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Kraków, 

• A. Lusiani, “LFV and LFU in tau decays”, 
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• Heaviest known lepton in SM!

• Test of lepton universality

• Only lepton that can decay hadronically

• Test of lepton universality:

• Probing Lepton Flavour Violation

• 𝜏 lifetime measurements.

Why 𝜏 are interesting?
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• FCC will accumulate 𝑁𝑧 = 2 1012 𝑍 decays!
• DELPHI measurement of 𝜏𝜏 was done
using 𝑁𝑧 𝐷𝐸𝐿𝑃𝐻𝐼 = 5.7𝑥 106 𝑍 decays. 

• There are 2 canonical signatures of 𝜏 pairs:
1-3 prong and 3-3 prong topologies.
• DELPHI used both of them, while Belle used 3-3 

only.
• 𝜎𝑠𝑡𝑎𝑡(𝜏𝜏 𝐷𝐸𝐿𝑃𝐻𝐼 = 2.4 𝑓𝑠

FCC – a 𝜏 factory!
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FCCee performance
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Lifetime of 𝜏 lepton
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• Let's calculate the statistical uncertainty from DELPHI under 3-3 prong hypothesis: 

𝑁1−3 = 15427 𝑁3−3 = 2101

• The impact parameter resolution: < 𝑑0 > = 70𝜇𝑚, while the resolution: σ < 𝑑0 > = 42𝜇𝑚

Consistent with DELPHI tracking+beamspot resolution 

• Assuming the resolution in FCC σ < 𝑑0 >≪ 42𝜇𝑚 we can scale down the stat. error:



Lifetime of 𝜏 lepton – systematics…

7Marcin Chrzaszcz (IFJ PAN)12 June / FCC Week 2024

• Luminosity correlated systematics:
• Background subtraction
• Reconstruction bias
• Vertex alignment.

Calibration of simulation with data events

Prompt decays

Data events

• Luminosity unrelated systematics:
• Detector length scale
• Average 𝜏 energy
• Radiative energy loss
• 𝜏 mass

In LEP 100ppm. No data can tell us about the overall size of the 

detector. Use interferometry to achieve 1 𝜇𝑚 over a meter

doi: 10.23919/MIPRO55190.2022.9803636

Overall possible to reduce this to 5ppm @ FCCee.

• The beam energy @ FCCee we will know with 1ppm precision. 
• 𝐸𝑟𝑎𝑑 is estimated with MC simulation. @LEP 350 ppm. FCC assuming x30 improvement to reach 11.5 ppm
• 𝑚𝜏 is measured by external experiments. Currently 68 ppm. Belle II will reach 50 ppm. Tau-charm factory: 9 ppm.



Lifetime of 𝜏 lepton – systematics…
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Theory

Detector

External Experiment

Accelerator



Search for  𝜏 → 𝜇 𝛾 decay
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𝜏 mass measurement

• BelleII statistical uncertainty is 45ppm with 190 𝑓𝑏−1 corresponding to 175M 𝜏 pairs.

• FCC-ee statistical uncertainty with 8 1012 Z, 2.7 · 1011 𝜏 pairs would be 1.1ppm!!!

• Neglecting surely better FCC-ee efficiency

• Belle II dominant systematics expected very reduced at FCC-ee.

• Beam energy (1ppm @ FCC-ee)

• Track momentum scale (2ppm calibration may be possible at FCC-ee with 𝐽/𝜓 )

• Alignment systematics can be expected to scale with statistics.

• Limiting systematics from empirical fit function 0.05MeV or 28ppm.

• May expect to reduce this limiting systematic uncertainty to ½ of 14ppm @ FCC-ee

• Guestimate FCC-ee tau mass precision at 14ppm

• Baseline performance is adequate, no gain expected from improvements!!
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𝜏 → 𝑙𝜈𝜈 leptonic branching fraction

• ALEPH 2006 measurement precision: 4400ppm=[4000(stat.)+1900(syst.)]ppm (average of the two similar electron 

and muon decays branching fractions)

• Complex simultaneous measurement of 12 𝜏 branching fractions

• Many systematic uncertainties, nonreliable extrapolations to FCC-ee statistics

• Several systematics related to photon and 𝜋0 → 𝛾𝛾 reconstruction

• FCC-ee extrapolated statistical precision: 4.5ppm

• Systematic: 190ppm
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Lepton universality



LFV in 𝜏 decays
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Credit to R. Bernstein



Search for  𝜏 → 𝜇 𝛾 decay
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• Detector resolutions better or equal to parameters in 

M.Dam simulation

• photon energy resolution:
𝜎𝐸(𝛾)

𝐸(𝛾)
≤
15%

𝐸 𝛾
+ 1%

• Photon x,y position:
𝜎(𝑥, 𝑦 𝛾 )

𝑥, 𝑦 𝛾
≤

6

𝐸 𝛾
+ 2%



Conclusions

1 Lorem Ipsum Dolor Sit amet
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• FCCee will provide huge samples of heavy flavour particles and very favorable experimental conditions to perform 𝜏
Physics measurements

• Detector improvements:

Sufficient to perform most interesting 𝜏 measurements! 
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Thank you 
for your attention.

1

7


