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Outline	
  
•  Setup	
  and	
  defini3on	
  
•  Kaon	
  containment	
  
•  Proton	
  containment	
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Note:	
  
•  Shower	
  shapes	
  (longitudinal	
  and	
  transverse)	
  are	
  put	
  in	
  

the	
  backup	
  
•  The	
  original	
  mo3va3on	
  is	
  to	
  look	
  at	
  containment	
  in	
  

terms	
  of	
  radia3on	
  length	
  and	
  interac3on	
  length	
  such	
  
that	
  it	
  can	
  be	
  compared	
  to	
  NOvA	
  detector,	
  for	
  
example	
  for	
  the	
  longitudinal	
  max	
  posi3on	
  

Lmax X0 = 0.89 ln E / Ec( )− 0.65

Lmax X0 =1.07ln E / Ec( )−1.13 Lmax λ = 0.13E + 0.14

Lmax λ = 0.19E + 0.19
Electrons	
   Pions	
  

LAr	
  

NOvA	
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star3ng	
  at	
  	
  
(2.5m,	
  0m,	
  0.5m)	
  

x	
  
y	
  

z	
  
pencil	
  beam	
  

5.2m	
  

4.7m	
  

10.4m	
  

Containment ≡ Energy deposition within the defined boundary
Energy deposition in the full geometry

Define	
  a	
  small	
  volume	
  in	
  the	
  extended	
  MicroBooNE	
  geometry	
  from	
  Pawel	
  

Containment	
  is	
  defined	
  as	
  

•  To	
  study	
  longitudinal	
  containment,	
  vary	
  length	
  with	
  full	
  width	
  
•  To	
  study	
  lateral	
  containment,	
  vary	
  radius	
  with	
  full	
  length	
  

NOTE:	
  	
  
•  All	
  plots	
  were	
  made	
  with	
  MC	
  Truth	
  
•  In	
  producing	
  MC	
  files	
  

ü  generator:	
  @local::microboone_singlep	
  
ü  largeant:	
  	
  	
  	
  @local::microboone_largeant	
  
ü  daq:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  @local::microboone_simwire	
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Frac3on	
  of	
  events	
  with	
  above	
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  containment	
  

R95%	
  ≈	
  150	
  cm	
  	
  	
  
	
  	
  λ	
  	
  	
  	
  =	
  85.77	
  cm	
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Lmax λ = 0.6 ln E(GeV)[ ]− 0.2

Lmax λ = 0.2 ln E(GeV)[ ]+ 0.7

•  Through	
  fifng	
  (upper	
  right	
  plot),	
  shower	
  
max	
  posi3on	
  Lmax	
  =	
  [2]/[3]	
  follows	
  	
  

	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  whereas	
  ref	
  1	
  and	
  2	
  suggests	
  
	
  
	
  
	
  
•  Length	
  for	
  95%	
  containment	
  versus	
  

energy	
  is	
  shown	
  on	
  the	
  right	
  bogom	
  plot	
  
	
  	
  

[0] t +[1]( )[2] e−[3]t

Lmax λ = 0.36 ln E(GeV)[ ]+ 0.17

[1]	
  is	
  fixed	
  as	
  50cm	
  

1	
  hgp://indico.cern.ch/getFile.py/access?contribId=8&resId=0&materialId=slides&confId=71806	
  
2	
  hgp://oldweb.ct.infn.it/~rivel/Glossario/node80.html#79	
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Summary	
  and	
  Plan	
  

•  Have	
  provided	
  the	
  containment	
  informa3on	
  for	
  electrons,	
  
pions,	
  kaons	
  and	
  protons	
  with	
  momentums	
  ranging	
  from	
  
0.5	
  to	
  4GeV/c	
  

•  What’s	
  the	
  frac3on	
  of	
  each	
  type	
  of	
  par3cle	
  in	
  the	
  beam?	
  
– Will	
  use	
  g4beamline	
  to	
  address	
  this	
  issue	
  

9	
  



BACKUP	
  

10	
  



0.5	
  to	
  2GeV/c	
  Proton	
  Longitudinal	
  Distribu3on	
   11	
  

Length (cm)
0 0.2 0.4 0.6 0.8 1 1.2

310×

ED
ep

 (M
eV

)

0

10

20

30

40

50
310×

Longitudinal Distribution of Hits
+1000 0.5GeV/c p

Entries  361758
Mean    58.04
RMS     11.73

Longitudinal Distribution of Hits

Length (cm)
0 0.2 0.4 0.6 0.8 1 1.2

310×

ED
ep

 (M
eV

)

0
2
4
6
8

10
12
14
16
18
20
22

310×
Longitudinal Distribution of Hits

+1000 1.0GeV/c p
Entries  3146116
Mean    99.54
RMS     40.27

Longitudinal Distribution of Hits

Length (cm)
0 0.2 0.4 0.6 0.8 1 1.2

310×

ED
ep

 (M
eV

)

0

5

10

15

20

25

310×
Longitudinal Distribution of Hits

+1000 1.5GeV/c p
Entries  7739740
Mean    140.4
RMS     72.69
p0        1.762e+04
p1          -50
p2        0.5285
p3        0.01731

Longitudinal Distribution of Hits

Length (cm)
0 0.2 0.4 0.6 0.8 1 1.2

310×

ED
ep

 (M
eV

)

0

5

10

15

20

25

30
310×

Longitudinal Distribution of Hits
+1000 2.0GeV/c p

Entries    1.279713e+07
Mean    169.5
RMS     94.01
p0        1.353e+04
p1          -50
p2        0.5256
p3        0.01273

Longitudinal Distribution of Hits



2.5	
  to	
  4GeV/c	
  Proton	
  Longitudinal	
  Distribu3on	
   12	
  

Length (cm)
0 0.2 0.4 0.6 0.8 1 1.2

310×

ED
ep

 (M
eV

)

0

5

10

15

20

25

30

35

310×
Longitudinal Distribution of Hits

+1000 2.5GeV/c p
Entries    1.830747e+07
Mean    181.9
RMS     106.1
p0        1.683e+04
p1          -50
p2        0.4736
p3        0.0109

Longitudinal Distribution of Hits

Length (cm)
0 0.2 0.4 0.6 0.8 1 1.2

310×

ED
ep

 (M
eV

)

0

5

10

15

20

25

30

35

40

45
310×

Longitudinal Distribution of Hits
+1000 3.0GeV/c p

Entries    2.391793e+07
Mean    189.3
RMS     110.8
p0        1.802e+04
p1          -50
p2        0.4892
p3        0.01036

Longitudinal Distribution of Hits

Length (cm)
0 0.2 0.4 0.6 0.8 1 1.2

310×

ED
ep

 (M
eV

)

0

10

20

30

40

50

310×
Longitudinal Distribution of Hits

+1000 3.5GeV/c p
Entries    2.943875e+07
Mean    196.1
RMS     112.5
p0        1.349e+04
p1          -50
p2        0.6077
p3        0.01067

Longitudinal Distribution of Hits

Length (cm)
0 0.2 0.4 0.6 0.8 1 1.2

310×

ED
ep

 (M
eV

)

0

10

20

30

40

50

60
310×

Longitudinal Distribution of Hits
+1000 4.0GeV/c p

Entries    3.518696e+07
Mean      198
RMS     114.7
p0        1.696e+04
p1          -50
p2         0.58
p3        0.01033

Longitudinal Distribution of Hits



0.5	
  to	
  2GeV/c	
  Proton	
  Lateral	
  Distribu3on	
   13	
  

width (cm)
0 50 100 150 200 250 300 350

ED
ep

 (M
eV

)

-610

-510

-410

-310

-210

-110
1

10

210

310

410

510

Lateral Distribution of Hits
+1000 1.5GeV p

Entries  7739740
Mean    24.55
RMS     39.29

Lateral Distribution of Hits

width (cm)
0 50 100 150 200 250 300 350

ED
ep

 (M
eV

)

-310

-210

-110
1

10

210

310

410

510

Lateral Distribution of Hits
+1000 2.0GeV p

Entries    1.279713e+07
Mean    32.89
RMS     44.35

Lateral Distribution of Hits

width (cm)
0 50 100 150 200 250 300 350

ED
ep

 (M
eV

)

-410

-310

-210

-110
1

10

210

310

410

510

Lateral Distribution of Hits
+1000 0.5GeV/c p

Entries  361758
Mean    2.148
RMS      13.4

Lateral Distribution of Hits

width (cm)
0 50 100 150 200 250 300 350

ED
ep

 (M
eV

)

-510

-410

-310

-210

-110
1

10

210

310

410

510

Lateral Distribution of Hits
+1000 1.0GeV/c p

Entries  3146116
Mean    13.32
RMS     31.41

Lateral Distribution of Hits



2.5	
  to	
  4GeV/c	
  Proton	
  Lateral	
  Distribu3on	
   14	
  

width (cm)
0 50 100 150 200 250 300 350

ED
ep

 (M
eV

)

-210

-110

1

10

210

310

410

510

Lateral Distribution of Hits
+1000 2.5GeV p

Entries    1.830747e+07
Mean    38.95
RMS     47.87

Lateral Distribution of Hits

width (cm)
0 50 100 150 200 250 300 350

ED
ep

 (M
eV

)

-310

-210

-110

1

10

210

310

410

510

Lateral Distribution of Hits
+1000 3.0GeV p

Entries    2.391793e+07
Mean    40.94
RMS     48.01

Lateral Distribution of Hits

width (cm)
0 50 100 150 200 250 300 350

ED
ep

 (M
eV

)

-210

-110

1

10

210

310

410

510

Lateral Distribution of Hits
+1000 3.5GeV p

Entries    2.943875e+07
Mean    43.18
RMS     48.68

Lateral Distribution of Hits

width (cm)
0 50 100 150 200 250 300 350

ED
ep

 (M
eV

)

-110

1

10

210

310

410

510

Lateral Distribution of Hits
+1000 4.0GeV p

Entries    3.518696e+07
Mean    43.54
RMS     48.74

Lateral Distribution of Hits



0.5	
  to	
  2GeV/c	
  Kaon	
  Longitudinal	
  Distribu3on	
   15	
  

Length (cm)
0 0.2 0.4 0.6 0.8 1 1.2

310×

ED
ep

 (M
eV

)

0

10

20

30

40

50
310×

Longitudinal Distribution of Hits
-1000 0.5GeV K

Entries  7864703
Mean    82.64
RMS     37.13

Longitudinal Distribution of Hits

Length (cm)
0 0.2 0.4 0.6 0.8 1 1.2

310×

ED
ep

 (M
eV

)

0

5

10

15

20

25

30

35

310×
Longitudinal Distribution of Hits

-1000 1.0GeV K
Entries    1.267148e+07
Mean    128.6
RMS     68.99
p0        2.968e+04
p1          -50
p2        0.4834
p3        0.01844

Longitudinal Distribution of Hits

Length (cm)
0 0.2 0.4 0.6 0.8 1 1.2

310×

ED
ep

 (M
eV

)

0

5

10

15

20

25

30

35

310×
Longitudinal Distribution of Hits

-1000 1.5GeV K
Entries    1.796954e+07
Mean    166.2
RMS     95.32
p0        1.774e+04
p1          -50
p2        0.4841
p3        0.01226

Longitudinal Distribution of Hits

Length (cm)
0 0.2 0.4 0.6 0.8 1 1.2

310×

ED
ep

 (M
eV

)

0

5

10

15

20

25

30

35

40

45
310×

Longitudinal Distribution of Hits
-1000 2.0GeV K

Entries    2.383924e+07
Mean    176.9
RMS     106.8
p0        1.928e+04
p1          -50
p2        0.4988
p3        0.01149

Longitudinal Distribution of Hits



2.5	
  to	
  4GeV/c	
  Kaon	
  Longitudinal	
  Distribu3on	
   16	
  

Length (cm)
0 0.2 0.4 0.6 0.8 1 1.2

310×

ED
ep

 (M
eV

)

0

10

20

30

40

50
310×

Longitudinal Distribution of Hits
-1000 2.5GeV K

Entries     2.92959e+07
Mean    192.9
RMS     120.7
p0        2.028e+04
p1          -50
p2        0.4798
p3        0.01013

Longitudinal Distribution of Hits

Length (cm)
0 0.2 0.4 0.6 0.8 1 1.2

310×

ED
ep

 (M
eV

)

0

10

20

30

40

50
310×

Longitudinal Distribution of Hits
-1000 3.0GeV K

Entries    3.153072e+07
Mean    205.8
RMS     128.3
p0        1.419e+04
p1          -50
p2        0.5609
p3        0.009838

Longitudinal Distribution of Hits

Length (cm)
0 0.2 0.4 0.6 0.8 1 1.2

310×

ED
ep

 (M
eV

)

0

10

20

30

40

50

60
310×

Longitudinal Distribution of Hits
-1000 3.5GeV K

Entries    4.096206e+07
Mean    211.5
RMS     130.7
p0        1.628e+04
p1          -50
p2        0.5747
p3        0.009536

Longitudinal Distribution of Hits

Length (cm)
0 0.2 0.4 0.6 0.8 1 1.2

310×

ED
ep

 (M
eV

)

0

10

20

30

40

50

60

310×
Longitudinal Distribution of Hits

-1000 4.0GeV K
Entries    4.662066e+07
Mean    220.9
RMS     138.5
p0        1.525e+04
p1          -50
p2        0.6016
p3        0.009228

Longitudinal Distribution of Hits



0.5	
  to	
  2GeV/c	
  Kaon	
  Lateral	
  Distribu3on	
   17	
  

width (cm)
0 50 100 150 200 250 300 350

ED
ep

 (M
eV

)

-410

-310

-210

-110
1

10

210

310

410

510

Lateral Distribution of Hits
-1000 0.5GeV K

Entries  7864703
Mean     27.7
RMS     40.11

Lateral Distribution of Hits

width (cm)
0 50 100 150 200 250 300 350

ED
ep

 (M
eV

)

-210

-110

1

10

210

310

410

510

Lateral Distribution of Hits
-1000 1.0GeV K

Entries    1.267148e+07
Mean    32.12
RMS     41.75

Lateral Distribution of Hits

width (cm)
0 50 100 150 200 250 300 350

ED
ep

 (M
eV

)

-210

-110

1

10

210

310

410

510

Lateral Distribution of Hits
-1000 1.5GeV K

Entries    1.796954e+07
Mean    35.21
RMS     44.27

Lateral Distribution of Hits

width (cm)
0 50 100 150 200 250 300 350

ED
ep

 (M
eV

)

-110

1

10

210

310

410

510

Lateral Distribution of Hits
-1000 2.0GeV K

Entries    2.383924e+07
Mean    38.53
RMS     45.22

Lateral Distribution of Hits



2.5	
  to	
  4GeV/c	
  Kaon	
  Lateral	
  Distribu3on	
   18	
  

width (cm)
0 50 100 150 200 250 300 350

ED
ep

 (M
eV

)

-210

-110

1

10

210

310

410

510

Lateral Distribution of Hits
-1000 2.5GeV K

Entries     2.92959e+07
Mean     40.3
RMS     46.52

Lateral Distribution of Hits

width (cm)
0 50 100 150 200 250 300 350

ED
ep

 (M
eV

)

-410

-310

-210

-110
1

10

210

310

410

510

Lateral Distribution of Hits
-1000 3.0GeV K

Entries    3.153072e+07
Mean    39.53
RMS     46.07

Lateral Distribution of Hits

width (cm)
0 50 100 150 200 250 300 350

ED
ep

 (M
eV

)

-310

-210

-110

1

10

210

310

410

510

Lateral Distribution of Hits
-1000 3.5GeV K

Entries    4.096206e+07
Mean     40.9
RMS     46.39

Lateral Distribution of Hits

width (cm)
0 50 100 150 200 250 300 350

ED
ep

 (M
eV

)

-110

1

10

210

310

410

510

Lateral Distribution of Hits
-1000 4.0GeV K

Entries    4.662066e+07
Mean    41.52
RMS      46.7

Lateral Distribution of Hits


