
τ → l + α(invisible)
Petar Rados, Armine Rostomyan, Francesco Tenchini (DESY)


Eduard De La Cruz, Alejandro De Yta, Ivan Heredia, Marcela García

(Cinvestav)


Thomas Kraetzschmar (MPP)



kraetzsc@mpp.mpg.de

Motivation
• The Standard Model is incomplete:


• Small -masses?


• Fermion/ -hierarchy?


• -mixing angles?


• Weak strong CP phase?


• Dark Matter


 Motivation to look for a new Boson: 

ν

ν

ν

→ τ → lα
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3rd Generation Lepton 

Mass:  
Lifetime:  

Properties 
Hadronic Decays 

Probe QCD 
CP violation 

Bigger coupling to New  
Physics? 

Lepton Flavour Violation 
…

τ

1776 ± 0.12 MeV
290.3 ± 0.5 fs
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Lepton Flavour Violation
• Observation would be a direct sign of 

new Physics


• We expect LFV in many Beyond the 
Standard Model (BSM) models


• For Tau LFV decays are categorised as 
“golden modes” in Belle II 
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FIG. 5: LFV UL (90% C.L.) results from CLEO, BaBar and Belle, and extrapolations for
Belle II (50 ab�1) and LHCb updgrade (50 fb�1).
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VI. LFV ⌧ DECAYS

Lepton Flavor Violation (LFV) is highly suppressed in the SM, LFV ⌧ decays are then
clean and ambiguous probes for NP e↵ects. Belle II can experimentally access ⌧ LFV decay
rates over 100 times smaller than Belle for the cleanest channels (as ⌧ ! 3l) and over 10 times
smaller for other modes, such as ⌧ ! `� that have irreducible background contributions.
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Introduction to tau LFV
• Lepton Flavor Violation (LFV) is highly suppressed in the 

Standard Model (SM) even if neutrino oscillation is taken
– Br < O(10-54) => Experimentally unreachable

• Many extensions to SM predict to enhance LFV to be 
observable in current experiment facilities: Br ~O(10-8)

=> Observation of LFV is an clear signature of the New Physics (NP)!
• Tau lepton - the heaviest charged lepton coupling to the NP
=> Many possible LFV decay modes related to the NP models

2Tau LFV in B factory @ NuFact 2016

Standard Model SUSY

𝜏 𝜇

𝜇−
𝜇+

Higgs mediated

Introduction to tau LFV
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• Many extensions to SM predict to enhance LFV to be 
observable in current experiment facilities: Br ~O(10-8)

=> Observation of LFV is an clear signature of the New Physics (NP)!
• Tau lepton - the heaviest charged lepton coupling to the NP
=> Many possible LFV decay modes related to the NP models

2Tau LFV in B factory @ NuFact 2016

Standard Model SUSY

𝜏 𝜇

𝜇−
𝜇+

Higgs mediated
SM: -𝒪(10−54) 𝒪(10−49)

NP: -𝒪(10−10) 𝒪(10−7)
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Introduction to:  (invisible)τ → l + α
Various NP Scenarios: 

• LFV Z’: strong bound from ARGUS 

• Light ALP a:  
unique parameter space accessible 
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• Search for a two body decay spectrum 


• Signal will manifest as a peak in the  
tau rest frame (TRF)

Wolfgang Altmannshofer, Chien-Yi Chen, 
 P.S. Bhupal Dev, Amarjit Soni

Lorenzo Calibbi, Diego Redigolo,  
Robert Ziegler, Jure Zupan, 
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• Idea: search for a two body decay spectrum 


• Challenge: Estimate TRF with missing  
momentum


• Using  
 




• No signal region  fit full spectrum with


• SM expectation

• SM + NP expectation  
•  compare likelihood of the two models

ντ

Eτ ≈ ECMS /2

⃗p τ ≈ ⃗p 3π =
3

∑
i=1

⃗p i
π

→

→

5

 Belle II is competitive 
with early data 

~

→

70 fb−1

𝞽→𝓵𝞶�̅�

m(𝞪)=0

m(𝞪)=1.4

1000

2000

3000

4000

5000

6000

0 2 4

1000

2000

3000

4000

5000

6000

7000

8000

0 0.5 1 1.5
p*(𝞽) [GeV/c]

Z.Phys. C68 (1995) 25-28

ARGUS

Current status:  (invisible)τ → l + α
The pseudo rest frame (ps)

5/21/2019 EDUARD BURELO, BELLE II, TAU MEETING 2

• 𝐸𝜏 ≈
𝐸𝑐𝑚
2

• Direction of the W given by the opposite to the 3S direction

𝜏 → 𝑙  𝜈𝑙𝜈𝜏
𝜏 → 𝑙𝛼

𝑃3𝜋

-𝑃3𝜋
𝜏 𝜏

𝑙

𝛼

𝜃
𝜃𝑝𝑠

‣ Search for the two body decay !→e/µ+" where  
" is an unobserved particle (missing energy) 

‣ The tag is the three body SM decay !→3π# 

‣ The signal will manifest as a peak in the lepton momentum spectrum in the rest frame of the ! 

‣ However, we do not know the ! momentum. Approximated by assuming: 

→ "Pseudo-rest frame" built from the tag decay products

MPP Colloquium  |  3 Dec 2019  |  Francesco Tenchini !33

Search for !→$+" (invisible)

E⌧ ⇡ ECMS/2
<latexit sha1_base64="4VLn7zJSn/dtStsGiwczhm14z/k=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+6ZeaVzkcRRBGRyBE2CDM9AAV6AF2gCDR/AMXsGb8WS8GO/Gx7y1YOQzh+APjM8fU+6XNw==</latexit><latexit sha1_base64="4VLn7zJSn/dtStsGiwczhm14z/k=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+6ZeaVzkcRRBGRyBE2CDM9AAV6AF2gCDR/AMXsGb8WS8GO/Gx7y1YOQzh+APjM8fU+6XNw==</latexit><latexit sha1_base64="4VLn7zJSn/dtStsGiwczhm14z/k=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+6ZeaVzkcRRBGRyBE2CDM9AAV6AF2gCDR/AMXsGb8WS8GO/Gx7y1YOQzh+APjM8fU+6XNw==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ePJ1mX5mSnGy43LNQRKp9f+z8cE=">AAAB+XicbZBNS8MwHMb/nW9zTq1edwlugqfZ7qJHYQhehIluE9ZS0izdwtK0JKk4yg5e/CpePCjiF/HmtzF7OejmA4Enz5OQ/H9hypnSjvNtFdbWNza3itulnfLu3r59UO6oJJOEtknCE3kfYkU5E7Stmeb0PpUUxyGn3XDUnPbdByoVS8SdHqfUj/FAsIgRrE0U2JXaZZB7GmcTD6epTB6R2TevbyenjVpgV526MxNaNe7CVGGhVmB/ef2EZDEVmnCsVM91Uu3nWGpGOJ2UvEzRFJMRHtCesQLHVPn5bIgJOjZJH0WJNEtoNEt/38hxrNQ4Ds3JGOuhWu6m4X9dL9PRuZ8zkWaaCjJ/KMo40gmaEkF9JinRfGwMJpKZvyIyxBITbbiVDAR3eeRV02nUXafu3jhQhAocwQm4cAYXcAUtaAOBJ3iBN3i3nq1X62OOq2AtuB3CH1mfP9RClco=</latexit><latexit sha1_base64="ePJ1mX5mSnGy43LNQRKp9f+z8cE=">AAAB+XicbZBNS8MwHMb/nW9zTq1edwlugqfZ7qJHYQhehIluE9ZS0izdwtK0JKk4yg5e/CpePCjiF/HmtzF7OejmA4Enz5OQ/H9hypnSjvNtFdbWNza3itulnfLu3r59UO6oJJOEtknCE3kfYkU5E7Stmeb0PpUUxyGn3XDUnPbdByoVS8SdHqfUj/FAsIgRrE0U2JXaZZB7GmcTD6epTB6R2TevbyenjVpgV526MxNaNe7CVGGhVmB/ef2EZDEVmnCsVM91Uu3nWGpGOJ2UvEzRFJMRHtCesQLHVPn5bIgJOjZJH0WJNEtoNEt/38hxrNQ4Ds3JGOuhWu6m4X9dL9PRuZ8zkWaaCjJ/KMo40gmaEkF9JinRfGwMJpKZvyIyxBITbbiVDAR3eeRV02nUXafu3jhQhAocwQm4cAYXcAUtaAOBJ3iBN3i3nq1X62OOq2AtuB3CH1mfP9RClco=</latexit><latexit sha1_base64="sw6oCjqrWE51bbfRE1xqJOsSH2s=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+8aqNC7yOIqgDI7ACbDBGWiAK9ACbYDBI3gGr+DNeDJejHfjY95aMPKZQ/AHxucPU06XNQ==</latexit><latexit sha1_base64="4VLn7zJSn/dtStsGiwczhm14z/k=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+6ZeaVzkcRRBGRyBE2CDM9AAV6AF2gCDR/AMXsGb8WS8GO/Gx7y1YOQzh+APjM8fU+6XNw==</latexit><latexit sha1_base64="4VLn7zJSn/dtStsGiwczhm14z/k=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+6ZeaVzkcRRBGRyBE2CDM9AAV6AF2gCDR/AMXsGb8WS8GO/Gx7y1YOQzh+APjM8fU+6XNw==</latexit><latexit sha1_base64="4VLn7zJSn/dtStsGiwczhm14z/k=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+6ZeaVzkcRRBGRyBE2CDM9AAV6AF2gCDR/AMXsGb8WS8GO/Gx7y1YOQzh+APjM8fU+6XNw==</latexit><latexit sha1_base64="4VLn7zJSn/dtStsGiwczhm14z/k=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+6ZeaVzkcRRBGRyBE2CDM9AAV6AF2gCDR/AMXsGb8WS8GO/Gx7y1YOQzh+APjM8fU+6XNw==</latexit><latexit sha1_base64="4VLn7zJSn/dtStsGiwczhm14z/k=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+6ZeaVzkcRRBGRyBE2CDM9AAV6AF2gCDR/AMXsGb8WS8GO/Gx7y1YOQzh+APjM8fU+6XNw==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ePJ1mX5mSnGy43LNQRKp9f+z8cE=">AAAB+XicbZBNS8MwHMb/nW9zTq1edwlugqfZ7qJHYQhehIluE9ZS0izdwtK0JKk4yg5e/CpePCjiF/HmtzF7OejmA4Enz5OQ/H9hypnSjvNtFdbWNza3itulnfLu3r59UO6oJJOEtknCE3kfYkU5E7Stmeb0PpUUxyGn3XDUnPbdByoVS8SdHqfUj/FAsIgRrE0U2JXaZZB7GmcTD6epTB6R2TevbyenjVpgV526MxNaNe7CVGGhVmB/ef2EZDEVmnCsVM91Uu3nWGpGOJ2UvEzRFJMRHtCesQLHVPn5bIgJOjZJH0WJNEtoNEt/38hxrNQ4Ds3JGOuhWu6m4X9dL9PRuZ8zkWaaCjJ/KMo40gmaEkF9JinRfGwMJpKZvyIyxBITbbiVDAR3eeRV02nUXafu3jhQhAocwQm4cAYXcAUtaAOBJ3iBN3i3nq1X62OOq2AtuB3CH1mfP9RClco=</latexit><latexit sha1_base64="ePJ1mX5mSnGy43LNQRKp9f+z8cE=">AAAB+XicbZBNS8MwHMb/nW9zTq1edwlugqfZ7qJHYQhehIluE9ZS0izdwtK0JKk4yg5e/CpePCjiF/HmtzF7OejmA4Enz5OQ/H9hypnSjvNtFdbWNza3itulnfLu3r59UO6oJJOEtknCE3kfYkU5E7Stmeb0PpUUxyGn3XDUnPbdByoVS8SdHqfUj/FAsIgRrE0U2JXaZZB7GmcTD6epTB6R2TevbyenjVpgV526MxNaNe7CVGGhVmB/ef2EZDEVmnCsVM91Uu3nWGpGOJ2UvEzRFJMRHtCesQLHVPn5bIgJOjZJH0WJNEtoNEt/38hxrNQ4Ds3JGOuhWu6m4X9dL9PRuZ8zkWaaCjJ/KMo40gmaEkF9JinRfGwMJpKZvyIyxBITbbiVDAR3eeRV02nUXafu3jhQhAocwQm4cAYXcAUtaAOBJ3iBN3i3nq1X62OOq2AtuB3CH1mfP9RClco=</latexit><latexit sha1_base64="sw6oCjqrWE51bbfRE1xqJOsSH2s=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+8aqNC7yOIqgDI7ACbDBGWiAK9ACbYDBI3gGr+DNeDJejHfjY95aMPKZQ/AHxucPU06XNQ==</latexit><latexit sha1_base64="4VLn7zJSn/dtStsGiwczhm14z/k=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+6ZeaVzkcRRBGRyBE2CDM9AAV6AF2gCDR/AMXsGb8WS8GO/Gx7y1YOQzh+APjM8fU+6XNw==</latexit><latexit sha1_base64="4VLn7zJSn/dtStsGiwczhm14z/k=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+6ZeaVzkcRRBGRyBE2CDM9AAV6AF2gCDR/AMXsGb8WS8GO/Gx7y1YOQzh+APjM8fU+6XNw==</latexit><latexit sha1_base64="4VLn7zJSn/dtStsGiwczhm14z/k=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+6ZeaVzkcRRBGRyBE2CDM9AAV6AF2gCDR/AMXsGb8WS8GO/Gx7y1YOQzh+APjM8fU+6XNw==</latexit><latexit sha1_base64="4VLn7zJSn/dtStsGiwczhm14z/k=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+6ZeaVzkcRRBGRyBE2CDM9AAV6AF2gCDR/AMXsGb8WS8GO/Gx7y1YOQzh+APjM8fU+6XNw==</latexit><latexit sha1_base64="4VLn7zJSn/dtStsGiwczhm14z/k=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+6ZeaVzkcRRBGRyBE2CDM9AAV6AF2gCDR/AMXsGb8WS8GO/Gx7y1YOQzh+APjM8fU+6XNw==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ePJ1mX5mSnGy43LNQRKp9f+z8cE=">AAAB+XicbZBNS8MwHMb/nW9zTq1edwlugqfZ7qJHYQhehIluE9ZS0izdwtK0JKk4yg5e/CpePCjiF/HmtzF7OejmA4Enz5OQ/H9hypnSjvNtFdbWNza3itulnfLu3r59UO6oJJOEtknCE3kfYkU5E7Stmeb0PpUUxyGn3XDUnPbdByoVS8SdHqfUj/FAsIgRrE0U2JXaZZB7GmcTD6epTB6R2TevbyenjVpgV526MxNaNe7CVGGhVmB/ef2EZDEVmnCsVM91Uu3nWGpGOJ2UvEzRFJMRHtCesQLHVPn5bIgJOjZJH0WJNEtoNEt/38hxrNQ4Ds3JGOuhWu6m4X9dL9PRuZ8zkWaaCjJ/KMo40gmaEkF9JinRfGwMJpKZvyIyxBITbbiVDAR3eeRV02nUXafu3jhQhAocwQm4cAYXcAUtaAOBJ3iBN3i3nq1X62OOq2AtuB3CH1mfP9RClco=</latexit><latexit sha1_base64="ePJ1mX5mSnGy43LNQRKp9f+z8cE=">AAAB+XicbZBNS8MwHMb/nW9zTq1edwlugqfZ7qJHYQhehIluE9ZS0izdwtK0JKk4yg5e/CpePCjiF/HmtzF7OejmA4Enz5OQ/H9hypnSjvNtFdbWNza3itulnfLu3r59UO6oJJOEtknCE3kfYkU5E7Stmeb0PpUUxyGn3XDUnPbdByoVS8SdHqfUj/FAsIgRrE0U2JXaZZB7GmcTD6epTB6R2TevbyenjVpgV526MxNaNe7CVGGhVmB/ef2EZDEVmnCsVM91Uu3nWGpGOJ2UvEzRFJMRHtCesQLHVPn5bIgJOjZJH0WJNEtoNEt/38hxrNQ4Ds3JGOuhWu6m4X9dL9PRuZ8zkWaaCjJ/KMo40gmaEkF9JinRfGwMJpKZvyIyxBITbbiVDAR3eeRV02nUXafu3jhQhAocwQm4cAYXcAUtaAOBJ3iBN3i3nq1X62OOq2AtuB3CH1mfP9RClco=</latexit><latexit sha1_base64="sw6oCjqrWE51bbfRE1xqJOsSH2s=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+8aqNC7yOIqgDI7ACbDBGWiAK9ACbYDBI3gGr+DNeDJejHfjY95aMPKZQ/AHxucPU06XNQ==</latexit><latexit sha1_base64="4VLn7zJSn/dtStsGiwczhm14z/k=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+6ZeaVzkcRRBGRyBE2CDM9AAV6AF2gCDR/AMXsGb8WS8GO/Gx7y1YOQzh+APjM8fU+6XNw==</latexit><latexit sha1_base64="4VLn7zJSn/dtStsGiwczhm14z/k=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+6ZeaVzkcRRBGRyBE2CDM9AAV6AF2gCDR/AMXsGb8WS8GO/Gx7y1YOQzh+APjM8fU+6XNw==</latexit><latexit sha1_base64="4VLn7zJSn/dtStsGiwczhm14z/k=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+6ZeaVzkcRRBGRyBE2CDM9AAV6AF2gCDR/AMXsGb8WS8GO/Gx7y1YOQzh+APjM8fU+6XNw==</latexit><latexit sha1_base64="4VLn7zJSn/dtStsGiwczhm14z/k=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+6ZeaVzkcRRBGRyBE2CDM9AAV6AF2gCDR/AMXsGb8WS8GO/Gx7y1YOQzh+APjM8fU+6XNw==</latexit><latexit sha1_base64="4VLn7zJSn/dtStsGiwczhm14z/k=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+6ZeaVzkcRRBGRyBE2CDM9AAV6AF2gCDR/AMXsGb8WS8GO/Gx7y1YOQzh+APjM8fU+6XNw==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ePJ1mX5mSnGy43LNQRKp9f+z8cE=">AAAB+XicbZBNS8MwHMb/nW9zTq1edwlugqfZ7qJHYQhehIluE9ZS0izdwtK0JKk4yg5e/CpePCjiF/HmtzF7OejmA4Enz5OQ/H9hypnSjvNtFdbWNza3itulnfLu3r59UO6oJJOEtknCE3kfYkU5E7Stmeb0PpUUxyGn3XDUnPbdByoVS8SdHqfUj/FAsIgRrE0U2JXaZZB7GmcTD6epTB6R2TevbyenjVpgV526MxNaNe7CVGGhVmB/ef2EZDEVmnCsVM91Uu3nWGpGOJ2UvEzRFJMRHtCesQLHVPn5bIgJOjZJH0WJNEtoNEt/38hxrNQ4Ds3JGOuhWu6m4X9dL9PRuZ8zkWaaCjJ/KMo40gmaEkF9JinRfGwMJpKZvyIyxBITbbiVDAR3eeRV02nUXafu3jhQhAocwQm4cAYXcAUtaAOBJ3iBN3i3nq1X62OOq2AtuB3CH1mfP9RClco=</latexit><latexit sha1_base64="ePJ1mX5mSnGy43LNQRKp9f+z8cE=">AAAB+XicbZBNS8MwHMb/nW9zTq1edwlugqfZ7qJHYQhehIluE9ZS0izdwtK0JKk4yg5e/CpePCjiF/HmtzF7OejmA4Enz5OQ/H9hypnSjvNtFdbWNza3itulnfLu3r59UO6oJJOEtknCE3kfYkU5E7Stmeb0PpUUxyGn3XDUnPbdByoVS8SdHqfUj/FAsIgRrE0U2JXaZZB7GmcTD6epTB6R2TevbyenjVpgV526MxNaNe7CVGGhVmB/ef2EZDEVmnCsVM91Uu3nWGpGOJ2UvEzRFJMRHtCesQLHVPn5bIgJOjZJH0WJNEtoNEt/38hxrNQ4Ds3JGOuhWu6m4X9dL9PRuZ8zkWaaCjJ/KMo40gmaEkF9JinRfGwMJpKZvyIyxBITbbiVDAR3eeRV02nUXafu3jhQhAocwQm4cAYXcAUtaAOBJ3iBN3i3nq1X62OOq2AtuB3CH1mfP9RClco=</latexit><latexit sha1_base64="sw6oCjqrWE51bbfRE1xqJOsSH2s=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+8aqNC7yOIqgDI7ACbDBGWiAK9ACbYDBI3gGr+DNeDJejHfjY95aMPKZQ/AHxucPU06XNQ==</latexit><latexit sha1_base64="4VLn7zJSn/dtStsGiwczhm14z/k=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+6ZeaVzkcRRBGRyBE2CDM9AAV6AF2gCDR/AMXsGb8WS8GO/Gx7y1YOQzh+APjM8fU+6XNw==</latexit><latexit sha1_base64="4VLn7zJSn/dtStsGiwczhm14z/k=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+6ZeaVzkcRRBGRyBE2CDM9AAV6AF2gCDR/AMXsGb8WS8GO/Gx7y1YOQzh+APjM8fU+6XNw==</latexit><latexit sha1_base64="4VLn7zJSn/dtStsGiwczhm14z/k=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+6ZeaVzkcRRBGRyBE2CDM9AAV6AF2gCDR/AMXsGb8WS8GO/Gx7y1YOQzh+APjM8fU+6XNw==</latexit><latexit sha1_base64="4VLn7zJSn/dtStsGiwczhm14z/k=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+6ZeaVzkcRRBGRyBE2CDM9AAV6AF2gCDR/AMXsGb8WS8GO/Gx7y1YOQzh+APjM8fU+6XNw==</latexit><latexit sha1_base64="4VLn7zJSn/dtStsGiwczhm14z/k=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+6ZeaVzkcRRBGRyBE2CDM9AAV6AF2gCDR/AMXsGb8WS8GO/Gx7y1YOQzh+APjM8fU+6XNw==</latexit><latexit sha1_base64="4VLn7zJSn/dtStsGiwczhm14z/k=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYvEVJIuMFZUSCxIRdCH1ESR4zqtVceJbAdRRRlY+BUWBhBi5SPY+BvcNgO0HOlKx+fcK997/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uDn1u/dESBrxOzWJiRuiIacBxUhpyTPL1UsvdRRKMgfFsYgeoH43r2+z03rVMytWzZoBLhM7JxWQo+WZX84gwklIuMIMSdm3rVi5KRKKYkaykpNIEiM8RkPS15SjkEg3nR2RwWOtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8fqKCczelPE4U4Xj+UZAwqCI4TQQOqCBYsYkmCAuqd4V4hATCSudW0iHYiycvk069Zls1+6ZeaVzkcRRBGRyBE2CDM9AAV6AF2gCDR/AMXsGb8WS8GO/Gx7y1YOQzh+APjM8fU+6XNw==</latexit>

~p⌧ ⇡ ~p3⇡ =
P3

i=1 ~pi
<latexit sha1_base64="fRXUV3A0x7g/X/kDdFB1TdqoC9A=">AAACJnicbVDLSsNAFJ3UV62vqEs3wVZwVZJ2oZtC0Y3LCvYBTQ2T6aQdOkmGeRRLyNe48VfcuKiIuPNTnLZRtPXAhcM593LvPT6jREjb/jBya+sbm1v57cLO7t7+gXl41BKx4gg3UUxj3vGhwJREuCmJpLjDOIahT3HbH13P/PYYc0Hi6E5OGO6FcBCRgCAoteSZtZI7xihhqZe4EqrUhYzx+OFHrLqMpDVXqNBLSM1J75Nq+m2SkmcW7bI9h7VKnIwUQYaGZ07dfoxUiCOJKBSi69hM9hLIJUEUpwVXCcwgGsEB7moawRCLXjJ/M7XOtNK3gpjriqQ1V39PJDAUYhL6ujOEciiWvZn4n9dVMrjsJSRiSuIILRYFiloytmaZWX3CMZJ0oglEnOhbLTSEHCKpky3oEJzll1dJq1J27LJzWynWr7I48uAEnIJz4IALUAc3oAGaAIFH8Aym4NV4Ml6MN+N90Zozsplj8AfG5xdOp6d4</latexit><latexit sha1_base64="fRXUV3A0x7g/X/kDdFB1TdqoC9A=">AAACJnicbVDLSsNAFJ3UV62vqEs3wVZwVZJ2oZtC0Y3LCvYBTQ2T6aQdOkmGeRRLyNe48VfcuKiIuPNTnLZRtPXAhcM593LvPT6jREjb/jBya+sbm1v57cLO7t7+gXl41BKx4gg3UUxj3vGhwJREuCmJpLjDOIahT3HbH13P/PYYc0Hi6E5OGO6FcBCRgCAoteSZtZI7xihhqZe4EqrUhYzx+OFHrLqMpDVXqNBLSM1J75Nq+m2SkmcW7bI9h7VKnIwUQYaGZ07dfoxUiCOJKBSi69hM9hLIJUEUpwVXCcwgGsEB7moawRCLXjJ/M7XOtNK3gpjriqQ1V39PJDAUYhL6ujOEciiWvZn4n9dVMrjsJSRiSuIILRYFiloytmaZWX3CMZJ0oglEnOhbLTSEHCKpky3oEJzll1dJq1J27LJzWynWr7I48uAEnIJz4IALUAc3oAGaAIFH8Aym4NV4Ml6MN+N90Zozsplj8AfG5xdOp6d4</latexit><latexit sha1_base64="fRXUV3A0x7g/X/kDdFB1TdqoC9A=">AAACJnicbVDLSsNAFJ3UV62vqEs3wVZwVZJ2oZtC0Y3LCvYBTQ2T6aQdOkmGeRRLyNe48VfcuKiIuPNTnLZRtPXAhcM593LvPT6jREjb/jBya+sbm1v57cLO7t7+gXl41BKx4gg3UUxj3vGhwJREuCmJpLjDOIahT3HbH13P/PYYc0Hi6E5OGO6FcBCRgCAoteSZtZI7xihhqZe4EqrUhYzx+OFHrLqMpDVXqNBLSM1J75Nq+m2SkmcW7bI9h7VKnIwUQYaGZ07dfoxUiCOJKBSi69hM9hLIJUEUpwVXCcwgGsEB7moawRCLXjJ/M7XOtNK3gpjriqQ1V39PJDAUYhL6ujOEciiWvZn4n9dVMrjsJSRiSuIILRYFiloytmaZWX3CMZJ0oglEnOhbLTSEHCKpky3oEJzll1dJq1J27LJzWynWr7I48uAEnIJz4IALUAc3oAGaAIFH8Aym4NV4Ml6MN+N90Zozsplj8AfG5xdOp6d4</latexit><latexit sha1_base64="fRXUV3A0x7g/X/kDdFB1TdqoC9A=">AAACJnicbVDLSsNAFJ3UV62vqEs3wVZwVZJ2oZtC0Y3LCvYBTQ2T6aQdOkmGeRRLyNe48VfcuKiIuPNTnLZRtPXAhcM593LvPT6jREjb/jBya+sbm1v57cLO7t7+gXl41BKx4gg3UUxj3vGhwJREuCmJpLjDOIahT3HbH13P/PYYc0Hi6E5OGO6FcBCRgCAoteSZtZI7xihhqZe4EqrUhYzx+OFHrLqMpDVXqNBLSM1J75Nq+m2SkmcW7bI9h7VKnIwUQYaGZ07dfoxUiCOJKBSi69hM9hLIJUEUpwVXCcwgGsEB7moawRCLXjJ/M7XOtNK3gpjriqQ1V39PJDAUYhL6ujOEciiWvZn4n9dVMrjsJSRiSuIILRYFiloytmaZWX3CMZJ0oglEnOhbLTSEHCKpky3oEJzll1dJq1J27LJzWynWr7I48uAEnIJz4IALUAc3oAGaAIFH8Aym4NV4Ml6MN+N90Zozsplj8AfG5xdOp6d4</latexit>

π
⌧tag

<latexit sha1_base64="RMm5raAS/qNw6Yya13wjGg8drII=">AAAB9XicjVC7SgNBFL0bX3F9RS1tBoNgFXZttBGDNpYRzAOyMcxOZpMhM7vLzF0lLAE/w8ZCEVs/w97Ov3GSWKgoeODC4Zx7uYcTplIY9Lx3pzA3v7C4VFx2V1bX1jdKm1sNk2Sa8TpLZKJbITVcipjXUaDkrVRzqkLJm+HwbOI3r7k2IokvcZTyjqL9WESCUbTSVYA06+aBVgRpf9wtlf2KNwX5m5RPXt3jWwCodUtvQS9hmeIxMkmNafteip2cahRM8rEbZIanlA1pn7ctjanippNPU4/JnlV6JEq0nRjJVP16kVNlzEiFdlNRHJif3kT8zWtnGB11chGnGfKYzR5FmSSYkEkFpCc0ZyhHllCmhc1K2IBqytAW5f6vhMZBxfcq/oVXrp7CDEXYgV3YBx8OoQrnUIM6MNBwBw/w6Nw4986T8zxbLTifN9vwDc7LBxw5lGY=</latexit><latexit sha1_base64="DgSFKWBwLNT1oxrRRxRfcFpdOOI=">AAAB9XicjVC7SgNBFJ31GddX1NJmMAhWYddGGzFoYxnBPCAbw93JbDJkdnaZuauEJf9hY+EDWz/D3kb8GyeJhYqCBy4czrmXezhhKoVBz3t3Zmbn5hcWC0vu8srq2npxY7NukkwzXmOJTHQzBMOlULyGAiVvpppDHEreCAenY79xxbURibrAYcrbMfSUiAQDtNJlgJB18kDHFKE36hRLftmbgP5NSscv7lH68OZWO8XXoJuwLOYKmQRjWr6XYjsHjYJJPnKDzPAU2AB6vGWpgpibdj5JPaK7VunSKNF2FNKJ+vUih9iYYRzazRiwb356Y/E3r5VhdNjOhUoz5IpNH0WZpJjQcQW0KzRnKIeWANPCZqWsDxoY2qLc/5VQ3y/7Xtk/90qVEzJFgWyTHbJHfHJAKuSMVEmNMKLJDbkj9861c+s8Ok/T1Rnn82aLfIPz/AENyJXa</latexit><latexit sha1_base64="DgSFKWBwLNT1oxrRRxRfcFpdOOI=">AAAB9XicjVC7SgNBFJ31GddX1NJmMAhWYddGGzFoYxnBPCAbw93JbDJkdnaZuauEJf9hY+EDWz/D3kb8GyeJhYqCBy4czrmXezhhKoVBz3t3Zmbn5hcWC0vu8srq2npxY7NukkwzXmOJTHQzBMOlULyGAiVvpppDHEreCAenY79xxbURibrAYcrbMfSUiAQDtNJlgJB18kDHFKE36hRLftmbgP5NSscv7lH68OZWO8XXoJuwLOYKmQRjWr6XYjsHjYJJPnKDzPAU2AB6vGWpgpibdj5JPaK7VunSKNF2FNKJ+vUih9iYYRzazRiwb356Y/E3r5VhdNjOhUoz5IpNH0WZpJjQcQW0KzRnKIeWANPCZqWsDxoY2qLc/5VQ3y/7Xtk/90qVEzJFgWyTHbJHfHJAKuSMVEmNMKLJDbkj9861c+s8Ok/T1Rnn82aLfIPz/AENyJXa</latexit><latexit sha1_base64="OHg8lUQRtjoa4kmwIEXzR3QafqM=">AAAB9XicjVDLSgNBEJz1GeMr6tHLYBA8hV0vegx68RjBPCC7ht7JbDJkZnaZ6VXCkv/w4kERr/6LN//GyeOgomBBQ1HVTRcVZ1JY9P0Pb2l5ZXVtvbRR3tza3tmt7O23bJobxpsslanpxGC5FJo3UaDkncxwULHk7Xh0OfXbd9xYkeobHGc8UjDQIhEM0Em3IULeK0KjKMJg0qtUg5o/A/2bVMkCjV7lPeynLFdcI5NgbTfwM4wKMCiY5JNymFueARvBgHcd1aC4jYpZ6gk9dkqfJqlxo5HO1K8XBShrxyp2mwpwaH96U/E3r5tjch4VQmc5cs3mj5JcUkzptALaF4YzlGNHgBnhslI2BAMMXVHl/5XQOq0Ffi249qv1i0UdJXJIjsgJCcgZqZMr0iBNwoghD+SJPHv33qP34r3OV5e8xc0B+Qbv7ROs8pKZ</latexit>

e+
<latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit><latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit><latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit><latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit>

e�
<latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit><latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit><latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit><latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit>

⌧sig
<latexit sha1_base64="1S+hVzrQrXJlUYWQrUuJCCLUBfw=">AAAB9XicjVC7SgNBFL0bX3F9RS1tBoNgFXZttBGDNpYRzAOyMcxOZpMhM7vLzF0lLAE/w8ZCEVs/w97Ov3GSWKgoeODC4Zx7uYcTplIY9Lx3pzA3v7C4VFx2V1bX1jdKm1sNk2Sa8TpLZKJbITVcipjXUaDkrVRzqkLJm+HwbOI3r7k2IokvcZTyjqL9WESCUbTSVYA06+aBVsSI/rhbKvsVbwryNymfvLrHtwBQ65begl7CMsVjZJIa0/a9FDs51SiY5GM3yAxPKRvSPm9bGlPFTSefph6TPav0SJRoOzGSqfr1IqfKmJEK7aaiODA/vYn4m9fOMDrq5CJOM+Qxmz2KMkkwIZMKSE9ozlCOLKFMC5uVsAHVlKEtyv1fCY2Diu9V/AuvXD2FGYqwA7uwDz4cQhXOoQZ1YKDhDh7g0blx7p0n53m2WnA+b7bhG5yXDybilG0=</latexit><latexit sha1_base64="a6K9IdUcn6ENn/TY2hGeNk0M7k4=">AAAB9XicjVC7SgNBFL3rM66vqKXNYBCswq6NNmLQxjKCeUA2htnJbDJkdnaZuauEJf9hY+EDWz/D3kb8GyeJhYqCBy4czrmXezhhKoVBz3t3Zmbn5hcWC0vu8srq2npxY7NukkwzXmOJTHQzpIZLoXgNBUreTDWncSh5Ixycjv3GFddGJOoChylvx7SnRCQYRStdBkizTh7omBjRG3WKJb/sTUD+JqXjF/cofXhzq53ia9BNWBZzhUxSY1q+l2I7pxoFk3zkBpnhKWUD2uMtSxWNuWnnk9QjsmuVLokSbUchmahfL3IaGzOMQ7sZU+ybn95Y/M1rZRgdtnOh0gy5YtNHUSYJJmRcAekKzRnKoSWUaWGzEtanmjK0Rbn/K6G+X/a9sn/ulSonMEUBtmEH9sCHA6jAGVShBgw03MAd3DvXzq3z6DxNV2ecz5st+Abn+QMYcZXh</latexit><latexit sha1_base64="a6K9IdUcn6ENn/TY2hGeNk0M7k4=">AAAB9XicjVC7SgNBFL3rM66vqKXNYBCswq6NNmLQxjKCeUA2htnJbDJkdnaZuauEJf9hY+EDWz/D3kb8GyeJhYqCBy4czrmXezhhKoVBz3t3Zmbn5hcWC0vu8srq2npxY7NukkwzXmOJTHQzpIZLoXgNBUreTDWncSh5Ixycjv3GFddGJOoChylvx7SnRCQYRStdBkizTh7omBjRG3WKJb/sTUD+JqXjF/cofXhzq53ia9BNWBZzhUxSY1q+l2I7pxoFk3zkBpnhKWUD2uMtSxWNuWnnk9QjsmuVLokSbUchmahfL3IaGzOMQ7sZU+ybn95Y/M1rZRgdtnOh0gy5YtNHUSYJJmRcAekKzRnKoSWUaWGzEtanmjK0Rbn/K6G+X/a9sn/ulSonMEUBtmEH9sCHA6jAGVShBgw03MAd3DvXzq3z6DxNV2ecz5st+Abn+QMYcZXh</latexit><latexit sha1_base64="ne5HGLWYmne5eDeX6OlF2vwPfn4=">AAAB9XicjVDLSgNBEOz1GeMr6tHLYBA8hV0vegx68RjBPCC7htnJbDJkZnaZ6VXCkv/w4kERr/6LN//GyeOgomBBQ1HVTRcVZ1JY9P0Pb2l5ZXVtvbRR3tza3tmt7O23bJobxpsslanpxNRyKTRvokDJO5nhVMWSt+PR5dRv33FjRapvcJzxSNGBFolgFJ10GyLNe0VoFLFiMOlVqkHNn4H8TaqwQKNXeQ/7KcsV18gktbYb+BlGBTUomOSTcphbnlE2ogPedVRTxW1UzFJPyLFT+iRJjRuNZKZ+vSiosnasYrepKA7tT28q/uZ1c0zOo0LoLEeu2fxRkkuCKZlWQPrCcIZy7AhlRrishA2poQxdUeX/ldA6rQV+Lbj2q/WLRR0lOIQjOIEAzqAOV9CAJjAw8ABP8Ozde4/ei/c6X13yFjcH8A3e2ye3m5Kg</latexit>

⌫⌧
<latexit sha1_base64="ahH09yS5aDKidxMMD59VrMkEe4M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbRS11dZ30ea9as1t+7OQVaJV5AaFGj2q1/+IGFZzBUySY3peW6KQU41Cib5tOJnhqeUjemQ9yxVNOYmyOf3TsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif18swug5yodIMuWKLRVEmCSZk9jwZCM0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHzFjkA4=</latexit><latexit sha1_base64="ahH09yS5aDKidxMMD59VrMkEe4M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbRS11dZ30ea9as1t+7OQVaJV5AaFGj2q1/+IGFZzBUySY3peW6KQU41Cib5tOJnhqeUjemQ9yxVNOYmyOf3TsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif18swug5yodIMuWKLRVEmCSZk9jwZCM0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHzFjkA4=</latexit><latexit sha1_base64="ahH09yS5aDKidxMMD59VrMkEe4M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbRS11dZ30ea9as1t+7OQVaJV5AaFGj2q1/+IGFZzBUySY3peW6KQU41Cib5tOJnhqeUjemQ9yxVNOYmyOf3TsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif18swug5yodIMuWKLRVEmCSZk9jwZCM0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHzFjkA4=</latexit><latexit sha1_base64="ahH09yS5aDKidxMMD59VrMkEe4M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeLaiEQ94CTlQUyHSkSCUbRS11dZ30ea9as1t+7OQVaJV5AaFGj2q1/+IGFZzBUySY3peW6KQU41Cib5tOJnhqeUjemQ9yxVNOYmyOf3TsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif18swug5yodIMuWKLRVEmCSZk9jwZCM0ZyokllGlhbyVsRDVlaCOq2BC85ZdXSfui7rl17/6y1rgp4ijDCZzCOXhwBQ24gya0gIGEZ3iFN+fReXHenY9Fa8kpZo7hD5zPHzFjkA4=</latexit>
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⌫̄e

µ�

⌫̄µ

e�

⌫̄⌧
<latexit sha1_base64="a+BD9CrmvPfZ11Mfy0UkgVxpBxE=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkATymS7aZduNnF3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIpypo0EYnqhKiZ4JI1DTeCdVLFMA4Fa4eju5nfHjOleSIfzSRlQYwDySNO0Vgp8ENUxJdZzzeY9SpVt+bOQVaJV5AqFGj0Kl9+P6FZzKShArXuem5qghyV4VSwadnPNEuRjnDAupZKjJkO8vnRU3JulT6JEmVLGjJXf0/kGGs9iUPbGaMZ6mVvJv7ndTMT3QQ5l2lmmKSLRVEmiEnILAHS54pRIyaWIFXc3kroEBVSY3Mq2xC85ZdXSeuy5rk17+GqWr8t4ijBKZzBBXhwDXW4hwY0gcITPMMrvDlj58V5dz4WrWtOMXMCf+B8/gCL9JHx</latexit><latexit sha1_base64="a+BD9CrmvPfZ11Mfy0UkgVxpBxE=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkATymS7aZduNnF3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIpypo0EYnqhKiZ4JI1DTeCdVLFMA4Fa4eju5nfHjOleSIfzSRlQYwDySNO0Vgp8ENUxJdZzzeY9SpVt+bOQVaJV5AqFGj0Kl9+P6FZzKShArXuem5qghyV4VSwadnPNEuRjnDAupZKjJkO8vnRU3JulT6JEmVLGjJXf0/kGGs9iUPbGaMZ6mVvJv7ndTMT3QQ5l2lmmKSLRVEmiEnILAHS54pRIyaWIFXc3kroEBVSY3Mq2xC85ZdXSeuy5rk17+GqWr8t4ijBKZzBBXhwDXW4hwY0gcITPMMrvDlj58V5dz4WrWtOMXMCf+B8/gCL9JHx</latexit><latexit sha1_base64="a+BD9CrmvPfZ11Mfy0UkgVxpBxE=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkATymS7aZduNnF3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIpypo0EYnqhKiZ4JI1DTeCdVLFMA4Fa4eju5nfHjOleSIfzSRlQYwDySNO0Vgp8ENUxJdZzzeY9SpVt+bOQVaJV5AqFGj0Kl9+P6FZzKShArXuem5qghyV4VSwadnPNEuRjnDAupZKjJkO8vnRU3JulT6JEmVLGjJXf0/kGGs9iUPbGaMZ6mVvJv7ndTMT3QQ5l2lmmKSLRVEmiEnILAHS54pRIyaWIFXc3kroEBVSY3Mq2xC85ZdXSeuy5rk17+GqWr8t4ijBKZzBBXhwDXW4hwY0gcITPMMrvDlj58V5dz4WrWtOMXMCf+B8/gCL9JHx</latexit><latexit sha1_base64="a+BD9CrmvPfZ11Mfy0UkgVxpBxE=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkATymS7aZduNnF3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIpypo0EYnqhKiZ4JI1DTeCdVLFMA4Fa4eju5nfHjOleSIfzSRlQYwDySNO0Vgp8ENUxJdZzzeY9SpVt+bOQVaJV5AqFGj0Kl9+P6FZzKShArXuem5qghyV4VSwadnPNEuRjnDAupZKjJkO8vnRU3JulT6JEmVLGjJXf0/kGGs9iUPbGaMZ6mVvJv7ndTMT3QQ5l2lmmKSLRVEmiEnILAHS54pRIyaWIFXc3kroEBVSY3Mq2xC85ZdXSeuy5rk17+GqWr8t4ijBKZzBBXhwDXW4hwY0gcITPMMrvDlj58V5dz4WrWtOMXMCf+B8/gCL9JHx</latexit>

π
π

⌧tag
<latexit sha1_base64="RMm5raAS/qNw6Yya13wjGg8drII=">AAAB9XicjVC7SgNBFL0bX3F9RS1tBoNgFXZttBGDNpYRzAOyMcxOZpMhM7vLzF0lLAE/w8ZCEVs/w97Ov3GSWKgoeODC4Zx7uYcTplIY9Lx3pzA3v7C4VFx2V1bX1jdKm1sNk2Sa8TpLZKJbITVcipjXUaDkrVRzqkLJm+HwbOI3r7k2IokvcZTyjqL9WESCUbTSVYA06+aBVgRpf9wtlf2KNwX5m5RPXt3jWwCodUtvQS9hmeIxMkmNafteip2cahRM8rEbZIanlA1pn7ctjanippNPU4/JnlV6JEq0nRjJVP16kVNlzEiFdlNRHJif3kT8zWtnGB11chGnGfKYzR5FmSSYkEkFpCc0ZyhHllCmhc1K2IBqytAW5f6vhMZBxfcq/oVXrp7CDEXYgV3YBx8OoQrnUIM6MNBwBw/w6Nw4986T8zxbLTifN9vwDc7LBxw5lGY=</latexit><latexit sha1_base64="DgSFKWBwLNT1oxrRRxRfcFpdOOI=">AAAB9XicjVC7SgNBFJ31GddX1NJmMAhWYddGGzFoYxnBPCAbw93JbDJkdnaZuauEJf9hY+EDWz/D3kb8GyeJhYqCBy4czrmXezhhKoVBz3t3Zmbn5hcWC0vu8srq2npxY7NukkwzXmOJTHQzBMOlULyGAiVvpppDHEreCAenY79xxbURibrAYcrbMfSUiAQDtNJlgJB18kDHFKE36hRLftmbgP5NSscv7lH68OZWO8XXoJuwLOYKmQRjWr6XYjsHjYJJPnKDzPAU2AB6vGWpgpibdj5JPaK7VunSKNF2FNKJ+vUih9iYYRzazRiwb356Y/E3r5VhdNjOhUoz5IpNH0WZpJjQcQW0KzRnKIeWANPCZqWsDxoY2qLc/5VQ3y/7Xtk/90qVEzJFgWyTHbJHfHJAKuSMVEmNMKLJDbkj9861c+s8Ok/T1Rnn82aLfIPz/AENyJXa</latexit><latexit sha1_base64="DgSFKWBwLNT1oxrRRxRfcFpdOOI=">AAAB9XicjVC7SgNBFJ31GddX1NJmMAhWYddGGzFoYxnBPCAbw93JbDJkdnaZuauEJf9hY+EDWz/D3kb8GyeJhYqCBy4czrmXezhhKoVBz3t3Zmbn5hcWC0vu8srq2npxY7NukkwzXmOJTHQzBMOlULyGAiVvpppDHEreCAenY79xxbURibrAYcrbMfSUiAQDtNJlgJB18kDHFKE36hRLftmbgP5NSscv7lH68OZWO8XXoJuwLOYKmQRjWr6XYjsHjYJJPnKDzPAU2AB6vGWpgpibdj5JPaK7VunSKNF2FNKJ+vUih9iYYRzazRiwb356Y/E3r5VhdNjOhUoz5IpNH0WZpJjQcQW0KzRnKIeWANPCZqWsDxoY2qLc/5VQ3y/7Xtk/90qVEzJFgWyTHbJHfHJAKuSMVEmNMKLJDbkj9861c+s8Ok/T1Rnn82aLfIPz/AENyJXa</latexit><latexit sha1_base64="OHg8lUQRtjoa4kmwIEXzR3QafqM=">AAAB9XicjVDLSgNBEJz1GeMr6tHLYBA8hV0vegx68RjBPCC7ht7JbDJkZnaZ6VXCkv/w4kERr/6LN//GyeOgomBBQ1HVTRcVZ1JY9P0Pb2l5ZXVtvbRR3tza3tmt7O23bJobxpsslanpxGC5FJo3UaDkncxwULHk7Xh0OfXbd9xYkeobHGc8UjDQIhEM0Em3IULeK0KjKMJg0qtUg5o/A/2bVMkCjV7lPeynLFdcI5NgbTfwM4wKMCiY5JNymFueARvBgHcd1aC4jYpZ6gk9dkqfJqlxo5HO1K8XBShrxyp2mwpwaH96U/E3r5tjch4VQmc5cs3mj5JcUkzptALaF4YzlGNHgBnhslI2BAMMXVHl/5XQOq0Ffi249qv1i0UdJXJIjsgJCcgZqZMr0iBNwoghD+SJPHv33qP34r3OV5e8xc0B+Qbv7ROs8pKZ</latexit>

µ�e�

↵
<latexit sha1_base64="3cuH/msNH5GL8ZP1kaOEpuPH6OM=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYa9vXN3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSVrGW4E6yaKYRQI1gkmt3O/88SU5rF8MNOE+RGOJA85RWOlbrWPIhljdVCuuDV3AbJOvJxUIEdzUP7qD2OaRkwaKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM9SiRHTfra4d0YurDIkYaxsSUMW6u+JDCOtp1FgOyM0Y73qzcX/vF5qwms/4zJJDZN0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBFTI9y</latexit><latexit sha1_base64="3cuH/msNH5GL8ZP1kaOEpuPH6OM=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYa9vXN3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSVrGW4E6yaKYRQI1gkmt3O/88SU5rF8MNOE+RGOJA85RWOlbrWPIhljdVCuuDV3AbJOvJxUIEdzUP7qD2OaRkwaKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM9SiRHTfra4d0YurDIkYaxsSUMW6u+JDCOtp1FgOyM0Y73qzcX/vF5qwms/4zJJDZN0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBFTI9y</latexit><latexit sha1_base64="3cuH/msNH5GL8ZP1kaOEpuPH6OM=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYa9vXN3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSVrGW4E6yaKYRQI1gkmt3O/88SU5rF8MNOE+RGOJA85RWOlbrWPIhljdVCuuDV3AbJOvJxUIEdzUP7qD2OaRkwaKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM9SiRHTfra4d0YurDIkYaxsSUMW6u+JDCOtp1FgOyM0Y73qzcX/vF5qwms/4zJJDZN0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBFTI9y</latexit><latexit sha1_base64="3cuH/msNH5GL8ZP1kaOEpuPH6OM=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYa9vXN3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSVrGW4E6yaKYRQI1gkmt3O/88SU5rF8MNOE+RGOJA85RWOlbrWPIhljdVCuuDV3AbJOvJxUIEdzUP7qD2OaRkwaKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM9SiRHTfra4d0YurDIkYaxsSUMW6u+JDCOtp1FgOyM0Y73qzcX/vF5qwms/4zJJDZN0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBFTI9y</latexit>

,

=> Pseudo-TRF τ*

• Sensitivity depends on 


• Last results from 

• ARGUS (472 pb-1)

• MARK III (9.4 pb-1)

mα

e−

e+

τtag
τsig

μ−e−

π

π
π

ντ ντ

νe/μ

q

q̄
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• At  machines there is a low 
background and well understood 
production mechanism for 


• SuperKEKB collider

e+e−

τ

6

Where can one study the ?τ

Υ(4S)
7 GeV e− 4 GeV  e+

e−

e+

τ+

τ−

Z*/γ
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• At  machines there is a low 
background and well understood 
production mechanism for 


• SuperKEKB collider

• Increased Integrated Luminosity: 

1 ab-1(KEKB)  50 ab-1(SuperKEKB)


• SuperKEKB is a -factory!

• 

• ~ 45 billion tau pairs  

for full Belle II program

e+e−

τ

→

τ
σ(e+e− → Υ(4s)) ≈ σ(e+e− → τ+τ−)

7

Why study the  at SuperKEKB?τ

KEKB

SuperKEKB

FIG. 2: Schematic view of Belle-II beam crossing at the interaction region. The spread of the

z vertex distribution can be estimated as �z =

p
✏x�⇤

xp
2�x

where for Belle-II optics in phase 2 the

horizontal emittance ✏x = 4 ⇥ 10�6 mm, �⇤
x = 200 mm, and the crossing angle �x = 41 mrad

leading to expected �z = 0.049 cm.

2

FIG. 1: Schematic view of Belle-I beam crossing at the interaction region. The spread of the

z vertex distribution can be estimated as �z =

p
✏x�⇤

xp
2�x

where for Belle-I optics the horizontal

emittance ✏x = 20 ⇥ 10�6 mm, �⇤
x = 1200 mm, and the crossing angle �x = 11 mrad leading to

expected �z = 1 cm.

1

KEKB SuperKEKB
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How is the  detected at Belle II?τ
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Reconstruction And Selection

9

• 3x1-prong topology:  
 (signal),  (tag)


• Requiring exactly 4 tracks


• Hemisphere separation with thrust 




• No neutrals allowed 
 reject  and beam background


• Vertex fit: reject displaced tag vertices


• Use SM  for selection optimisation

τ → lα τ → 3πν

⃗T = max(∑
i

⃗p i ⋅ ̂T
| ⃗p i | )

→ qq̄

τ → eνν

Firm Requirements Current status: Cut Based Analysis

Background Suppression - Used for Plots Presented  

1. 0.67 < thrust < 0.99


2. 2.0 < invisible Energi in CMS < 9.9


3. 0.48 < Invariant Mass of tag side < 1.66

Tracks originate from: 
 < 3 cm  

< 1 cm 
|dz |
dr

Particle Identification (PID) 
 : E/p > 0.8  
 : 0 < E/p < 0.8

e
π

Neutrals: 
Photons:  > 200 MeV 

:   > 100 MeV and  MeV
E(γ)

π0 E(γ) M(γγ) ∈ (115,152)
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Revising The Reconstruction

10

• Introduce smarter PID


• Global electron ID


•  : 0 < E/p  asymmetric ranked  cuts


 Gain in Statistics by a factor of ~ 25%


π → pt

→

Goal: Achieve highest possible Purity and Efficiency at the same time!

Selection Evolution Efficiency Purity

ICHEP 13.95% 90.74%

PID Improvements 17.28% 90.09%

Background Suppression - Used for Plots Presented  

1. 0.67 < thrust < 0.99


2. 2.0 < invisible Energi in CMS < 9.9


3. 0.48 < Invariant Mass of tag side < 1.66

Background Suppression 

1. 0.67 < thrust < 0.99


2. 1.2 <  of 3-prong  < 5.3


3. 0.6 < Invariant Mass of tag side < 1.7

ECMS τ
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Challenge: The Pseudo-Rest Frame

11

• Thrust method: 


• Spectrum is more peaking


• Problem: SM and BSM are still 
similar

̂pτ ≈ ̂T• ARGUS method: 


• Problem: broad  spectrum

̂pτ ≈ − ̂p3π

τ → lα
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Statistical Treatment

12

• Currently we are using a template-based approach for the search


• The data can be modelled as: 



• With x being the momentum in the tau rest-frame


• Upper Limit estimated with a Frequentist profile-likehood method: 




• The signal hypothesis is excluded at 95% Confidence Level if 


• In order to double check the results alternative tests using  
BAT (Bayesian) and pyHF (Frequentist) are used

f(x) = Nsig ⋅ feα(x) + Neν nu ⋅ feνν(x) + NBG ⋅ fBG(x)

CLsig =
CLsig+bg

CLbg

1 − CLsig ≤ 0.95
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ICHEP MC-study: Upper Limit Estimate 
• UL estimate for ratio 


• No systematics were taken into account  
 in progress

Br(τ → eα)/Br(τ → eνν)

→

13

Performance of ARGUS and 
Thrust method is similar 

ICHEP selection: Efficiency 13.95% Purity 90.74%
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Conclusion and Outlook 

14

• Analysis is in full swing towards publication


• We are working in parallel to make this search ready


• Currently Systematics are evaluated.
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• Idea: Search for a two body decay spectrum 


• Signal will manifest as a peak in the  
tau momentum rest frame (TRF)


• Challenge: Estimate TRF with missing  momentum


• Using  
 

 

 
=> Pseudo-TRF 


• No signal region  fit full spectrum with

• SM expectation

• SM + NP expectation 

 compare likelihood of the two models

ντ

Eτ ≈ ECMS /2

⃗p τ ≈ ⃗p 3π =
3

∑
i=1

⃗p i
π

τ*

→

→

16

LFV Search:  (invisible)τ → l + α
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