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✳  INTRODUCTION:
   MOTIVATIONS FOR STUDY
  FITTING TO POSITRON TRACKS

✳  ANALYSIS:
  HOW ACCURATE IS THE RECONSTRUCTION METHOD?:

  RESOLUTION/RESIDUALS
  BIAS?
  RECONSTRUCTION EFFICIENCY

   POLARIZATION RESULTS

✳  CONCLUSIONS



Motivations & Method
Introduction



CAN WE TELL THE DIFFERENCE BETWEEN A FORWARD POLARIZED AND 
BACKWARD POLARIZED MUON BEAM AT THE EMR?
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✳  WHEN MUON DECAYS THE RESULTING ELECTRONS HAVE AN ANGULAR 
DISTRIBUTION INTEGRATED OVER MOMENTUM SPACE OF:

✳  PΜ = +1 (FORWARD), -1 (BACKWARD) OR 0 (FLAT)

✳  Θ = THE ANGLE BETWEEN THE MUON MOMENTUM AND THE ELECTRON 
DIRECTION….THIS IS WHAT I’M LOOKING TO MEASURE

✳  METHOD: DERIVE COS (Θ)  PLOT 1D HISTOGRAM  FIT Y=MX+C  M = P
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DECAY POSITRON LEAVES VERTEX AT SOME ANGLE RELATIVE TO INITIAL MUON 
DIRECTION  WANT TO MEASURE THIS ANGLE!
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✳  TRIED FITTING IN MINUIT IN BOTH CARTESIANS AND POLARS  BOTH ENCOUNTERED 
INFINITIES
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An example digitized MC event with 
axial muon

Fitting Method:

Incoming muon

Outgoing Positron

Vertex = decay point

Dots= bar hits, colours α energy dep in bar
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A CHI-SQUARED STYLE CUT ENSURES 50% OF HITS ARE WITHIN +/- 2 BINS OF PEAK
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✔ 

✗ 
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WANT TO MAKE SURE METHOD CAN ACCURATELY RECONSTRUCT EVENT GIVEN 
INFORMATION ON THE POSITRON TRACK AT THE EMR

✳  ALWAYS REQUIRE AT LEAST 1 DIGIT IN X AND Y

✳  AFTER THIS A “DIGIT CUT” ON MINIMUM NUMBER OF DIGITS HAD LITTLE 
EFFECT ON THE ACCURACY OF THE METHOD (JUDGING BY LOOKING AT THE 
RMS OF THE RESOLUTION OF THE FIT – (ΘRECON – ΘTRUE) AND AVERAGE 
RECONSTRUCTION EFFICIENCY)

Minimum 
Number of 

Digits 

RMS or 
resolution/

[rad] 

Efficiency/
[%] 

1 0.2692 88.0 

2 0.2549 85.87 

5 0.2585 83.3 

10 0.2542 81.24 



HOW SPREAD OUT ARE THE HITS FROM THE DERIVED 
AVERAGE?

✳  RMS ~0.05 RAD2  SUGGESTS THAT TRACKS ARE RELATIVELY STRAIGHT 
WITH ONLY SMALL DEVIATIONS PROBABLY DUE TO DETECTOR GEOMETRY
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Results & Discussion
Analysis



HOW WELL CAN THE METHOD RECONSTRUCT DIGITIZED MC?

✳  DISTRIBUTION OF DIFFERENCE IN RECONSTRUCTED ANGLE FROM DIGITIZED 
MC AND MC TRUTH HAS RMS ~0.25 RADIANS FOR BOTH HORIZONTAL AND 
VERTICAL GOING POSITRON TRACKS

✳  THIS IS SUFFICIENT GIVEN DETECTOR LIMITS!
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IS THE RECONSTRUCTION METHOD BIASED?
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✳  PLOT OF COSINE OF THE TRUE ANGLE .V. COSINE OF THE RECONSTRUCTED ANGLE 



HOW EFFICIENT IS THE CODE AT RECONSTRUCTING TRACKS AT A GIVEN ANGLE?

✳  THE PROBABILITY OF CORRECTLY RECONSTRUCTING AN ANGLE Θ FIND 
EFFICIENCY ~80-90 % FOR BOTH X AND Y TRACKS
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HOW EFFICIENT IS THE CODE AT RECONSTRUCTING TRACKS AT A GIVEN ANGLE?

✳  FOR A COMBINED COS(Θ) FOUND USING THE DOT PRODUCT BETWEEN INITIAL 
MUON DIRECTION AND ELECTRON TRACK- FIND EFFICIENCY ALSO ~80-90 %
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CAN THE METHOD CORRECTLY RECONSTRUCT THE POLARIZATION?

✳  BEAM IN MC WAS INITIALLY FORWARD POLARIZED (P=+1)- SO GRADIENT OF MX
+C LINE FIT TO COSINE DISTRIBUTION SHOULD HAVE M = +1/3

✳  STRAIGHT LINE FIT GIVES: 0.25 ± 0.03(STAT) 



Reconstructing Data: Results
Analyzing  Data



NEED TO REMOVE PIONS FROM DATA
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✳  CAN USE THE TIME OF FLIGHT BETWEEN TOF 0 AND TOF 1 TO REMOVE PIONS 
AND POSITRONS FROM CONTAMINATING THE MUON PRIMARY DATA

✳ CHOSE TOF01 TIME = 28 NS < T < 29 NS

e+ 

μ 

π 



NEED TO REDUCE NOISE IN EMR DATA 
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✳  A CUT ON THE TIME BETWEEN CONSECUTIVE BAR HITS (DIGITS) HELPS REMOVE 
NOISE

✳ ENSURE THAT THE TIME BETWEEN CONSECUTIVE HITS IS < 4 NS 



HOW SPREAD OUT IS DATA FROM AVERAGE?

✳  BAR HITS ARE MUCH MORE SPREAD OUT THAN IF TRACK WERE STRAIGHT  
NOISE

✳  RMS IS ~ 40X THE MC RMS  NEED TO IMPROVE NOISE REJECTION!!!
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CAN THE METHOD CORRECTLY RECONSTRUCT THE POLARIZATION?

✳  BEAM IN DATA WAS INITIALLY FORWARD POLARIZED (P=+1)- SO GRADIENT OF MX
+C LINE FIT TO COSINE DISTRIBUTION SHOULD HAVE M = +1/3

✳  STRAIGHT LINE FIT GIVES: 0.15 ± 0.031(STAT) ± 0…(SYS)
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✳  Analysis is working:

✳  Good resolution 

✳  Good Recon. Efficiencies 

✳  No indication of a significant bias

✳  Need estimate of systematic errors

✳  All that is now needed is to reconstruct for more data sets

✳  Thanks to Francois Drielsma for help with debugging



Any Questions?
Thank You For Listening


