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Online	  LAr	  Purity	  Monitoring	  
	  

Thanks	  to	  Michelle	  Stancari	  for	  idea	  and	  guidance	  



LAr	  Purity	  directly	  impacts	  ionisa<on	  electron	  life<me	  
	  
Dri>	  distance	  /	  <me	  long	  for	  LAr	  TPCs	  
	  
Impure	  Argon	  means	  collected	  charge	  reduces	  with	  distance	  from	  APA	  
	  
Can	  we	  es<mate	  the	  purity	  from	  data?	  
	  
Needs	  to	  be	  fast	  –	  use	  simple	  crude	  metrics	  
	  
Thanks	  to	  Michelle	  Stancari	  for	  the	  idea	  and	  help!	  
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Mo?va?on	  



Use	  external	  scin<llator	  counters	  to	  tag	  sample	  of	  muons	  travelling	  parallel	  to	  
APA	  
	  
Es<mate	  electron	  life<me	  -‐>	  LAr	  purity	  from	  sample	  of	  these	  muons	  
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Tagged	  muon	  trajectory	  

Jonathan Davies	  3	  

Online	  LAr	  Purity	  Monitoring	  
Jonathan	  Davies	  
The	  Plan	  



(lbnecode	  v04_07_00	  +	  HitDumper)	  
3GeV	  muons	  
Travel	  in	  a	  plane	  (YZ)	  at	  incline	  (counters	  diagonally	  opposite	  each	  other)	  
Uniform	  distribu<on	  (XY)	  
Fast	  Hit	  Finder	  
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1000	  events	  
simulated	  with	  a	  
range	  of	  electron	  
life<me	  (τ)	  

Jonathan Davies	  4	  

Online	  LAr	  Purity	  Monitoring	  
Jonathan	  Davies	  
Data	  Sample	  
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s)µPair02 - (205 cm, 199 cm ~ 1.26e+03 

s)µPair03 - (174 cm, 168 cm ~ 1.07e+03 

s)µPair04 - (143 cm, 137 cm ~ 8.75e+02 

s)µPair05 - (112 cm, 106 cm ~ 6.81e+02 

s)µPair06 - (81 cm, 75 cm ~ 4.88e+02 

s)µPair07 - (50 cm, 44 cm ~ 2.94e+02 

sµ 5 10× 1 eτHit Charge - 
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Hit	  Charge	  

Distance	  of	  centre	  of	  
pair	  of	  counters	  from	  
long	  dri>	  length	  APA	  
(from	  here	  and	  here)	  
	  
	  

Expected	  hit	  <me	  
(from	  t0)	  
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s)µPair07 - (50 cm, 44 cm ~ 2.94e+02 

sµ 5 10× 1 eτHit Charge - 
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Hit	  Charge	  

One	  entry	  per	  hit	  in	  
all	  events	  that	  were	  
tagged	  as	  passing	  
through	  a	  pair	  of	  
counters	  
	  
Entry	  uses	  charge	  
sum	  of	  hit	  (fast	  hit	  
finder)	  
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Online	  LAr	  Purity	  Monitoring	  
Jonathan	  Davies	  
Hit	  Charge	  

One	  entry	  per	  hit	  in	  
all	  events	  that	  were	  
tagged	  as	  passing	  
through	  a	  pair	  of	  
counters	  
	  
Entry	  uses	  charge	  
sum	  of	  hit	  (fast	  hit	  
finder)	  
	  
Scaled	  by	  total	  
number	  of	  events	  
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Hit	  Charge	  

ADC Counts
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s)µPair02 - (205 cm, 199 cm ~ 1.26e+03 

s)µPair03 - (174 cm, 168 cm ~ 1.07e+03 

s)µPair04 - (143 cm, 137 cm ~ 8.75e+02 

s)µPair05 - (112 cm, 106 cm ~ 6.81e+02 

s)µPair06 - (81 cm, 75 cm ~ 4.88e+02 

s)µPair07 - (50 cm, 44 cm ~ 2.94e+02 

sµ 3 10× 1 eτHit Charge - 
One	  entry	  per	  hit	  in	  
all	  events	  that	  were	  
tagged	  as	  passing	  
through	  a	  pair	  of	  
counters	  
	  
Entry	  uses	  charge	  
sum	  of	  hit	  (fast	  hit	  
finder)	  
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Hit	  Charge	  

ADC Counts
0 0.2 0.4 0.6 0.8 1

310×

H
its

 / 
Ev

en
t

0

10

20

30

s)µPair02 - (205 cm, 199 cm ~ 1.26e+03 

s)µPair03 - (174 cm, 168 cm ~ 1.07e+03 
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s)µPair05 - (112 cm, 106 cm ~ 6.81e+02 

s)µPair06 - (81 cm, 75 cm ~ 4.88e+02 

s)µPair07 - (50 cm, 44 cm ~ 2.94e+02 

sµ 3 10× 1 eτHit Charge - 
One	  entry	  per	  hit	  in	  
all	  events	  that	  were	  
tagged	  as	  passing	  
through	  a	  pair	  of	  
counters	  
	  
Entry	  uses	  charge	  
sum	  of	  hit	  (fast	  hit	  
finder)	  
	  
Scaled	  by	  total	  
number	  of	  events	  
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Hit	  Charge	  

OLD	  PLOTS	  
	  

From	  last	  ?me	  
BUG	  in	  histogram	  ploIng	  
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Average Charge vs Distance

s - est. 3.17e+02 +/- -5.62e+03µ 2 10× 5 eτ

s - est. 4.33e+02 +/- -5.47e+03µ 3 10× 1 eτ

s - est. 7.60e+02 +/- -5.17e+03µ 3 10× 5 eτ

s - est. 7.36e+02 +/- -4.99e+03µ 4 10× 1 eτ

s - est. 7.33e+02 +/- -5.12e+03µ 5 10× 1 eτ

Average Charge vs Distance
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Life	  Time	  Es?ma?on	  

Profile	  histogram	  
	  
Only	  use	  Pairs	  02-‐07	  
	  
Average	  charge	  per	  
hit	  per	  event	  
recorded	  
	  
FiKed	  with	  
exponen?al	  
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Hit	  Charge	  

NEW	  PLOTS	  
	  

From	  last	  ?me	  
BUG	  fixed	  
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Life	  Time	  Es?ma?on	  
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Average	  charge	  of	  
hits	  in	  an	  event	  
	  
Nice	  flat	  shape	  for	  
large	  life?mes	  
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Life	  Time	  Es?ma?on	  
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Average Charge vs Distance - With Diffusion

s - est. 4.44e+02 +/- 6.05e+00µ 2 10× 5 eτ

s - est. 8.99e+02 +/- 1.39e+01µ 3 10× 1 eτ

s - est. 4.87e+03 +/- 3.08e+02µ 3 10× 5 eτ

s - est. 9.28e+03 +/- 1.27e+03µ 4 10× 1 eτ

s - est. 5.67e+04 +/- 5.14e+04µ 5 10× 1 eτ

Average Charge vs Distance - With Diffusion

Best	  fit	  life	  <me	  and	  1	  
sigma	  error	  
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Next	  Steps	  

Realis?c	  muon	  sample	  –	  i.e.	  angular	  distribu?on	  
	  
Monte	  Carlo	  Challenge	  data	  sets	  (MCC2)?	  

How	  do	  I	  access	  them?	  	  
Technical	  -‐	  can’t	  see	  files	  on	  /pnfs/,	  only	  ana	  files	  on	  SAM,	  permissions	  problem	  
copying	  using	  SAM	  datasets	  

These	  events	  are	  very	  rare	  –	  will	  the	  samples	  contain	  enough?	  
	  

Simulate	  my	  own	  realis?c	  muon	  samples	  
How	  to	  avoid	  wasted	  CPU	  –	  only	  generate	  the	  muons	  that	  will	  hit	  counter	  pairs?	  
How	  to	  calculate	  the	  frac<on	  of	  overall	  rate	  that	  will	  hit	  counter	  pairs?	  
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Backup	  Slides	  
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Life	  Time	  Es?ma?on	  –	  2D	  histo	  -‐>	  Profile	  
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Example	  2D	  
histogram	  used	  to	  
derive	  “Profile	  
Histograms”	  on	  
slides	  13	  &	  14	  
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Average Charge vs Distance - No Diffusion

s - est. 4.49e+02 +/- 5.74e+00µ 2 10× 5 eτ

s - est. 9.56e+02 +/- 1.79e+01µ 3 10× 1 eτ

s - est. 4.85e+03 +/- 3.66e+02µ 3 10× 5 eτ

s - est. 7.85e+03 +/- 8.67e+02µ 4 10× 1 eτ

s - est. 1.74e+05 +/- 3.90e+05µ 5 10× 1 eτ

Average Charge vs Distance - No Diffusion
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Life	  Time	  Es?ma?on	  –	  No	  Diffusion	  

Simulated	  files	  with	  
no	  diffusion	  



ADC
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 00 Mean 461.18σ

 15 Mean 461.16σ

 30 Mean 461.09σ

 45 Mean 460.98σ

 60 Mean 460.82σ

Landau Gaussian Width 20, MP 400, Amp 1e5
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Landau	  Gaussian	  –	  Affect	  on	  Mean	  

Playing	  with	  
Landau-‐Gaussian	  
convolu<on	  
	  
Looks	  like	  the	  
Gaussian	  mean	  has	  
small	  affect	  on	  
convolu?on	  mean	  
	  
-‐>	  mean	  is	  robust	  
measure	  

Michelle’s	  
Nomenclature	  for	  
Landau	  Parameters	  
	  


