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The Mu3e SciFi Timing Detector 



Searching for the m+  Ÿ e+eïe+  Decay 
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In the Standard Model (mn = 0) Lepton Flavor is conserved absolutely 

(not by principle but by structure !) 
 

and LFV processes like  m Ÿ e + g  or  m Ÿ e e e  have not been observed yet 

 

Mu3e: search for the rare m decay m+ ­ e+ e- e+   

 

with sensitivity  BR ~ 10-15 to 10-16 (PeV scale) 

  t(m ­ eee) > 1000 years (tm = 2.2 ms) 

 

using the worldôs most intense DC (surface) muon beam (p ~ 28 MeV/c) at PSI 

 

Ý observe ~ 1016 ï  1017 m decays   (over a reasonable time) 

    Ý rate up to 2 x 109 m decays / s 

 

Ý suppress all backgrounds below 10-16 

 

Ý build a detector capable of measuring up to 2 x 109 m decays / s 

     minimum material, maximum precision 



Mu3e Baseline Design 

thin (< 0.1% x0), fast, high resolution detectors 
(minimum material, maximum precision) 

175 M HV-MAPS channels (Si pixels w/ embedded amplifiers) 

10 k ToF channels (SciFi and Tiles) 

acceptance ~ 25% for m+ ­ e+ e- e+ decay (3 tracks!) 

solenoid B = 1 T 

surface m 
 

p ~ 28 MeV/c 

108 m / s 

~15cm 

~1.2 m 

scintillating tiles scintillating fibers 

Si pixels (HV-MAPS) 
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Signal and Backgrounds 
signal 

features 
 

     common vertex  common vertex  no common vertex 
 

     coplanar S pi = 0  S pi ¸ 0      S pi ¸ 0 
 

     S Ei = mm       S Ei < mm   S Ei  ̧mm  
 

     D teee = 0   D teee = 0  D teee  ̧0 
 

     svtx < 300 mm 

    rejecting the background requires  sp < 0.5 MeV/c 

     st < 0.250 ns 

BR (m+ ­ e+ e- e+nenm) = 3.5 x 10-5  
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backgrounds 
internal conversion                 accidental 



Timing 50 ns snapshot (readout frame): 100 m decays 

additional ToF information < 250 ps 

to suppress accidental backgrounds 

requires excellent timing 
 

     < 250 ps SciFis 
 

     < 100 ps scint. tiles 
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The Timing Detectors: Fibers and Tiles 

precise timing measurement: critical to reduce accidental BKGs 

    determine sign of re-curling tracks (SciFi) 
 

scintillating fibers (SciFi) ~250 ps, detection efficiency > 95 % 
 

scintillating tiles ~70 ps, detection efficiency > 99 % 

scintillating tiles                               scintillating fibers 
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Background Suppression 

7 

combinatorial 

background 

suppression 

charge ID 

curling tracks 
st = 250 ps SciFi 

90% efficiency 


