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Simula$on	  data	

•  CALET	  CAD	  rev.15	  simula$on	  data	  
•  Electron	  1TeV	  
•  Down	  (-‐90deg	  ~ +90deg)	  
•  HE	  Triggered	  events	  
•  The	  number	  of	  events	  
– 88537	  events	  
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Geometric	  Condi$ons	

A	 B	 C	 D	 Others	 Total	
The	  number	  of	  true	  
simula$on	  events	 6525	 3965	 2893	 4510	 70644	 88537	

A	  	   	   	   	  	   	  B	  	  	   	   	   	   	  C	  	  	   	   	   	   	  D	
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Angular	  distribu$on	  of	  simulated	  events	  
in	  A-‐D	  Condi$ons	  (true)	
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Kalman	  Filter	

•  Es$ma$on	  of	  states	  from	  measurements	  
– State:	  Posi$on	  and	  Angle	  of	  Shower	  axis	  	  
– Measurement:	  IMC	  output	  

•  Modeling	  of	  State	  equa$on	  and	  Measurement	  
equa$on	  
– State	  equa$on:	  	  
– Measurement	  equa$on:	  

	  

ak+1 = Fak +wk

kkk Ham ε+=
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Modeling	

•  Linear	  Discrete	  Kalman	  Filter	  using	  IMC	  1~8	  
layers	  Output	

ak+1 = Fak +wk

(State	  equa4on)	
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wk ：System	  Noise	  =	  Mul$ple	  Coulomb	  Scadering	  in	  W	  of	  IMC	  	

positionk+1 = positionk ⋅d tanθk +wk

tanθk+1 = tanθk +wk
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kkk Ham ε+=

(Measurement	  Equa4on)	
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εk :	  Measurement	  Noise	  =	  SciFi	  Posi$on	  Resolu$on	  of	  1mm	  	

km :	  Measurement	  Vector	  =	  Posi$on	  Informa$on	  of	  SciFi	  	

=>	  Es$ma$on	  of	  the	  state	  vector	  from	  the	  measurement	  vector	  

ka :	  State	  Vector	  =	  Posi$on	  and	  Angle	  of	  Shower	  Axis	  	  	  	
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Kalman	  filter	  processes	

•  Predic$on	  
–  Predic$on	  of	  next	  layer	  posi$on	  from	  (posi$on,	  angle)	  
of	  the	  state	  vector	  

•  Filtering	  
– Correc$on	  of	  the	  predicted	  posi$on	  from	  the	  
measurement	  vector	  	  

•  Smoothing	  
–  Smoothing	  the	  state	  vector	  using	  the	  new	  informa$on	  
of	  the	  measurement	  in	  backward	  direc$on	

km
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Smoothing	Predic$on	  &	  Filtering	

	  　Ini$al	  Angle	  
Using	  a	  Least	  Square	  Method	

	  　Es$mated	  incident	  angle	  

Predic$on	

Filtering	
k	→	 k+1	

k	→	 k	

Measurement	  vector:	   km
=	  Weighted	  mean	  posi$on	  within	  +-‐5mm	  SciFi	  of	  Predicted	  SciFi	  posi$on	  
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Itera$on	  of	  Kalman	  Filter	  
(200	  $mes	  in	  this	  study)	

Es$mated	  incident	  angle　　　is	  used	  as	  ini$al	  angle	  	  
To	  iterate	  Kalman	  Filter	
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Kalman Filter
Entries  6417
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Angular	  Resolu$on:	  Geometric	  Condi$on	  A	

σ y = 0.081[degree]σ x = 0.071[degree]

σ = 0.122[degree]

The	  number	  of	  true	  events	  of	  A	  	  	  
	   	   	  Atrue	  =	  6525	

The	  number	  of	  reconstructed	  events	  as	  A	  	  
	   	   	  Aes$	  =	  6417	

3D	

X	 Y	

Breakdown	 Atrue	 Btrue	 Ctrue	 Dtrue	 Elsetrue	
True	  events	   6330	 45	 0	 0	 42	
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Kalman Filter
Entries  6417
Mean   -0.0001851
RMS    0.2352

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 10

20

40

60

80

100

120

140

Kalman Filter
Entries  6417
Mean   -0.0001851
RMS    0.2352

Kalman Filter
Entries  6417
Mean   -3.401e-05
RMS    0.2307

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 10

20

40

60

80

100

120

140
Kalman Filter

Entries  6417
Mean   -3.401e-05
RMS    0.2307

σ y = 0.218[mm]σ x = 0.211[mm]

Y	X	

Posi$on	  Resolu$on	  on	  CHD-‐X:	  Geometric	  Condi$on	  A	
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Kalman Filter
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σ y = 0.074[degree]σ x = 0.070[degree]

σ = 0.108[degree]

The	  number	  of	  true	  events	  of	  B	  	  	  
	   	   	  Btrue	  =	  3965	

The	  number	  of	  reconstructed	  events	  as	  B	  	  
	   	   	  Bes$	  =	  3934	

3D	

X	 Y	

Breakdown	 Atrue	 Btrue	 Ctrue	 Dtrue	 Elsetrue	
True	  events	   57	 3798	 16	 33	 30	

Angular	  Resolu$on:	  Geometric	  Condi$on	  B	
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Kalman Filter
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Posi$on	  Resolu$on	  on	  CHD-‐X:	  Geometric	  Condi$on	  B	
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Kalman Filter
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σ = 0.162[degree]

The	  number	  of	  true	  events	  of	  C	  	  	  
	   	   	  Ctrue	  =	  2893	

The	  number	  of	  reconstructed	  events	  as	  C	  	  
	   	   	  Ces$	  =	  2838	

3D	

X	 Y	

Breakdown	 Atrue	 Btrue	 Ctrue	 Dtrue	 Elsetrue	
True	  events	   0	 9	 2753	 25	 46	

Angular	  Resolu$on:	  Geometric	  Condi$on	  C	
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Kalman Filter
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The	  number	  of	  true	  events	  of	  D	  	  	  
	   	   	  Dtrue	  =	  4510	

The	  number	  of	  reconstructed	  events	  as	  D	  	  
	   	   	  Des$	  =	  4499	

3D	

X	 Y	

Breakdown	 Atrue	 Btrue	 Ctrue	 Dtrue	 Elsetrue	
True	  events	   0	 42	 39	 4305	 113	

Angular	  Resolu$on:	  Geometric	  Condi$on	  D	
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Posi$on	  Resolu$on	  on	  CHD-‐X:	  Geometric	  Condi$on	  D	
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Kalman Filter
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The	  number	  of	  true	  events	  of	  A-‐D	  	  	  
	   	   	  A~Dtrue	  =	  17893	

The	  number	  of	  reconstructed	  events	  as	  A-‐D	  	  
	   	   	  A~Des$	  =	  17683	

3D	

Breakdown	 Atrue	 Btrue	 Ctrue	 Dtrue	 Elsetrue	
True	  events	   6387	 3894	 2808	 4363	 231	

Angular	  Resolu$on:	  Geometric	  Condi$on	  A-‐D	
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Kalman Filter
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Posi$on	  Resolu$on	  on	  CHD-‐X:	  Geometric	  Condi$on	  A-‐D	
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Summary	

A	 B	 C	 D	 A~D	

Angular	  
Resolu$on	  
[degree]	

X	 0.076	 0.070	 0.106	 0.069	 0.077	
Y	 0.081	 0.074	 0.112	 0.077	 0.082	
3D	 0.122	 0.108	 0.162	 0.109	 0.121	

Space	  
Resolu$on	  

[mm]	

X	 0.211	 0.197	 0.387	 0.255	 0.237	
Y	 0.218	 0.209	 0.405	 0.282	 0.252	

•  Reconstruc$on	  of	  Electron	  1TeV	  for	  condi$on	  A-‐D	  
–  Reconstruc$on	  rate	  for	  true	  A-‐D	  events:	  98%	  (	  17452	  /	  17893	  )	  
–  Contamina$on	  rate	  outside	  A-‐D:	  1.3%	  (	  231	  /	  17683	  )	  
–  The	  number	  of	  Kalman	  Filter	  itera$on:	  200	  
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