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𝜏 lifetime: physics motivation

SM assuming LFU (/ℓ)=1 Uncertainty dominated by mass 

● important parameter in SM (e.g. measure 𝛼S QCD at 𝑚𝜏)
● test lepton flavor universality (LFU)

arXiv:2008.04665Another Belle IImeasurement 

https://arxiv.org/abs/2008.04665
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Previous measurements
World-best measurementτ𝜏 = (290.17 ± 0.53stat ± 0.33syst) fs

Previous measurements of τ lifetime in 𝑒+𝑒− → 𝜏+𝜏−
● Z-peak → LEP (DELPHI, L3, ALEPH, OPAL)
● Υ-peak → CLEO, Babar, Belle

PDG average:τ𝜏 = (290.3 ± 0.5) fs
PRL 112, 031801 (2014)

𝓛 = 711 fb−1
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Belle II and SuperKEKB
4 GeV , 3.6 A

7 GeV , 2.6 A

“nanobeam” collision scheme

Belle II → 2nd generation B factory

𝜏 factory: 
● 50 ab−1 → ~46×109 produced tau pairs 
● Clean environment
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Measurement strategyProper decay time distribution:
Need to reconstruct

● decay length ℓ𝜏 → production vertex + decay vertex
● momentum 𝑝𝜏 → neutrinos in final state production point (IP)

decay pointProper time resolution
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Measurement strategy
(1) decay vertex → reconstruct vertex for 3-prong 𝜏(2) estimate tau momentum    → use events where both 𝜏 decay with 1 neutrino(3) production vertex → intersection of     direction with plane 𝑦 = IPy

3-prong

With respect to Belle:
● exploit nanobeam scheme → use beam-spot constraint
● need just one 3-prong 𝜏 → higher statistics

Strategy at Belle II

hadrons
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𝑝𝜏 reconstructionWhen both 𝜏 decay to hadrons      ⟹  tau momentum can be found explicitlyGeneral solution in CM frame: N.B.: in general there are 2 distinct solutions!

1)  select events with discriminant Δ ≥ 02)  estimate     in CM as mean vector 3)  boost     to the laboratory frame
Angle between reconstructedand true 𝑝𝜏  in lab frame

=mean vectorΔ=discriminant
Strategy
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ℓ𝜏 reconstruction and IP constraint
3-prong vertexconstraint  on IPy

𝜒2-like minimization of a function 𝐹(ℓ𝜏, IPx, IPz) using: 
● Beam-spot constraints
● Relation between tau candidate displacement and production/decay vertexes: 

3-prong
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Event topologyStudy 1-prong×3-prong topology:  𝑒+𝑒− → 𝜏+𝜏−𝜏 → 𝜌𝜈   ×  𝜏 → 𝜋𝜋𝜋𝜈
● BR(𝜏 → 𝜌𝜈)≃25%

● Good signature (𝜌-peak)
● Need 𝜋0 reconstructionRoughly ×5 more events than in the channel analyzed by Belle (𝜏 → 𝜋𝜋𝜋𝜈 × 𝜏 → 𝜋𝜋𝜋𝜈) → already competitive at ~150 fb–1!

𝜏 → 𝜋𝜋𝜋𝜈
𝜏 → 𝜌𝜈

Simulation study on 200 fb–1 of MC
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Event selection
Use 200 fb-1 of MC

● Divide event into two hemispheres: 
➢ 3-prong side → 3 charged 𝜋
➢ 1-prong side → 1 charged 𝜋 + 1 𝜋0

● Total energy of additional photons: ∑𝐸𝛾 < 600 MeV
● 𝜌-peak: 0.5 GeV < 𝑀𝜌 < 1.3 GeV
● Reject possible kaons
● At least 1 hit in pixel detector for each 𝜋 on 3-prong side

𝜏 → 𝜌𝜈
𝜏 → 𝜋𝜋𝜋𝜈

11.7% 1.8%0.2%86.3%𝑁events ≃ 456 k 𝜏 pair events    background events
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Proper decay time reconstructionFind the minimum event per event → optimized value of ℓ𝜏, IPx and IPz

Reconstructed 𝑥 and 𝑧 IP coordinates 
Proper decay time distribution
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Proper time resolutionFor all tau pair events with MC-truth: → compute residual proper time on 3-prong sideΔt=trec– tgen Binned ML fit with 3 Gaussians: Compare to Belle resolution

Belle II → Factor ≃2 narrower
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Lifetime extraction

Resolution: Convolution:Remove ISR/FSR losses

Generated lifetime𝜏𝜏 = 290.57 fs
● Subtract u,d,s and c,b backgrounds
● Fit proper time distribution with convolution of resolution function and exponential distribution: 

1) Same statistical uncertainty of Belle (200 fb−1 vs 711 fb−1)2) 𝜏𝜏 presents ≃3 fs bias:
● ISR/FSR losses → 𝑝𝜏 overestimation → underestimate proper time

● intrinsic in the measurement → rescale final result from MC
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Conclusions and outlookWith respect to Belle:
● Use information on beam-spot region (nanobeam scheme)
● ×3.6 effective luminosity (711 fb−1 → 200 fb−1)

➢ Tight selection → gain “only” a factor ×1.4 in event yield (1615 events/fb−1 → 2280 events/fb−1) 
➢ Proper time resolution → ×2 narrowerCollected ≃80 fb-1 during 2020 ⟹ already competitive by end 2021Further studies to estimate systematics (not exhaustive): 1. Test dependence from resolution function in the fit2. Background parameterization3. Beam-spot position, ISR/FSR simulation4. Vertex detector alignment (dominant at Belle and Babar)



Thanks for your attention!
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LFU test with precise 𝜏-decay measurementsFrom the ratios between partial decay widths of leptons: 
Present values are:

Assuming LFU (𝑔𝜏/𝑔ℓ)=1

R = phase-space and radiative corrections
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W→ ℓ 𝜈 produced at W-resonance (LEP): 
2.6 σW→ ℓ 𝜈 from top-pair events (LHC): 

0.2 0.3 0.4 0.5
R(D)

0.2

0.25

0.3

0.35

0.4R
(D

*)

HFLAV average

Average of SM predictions

= 1.0 contours2χ∆

0.003±R(D) = 0.299 
0.005±R(D*) = 0.258 ) = 27%2χP(

σ3

LHCb15

LHCb18

Belle17

Belle19 Belle15

BaBar12

HFLAV
Spring 2019

𝜏 LFU in 𝑏 → 𝑐 transitions

Others 𝜏 LFU tests𝜏 LFU in W decay



10/01/2021 XXVII Cracow EPIPHANY Conference 19

Belle II detector
● general purpose spectrometer
● high hermeticity
● designed to deal with high background rate
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SuperKEKB luminosity
Nanobeam scheme → reduce “hourglass” effect

Lorentz factor

Beam aspect-ratioat the IP Vertical beta-fuction at IP
Geometricalreduction factor

Verticalbeam-beamtune shiftBeamcurrents
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ℓ𝜏 reconstruction and IP constraint3-prong side𝜏 → 𝜋𝜋𝜋𝜈3-prong vertexUse constraint  on IPy
decay point

production point
beam-spot constraintsMinimize 𝐹(ℓ𝜏, IPx, IPz)  →   ~𝜒2  with 2 d.o.f.



10/01/2021 XXVII Cracow EPIPHANY Conference 22

Dataset
● 200 fb–1 “generic”: 𝑒+𝑒− → 𝜏+𝜏−  ⟹   τ𝜏 = 87.11 μm = 290.57 fs

MC samples: MC run-indepedent, Υ(4S) energy
Particles: Tracks: 

● |𝑑𝑧| < 3 cm    𝑑𝑟 < 1 cm
● 𝐸ECL/𝑝 < 0.8π0→𝛾𝛾 : 
● 105 MeV < 𝑀𝛾𝛾 < 150 MeV “Good 𝛾” :

● 𝐸ECL > 200 MeV
● Not from a π0

𝜏 → 𝜋𝜋𝜋𝜈
𝜏 → 𝜌𝜈
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Event requirements
● 4 charged tracks (zero total charge)
● 1 reconstructed π0→𝛾𝛾  Divide in 2 hemispheres

3-prong side:3 charged tracks 1-prong side:1 charged track1 reconstructed π03-prong vertex:𝑃(𝜒2) > 0.001
𝜏 → 𝜋𝜋𝜋𝜈

𝜏 → 𝜌𝜈
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Event preselection
● 0.90 < Thrust < 0.99
● 4 GeV < 𝐸vis, cms < 10 GeV Reduce qq and beam backgrounds
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Optimized selection
Equivalent toMaximize 

1) ∑𝐸𝛾 < 600 MeV 2) 𝑝π0 > 250 MeV
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Optimized selection
Equivalent toMaximize 

3) 0.5 GeV < 𝑀inv(1-prong) < 1.3 GeV 4) 0.8 GeV < 𝑀inv(3-prong) < 1.6 GeV
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Optimized selection
Equivalent toMaximize 

5) kaon-ID < 0.95   for all tracks
Δ ≥ 0
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Proper decay time and IP reconstructionFind the minimum of event per event → optimized value of ℓ𝜏, IPx and IPz
Minimum of   𝐹(ℓ𝜏, IPx, IPz)
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Lifetime extraction (correct 𝑝𝜏)

Resolution: Convolution:

Look at the proper time reconstructed from the correct solution of tau momentum: Resolution: Convolution:

Remove ISR/FSR losses
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Lifetime extraction (correct 𝑝𝜏)The offset μ1 in the resolution depends on generated proper time → scale factor

ISR/FSR
Remove ISR/FSR

ISR/FSR → overestimate momentum 𝑝𝜏 ⟹ 
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Lifetime extraction (wrong 𝑝𝜏)Look at the proper time reconstructed from the wrong solution of tau momentum: Resolution: Convolution:

Resolution: Convolution:Remove ISR/FSR losses
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Background subtractionAll the non 𝜏𝜏 events (1.9%) are qq bkg: 
● q=u,d,s  quarks (1.7%) 

➢ no lifetime component
➢ fit proper time with resolution function
➢ find bias μ1uds=(0.3±1.0) fs  

● q=c,b  quarks (0.2%)
➢ possible long-lived particles (e.g. D0, D±, B±)
➢ include a decay time component (convolution of Gaussian and exponential)
➢ find τcb = (300±10) fs 


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32

