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Simulation 
• Pythia -> Delphes (IDEA card)

• Since vertexing plays a significant role here:
• Using to fit the 3𝜋 vertex 

• https://github.com/delphes/delphes/blob/master/external/TrackCovariance/VertexFit.cc

• Takes the track parameters (𝑑0, 𝜙, 𝑐, 𝑧0, cot 𝜃) and output vertex + cov matrix 

• Track parameters is based on IDEA card:
https://github.com/delphes/delphes/blob/master/cards/delphes_card_IDEA.tcl

https://github.com/delphes/delphes/blob/master/external/TrackCovariance/VertexFit.cc
https://github.com/delphes/delphes/blob/master/cards/delphes_card_IDEA.tcl


Two Methods of 𝑞2 Reconstruction 

(Reconstructing 𝑞2 is the same as saying reconstructing 𝑝𝜏Sig)

Method 1: Analytic Solution (More naïve solution with assumptions)

Method 2: 𝜒2 Solution (More realistic)



Analytic Solution (Just approximation) 

• 𝑍 2-body decay. So 𝐸𝜏 = 𝑚𝑍/2

• Ԧ𝑝𝜏Tag ∥ Ԧ𝑥𝐷𝑉 (PV=(0,0,0) + perfect DV vertex)

• 𝜏Sig and 𝜏Tag decay back-to-back (no ISR)

• Ԧ𝑝𝜏Sig =
𝑚𝑍
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𝜒2 Method 

Still not yet include ISR effect



Example: 𝜏 → 𝜇𝜈𝜈 reconstruction 

Subtlety: Not all 𝜒2 fit converged 



Cut Flow 
Channel Found final states 𝒙𝐃𝐕 > 𝟎. 𝟐𝟓 mm 𝒑𝑻 𝝁 > 𝟑 GeV

𝜏 → 𝜇𝜈𝜈 0.96 0.87 0.83

𝜏 → 𝜇𝑎(1) 0.98 0.87 0.81

𝜏 → 𝜇𝑎(0.1) 0.97 0.90 0.90

𝜏 → 𝜇𝑎(0.01) 0.97 0.89 0.92

𝜏 → 𝜇𝜈𝜈 Reconstruction
Before and After cuts



(subtlety: 
If 𝜒2 solution is not converged,
Then use analytic solution)



Preliminary Limit 



Comparison 

Translate to Br 𝜏 → 𝜇a ∼ 𝑂(10−4)

Our Br 𝜏 → 𝜇a ∼ 𝑂(10−5)

Translate to Br 𝜏 → 𝜇a ∼ 𝑂(10−3)



Preliminary Result 
(based on Lorenzo’s paper: 2212.02818)

•𝑍 → 𝜏 3𝜋𝜈 𝜏 ℓ𝜈𝜈 𝑎

•Use BDT, and add Track / Chi2 info. 





Backups



Relative uncertainty matters 
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Chi2 info. 

• Only ~20% of the 𝑍 → 𝜏𝜏𝑎 events give “satisfactory” 𝑞2 from 𝜒2 fit. 



Kin. + Track info to train BDT



Later

•𝑍 → 𝜏 3𝜋𝜈 𝜏 ℓ𝜈𝜈 𝑎: 
• Fit a straight line with 𝜒2 (connecting DV, PV, track)

•𝑍 → 𝜏 3𝜋𝜈 𝜏 3𝜋𝜈 𝑎: 
• Fit a straight line with 𝜒2 (connecting 2 DV, PV)



𝑍 → 𝜏 3𝜋𝜈 𝜏 ℓ𝜈𝜈 𝑎 BDT features 
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