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Introduction
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G. Casarosa, ICHEP 2020

• Accurate prediction of charm meson lifetime is 
challenging due to QCD contributions to the decay 
amplitudes and it is an important ingredient to many 
theoretical calculations as well as experimental 
measurements. 

• The      and       lifetimes rely on a single measurement 
made by FOCUS collaboration, two decades ago.    
(Not measured at Belle or BaBar)

• The lifetime measurement with early Belle II data will 
demonstrate the excellent vertexing capability of the 
Belle II detector which is essential for future analyses 
of decay-time-dependent effects.    

D0 D+



Belle II detector

• Second generation B-factory 
detector at SuperKEKB                
collider, aiming to collect 50  
times the Belle data.

• SuperKEKB: nano-beam 
scheme to achieve larger 
instantaneous luminosity.

• Improved vertexing w.r.t. 
Belle. (First layer of silicon 
pixel is close (1.4 cm) to 
interaction region, smaller 
Beam-spot)

e+e−
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EM Calorimeter

Central Drift Chamber

Vertex Detector 
2PXD+4SVD layers

Particle identification

~7 m

KLM detector

~7.5 mFor details: 
“Belle II: status and prospects”-T. Higuchi  

on 7 September 2021



Data sample 

• The measurements use 72/fb of data sample collected by 
the Belle II detector at or near            resonance.

• The      and       lifetimes are measured by reconstructing                                                         
.                                        and                                                            
decays.

• To suppress D mesons coming from B mesons, the 
momentum of         in C.M. frame is required to be      
greater than 2.5 (2.6) GeV/c for               . 

• ~171k      signal decay candidates in signal region with a 
background contamination ~0.2%.

• ~59k       signal decay candidates in signal region with a 
background contamination ~9%.
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Lifetime fit 

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

• The   and    are obtained from the flight length between 
decay vertex and the production vertex.

• Signal distribution for   is a convolution of exponential 
with resolution function (                 is fixed from data).

• This is the total PDF for      where sub-1% background is 
ignored (a systematic uncertainty is assigned).

• Resolution model (decided from decay-time pull): a double 
(single) Gaussian with common mean for       
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σtt

t

D0

PDFsig(σt)

t σt

t = mD

⃗l . ⃗p
p2

τ − lifetime
b − bias parameter
s − scaling parameter

D0 (D+) .

PDFsig(t, σt |τ, b, s) = PDFsig(t |σt, τ, b, s)PDFsig(σt) ∝ ∫
∞

0
e−ttrue/τR(t − ttrue |b, sσt)dttruePDFsig(σt)



Background components
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Figure 39: Distribution of D+
! K�⇡+⇡+ candidates in data, with three di↵erent fit

projections overlaid: (left) nominal model with signal described by the sum of two Gaus-
sian distributions and a Crystal-Ball function, all three with common mean; (center) first
alternative model in which the signal is described by the sum of two Gaussian distribu-
tions; (right) second alternative model in which the signal is described by the sum of
a Crystal-Ball and a Gaussian distribution. In all the background is modeled with an
exponential function. The vertical dashed lines indicate the signal region.

and shown in Figure 38. The shifts in the resulting D0 lifetimes with respect to the508

nominal fit, �0.040 ± 0.059 fs and �0.199 ± 0.068 fs, are within the assigned systematic509

uncertainty.510

The background contamination under the D+
! K�⇡+⇡+ peak is already accounted511

for in the nominal fit of the D+ lifetime using sideband data. Simulation shows that512

the selected m(K�⇡+⇡�) sidebands describe well the decay-time distribution of the back-513

ground in the signal region; however, poor consistency between data and simulation in514

the low-mass sideband could indicate that this may not hold for the data (Section 2), and515

may result in a systematic bias. To quantify the bias 1000 pseudoexperiments, each con-516

sisting of the same statistics and with signal-to-background proportions as the data, are517

generated and fit. In the generation, candidates populating the signal region are sampled518

from the fit PDF, following Section 4.1 with input lifetime of 1040 fs. Candidates from519

the sidebands are bootstrapped from the 0.5 ab�1 run-independent sample of simulated520

e+e� collisions to emulate sideband data that do not describe the background in the signal521

region. The absolute averaged di↵erence between the measured and generated lifetimes,522

1.47 ± 0.16 fs, is assigned as systematic uncertainty on the D+ lifetime due to possible523

inaccuracies in modeling the background in the signal region.524

In D+-lifetime fit the fraction of background decays in the signal region is constrained525

from a fit to the m(K�⇡+⇡�) distribution. The nominal m(K�⇡+⇡�) model consists of526

a sum of two Gaussian distributions and a Crystal-Ball function for the signal, and an527

exponential function for the background. The fit determines a background fraction of528

(8.777± 0.051)%. Changing the signal model to (1) a sum of two Gaussian distributions529

returns a fraction of (8.976 ± 0.011)%; changing it to (2) a sum of a Crystal-Ball and a530

45

• In       case, sidebands represent a good proxy of 
the background in signal region and hence the 
data sidebands are used to model the background 
in signal region.

• An empirical model is used for background in                    
(                  is fixed from data sideband):

     where      and      are lifetimes of the background. 

D+

PDFbkg(σt)

PDF(t, σt) = (1 − fb)PDFsig(t, σt) + fbPDFbkg(t, σt)

t

PDFbkg(t) = (1 − fbl)R(t |b, sσt) + fbl[ fbl1PDFbl1(t |σt, τb1, b, s) + (1 − fbl1)PDFbl2(t |σt, τb2, b, s)]

τb1 τb2

• Signal and sideband regions are fit simultaneously with all shape parameters but 
background fraction free.     is constrained to the result of the mass fit. fb



Results

• Lifetime fitter is tested using the simulated samples and 
the results are consistent with the generated lifetimes.

• Results are more precise than, and consistent with, the 
respective world-average values of 410.1±1.5 (1040±7) fs 
for              .

τ(D0) = 410.5 ± 1.1 fs

τ(D+) = 1030.5 ± 4.7 fs
D0 (D+)
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— Background
— Fit
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Systematic uncertainties 
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Source
Momentum scale 0.19 0.48

Input charm masses 0.01 0.03
Resolution Model 0.16 0.39

Backgrounds 0.24 2.52
Detector alignment 0.72 1.70

Total 0.8 3.1

D0 → K−π+ D+ → K−π+π+
Uncertainty (fs)

• Uncertainties in the scaling of momentum and relative error on the D meson masses 
are assigned as systematic uncertainties.

• Resolution Model: neglect a correlation between   and    in the nominal fit model. 

• The nominal model is fit to 1000 simulated samples of signal-only decays (the 
same size as data). Average absolute deviations of measured lifetimes from true 
value are assigned as systematic uncertainty.     

σtt



Systematic uncertainties 
• Backgrounds

1.                     : due to neglecting sub-1% background. 500 simulated samples of 
generic         collision (same statistics and S/B ratio as the data) fit with nominal 
model and average bias is assigned as systematics. 

2.                         : due to mismatch between data and simulation in the sidebands. 
Average bias returned from 1000 pseudo experiments mimic similar 
disagreement between signal and sidebands is assigned as systematic 
uncertainty.       

• Detector alignment: misalignment of tracking detectors may affect the decay-length 
determination and hence the lifetime. 

• Samples (same statistics as data) are simulated by introducing realistic 
misalignment effects. The difference in lifetime residual for a given misalignment 
configuration and that from a perfectly aligned sample is assigned as systematics.   
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D0 → K−π+

D+ → K−π+π+

e+e−



Conclusion

• We measured the      and       lifetimes based on 72/fb 
of data collected at Belle II:

• World’s best results of      and       lifetime, consistent 
with current world averages.

• Sub-1% accuracy establishes excellent performance 
of Belle II detector.

• Also estimated the lifetime ratio by considering 
correlations between uncertainties:

• The results are submitted to PRL (arXiv:2108.03216).
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τ(D0) = 410.5 ± 1.1(stat) ± 0.8(syst) fs

τ(D+) = 1030.5 ± 4.7(stat) ± 3.1(syst) fs

τ(D+)/τ(D0) = 2.510 ± 0.015

D0 D+

D0 D+

https://arxiv.org/abs/2108.03216
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