansion (HQE)

LHCb
Semileptonic

Recent LHCb measurements of lifetime
ratios break the hierarchy predicted by HQE  promp:

Early Belle || data provide unigue opportunity
for precision measurements of absolute

fetimes

Never measured at Belle/BaBar/[LHCb in
past 20 years due to systematic limitations
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The Belle Il experiment

Multipurpose detector optimized for the
study of the heavy flavored hadrons

Large ete-—cC cross-section provide low-
background event samples of charm decays

1.3M ccC events per 1 fbo—1

All recorded to tape (~100% trigger
efficiency with uniform decay-time
acceptance)
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The Belle Il experiment

Belle Il Online luminosity Exp: 7-26 - All runs
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The Belle Il experiment
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£ The analysis in a nutshell

Select high-purity samples of charm decays. Avoid any selection requirement
that biases the decay time

Get the decay-time from the displacement between the decay vertex and the
interaction region (and the charm momentum).

Fit the distribution of the decay time with accurate modeling of the resolution

Check, check and check... any systematic bias associated to the measurement

Look at lifetime value only at the end



Signal samples

- Large, clean samples limit background-related systematic uncertainties

- Use only low-track-multiplicity, large-BF decay modes

- Remov

production-vertex position
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Determination of the decay time

+ Calculate decay time (and its uncertainty) from charm hadron production A
and decay vertices, and from momentum

Production vertex constrained to ete- interaction region

- Momentum vector provides flight direction and helps
determination of the decay distance

decay \N

production vertex
(interaction region)

t=""(d"p)

TY), —
%

+Average decay distance ranges between 100 and 500 pm for the charm hadrons under study



SuperKEKB “nano beams”

Belle

SuperKEKB requires much smaller interaction region than
KEKB In order to reach design luminosity of 6x103°
cm-—2s-1

Nano-beams concept (P. Raimondi) realized with super- y‘g:
conducting final focus quadrupoles already achieved
world luminosity record of 4.7x1034 cm—2s-1

Belle I1I

1 jim | "

Belle [I's small luminous region dimensions (in transverse

plane) provide effective constraint on the production

vertex of charm hadrons - | |

Dimensions of luminous region at
. . . . : : Belle I are 10/0.2/250 pym (x/y/z)

Position and size of interaction region calibrated every compared to 100/1/6'000 um at
~1-2Nrs with e+e——>lu+'u— events Belle. Ultimately, y size expected to

be decreased to ~60 nm



HIgh-precision vertexing

Silicon vertex detector

2-layer pixel detector (PXD)

4-layer double-sided strip detector (SVD)

PXD

InNnermost

(x2 closer than in Belle)

- Very low material thickness (0.1% Xo/layer for
oerpendicular tracks)

Excellent hit position resolution
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Determination of the lifetime

Unbinned maximum-likelihood fit to the 2D distribution of decay time (t)
and decay-time uncertainty (o)

Candidates per 1 MeV/c?

Signal distribution is convolution of exponential with resolution function

Fixed from data (binned template)
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1E ¢ ' 1919
Signal region and SB are fit simultaneously with all shape parameters 3 J R
free; the background fraction is constrained to the result of the mass fit; ° : 10
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Contamination from =:—/\ctrr decays

- Contribution from =c.—/\ctrT decays could bias /¢t lifetime

Production rate of =¢ not know, =c° branching fraction

measured to be ~0.55%, =c* branching fraction expected to
be ~1.11%

Reduce possible contamination with veto and correct for
remaining

Require m(/\ct1) — m(/\ct) within 20 of expected value

- Conservative estimate of surviving contamination from fit to o= ) 2 T
/\c* impact parameter R = .

- iInteraction region

Nntroduce estimated contamination in simulation to evaluate
ifetime bias

- Take half the shift as correction and as systematic uncertainty

11
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Results

Candidates per 70 fs
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Results
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Systematic uncertainties

Source Uncertainty (fs)

(DY) (DY) T(AF) ()
Fit bias — — — 3.4
Resolution model 0.16 0.39 0.46 6.2
Background model 0.24 2.952 0.20 8.3
=. contamination — — 0.34 —
Detector alignment 0.72 1.70 0.46 1.6
Momentum scale 0.19 0.48 0.09 0.2
Input charm masses  0.01 0.03 0.01 0.2
Total systematic 0.80 3.10 0.77 11.0
Statistical 1.10 4.70 0.89 48.0

Systematic uncertainties for DO, D+ and Ac* lifetimes ~halved compared to
orevious best results. (2.0 measurement severely limited by statistical uncertainty

15



Syst. uncertainties due to resolution model

The resolution model is somewhat simplified
compared to what seen in simulation

For example, It ignores correlations between t and
ot, which are clearly visible also In data

This results In discrepancies between the fit model
and the data in the 2D (t,o0:) distribution

Fits to simulated decays used 1o assess the impact
on the measured lifetimes

Also tested single Gaussian vs. double-Gaussian
models
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Syst. uncertainties due to imperfect alignment

- A misalignment of the tracking detectors may

blas the determination of the decay length and Ar Y Az
hence of the lifetime Radial expansion Curl Telescope
Ar = Cyeqpe T rA(P = Cyeale T+ €0 AZ = Cyeqle T
r p \p\\‘ oo
+ 2 sources of uncertainties due to misalignment @‘r\\ \(‘5

Elliptical expansion Clamshell Skew
Ar = Cscate €08 (29) -1 | AQ = Cyeate €08 (@) | AZ = Cscate -cOS (@)

Uncertainty in alignment constants from limited
alignment sample size; estimated from day-to- @

Z. expansion

day variations between alignments in data Bowing
Ar = cyeate - |2 rAQ = Cycale " 2 AZ = Cscale "2
Uncertainty from residual misalignments not 4 —
corrected for by the alignment algorithm;
estimated from simulation of a misaligned
detector (9 different weak-mode deformations)




Syst. uncertainties due to imperfect alignment
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Syst. uncertainties due to background modeling

Neglected background In
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Checks, checks, checks...

Fit validates using fully-simulated events and pseudo-experiments sampled

from fit

PDF

Measurements repeated in subsamples of the data split according to

Different data taking periods

Charm hadron polar angle

Charm hadron azimuthal angle

Charm hadron momentum
On vs. off Y(4S) data

Charm vs. anticharm hadrons

Also measured DO lifetime with D*-tagged DO—K-rrtrr—rr+ decays (using

Sdme d

Simi

oproach as for DO—K-rr+)

ar precision as in K-rrt channel, but different kinematics, different

pbackgrounds and different resolution

Measured lifetime consistent with DO— K-+ result within 0.8c (stat. only)
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D° lifetime [fs]
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