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Muon decay in flight
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Suppression of background from 
muon decay!
‣ Target vertex cut!
‣ Time of flight
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assuming electron!
after muon decay, �e = 1 

Δt ≈ 0, for muon decay in target



Muon decay in flight — vertex-time difference

Detection of muon decay by path-length 
corrected time-of-flight:!
‣ time-of-flight walls  

(tSC, ! = 50 ps)!
‣ upstream beam Cherenkov  

(tBC, ! = 100 ps)
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Direct measurement of the muon decay in flight 
background

In situ measurement of muon decay-
in-flight background from events 
upstream & downstream of the target.!
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µ scat. events
ω = 0.026
e from µ decays,
ω = 0.056
Random Coin. Events
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Co
un

ts

ωout (c)

µ scat. events, ε = 0.036
e from µ decays, ε = 0.062
Random Coin. Events
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Co
un

ts

ωout (c)

µ scat. events,
ε = 0.036
e from µ decays,
ε = 0.062
Random Coin. Events
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High fraction of scattering events are detectable 
without significant background contribution
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Vertex-time difference cut on  
scattering event distribution

� momentum -� < tSC - tBC -3� < tSC - tBC

115 MeV/c Signal 85(2)%!
Background 0.0(0.0)%

Signal 100(2)%!
Background 0.0(0.0)%

153 MeV/c Signal 87(2)%!
Background 0.3(0.1)%

Signal 100(2)%!
“Background” 1.6(0.2)%

210 MeV/c Signal 90(3)%!
Background 3.1(0.2)%

Signal 100(4)%!
Background 63(1)%

• The time-of-flight technique can reduce the muon-decay in flight background 
to < 4% prior to any correction of subtraction.!

• In practice, vary cut to optimize final uncertainties.



Time-of-Flight Information
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Energy deposition of electrons and muons in the 
scintillator bars differ slightly
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Energy Deposition SC1 (MeV)
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Paddle-number correlations 

Muon decay-in-flight events loose slightly their front-bar rear-bar 
correlation; why?!
Additional information, not yet included: bar multiplicity.
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@delta_bar

@edep_sc1

@edep_sc2

@dVertexTimeSC1BCC

@dVertexTimeSC2BCC

type

Neural Network

9

No
rm

al
iz
ed

 I
np

ut

Output!

Trained with type = 0 
for background and 
type = 1 for signal.

Hidden LayersInput Layer Output Layer



Neural Network Results
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High efficiency of the signal / background 
discrimination for 115 MeV/c and 153 MeV/c settings
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115 MeV/c!
100% signal 
with ≈ 0% 
background

153 MeV/c!
> 99.5% signal 
with ≈ 0.5% 
background

210 MeV/c!
≈ 96% signal 
with ≈ 4% 
background

Note: 1% signal and 1% background are not the same yields!



High efficiency of the signal / background 
discrimination for 115 MeV/c and 153 MeV/c settings
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TOF1 + TOF2!
much 
improved s/b 
separation

TOF1!
improved s/b 
separation

dE!
pulse-height 
alone 
insufficient 

Should we increase the flight path and push the rear wall further back?


