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Tau decays 

Search for NP

Tau neutrino mass 

High lumi. allows to have a large stat. of tau decays to 5 (or 7 ?)

Tau CC universality , Michel parameters

e vs  , even at very low energy 

Control sample of PID efficiency (easy with Z decays)

Tau as polarimeter

for Z decays to   , polarization and AFB(Pol) , which could be affected by Z’ somewhere 

BUT ALSO for a very important piece of the program at FCCee : the CP violation in Higgs 

decays

At FCCee , it is estimated a production of 1.7 ×1011 τ+τ−

Some example of tau physics
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Lepton +
2 photons

Lepton +
2 hadrons chargés

Rare tau decays , search for NP
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With the right detector, FCCee can do it much better
(more stat. and very clean environment …. ≥ 1 order of magnitude better) 

With 50%
It is very pessimistic

10 -11

BELLE-II

FCCee
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Rare decays

BELLE-II

BR(→ e+e)Take the example of
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For FCCee ?

→ e+e e/ PID for 3 close charged tracks !!
POSSIBLE solution 
• dE/dX ??
• Timing in calo@O(10ps) ??
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Systematics for BELLE-II measurement
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From  BELLE-II→ 
+
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For FCCee

But for FCCee , it is not obvious,
PID for 3 close tracks !!
(due to boost of the 3 prongs in tau decays @Z peak)

POSSIBLE solution : TRACKING in CALO (Verified in ALEPH real data)

→ 
+
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ULTRA GRANULAR CALORIMETER Manqi RUAN (LLR) *

* now at IHEP(Beijing)
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Not a dream !!!

PID high quality

SIMULATION
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SMBSM

SUSY

Any signal means NP

Another rare decays →
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Do we need a good ECAL energy  resolution for a good resolution in the mass (   )  ?
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NO
Do we need a good ECAL energy  resolution for a good resolution in the mass (   )  ?
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Z μμ ,  qq et H  +– ρ  π 

Dist.th.

with Beamst.

CP angle analyser 

CP+
CP–

δφ~π/(2√N)

CP violation, Higgs sector

A.Rougé 

s = 250 GeV and e+ e- → ZH → Z τ+τ ‒

1 slide on

Essential to distinguish the tau decays

versus

→

→
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Second item : Tau polarisation for EW measurements
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Jet mass 

< 0.2

Jet mass in  
0.2-1.1

Jet mass 

>1.1

 →  90.2 % 1.7 % 8.1 %

 →  1.7 % 87.3 % 7.4%

 → a1 0.6 % 7.4 % 92.0 %

τ± as a polarisation analyser

Full Simulation GEANT4
& Reconstruction with PFA

 Need to reconstruct photon(s) in dense environment…. Even at Z peak

Performances depends
strongly on 

ECAL granularity

Cluster energy cut at 200 MeV 

Is there photon(s) or not 

in the hemisphere ?



18

The comparison between ALEPH and L3 performances on EW measurements
is telling you what is important , 

S/N for low energy photon(s)        (efficiency versus fake photon rate)

Or 

ECAL Energy resolution 

Most of the case, It apply ALSO to flavour physics 

• To obtain this performance on the separation of tau decays , 
the efficiency to tag the presence of low energy photon(s) is ESSENTIAL  

• Asymmetry of polarisation could be largely improved (very low syst.). 

• A dedicated study must be performed for the syst. On polarisation itself
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Conclusion

• FCCee could do much better than BELLE-II or HL-LHC for many measurements

• The purity of the selected tau pairs is very high (nothing to do with BELLE-II or LHCb)

• FCCee can address rare decays as well as other aspects , like EW measurements (tau polar)

• The systematics are “probably” easier to control (vs BELLE or LHC)

• TAKE CARE of ECAL imaging performances (not to the stochastic term of energy resolution of ECAL)
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