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The Belle Il detector

.h
.'

Pixel detector (PXD).

@ Silicon Vertex Detector (SVD).
o Central Drift Chamber (CDC). 4 =@l e
@ Calorimeter (ECL).

@ Aerogel Ring-Imaging
Cherenkov (ARICH).

@ Time-Of-Propagation (TOP)
counter.

@ K and i detection (KLM).
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Introduction

Introduction
o BO lifetime measurement using 2019 Belle Il data (£ = 8.7+0.2fb™ ).

@ Belle Il has a smaller boost compared to Belle, but a better impact
parameter resolution (factor ~ 1.5 — 2) thanks to the pixel detector.
° (ﬁ'Y)BelleH ~028<042~ (57)Belle-
e A good vertex separation is crucial for time-dependent studies.
o CP violation results will be presented by N. Rout [link].

o The Belle Il tracking allows for a measurement of the beamspot size:
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Measurement strategy

BC lifetime measurement strategy

e B° hadronic decays fully reconstructed.
@ Other B vertex from the remaining tracks in the event.

Rest of Events (ROE) T[+

@ B mesons nearly at rest in the 7°(4S) frame.
o Flight distance in the transverse plan neglected.

o At = c(Aﬂzwbi)O;::s)’ Azpoost = O(100 pm).

—(t1+t) 1 _lAg

oo x 1
pna-.-ve(At,TB):/ dtl/ dty e 75 d(ty—t—At)= e 75 .
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Measurement strategy

Reconstruction of the signal B°

o Hadronic final states used to reconstruct B% decays.

Decay Selection Criteria
B decays
BY - D—xt
0 -+
go j g*f’ﬂ Mye > 5.2 GeV/c? and —0.2 < AE < 0.2 GV
BY — D*pt
D decays
D*F — D%~ 0.143 < mp-+ — mpo < 0.147 GeV/c?
D™ — Kta— 7~ |m — mppg| < 0.015 GeV/c?
D — K—xt

D — K—ntz0
DY —» K- ntntn—

|m — mppg| < 0.015 GeV/c?

p decay
ot — a0 |m — mppg| < 0.10 GeV/c?
— *2 *2 . — Cx *
© My = /ESS — Pgo AE = Ego — Egean

Cyrille Praz

B lifetime at Belle |l 30.07.2020

7/15



Model for the total probability density

pall(At) = nSigpsig(Atv TBO) + nbEPbB(Atv Teﬁ) + Ncont Peont (At)

@ Contributions:

|At]

e Basic At density — puaive(At,78) = ﬁ e "8 .
o Resolution density — R(dar) = sum of 3 Gaussian densities.

o Signal density — py,(At, 7o) = (Pnaive(:, 780) * R) (At).

o B background density — p,-(At, Teg) = (Pnaive(, Tet) * R) (At).

e Continuum density — p.,«(At) = sum of 3 Gaussian densities.
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Extraction of yields

@ 2D extended maximum likelihood fit to the unbinned M. and AE.

o Extraction of ngig, N and neons.

[arxiv: 2005.07507]
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Fit strategy

Continuum shape

o Fit to At of the sideband in simulation (left) and data (right).
e Extraction of the continuum shape parameters.

o {fin3, S23, Au} from simulation, {1, o1} from data.

Peont (At) = A G(AL; p1,01)+HG(AL p1+Ap, o Xo1)+(1— L —H)G(AL; p1, o Xs3xo1) (1)

[arxiv: 2005.07507]
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Fit strategy

Resolution function shape

o Fit to At residual for the signal contribution of the simulated sample.

e Extraction of the resolution parameters.

1200 peyte 1 2019, simulation

800

600

400

Candidates / ( 0.1 ps)

200

1000 |

fL dt=100 b

S0
At - Aty [ps]
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e After this step, T.g can be fixed from bb simulated events.
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Systematic studies

Systematic studies

@ Systematic uncertainty sources considered:

o Fit parametrisation.

@ Reproduce fit on 10k simulated bootstrap samples — o = 0.05 ps.

o Check what happens when 7.g is left free — o = 0.01 ps.

o Calibration and alignment constants in data.

o Reproduce study on a data subsample with different constants
— 0 = 0.03 ps.
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Final result

o Fit to At for all B® — D™*)h of the selected decay candidates.

o 3 free Parameter53 TBo, H1,resolution and O01,resolution -

o Tgo = 1.48 £+ 0.28 (stat) £ 0.06 (syst) ps.

o Reduced x? = 0.83.
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Conclusion

Conclusion

o BO lifetime was measured using 2019 Belle Il data (£ =8.7+0.2fb™!).

o 7go = 1.48 4 0.28 (stat) £ 0.06 (syst) ps.

Good agreement with world average (7g0 = 1.519 + 0.004 ps).

Assess the accuracy of vertex fitting tools, time resolution modeling
and detector alignment.

Conference note available online: [arxiv: 2005.07507].

o See also DO lifetime study in G. Casarosa's talk [link].

o Larger data sample, time resolution x2 better than Belle and BaBar.
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Questions

Thank you for your attention.
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Details on fit parameters

o Fit 1: My and AE.

o Fit 2: At of the sideband events.
o Fit 3: At residual.

e Final fit: At of the signal region.

R(6ar) = 1G(ar; p1,01)+HLG(0Ar; 1 +Ap, 2 X 01)+(1—A—£H)G(0ar; 1,52 X s3 X 01) (2)

i ; Fit parameter value
it parameter value S5 V] —
sgn fit region (1.22£0.04) x 10° fAucom [Gev/c? ] gfggi io %;)126
nyg fit region (1.29 +0.07) x 10° . lcont . -
Neont fit region (1.14 + 0.06) x 103 Fit 2 | facont 0.357 +0.017
Fit 1 - S2cont 2.88 + 0.096
nsgn signal region  (1.10 £ 0.04) x 10° S3cont 3.02+0.11
n,5 signal region 270 +32 Apres [GeV/c? ] —0.360 £ 0.031
Neont signal region 140 £21 ires 0.561 4+ 0.016
Firg | facon [Pl 0021 :+0.021 Fores 0.336 % 0.014
T1cont [PS] 0.429 4 0.015 Fit3 | oo .84+ 0.079
Hres [ps] —0.03 £ 0.06
Final fit | o1res [ps] 0.56 +0.18 S3res 2.99+0.13
g0 [ps] 1.48 4 0.28
Teft [PS) 1.314+0.03
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