
Status of the Muon 
Decay studies in 
KM3NeT/ORCA6

Gogita Papalashvili, Giorgi 
Kistauri, Rezo Shanidze, 

1

Supported by the joint grant of 
Volkswagen Foundation and 
SRNSF (Ref. 93 562 & #04/48)

KM3NeT Cosmic Ray Group Meeting, 18 January 2023



Contents

Introduction

Backgrounds for Michel electron: 
deep sea optical background - 40K decays; bio luminescence 
Scattered Cherenkov light from stopping muons
PMT afterpulses

Summary and outlook

Muon decay simulations

Michel electron signals

2



Muon Decays 

mm = 105.6583745 ± 0.0000024 MeV 

 τm = (2.1969811 ± 0.0000022) msec 

 τ µ+/τ µ− = 1.00002 ± 0.00008 

m  e + nm + ne            100%

Electron energy 
obtained with  
TGenPhaseSpace
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Muon Decays 
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Muon Decay Simulations 
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Hit Multiplicity in a single DOM
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Muon Decay reconstruction in a single DOM 

m+
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Muon decay simulations in ORCA6
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Muon decay reconstrucion in ORCA6

Input t = 1879ns
Output t = 1892ns

Input t = 2197ns
Output t = 2067ns

Muon Antimuon

Reconstructed decay times in closest DOMs for muons and antimuons from MC hits
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KM3NeT Event  

KM3NeT events is a collection of the hits (PMT signals) in the selected time interval  

KM3NeT hit:     Hi (ti, Ai,  DOMi, PMTj)        time 

       time 

Trigerred hit 
 

Dt 

 Muon hits   Electron hit

Variable size 
search window 
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teh=tst + tep

teh   is electron hit time
tst  is muon stopping 
time
tep   is electron photon 
flight time

Scattered photons from 
muons could be 
mistaken with Michel 
electron photons

m 

e 

tst

Backgrounds for Michel electron signal: 
deep sea optical background - 40K decays; bio luminescence 
Scattered Cherenkov light from stopping muons
PMT afterpulses
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Michel electron backgrounds
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Michel electron and background signals



Hit time distribution in the closest DOM
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Summary and Outlook
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  Muon decays and signals from Michel electron were simulated 
   with the KM3Sim software

  Michel electron simulations were implemented in the JSirene 

  Selection cuts under optimization to find the DOM with Michel
   electron signal

  Main backgrounds for the muon decay signals are identified as 40K and
     Cherenkov light from the muon propagation in the sea water

  Selection of ORCA6 data MC events for analysis and searching for
     muon decays
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