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Cosmics Rays

p
s ' 14TeV

<latexit sha1_base64="0ltjtXr/h1JgF+jb9DAk7vL3rxI=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5LUgh6LXjxW6Bc0oWy2k3bpbpLuboQScvDiX/HiQRGv/ghv/hvTNgdtfTDweG+GmXlexJnSlvVtFDY2t7Z3irulvf2DwyPz+KSjwlhSaNOQh7LnEQWcBdDWTHPoRRKI8Dh0vcnt3O8+gFQsDFp6FoEryChgPqNEZ9LALDtqKnWiUkcxAVNs1xNHCtyCTloamBWrai2A14mdkwrK0RyYX84wpLGAQFNOlOrbVqTdhEjNKIe05MQKIkInZAT9jAZEgHKTxRMpPs+UIfZDmVWg8UL9PZEQodRMeFmnIHqsVr25+J/Xj7V/7SYsiGINAV0u8mOOdYjnieAhk0A1n2WEUMmyWzEdE0moznKbh2CvvrxOOrWqfVmt3dcrjZs8jiIqozN0gWx0hRroDjVRG1H0iJ7RK3oznowX4934WLYWjHzmFP2B8fkDHfiXug==</latexit>

LHC (p-p)

UHECRs

Extended air showers 

Knee

Ankle

2nd knee!?
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<latexit sha1_base64="6/1VRYKB/Im8zqJp6XaCdECieYY=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4scxUQZdFKbiSCvYBnbFkMpk2NDMJSUYow3yAG3/FjQtF3PoB7vwb03YW2nogcDjnXG7u8QWjStv2t1VYWl5ZXSuulzY2t7Z3yrt7bcUTiUkLc8Zl10eKMBqTlqaaka6QBEU+Ix1/dDXxOw9EKsrjOz0WxIvQIKYhxUgbqV+uuKFEOA3gTZYGjQy6QnKhOWzcpyfQRUwMUWZSdtWeAi4SJycVkKPZL3+5AcdJRGKNGVKq59hCeymSmmJGspKbKCIQHqEB6Rkao4goL50ek8EjowQw5NK8WMOp+nsiRZFS48g3yQjpoZr3JuJ/Xi/R4YWX0lgkmsR4tihMGDTXTpqBAZUEazY2BGFJzV8hHiLTjjb9lUwJzvzJi6Rdqzqn1drtWaV+mddRBAfgEBwDB5yDOrgGTdACGDyCZ/AK3qwn68V6tz5m0YKVz+yDP7A+fwAMc5r6</latexit>



TAx4 - SD
TA - FD

27.6 Km

McCornick

Holde

Fillmore

TA - SD
TALE - SD

TELESCOPE ARRAY Experiment

BR-FDLR-FD

MD-FD

507 TA-SDs

CLF site

Area of TA ~700 km2

SD- Surface Detector

FD- Fluorescence Detector

Hybrid Experiment
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Cosmic rays: TA
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UHECR phenomenology 
Detection

- Telescope Array
- Pierre Auger Observatory
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UHECRs phenomenology
Reconstruction

UHECR

Charged particle of EM

UV fluorescence 

Shower front

Npe

t = ti
<latexit sha1_base64="FBuBWPCc/b50nZzZzeC3GcCm9MM=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CIUvXisYD+gDWWz3bRLN5u4OxFK6Z/w4kERr/4db/4bN20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdJv5rSeujYjVA44T7kd0oEQoGEUrtZFcE+yJYq9UdivuDGSZeDkpQ456r/TV7ccsjbhCJqkxHc9N0J9QjYJJPi12U8MTykZ0wDuWKhpx409m907JqVX6JIy1LYVkpv6emNDImHEU2M6I4tAsepn4n9dJMbzyJ0IlKXLF5ovCVBKMSfY86QvNGcqxJZRpYW8lbEg1ZWgjykLwFl9eJs1qxTuvVO8vyrWbPI4CHMMJnIEHl1CDO6hDAxhIeIZXeHMenRfn3fmYt644+cwR/IHz+QOXxY8F</latexit>

•Energy: E
•Arrival direction ()
•Composition

SD
FD
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Time structure with SD data
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Surface detector
Scintillator Box

•

• SD: 507 scintillation Counters
• 1.2 km spacing 
• 2 layers of plastic scintillation 

(3m2)
• 2 FADC counters UP/LO 

• Resolution: 20ns
• Window gate: 2.56 µs
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Time Structure
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The air shower structure depends on energy, 
arrival direction, primary mass and on the 
interaction mechanism with air nuclei.  

1) the curvature of the shower front by using 
the definition of residual time td with respect 
to the shower plane by using thit. 

2) the thickness of the shower disk by 
analyzing the observable rise time based on 
the accumulated waveforms tR.

td = thit � t0 � tplane
<latexit sha1_base64="XO/8Yomb+IVjmPQTcP+Ay1FrH2Q=">AAACAnicbVBNS8NAEN3Ur1q/op7ES7AIXixJFfQiFL14rGA/oA1hs9m0SzebsDsRSghe/CtePCji1V/hzX/jts1BWx8MPN6bYWaen3CmwLa/jdLS8srqWnm9srG5tb1j7u61VZxKQlsk5rHs+lhRzgRtAQNOu4mkOPI57fijm4nfeaBSsVjcwzihboQHgoWMYNCSZx6AF1yBlw0Z5Kfg2bqyhGNBc8+s2jV7CmuROAWpogJNz/zqBzFJIyqAcKxUz7ETcDMsgRFO80o/VTTBZIQHtKepwBFVbjZ9IbeOtRJYYSx1CbCm6u+JDEdKjSNfd0YYhmrem4j/eb0Uwks3YyJJgQoyWxSm3ILYmuRhBUxSAnysCSaS6VstMsQSE9CpVXQIzvzLi6RdrzlntfrdebVxXcRRRofoCJ0gB12gBrpFTdRCBD2iZ/SK3own48V4Nz5mrSWjmNlHf2B8/gBXqJdl</latexit>
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SD Signal

Ri
<latexit sha1_base64="0l9/sQ2doRG/gAsyGWO99Qg1x3w=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49VTFtoQ9lst+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNHGqGfdZLGPdDqnhUijuo0DJ24nmNAolb4Xj25nfeuLaiFg94iThQUSHSgwEo2gl/6GXiWmvXHGr7hxklXg5qUCORq/81e3HLI24QiapMR3PTTDIqEbBJJ+WuqnhCWVjOuQdSxWNuAmy+bFTcmaVPhnE2pZCMld/T2Q0MmYShbYzojgyy95M/M/rpDi4DjKhkhS5YotFg1QSjMnsc9IXmjOUE0so08LeStiIasrQ5lOyIXjLL6+SZq3qXVRr95eV+k0eRxFO4BTOwYMrqMMdNMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucP7HyOwg==</latexit>
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Curvature front

Zenith: 0-33.6 [deg] 

Residual time
td = thit � t0 � tplane

<latexit sha1_base64="XO/8Yomb+IVjmPQTcP+Ay1FrH2Q=">AAACAnicbVBNS8NAEN3Ur1q/op7ES7AIXixJFfQiFL14rGA/oA1hs9m0SzebsDsRSghe/CtePCji1V/hzX/jts1BWx8MPN6bYWaen3CmwLa/jdLS8srqWnm9srG5tb1j7u61VZxKQlsk5rHs+lhRzgRtAQNOu4mkOPI57fijm4nfeaBSsVjcwzihboQHgoWMYNCSZx6AF1yBlw0Z5Kfg2bqyhGNBc8+s2jV7CmuROAWpogJNz/zqBzFJIyqAcKxUz7ETcDMsgRFO80o/VTTBZIQHtKepwBFVbjZ9IbeOtRJYYSx1CbCm6u+JDEdKjSNfd0YYhmrem4j/eb0Uwks3YyJJgQoyWxSm3ILYmuRhBUxSAnysCSaS6VstMsQSE9CpVXQIzvzLi6RdrzlntfrdebVxXcRRRofoCJ0gB12gBrpFTdRCBD2iZ/SK3own48V4Nz5mrSWjmNlHf2B8/gBXqJdl</latexit>
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t0
<latexit sha1_base64="jBwM19Phl6cWGSNlmffLNOLo5EM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGCaQttKJvtpl262YTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB23TJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4bua3n7g2IlGPOEl5ENOhEpFgFK3kYz93p/1K1a25c5BV4hWkCgWa/cpXb5CwLOYKmaTGdD03xSCnGgWTfFruZYanlI3pkHctVTTmJsjnx07JuVUGJEq0LYVkrv6eyGlszCQObWdMcWSWvZn4n9fNMLoJcqHSDLlii0VRJgkmZPY5GQjNGcqJJZRpYW8lbEQ1ZWjzKdsQvOWXV0mrXvMua/WHq2rjtoijBKdwBhfgwTU04B6a4AMDAc/wCm+Ocl6cd+dj0brmFDMn8AfO5w/J746r</latexit>

Obtention of time at core location

htdi = 2.6⇥
�
1 +

R

30m

�A ⇥ ⇢B [m�2][ns]
<latexit sha1_base64="8dVWiniXOH1hfFTMAlPc4E5fH1s="></latexit>
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Residual time parameters: A & B

)θsec(
1 1.2 1.4 1.6 1.8 2

A

1.2

1.4

1.6

1.8  / ndf 2χ  20.75 / 3
p0        0.01057± 1.802 
p1        0.00759±0.353 − 

 / ndf 2χ  20.75 / 3
p0        0.01057± 1.802 
p1        0.00759±0.353 − 

)θsec(
1 1.2 1.4 1.6 1.8 2

A

1.2

1.4

1.6

1.8  / ndf 2χ  20.75 / 3
p0        0.01057± 1.802 
p1        0.00759±0.353 − 

 / ndf 2χ  20.75 / 3
p0        0.01057± 1.802 
p1        0.00759±0.353 − 

 / ndf 2χ  17.93 / 3
p0        0.01247± 1.799 
p1        0.008543±0.3335 − 

 / ndf 2χ  17.93 / 3
p0        0.01247± 1.799 
p1        0.008543±0.3335 − 

)θsec(
1 1.2 1.4 1.6 1.8 2

A

1.2

1.4

1.6

1.8  / ndf 2χ  20.75 / 3
p0        0.01057± 1.802 
p1        0.00759±0.353 − 

 / ndf 2χ  20.75 / 3
p0        0.01057± 1.802 
p1        0.00759±0.353 − 

 / ndf 2χ  17.93 / 3
p0        0.01247± 1.799 
p1        0.008543±0.3335 − 

 / ndf 2χ  17.93 / 3
p0        0.01247± 1.799 
p1        0.008543±0.3335 − 

 / ndf 2χ  13.09 / 3
p0        0.02579± 1.865 
p1        0.0176±0.344 − 

 / ndf 2χ  13.09 / 3
p0        0.02579± 1.865 
p1        0.0176±0.344 − 

)θsec(
1 1.2 1.4 1.6 1.8 2

A

1.2

1.4

1.6

1.8  / ndf 2χ  20.75 / 3
p0        0.01057± 1.802 
p1        0.00759±0.353 − 

 / ndf 2χ  20.75 / 3
p0        0.01057± 1.802 
p1        0.00759±0.353 − 

 / ndf 2χ  17.93 / 3
p0        0.01247± 1.799 
p1        0.008543±0.3335 − 

 / ndf 2χ  17.93 / 3
p0        0.01247± 1.799 
p1        0.008543±0.3335 − 

 / ndf 2χ  13.09 / 3
p0        0.02579± 1.865 
p1        0.0176±0.344 − 

 / ndf 2χ  13.09 / 3
p0        0.02579± 1.865 
p1        0.0176±0.344 − 

)θsec(
1 1.2 1.4 1.6 1.8 2

B

0.8−

0.6−

0.4−

0.2−

0  / ndf 2χ  5.683 / 4
p0        0.005535±0.3894 − 

 / ndf 2χ  5.683 / 4
p0        0.005535±0.3894 − 

 / ndf 2χ  11.75 / 4

p0        0.007451±0.4482 − 

 / ndf 2χ  11.75 / 4

p0        0.007451±0.4482 − 

 / ndf 2χ  8.835 / 4
p0        0.01352±0.5425 − 

 / ndf 2χ  8.835 / 4
p0        0.01352±0.5425 − 

htdi = 2.6⇥
�
1 +

R

30m

�A ⇥ ⇢B [m�2][ns]
<latexit sha1_base64="8dVWiniXOH1hfFTMAlPc4E5fH1s="></latexit>

A & B parameters has dependence on Energy

log(E/eV)=19.0

log(E/eV)=19.3

log(E/eV)=19.8
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Shower front for late showers

tdelay = 2.6⇥
�
1 +

R

30m

�((1.80±0.01)�(0.35±0.01)⇥sec✓) ⇥ ⇢�0.39±5.55⇥10�3

[m�2][ns]
<latexit sha1_base64="OqEsmYa9AxknrjGCrNLVi3krnl0="></latexit>

tdelay = 2.6⇥
�
1 +

R

30m

�(1.80±0.01)�(0.33±0.01)⇥sec✓) ⇥ ⇢�0.45±7.45⇥10�3

[m�2][ns]
<latexit sha1_base64="yFkbLqQAJBMWHsvcvlWGm4hYFYY="></latexit>

tdelay = 2.6⇥
�
1 +

R

30m

�(1.86±0.02)�(0.34±0.02)⇥sec✓) ⇥ ⇢�0.54±0.01[m�2][ns]
<latexit sha1_base64="DHMEbqxg0+QuRdLxQ8lIgM6jD18="></latexit>

R[m]
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µ[〉 

de
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4
Log(E/eV)= 19.00

) = 1.00 ~ 1.20θsec(
) = 1.20 ~ 1.40θsec(
) = 1.40 ~ 1.60θsec(
) = 1.60 ~ 1.80θsec(
) = 1.80 ~ 2.00θsec(
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Thickness of shower disk

R[m]
0 500 1000 1500 2000

s]
µ[〉 

R t〈

0

0.5

1

1.5

2

 = -180.00 - 180.00ζ) = 1.00 - 1.20, θLog(E/eV)= 19.15 - 19.45 , sec(  = -180.00 - 180.00ζ) = 1.00 - 1.20, θLog(E/eV)= 19.15 - 19.45 , sec(

htRi = (a⇥R+ b)[ns]
<latexit sha1_base64="zcg7pxjzyv2jUoAe12GSIfRUoZU="></latexit>

htRi = (a⇥R+ b)[ns]
<latexit sha1_base64="zcg7pxjzyv2jUoAe12GSIfRUoZU="></latexit>

)θsec(
1 1.2 1.4 1.6 1.8 2

 [n
s/

m
]

a

0

0.5

1

 / ndf 2χ  4.765 / 3
p0        0.07194± 1.418 
p1        0.04815±0.6515 − 

 / ndf 2χ  4.765 / 3
p0        0.07194± 1.418 
p1        0.04815±0.6515 − 

)θsec(
1 1.2 1.4 1.6 1.8 2

 [n
s/

m
]

a

0

0.5

1

 / ndf 2χ  4.765 / 3
p0        0.07194± 1.418 
p1        0.04815±0.6515 − 

 / ndf 2χ  4.765 / 3
p0        0.07194± 1.418 
p1        0.04815±0.6515 − 

 / ndf 2χ  4.013 / 3
p0        0.07405± 1.389 
p1        0.04916±0.6237 − 

 / ndf 2χ  4.013 / 3
p0        0.07405± 1.389 
p1        0.04916±0.6237 − 

)θsec(
1 1.2 1.4 1.6 1.8 2

 [n
s/

m
]

a

0

0.5

1

 / ndf 2χ  4.765 / 3
p0        0.07194± 1.418 
p1        0.04815±0.6515 − 

 / ndf 2χ  4.765 / 3
p0        0.07194± 1.418 
p1        0.04815±0.6515 − 

 / ndf 2χ  4.013 / 3
p0        0.07405± 1.389 
p1        0.04916±0.6237 − 

 / ndf 2χ  4.013 / 3
p0        0.07405± 1.389 
p1        0.04916±0.6237 − 

 / ndf 2χ  0.09251 / 3
p0        0.07406± 1.458 
p1        0.04887±0.6454 − 

 / ndf 2χ  0.09251 / 3
p0        0.07406± 1.458 
p1        0.04887±0.6454 − 

)θsec(
1 1.2 1.4 1.6 1.8 2

 [n
s/

m
]

a

0

0.5

1

 / ndf 2χ  4.765 / 3
p0        0.07194± 1.418 
p1        0.04815±0.6515 − 

 / ndf 2χ  4.765 / 3
p0        0.07194± 1.418 
p1        0.04815±0.6515 − 

 / ndf 2χ  4.013 / 3
p0        0.07405± 1.389 
p1        0.04916±0.6237 − 

 / ndf 2χ  4.013 / 3
p0        0.07405± 1.389 
p1        0.04916±0.6237 − 

 / ndf 2χ  0.09251 / 3
p0        0.07406± 1.458 
p1        0.04887±0.6454 − 

 / ndf 2χ  0.09251 / 3
p0        0.07406± 1.458 
p1        0.04887±0.6454 − 

The slope(a) is considered as factor of thickness of  shower 

log(E/eV)=19.0

log(E/eV)=19.3

log(E/eV)=19.8
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tR = 80ns
<latexit sha1_base64="TeR5o8A9k4tnLH19vxu893JRZKw=">AAAB+nicdVA9SwNBEJ3z2/gVFWxsFkWwCnsxmFgIoo2lEaNCEuLeZqOLe3vH7pwazvwUGwtFbP0ldjb+FvcSBRV9MPB4b4aZeUGspEVK37yh4ZHRsfGJydzU9MzsXH5+4dhGieGixiMVmdOAWaGkFjWUqMRpbAQLAyVOgsu9zD+5EsbKSB9hNxbNkJ1r2ZGcoZNa+XlspYe97QptoLjBVNteK79KC1uVzWJpk9ACpWW/6GekWC5tlIjvlAyrO0vV9zMAOGjlXxvtiCeh0MgVs7bu0xibKTMouRK9XCOxImb8kp2LuqOahcI20/7pPbLmlDbpRMaVRtJXv0+kLLS2GwauM2R4YX97mfiXV0+wU2mmUscJCs0HizqJIhiRLAfSlkZwVF1HGDfS3Ur4BTOMo0sr50L4+pT8T46LBZ8W/KpLYxcGmIBlWIF18KEMO7APB1ADDtdwBw/w6N16996T9zxoHfI+ZxbhB7yXD04HljQ=</latexit><latexit sha1_base64="EXO3kgxytM4jjNnDgm82Ww3bp1s=">AAAB+nicdVBNSwMxEM36bf1qFbx4CYrgqWRraetBEL14tGJboS0lm6ZtaDa7JLNqWftTvHhQRLz5E/wF3rz4W8y2Cir6YODx3gwz87xQCgOEvDkTk1PTM7Nz86mFxaXllXRmtWqCSDNeYYEM9LlHDZdC8QoIkPw81Jz6nuQ1r3+U+LULro0I1BkMQt70aVeJjmAUrNRKZ6AVnw73S6QB/ApiZYat9BbJ7pUKuXwBkywhRTfnJiRXzO/msWuVBFsH6+V38XT4ctJKvzbaAYt8roBJakzdJSE0Y6pBMMmHqUZkeEhZn3Z53VJFfW6a8ej0Id62Sht3Am1LAR6p3ydi6hsz8D3b6VPomd9eIv7l1SPolJqxUGEEXLHxok4kMQQ4yQG3heYM5MASyrSwt2LWo5oysGmlbAhfn+L/STWXdUnWLds0DtEYc2gDbaId5KIiOkDH6ARVEEOX6AbdoXvn2rl1HpzHceuE8zmzhn7Aef4An0iX8A==</latexit><latexit sha1_base64="EXO3kgxytM4jjNnDgm82Ww3bp1s=">AAAB+nicdVBNSwMxEM36bf1qFbx4CYrgqWRraetBEL14tGJboS0lm6ZtaDa7JLNqWftTvHhQRLz5E/wF3rz4W8y2Cir6YODx3gwz87xQCgOEvDkTk1PTM7Nz86mFxaXllXRmtWqCSDNeYYEM9LlHDZdC8QoIkPw81Jz6nuQ1r3+U+LULro0I1BkMQt70aVeJjmAUrNRKZ6AVnw73S6QB/ApiZYat9BbJ7pUKuXwBkywhRTfnJiRXzO/msWuVBFsH6+V38XT4ctJKvzbaAYt8roBJakzdJSE0Y6pBMMmHqUZkeEhZn3Z53VJFfW6a8ej0Id62Sht3Am1LAR6p3ydi6hsz8D3b6VPomd9eIv7l1SPolJqxUGEEXLHxok4kMQQ4yQG3heYM5MASyrSwt2LWo5oysGmlbAhfn+L/STWXdUnWLds0DtEYc2gDbaId5KIiOkDH6ARVEEOX6AbdoXvn2rl1HpzHceuE8zmzhn7Aef4An0iX8A==</latexit><latexit sha1_base64="53YoE8/7aGGSNza4zh6u87Erj9k=">AAAB+nicdVBNSwMxEM3Wr1q/qh69BIvgqWRrsfUgFL14rGI/oC0lm6ZtaDa7JLNqWftTvHhQxKu/xJv/xmxbQUUfDDzem2FmnhdKYYCQDye1sLi0vJJezaytb2xuZbd36iaINOM1FshANz1quBSK10CA5M1Qc+p7kje80XniN264NiJQ1zAOecenAyX6glGwUje7Dd34anJaJm3gdxArM+lmcyR/Uj4uFI8xyRNScgtuQgql4lERu1ZJkENzVLvZ93YvYJHPFTBJjWm5JIROTDUIJvkk044MDykb0QFvWaqoz00nnp4+wQdW6eF+oG0pwFP1+0RMfWPGvmc7fQpD89tLxL+8VgT9cicWKoyAKzZb1I8khgAnOeCe0JyBHFtCmRb2VsyGVFMGNq2MDeHrU/w/qRfyLsm7lyRXOZvHkUZ7aB8dIheVUAVdoCqqIYZu0QN6Qs/OvfPovDivs9aUM5/ZRT/gvH0Cv2CUTw==</latexit>

tR = 80ns
<latexit sha1_base64="TeR5o8A9k4tnLH19vxu893JRZKw=">AAAB+nicdVA9SwNBEJ3z2/gVFWxsFkWwCnsxmFgIoo2lEaNCEuLeZqOLe3vH7pwazvwUGwtFbP0ldjb+FvcSBRV9MPB4b4aZeUGspEVK37yh4ZHRsfGJydzU9MzsXH5+4dhGieGixiMVmdOAWaGkFjWUqMRpbAQLAyVOgsu9zD+5EsbKSB9hNxbNkJ1r2ZGcoZNa+XlspYe97QptoLjBVNteK79KC1uVzWJpk9ACpWW/6GekWC5tlIjvlAyrO0vV9zMAOGjlXxvtiCeh0MgVs7bu0xibKTMouRK9XCOxImb8kp2LuqOahcI20/7pPbLmlDbpRMaVRtJXv0+kLLS2GwauM2R4YX97mfiXV0+wU2mmUscJCs0HizqJIhiRLAfSlkZwVF1HGDfS3Ur4BTOMo0sr50L4+pT8T46LBZ8W/KpLYxcGmIBlWIF18KEMO7APB1ADDtdwBw/w6N16996T9zxoHfI+ZxbhB7yXD04HljQ=</latexit><latexit sha1_base64="EXO3kgxytM4jjNnDgm82Ww3bp1s=">AAAB+nicdVBNSwMxEM36bf1qFbx4CYrgqWRraetBEL14tGJboS0lm6ZtaDa7JLNqWftTvHhQRLz5E/wF3rz4W8y2Cir6YODx3gwz87xQCgOEvDkTk1PTM7Nz86mFxaXllXRmtWqCSDNeYYEM9LlHDZdC8QoIkPw81Jz6nuQ1r3+U+LULro0I1BkMQt70aVeJjmAUrNRKZ6AVnw73S6QB/ApiZYat9BbJ7pUKuXwBkywhRTfnJiRXzO/msWuVBFsH6+V38XT4ctJKvzbaAYt8roBJakzdJSE0Y6pBMMmHqUZkeEhZn3Z53VJFfW6a8ej0Id62Sht3Am1LAR6p3ydi6hsz8D3b6VPomd9eIv7l1SPolJqxUGEEXLHxok4kMQQ4yQG3heYM5MASyrSwt2LWo5oysGmlbAhfn+L/STWXdUnWLds0DtEYc2gDbaId5KIiOkDH6ARVEEOX6AbdoXvn2rl1HpzHceuE8zmzhn7Aef4An0iX8A==</latexit><latexit sha1_base64="EXO3kgxytM4jjNnDgm82Ww3bp1s=">AAAB+nicdVBNSwMxEM36bf1qFbx4CYrgqWRraetBEL14tGJboS0lm6ZtaDa7JLNqWftTvHhQRLz5E/wF3rz4W8y2Cir6YODx3gwz87xQCgOEvDkTk1PTM7Nz86mFxaXllXRmtWqCSDNeYYEM9LlHDZdC8QoIkPw81Jz6nuQ1r3+U+LULro0I1BkMQt70aVeJjmAUrNRKZ6AVnw73S6QB/ApiZYat9BbJ7pUKuXwBkywhRTfnJiRXzO/msWuVBFsH6+V38XT4ctJKvzbaAYt8roBJakzdJSE0Y6pBMMmHqUZkeEhZn3Z53VJFfW6a8ej0Id62Sht3Am1LAR6p3ydi6hsz8D3b6VPomd9eIv7l1SPolJqxUGEEXLHxok4kMQQ4yQG3heYM5MASyrSwt2LWo5oysGmlbAhfn+L/STWXdUnWLds0DtEYc2gDbaId5KIiOkDH6ARVEEOX6AbdoXvn2rl1HpzHceuE8zmzhn7Aef4An0iX8A==</latexit><latexit sha1_base64="53YoE8/7aGGSNza4zh6u87Erj9k=">AAAB+nicdVBNSwMxEM3Wr1q/qh69BIvgqWRrsfUgFL14rGI/oC0lm6ZtaDa7JLNqWftTvHhQxKu/xJv/xmxbQUUfDDzem2FmnhdKYYCQDye1sLi0vJJezaytb2xuZbd36iaINOM1FshANz1quBSK10CA5M1Qc+p7kje80XniN264NiJQ1zAOecenAyX6glGwUje7Dd34anJaJm3gdxArM+lmcyR/Uj4uFI8xyRNScgtuQgql4lERu1ZJkENzVLvZ93YvYJHPFTBJjWm5JIROTDUIJvkk044MDykb0QFvWaqoz00nnp4+wQdW6eF+oG0pwFP1+0RMfWPGvmc7fQpD89tLxL+8VgT9cicWKoyAKzZb1I8khgAnOeCe0JyBHFtCmRb2VsyGVFMGNq2MDeHrU/w/qRfyLsm7lyRXOZvHkUZ7aB8dIheVUAVdoCqqIYZu0QN6Qs/OvfPovDivs9aUM5/ZRT/gvH0Cv2CUTw==</latexit>

Log(E/eV ) = 19.06, (✓,�) = (22.56�, 273.87�)
<latexit sha1_base64="TBQnU2ZflupNXcvGBJJr7haj4Lc="></latexit><latexit sha1_base64="f0phJkC1Do0lsXXcvDrHmarcPfY="></latexit><latexit sha1_base64="f0phJkC1Do0lsXXcvDrHmarcPfY="></latexit><latexit sha1_base64="OMgh9CoP0M1TMwOpbC7lGSywmNA="></latexit>

Date: 20120906, Time: 62913.94907
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⇣ = 59�, R = 1125m, VEM = 32.31
<latexit sha1_base64="N4QhLp2hqzPnLGs3aTNpepw3PJs="></latexit><latexit sha1_base64="O4hXhR6qnhjfoio9tlR6bgsigwc="></latexit><latexit sha1_base64="O4hXhR6qnhjfoio9tlR6bgsigwc="></latexit><latexit sha1_base64="6jqsXfMvSTsO5mOIUSdFm1BWxwk="></latexit>Bin
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⇣ = 120�, R = 1198m, VEM = 21.26

<latexit sha1_base64="vdzo1JTNtgXDVAvafBpfCZef5Gc="></latexit><latexit sha1_base64="PQxMDGQlBaY04eXyhPJDVz2RSoU="></latexit><latexit sha1_base64="PQxMDGQlBaY04eXyhPJDVz2RSoU="></latexit><latexit sha1_base64="hZnyTRmbtEVM63ujn2TLM38i5uI="></latexit>
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⇣ = �10�, R = 1598m, VEM = 4.12

<latexit sha1_base64="0+dVx3Awpzm//LoYSWQM5PRCp/A="></latexit><latexit sha1_base64="jTQgLD06Q4CqwdgiD92C26DdsKc="></latexit><latexit sha1_base64="jTQgLD06Q4CqwdgiD92C26DdsKc="></latexit><latexit sha1_base64="CeD+zOjqoEKSJGZ5OrnsA4BFMtg="></latexit>
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⇣ = �23�, R = 511m, VEM = 362.66

<latexit sha1_base64="EMeKBZ7TV3PJRtwrtUCGtH7FQm8="></latexit><latexit sha1_base64="bZvUCeGNiyuQwJuAUegOGAmss5A="></latexit><latexit sha1_base64="bZvUCeGNiyuQwJuAUegOGAmss5A="></latexit><latexit sha1_base64="+9MdHb8jkAMUjqjYx1OqHo7yseU="></latexit>
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⇣ = �71�, R = 1447m, VEM = 8.96
<latexit sha1_base64="+51sQbsM7Q7/p87cWD5cdFVutX4="></latexit><latexit sha1_base64="o0c/WDOwaO+f3EFAdXImZ5f9P1M="></latexit><latexit sha1_base64="o0c/WDOwaO+f3EFAdXImZ5f9P1M="></latexit><latexit sha1_base64="TM+ORnFzjfrbCUm7V7WnooTgYD4="></latexit>
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⇣ = �120�, R = 1508m, VEM = 9.20
<latexit sha1_base64="q+2TGlLLqHL1xdr7uNh4YcEyEr0="></latexit><latexit sha1_base64="bI7bsWUxai3pnFnIB7Cx6XEyxnU="></latexit><latexit sha1_base64="bI7bsWUxai3pnFnIB7Cx6XEyxnU="></latexit><latexit sha1_base64="OKdT27dTW6xz5Hr0Pvu7nXtYsbs="></latexit>
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⇣ = �178�, R = 1721m, VEM = 6.13
<latexit sha1_base64="3KEl7DWYrmcYlYEtRTjF5yAUHrk="></latexit><latexit sha1_base64="wSTGe/KlcDNKkVl2p0refrwj6Uc="></latexit><latexit sha1_base64="wSTGe/KlcDNKkVl2p0refrwj6Uc="></latexit><latexit sha1_base64="WG2y6r85nX2++/Fjb1F/IzP55jc="></latexit>

tR = 240ns
<latexit sha1_base64="/6HIwf76QgG0YWW7mgkm5UZ+AHw=">AAAB/HicdVA9SwNBEJ3z2/gVDdjYLIpgFfbOYLQQgjaWKkaFJMS9zUYX9/aO3TkxHPGv2FgoYusPsbPxt7hnFFT0wcDjvRlm5oWJkhYpffWGhkdGx8YnJgtT0zOzc8X5hWMbp4aLOo9VbE5DZoWSWtRRohKniREsCpU4CS93c//kShgrY32EvUS0InauZVdyhk5qF0vYzg7720GFNlFcY6Ztv9AurtDy1uZGUNkgtExp1Q/8nATVynqF+E7JsVJbPHg7A4D9dvGl2Yl5GgmNXDFrGz5NsJUxg5Ir0S80UysSxi/ZuWg4qlkkbCv7OL5PVp3SId3YuNJIPtTvExmLrO1FoeuMGF7Y314u/uU1UuxutjKpkxSF5oNF3VQRjEmeBOlIIziqniOMG+luJfyCGcbR5ZWH8PUp+Z8cB2Wflv0Dl8YODDABS7AMa+BDFWqwB/tQBw49uIV7ePBuvDvv0XsatA55nzMl+AHv+R34cZaA</latexit><latexit sha1_base64="BPIyKliJAhpA7CITP5OVrF5QjkU=">AAAB/HicdVBNSwMxEM36WetXteDFS7AInkp2LW09CKVePKpYK7SlZNNUQ7PZJZkVy1L/ihcPivTqL/AXePPibzFrFVT0wcDjvRlm5vmRFAYIeXWmpmdm5+YzC9nFpeWV1dza+pkJY814g4Uy1Oc+NVwKxRsgQPLzSHMa+JI3/cFB6jevuDYiVKcwjHgnoBdK9AWjYKVuLg/d5GS075VIG/g1JMqMst1cgRT3qmWvVMakSEjF9dyUeJXSbgm7VklRqG0cv4lx/fmom3tp90IWB1wBk9SYlksi6CRUg2CSj7Lt2PCIsgG94C1LFQ246SQfx4/wtlV6uB9qWwrwh/p9IqGBMcPAt50BhUvz20vFv7xWDP1qJxEqioErNlnUjyWGEKdJ4J7QnIEcWkKZFvZWzC6ppgxsXmkIX5/i/8mZV3RJ0T22adTRBBm0ibbQDnJRBdXQITpCDcTQEN2ie/Tg3Dh3zqMznrROOZ8zefQDztM7ScGYPA==</latexit><latexit sha1_base64="BPIyKliJAhpA7CITP5OVrF5QjkU=">AAAB/HicdVBNSwMxEM36WetXteDFS7AInkp2LW09CKVePKpYK7SlZNNUQ7PZJZkVy1L/ihcPivTqL/AXePPibzFrFVT0wcDjvRlm5vmRFAYIeXWmpmdm5+YzC9nFpeWV1dza+pkJY814g4Uy1Oc+NVwKxRsgQPLzSHMa+JI3/cFB6jevuDYiVKcwjHgnoBdK9AWjYKVuLg/d5GS075VIG/g1JMqMst1cgRT3qmWvVMakSEjF9dyUeJXSbgm7VklRqG0cv4lx/fmom3tp90IWB1wBk9SYlksi6CRUg2CSj7Lt2PCIsgG94C1LFQ246SQfx4/wtlV6uB9qWwrwh/p9IqGBMcPAt50BhUvz20vFv7xWDP1qJxEqioErNlnUjyWGEKdJ4J7QnIEcWkKZFvZWzC6ppgxsXmkIX5/i/8mZV3RJ0T22adTRBBm0ibbQDnJRBdXQITpCDcTQEN2ie/Tg3Dh3zqMznrROOZ8zefQDztM7ScGYPA==</latexit><latexit sha1_base64="aybhCeW2UCFETu9ggUwWm5b+Z7Q=">AAAB/HicdVBNS8NAEN34bf2KevSyWARPZROD1YMgevGoYj+gDWWz3dbFzSbsTsQS6l/x4kERr/4Qb/4bN20FFX0w8Hhvhpl5USqFAUI+nKnpmdm5+YXF0tLyyuqau75RN0mmGa+xRCa6GVHDpVC8BgIkb6aa0ziSvBHdnBZ+45ZrIxJ1BYOUhzHtK9ETjIKVOu4mdPLL4ZEfkDbwO8iVGZY6bplUDg/2/WAfkwohVc/3CuJXg70Ae1YpUEYTnHfc93Y3YVnMFTBJjWl5JIUwpxoEk3xYameGp5Td0D5vWapozE2Yj44f4h2rdHEv0bYU4JH6fSKnsTGDOLKdMYVr89srxL+8Vga9gzAXKs2AKzZe1MskhgQXSeCu0JyBHFhCmRb2VsyuqaYMbF5FCF+f4v9J3a94pOJdkPLxySSOBbSFttEu8lAVHaMzdI5qiKEBekBP6Nm5dx6dF+d13DrlTGY20Q84b59p2ZSb</latexit>

tR = 580ns
<latexit sha1_base64="KEccUf1GIc92fgm0XBpqtMKS/oA=">AAAB+3icdVA9SwNBEJ3z2/gVFWxsFkWwCnsxmlgIoo2lilEhCXFvszGLe3vH7pwYjvsrNhaK2PpH7Gz8Le4ZBRV9MPB4b4aZeUGspEVKX72h4ZHRsfGJycLU9MzsXHF+4dRGieGiziMVmfOAWaGkFnWUqMR5bAQLAyXOgqv93D+7FsbKSJ9gPxatkF1q2ZWcoZPaxQVsp8fZzmaNNlHcYKpt1i6u0tJ2batc2SK0RGnVL/s5KVcrGxXiOyXH6u7S0dsFABy2iy/NTsSTUGjkilnb8GmMrZQZlFyJrNBMrIgZv2KXouGoZqGwrfTj9oysOaVDupFxpZF8qN8nUhZa2w8D1xky7NnfXi7+5TUS7NZaqdRxgkLzwaJuoghGJA+CdKQRHFXfEcaNdLcS3mOGcXRxFVwIX5+S/8lpueTTkn/k0tiDASZgGVZgHXyowi4cwCHUgcMN3MI9PHiZd+c9ek+D1iHvc2YRfsB7fgfIH5Zz</latexit><latexit sha1_base64="C5hhoCP3rSgCPWJHnHgZ/DcxExI=">AAAB+3icdVBNSwMxEM36WetXVfDiJVgETyVba1sPgtSLxypWhbaUbJrW0Gx2SWalZdm/4sWDInr0H/gLvHnxt5i1Cir6YODx3gwz87xQCgOEvDoTk1PTM7OZuez8wuLScm5l9cwEkWa8wQIZ6AuPGi6F4g0QIPlFqDn1PcnPvcFh6p9fcW1EoE5hFPK2T/tK9ASjYKVObhU68Umyv1slLeBDiJVJOrk8KexVy8VSGZMCIRW36KakWCntlLBrlRT5g/XjN/FYe653ci+tbsAinytgkhrTdEkI7ZhqEEzyJNuKDA8pG9A+b1qqqM9NO/64PcFbVuniXqBtKcAf6veJmPrGjHzPdvoULs1vLxX/8poR9KrtWKgwAq7YeFEvkhgCnAaBu0JzBnJkCWVa2Fsxu6SaMrBxZW0IX5/i/8lZseCSgnts06ihMTJoA22ibeSiCjpAR6iOGoihIbpGt+jOSZwb5955GLdOOJ8za+gHnKd3GW+YLw==</latexit><latexit sha1_base64="C5hhoCP3rSgCPWJHnHgZ/DcxExI=">AAAB+3icdVBNSwMxEM36WetXVfDiJVgETyVba1sPgtSLxypWhbaUbJrW0Gx2SWalZdm/4sWDInr0H/gLvHnxt5i1Cir6YODx3gwz87xQCgOEvDoTk1PTM7OZuez8wuLScm5l9cwEkWa8wQIZ6AuPGi6F4g0QIPlFqDn1PcnPvcFh6p9fcW1EoE5hFPK2T/tK9ASjYKVObhU68Umyv1slLeBDiJVJOrk8KexVy8VSGZMCIRW36KakWCntlLBrlRT5g/XjN/FYe653ci+tbsAinytgkhrTdEkI7ZhqEEzyJNuKDA8pG9A+b1qqqM9NO/64PcFbVuniXqBtKcAf6veJmPrGjHzPdvoULs1vLxX/8poR9KrtWKgwAq7YeFEvkhgCnAaBu0JzBnJkCWVa2Fsxu6SaMrBxZW0IX5/i/8lZseCSgnts06ihMTJoA22ibeSiCjpAR6iOGoihIbpGt+jOSZwb5955GLdOOJ8za+gHnKd3GW+YLw==</latexit><latexit sha1_base64="bTHWqMiHVz9J4G1nuCmwAbEpUqE=">AAAB+3icdVBNSwMxEM3Wr1q/qh69BIvgqWRrbetBKHrxqGI/oC0lm6ZtaDa7JLPSsuxf8eJBEa/+EW/+G7NaQUUfDDzem2FmnhdKYYCQNyezsLi0vJJdza2tb2xu5bd3miaINOMNFshAtz1quBSKN0CA5O1Qc+p7kre8yXnqt265NiJQNzALec+nIyWGglGwUj+/A/34Ojk9rpEu8CnEyiT9fIEUT2qVUrmCSZGQqltyU1Kqlo/K2LVKigKa47Kff+0OAhb5XAGT1JiOS0LoxVSDYJInuW5keEjZhI54x1JFfW568cftCT6wygAPA21LAf5Qv0/E1Ddm5nu206cwNr+9VPzL60QwrPViocIIuGKfi4aRxBDgNAg8EJozkDNLKNPC3orZmGrKwMaVsyF8fYr/J81S0SVF94oU6mfzOLJoD+2jQ+SiKqqjC3SJGoihKbpDD+jRSZx758l5/mzNOPOZXfQDzss7OYeUjg==</latexit>

tR = 660ns
<latexit sha1_base64="pu44hGB+CmxtmVyTilGfCmtqBhk=">AAAB/HicdVA9SwNBEJ3z2/gVDdjYLIpgFfZiSLQQgjaWKkaFJMS9zUaX7O0du3NiOOJfsbFQxNYfYmfjb3HPKKjog4HHezPMzAtiJS1S+uqNjI6NT0xOTedmZufmF/KLSyc2SgwXdR6pyJwFzAoltaijRCXOYiNYGChxGvT2Mv/0ShgrI32M/Vi0QnahZVdyhk5q5wvYTo8GO5UKbaK4xlTbQa6dX6PF7a1KqVwhtEhp1S/5GSlVy5tl4jslw1pt+fDtHAAO2vmXZifiSSg0csWsbfg0xlbKDEquxCDXTKyIGe+xC9FwVLNQ2Fb6cfyArDulQ7qRcaWRfKjfJ1IWWtsPA9cZMry0v71M/MtrJNjdaqVSxwkKzYeLuokiGJEsCdKRRnBUfUcYN9LdSvglM4yjyysL4etT8j85KRV9WvQPXRq7MMQUrMAqbIAPVajBPhxAHTj04Rbu4cG78e68R+9p2Drifc4U4Ae853cB3paG</latexit><latexit sha1_base64="zU1UxU63Gl3Nuaz2fbGCz4JdtZU=">AAAB/HicdVBNSwMxEM3Wr1q/qgUvXoJF8FSytWz1IEi9eFSxVmhLyaapDc1ml2RWLEv9K148KNKrv8Bf4M2Lv8WsVVDRBwOP92aYmedHUhgg5NXJTE3PzM5l53MLi0vLK/nVtXMTxprxOgtlqC98argUitdBgOQXkeY08CVv+IPD1G9ccW1EqM5gGPF2QC+V6AlGwUqdfAE6yelo3/NIC/g1JMqMcp18kZT2dr1yxcOkREjVLbspKVcrOxXsWiVF8WD95E2Ma8/HnfxLqxuyOOAKmKTGNF0SQTuhGgSTfJRrxYZHlA3oJW9aqmjATTv5OH6Et6zSxb1Q21KAP9TvEwkNjBkGvu0MKPTNby8V//KaMfR224lQUQxcscmiXiwxhDhNAneF5gzk0BLKtLC3YtanmjKweaUhfH2K/yfn5ZJLSu6JTaOGJsiiDbSJtpGLqugAHaFjVEcMDdEtukcPzo1z5zw640lrxvmcKaAfcJ7eAVMfmEI=</latexit><latexit sha1_base64="zU1UxU63Gl3Nuaz2fbGCz4JdtZU=">AAAB/HicdVBNSwMxEM3Wr1q/qgUvXoJF8FSytWz1IEi9eFSxVmhLyaapDc1ml2RWLEv9K148KNKrv8Bf4M2Lv8WsVVDRBwOP92aYmedHUhgg5NXJTE3PzM5l53MLi0vLK/nVtXMTxprxOgtlqC98argUitdBgOQXkeY08CVv+IPD1G9ccW1EqM5gGPF2QC+V6AlGwUqdfAE6yelo3/NIC/g1JMqMcp18kZT2dr1yxcOkREjVLbspKVcrOxXsWiVF8WD95E2Ma8/HnfxLqxuyOOAKmKTGNF0SQTuhGgSTfJRrxYZHlA3oJW9aqmjATTv5OH6Et6zSxb1Q21KAP9TvEwkNjBkGvu0MKPTNby8V//KaMfR224lQUQxcscmiXiwxhDhNAneF5gzk0BLKtLC3YtanmjKweaUhfH2K/yfn5ZJLSu6JTaOGJsiiDbSJtpGLqugAHaFjVEcMDdEtukcPzo1z5zw640lrxvmcKaAfcJ7eAVMfmEI=</latexit><latexit sha1_base64="3ib/ccBWqyWytPJ0h8/qFN6FNOM=">AAAB/HicdVBNSwMxEM36WetXtUcvwSJ4Ktla2noQil48VrEf0JaSTdM2NJtdklmxLPWvePGgiFd/iDf/jdm2goo+GHi8N8PMPC+UwgAhH87S8srq2npqI725tb2zm9nbb5gg0ozXWSAD3fKo4VIoXgcBkrdCzanvSd70xheJ37zl2ohA3cAk5F2fDpUYCEbBSr1MFnrx9fSsVCId4HcQKzNN9zI5kj+tlArFEiZ5QspuwU1IoVw8KWLXKglyaIFaL/Pe6Qcs8rkCJqkxbZeE0I2pBsEkn6Y7keEhZWM65G1LFfW56caz46f4yCp9PAi0LQV4pn6fiKlvzMT3bKdPYWR+e4n4l9eOYFDpxkKFEXDF5osGkcQQ4CQJ3BeaM5ATSyjTwt6K2YhqysDmlYTw9Sn+nzQKeZfk3SuSq54v4kihA3SIjpGLyqiKLlEN1RFDE/SAntCzc+88Oi/O67x1yVnMZNEPOG+fczeUoQ==</latexit>

tR = 180ns
<latexit sha1_base64="FMY2LOaPiIeWOgt+SVR1MDZ+OsQ=">AAAB/HicdVA9SwNBEJ3z2/gVDdjYLIpgFfZiMLEQgjaWKkaFJMS9zUaX7O0du3NiOOJfsbFQxNYfYmfjb3HPKKjog4HHezPMzAtiJS1S+uqNjI6NT0xOTedmZufmF/KLSyc2SgwXdR6pyJwFzAoltaijRCXOYiNYGChxGvT2Mv/0ShgrI32M/Vi0QnahZVdyhk5q5wvYTo8GO36VNlFcY6rtINfOr9HidnWrVN4itEhpxS/5GSlVyptl4jslw1pt+fDtHAAO2vmXZifiSSg0csWsbfg0xlbKDEquxCDXTKyIGe+xC9FwVLNQ2Fb6cfyArDulQ7qRcaWRfKjfJ1IWWtsPA9cZMry0v71M/MtrJNittlKp4wSF5sNF3UQRjEiWBOlIIziqviOMG+luJfySGcbR5ZWF8PUp+Z+clIo+LfqHLo1dGGIKVmAVNsCHCtRgHw6gDhz6cAv38ODdeHfeo/c0bB3xPmcK8APe8zv9HZaD</latexit><latexit sha1_base64="aLw8lSVU64OaaBymfaenrC3gt3s=">AAAB/HicdVBNSwMxEM3Wr1q/VgUvXoIieCrZWtp6EEq9eFSxWmhLyaZpG5rNLsmsWJb6V7x4UMSrv8Bf4M2Lv8WsVVDRBwOP92aYmedHUhgg5NXJTE3PzM5l53MLi0vLK+7q2rkJY814nYUy1A2fGi6F4nUQIHkj0pwGvuQX/vAw9S8uuTYiVGcwing7oH0leoJRsFLHXYdOcjo+8CqkBfwKEmXGuY67TfL7lVKhWMIkT0jZK3gpKZSLe0XsWSXFdnXj5E081p6PO+5LqxuyOOAKmKTGND0SQTuhGgSTfJxrxYZHlA1pnzctVTTgpp18HD/GO1bp4l6obSnAH+r3iYQGxowC33YGFAbmt5eKf3nNGHqVdiJUFANXbLKoF0sMIU6TwF2hOQM5soQyLeytmA2opgxsXmkIX5/i/8l5Ie+RvHdi06ihCbJoE22hXeShMqqiI3SM6oihEbpBd+jeuXZunQfncdKacT5n1tEPOE/vTm2YPw==</latexit><latexit sha1_base64="aLw8lSVU64OaaBymfaenrC3gt3s=">AAAB/HicdVBNSwMxEM3Wr1q/VgUvXoIieCrZWtp6EEq9eFSxWmhLyaZpG5rNLsmsWJb6V7x4UMSrv8Bf4M2Lv8WsVVDRBwOP92aYmedHUhgg5NXJTE3PzM5l53MLi0vLK+7q2rkJY814nYUy1A2fGi6F4nUQIHkj0pwGvuQX/vAw9S8uuTYiVGcwing7oH0leoJRsFLHXYdOcjo+8CqkBfwKEmXGuY67TfL7lVKhWMIkT0jZK3gpKZSLe0XsWSXFdnXj5E081p6PO+5LqxuyOOAKmKTGND0SQTuhGgSTfJxrxYZHlA1pnzctVTTgpp18HD/GO1bp4l6obSnAH+r3iYQGxowC33YGFAbmt5eKf3nNGHqVdiJUFANXbLKoF0sMIU6TwF2hOQM5soQyLeytmA2opgxsXmkIX5/i/8l5Ie+RvHdi06ihCbJoE22hXeShMqqiI3SM6oihEbpBd+jeuXZunQfncdKacT5n1tEPOE/vTm2YPw==</latexit><latexit sha1_base64="uwR2r9DwC+ckac98Be1XVKj/m2w=">AAAB/HicdVBNSwMxEM36WetXtUcvwSJ4Ktla2noQil48VrEf0JaSTdM2NJtdklmxLPWvePGgiFd/iDf/jdm2goo+GHi8N8PMPC+UwgAhH87S8srq2npqI725tb2zm9nbb5gg0ozXWSAD3fKo4VIoXgcBkrdCzanvSd70xheJ37zl2ohA3cAk5F2fDpUYCEbBSr1MFnrx9fTMrZAO8DuIlZmme5kcyZ9WSoViCZM8IWW34CakUC6eFLFrlQQ5tECtl3nv9AMW+VwBk9SYtktC6MZUg2CST9OdyPCQsjEd8ralivrcdOPZ8VN8ZJU+HgTalgI8U79PxNQ3ZuJ7ttOnMDK/vUT8y2tHMKh0Y6HCCLhi80WDSGIIcJIE7gvNGciJJZRpYW/FbEQ1ZWDzSkL4+hT/TxqFvEvy7hXJVc8XcaTQATpEx8hFZVRFl6iG6oihCXpAT+jZuXcenRfndd665CxmsugHnLdPboWUng==</latexit>

tR = 600ns
<latexit sha1_base64="1cEW04ypt/kmtfxMH7pE5of6gmU=">AAAB/HicdVA9SwNBEJ3z2/gVDdjYLIpgFfZiSLQQgjaWKkaFJMS9zUaX7O0du3NiOOJfsbFQxNYfYmfjb3HPKKjog4HHezPMzAtiJS1S+uqNjI6NT0xOTedmZufmF/KLSyc2SgwXdR6pyJwFzAoltaijRCXOYiNYGChxGvT2Mv/0ShgrI32M/Vi0QnahZVdyhk5q5wvYTo8GOxVKmyiuMdV2kGvn12hxe6tSKlcILVJa9Ut+RkrV8maZ+E7JsFZbPnw7B4CDdv6l2Yl4EgqNXDFrGz6NsZUyg5IrMcg1EytixnvsQjQc1SwUtpV+HD8g607pkG5kXGkkH+r3iZSF1vbDwHWGDC/tby8T//IaCXa3WqnUcYJC8+GibqIIRiRLgnSkERxV3xHGjXS3En7JDOPo8spC+PqU/E9OSkWfFv1Dl8YuDDEFK7AKG+BDFWqwDwdQBw59uIV7ePBuvDvv0Xsato54nzMF+AHv+R34dZaA</latexit><latexit sha1_base64="IjWXsQLenAl27GzbWHI/H+MdZJw=">AAAB/HicdVBNSwMxEM3Wr1q/VgtevASL4Klka2n1IEi9eFSxVmhLyaapDc1ml2RWLEv9K148KNKrv8Bf4M2Lv8WsVVDRBwOP92aYmedHUhgg5NXJTE3PzM5l53MLi0vLK+7q2rkJY814nYUy1Bc+NVwKxesgQPKLSHMa+JI3/MFh6jeuuDYiVGcwjHg7oJdK9ASjYKWOm4dOcjrarxDSAn4NiTKjXMctkOLebqVUrmBSJKTqlbyUlKrlnTL2rJKicLB+8ibGtefjjvvS6oYsDrgCJqkxTY9E0E6oBsEkH+VaseERZQN6yZuWKhpw004+jh/hLat0cS/UthTgD/X7REIDY4aBbzsDCn3z20vFv7xmDL3ddiJUFANXbLKoF0sMIU6TwF2hOQM5tIQyLeytmPWppgxsXmkIX5/i/8l5qeiRondi06ihCbJoA22ibeShKjpAR+gY1RFDQ3SL7tGDc+PcOY/OeNKacT5n8ugHnKd3ScWYPA==</latexit><latexit sha1_base64="IjWXsQLenAl27GzbWHI/H+MdZJw=">AAAB/HicdVBNSwMxEM3Wr1q/VgtevASL4Klka2n1IEi9eFSxVmhLyaapDc1ml2RWLEv9K148KNKrv8Bf4M2Lv8WsVVDRBwOP92aYmedHUhgg5NXJTE3PzM5l53MLi0vLK+7q2rkJY814nYUy1Bc+NVwKxesgQPKLSHMa+JI3/MFh6jeuuDYiVGcwjHg7oJdK9ASjYKWOm4dOcjrarxDSAn4NiTKjXMctkOLebqVUrmBSJKTqlbyUlKrlnTL2rJKicLB+8ibGtefjjvvS6oYsDrgCJqkxTY9E0E6oBsEkH+VaseERZQN6yZuWKhpw004+jh/hLat0cS/UthTgD/X7REIDY4aBbzsDCn3z20vFv7xmDL3ddiJUFANXbLKoF0sMIU6TwF2hOQM5tIQyLeytmPWppgxsXmkIX5/i/8l5qeiRondi06ihCbJoA22ibeShKjpAR+gY1RFDQ3SL7tGDc+PcOY/OeNKacT5n8ugHnKd3ScWYPA==</latexit><latexit sha1_base64="0L6d2a/LVPAvKZJ9pti/EVz1ibE=">AAAB/HicdVBNSwMxEM36WetXtUcvwSJ4Ktla2noQil48VrEf0JaSTdM2NJtdklmxLPWvePGgiFd/iDf/jdm2goo+GHi8N8PMPC+UwgAhH87S8srq2npqI725tb2zm9nbb5gg0ozXWSAD3fKo4VIoXgcBkrdCzanvSd70xheJ37zl2ohA3cAk5F2fDpUYCEbBSr1MFnrx9fSsREgH+B3EykzTvUyO5E8rpUKxhEmekLJbcBNSKBdPiti1SoIcWqDWy7x3+gGLfK6ASWpM2yUhdGOqQTDJp+lOZHhI2ZgOedtSRX1uuvHs+Ck+skofDwJtSwGeqd8nYuobM/E92+lTGJnfXiL+5bUjGFS6sVBhBFyx+aJBJDEEOEkC94XmDOTEEsq0sLdiNqKaMrB5JSF8fYr/J41C3iV594rkqueLOFLoAB2iY+SiMqqiS1RDdcTQBD2gJ/Ts3DuPzovzOm9dchYzWfQDztsnad2Umw==</latexit>

tR = 660ns
<latexit sha1_base64="pu44hGB+CmxtmVyTilGfCmtqBhk=">AAAB/HicdVA9SwNBEJ3z2/gVDdjYLIpgFfZiSLQQgjaWKkaFJMS9zUaX7O0du3NiOOJfsbFQxNYfYmfjb3HPKKjog4HHezPMzAtiJS1S+uqNjI6NT0xOTedmZufmF/KLSyc2SgwXdR6pyJwFzAoltaijRCXOYiNYGChxGvT2Mv/0ShgrI32M/Vi0QnahZVdyhk5q5wvYTo8GO5UKbaK4xlTbQa6dX6PF7a1KqVwhtEhp1S/5GSlVy5tl4jslw1pt+fDtHAAO2vmXZifiSSg0csWsbfg0xlbKDEquxCDXTKyIGe+xC9FwVLNQ2Fb6cfyArDulQ7qRcaWRfKjfJ1IWWtsPA9cZMry0v71M/MtrJNjdaqVSxwkKzYeLuokiGJEsCdKRRnBUfUcYN9LdSvglM4yjyysL4etT8j85KRV9WvQPXRq7MMQUrMAqbIAPVajBPhxAHTj04Rbu4cG78e68R+9p2Drifc4U4Ae853cB3paG</latexit><latexit sha1_base64="zU1UxU63Gl3Nuaz2fbGCz4JdtZU=">AAAB/HicdVBNSwMxEM3Wr1q/qgUvXoJF8FSytWz1IEi9eFSxVmhLyaapDc1ml2RWLEv9K148KNKrv8Bf4M2Lv8WsVVDRBwOP92aYmedHUhgg5NXJTE3PzM5l53MLi0vLK/nVtXMTxprxOgtlqC98argUitdBgOQXkeY08CVv+IPD1G9ccW1EqM5gGPF2QC+V6AlGwUqdfAE6yelo3/NIC/g1JMqMcp18kZT2dr1yxcOkREjVLbspKVcrOxXsWiVF8WD95E2Ma8/HnfxLqxuyOOAKmKTGNF0SQTuhGgSTfJRrxYZHlA3oJW9aqmjATTv5OH6Et6zSxb1Q21KAP9TvEwkNjBkGvu0MKPTNby8V//KaMfR224lQUQxcscmiXiwxhDhNAneF5gzk0BLKtLC3YtanmjKweaUhfH2K/yfn5ZJLSu6JTaOGJsiiDbSJtpGLqugAHaFjVEcMDdEtukcPzo1z5zw640lrxvmcKaAfcJ7eAVMfmEI=</latexit><latexit sha1_base64="zU1UxU63Gl3Nuaz2fbGCz4JdtZU=">AAAB/HicdVBNSwMxEM3Wr1q/qgUvXoJF8FSytWz1IEi9eFSxVmhLyaapDc1ml2RWLEv9K148KNKrv8Bf4M2Lv8WsVVDRBwOP92aYmedHUhgg5NXJTE3PzM5l53MLi0vLK/nVtXMTxprxOgtlqC98argUitdBgOQXkeY08CVv+IPD1G9ccW1EqM5gGPF2QC+V6AlGwUqdfAE6yelo3/NIC/g1JMqMcp18kZT2dr1yxcOkREjVLbspKVcrOxXsWiVF8WD95E2Ma8/HnfxLqxuyOOAKmKTGNF0SQTuhGgSTfJRrxYZHlA3oJW9aqmjATTv5OH6Et6zSxb1Q21KAP9TvEwkNjBkGvu0MKPTNby8V//KaMfR224lQUQxcscmiXiwxhDhNAneF5gzk0BLKtLC3YtanmjKweaUhfH2K/yfn5ZJLSu6JTaOGJsiiDbSJtpGLqugAHaFjVEcMDdEtukcPzo1z5zw640lrxvmcKaAfcJ7eAVMfmEI=</latexit><latexit sha1_base64="3ib/ccBWqyWytPJ0h8/qFN6FNOM=">AAAB/HicdVBNSwMxEM36WetXtUcvwSJ4Ktla2noQil48VrEf0JaSTdM2NJtdklmxLPWvePGgiFd/iDf/jdm2goo+GHi8N8PMPC+UwgAhH87S8srq2npqI725tb2zm9nbb5gg0ozXWSAD3fKo4VIoXgcBkrdCzanvSd70xheJ37zl2ohA3cAk5F2fDpUYCEbBSr1MFnrx9fSsVCId4HcQKzNN9zI5kj+tlArFEiZ5QspuwU1IoVw8KWLXKglyaIFaL/Pe6Qcs8rkCJqkxbZeE0I2pBsEkn6Y7keEhZWM65G1LFfW56caz46f4yCp9PAi0LQV4pn6fiKlvzMT3bKdPYWR+e4n4l9eOYFDpxkKFEXDF5osGkcQQ4CQJ3BeaM5ATSyjTwt6K2YhqysDmlYTw9Sn+nzQKeZfk3SuSq54v4kihA3SIjpGLyqiKLlEN1RFDE/SAntCzc+88Oi/O67x1yVnMZNEPOG+fczeUoQ==</latexit>

tR = 900ns
<latexit sha1_base64="rY+dEpPl/CsDEH9pU8tsBwWHz8E=">AAAB/HicdVA9SwNBEJ3z2/gVFWxsFoNgFfZiSLQQRBtLFaOBJMS9zUaX7O0du3NiOOJfsbFQxNYfYmfjb3HPKKjog4HHezPMzAtiJS1S+uqNjI6NT0xOTedmZufmF/KLS6c2SgwXNR6pyNQDZoWSWtRQohL12AgWBkqcBb39zD+7EsbKSJ9gPxatkF1o2ZWcoZPa+WVsp8eDnW1KmyiuMdV2kGvnC7S4vVUplSuEFimt+iU/I6VqebNMfKdkKOyuHL2dA8BhO//S7EQ8CYVGrpi1DZ/G2EqZQcmVGOSaiRUx4z12IRqOahYK20o/jh+Qdad0SDcyrjSSD/X7RMpCa/th4DpDhpf2t5eJf3mNBLtbrVTqOEGh+XBRN1EEI5IlQTrSCI6q7wjjRrpbCb9khnF0eWUhfH1K/ienpaJPi/6RS2MPhpiCVViDDfChCrtwAIdQAw59uIV7ePBuvDvv0Xsato54nzPL8APe8zv9JZaD</latexit><latexit sha1_base64="+fsP7jk8KDz/rCqVVNHAYSuH8F8=">AAAB/HicdVBNSwMxEM36WevXasGLl6AInkq2FtsehFIvHq1YW2hLyaapBrPZJZkVy1L/ihcPinj1F/gLvHnxt5htFVT0wcDjvRlm5vmRFAYIeXOmpmdm5+YzC9nFpeWVVXdt/cyEsWa8wUIZ6pZPDZdC8QYIkLwVaU4DX/Kmf3mY+s0rro0I1SkMI94N6LkSA8EoWKnn5qCXnIwOKoR0gF9Doswo23O3Sb5S3i8U9zHJE1LyCl5KCqXiXhF7VkmxXd2ov4un2stxz33t9EMWB1wBk9SYtkci6CZUg2CSj7Kd2PCIskt6ztuWKhpw003Gx4/wjlX6eBBqWwrwWP0+kdDAmGHg286AwoX57aXiX147hkG5mwgVxcAVmywaxBJDiNMkcF9ozkAOLaFMC3srZhdUUwY2rzSEr0/x/+SskPdI3qvbNGpoggzaRFtoF3mohKroCB2jBmJoiG7RPXpwbpw759F5mrROOZ8zOfQDzvMHTnWYPw==</latexit><latexit sha1_base64="+fsP7jk8KDz/rCqVVNHAYSuH8F8=">AAAB/HicdVBNSwMxEM36WevXasGLl6AInkq2FtsehFIvHq1YW2hLyaapBrPZJZkVy1L/ihcPinj1F/gLvHnxt5htFVT0wcDjvRlm5vmRFAYIeXOmpmdm5+YzC9nFpeWVVXdt/cyEsWa8wUIZ6pZPDZdC8QYIkLwVaU4DX/Kmf3mY+s0rro0I1SkMI94N6LkSA8EoWKnn5qCXnIwOKoR0gF9Doswo23O3Sb5S3i8U9zHJE1LyCl5KCqXiXhF7VkmxXd2ov4un2stxz33t9EMWB1wBk9SYtkci6CZUg2CSj7Kd2PCIskt6ztuWKhpw003Gx4/wjlX6eBBqWwrwWP0+kdDAmGHg286AwoX57aXiX147hkG5mwgVxcAVmywaxBJDiNMkcF9ozkAOLaFMC3srZhdUUwY2rzSEr0/x/+SskPdI3qvbNGpoggzaRFtoF3mohKroCB2jBmJoiG7RPXpwbpw759F5mrROOZ8zOfQDzvMHTnWYPw==</latexit><latexit sha1_base64="XLm+hvUvDWui5Uay2tBPrLlELGo=">AAAB/HicdVBNSwMxEM3Wr1q/qj16CRbBU8nWYu1BKHrxWMV+QFtKNk3b0Gx2SWbFstS/4sWDIl79Id78N2bbCir6YODx3gwz87xQCgOEfDippeWV1bX0emZjc2t7J7u71zBBpBmvs0AGuuVRw6VQvA4CJG+FmlPfk7zpjS8Sv3nLtRGBuoFJyLs+HSoxEIyClXrZHPTi6+lZhZAO8DuIlZlmetk8KVROT4qlE0wKhJTdopuQYrl0XMKuVRLk0QK1Xva90w9Y5HMFTFJj2i4JoRtTDYJJPs10IsNDysZ0yNuWKupz041nx0/xoVX6eBBoWwrwTP0+EVPfmInv2U6fwsj89hLxL68dweC0GwsVRsAVmy8aRBJDgJMkcF9ozkBOLKFMC3srZiOqKQObVxLC16f4f9IoFlxScK9Ivnq+iCON9tEBOkIuKqMqukQ1VEcMTdADekLPzr3z6Lw4r/PWlLOYyaEfcN4+AW6NlJ4=</latexit>

❖ Early shower: Upper layer all charged 

❖

tR = 140ns
<latexit sha1_base64="F8yobeg4hFxPSTCsEdOHG/nUG6s=">AAAB/XicbVDJSgNBEK1xjXGLC168NAbBU5gRQS9C0IvHRMwCSYg9nU7SpKdn6K4R4xD8FS8eFPHqf3jz4rfYWQ6a+KDg8V4VVfX8SAqDrvvlzM0vLC4tp1bSq2vrG5uZre2yCWPNeImFMtRVnxouheIlFCh5NdKcBr7kFb93OfQrd1wbEaob7Ee8EdCOEm3BKFqpmdnFZnI9IOfeiUvqyO8xUWbQzGTdnDsCmSXehGTze8XvWwAoNDOf9VbI4oArZJIaU/PcCBsJ1SiY5IN0PTY8oqxHO7xmqaIBN41kdP2AHFqlRdqhtqWQjNTfEwkNjOkHvu0MKHbNtDcU//NqMbbPGolQUYxcsfGidiwJhmQYBWkJzRnKviWUaWFvJaxLNWVoA0vbELzpl2dJ+TjnuTmvaNO4gDFSsA8HcAQenEIerqAAJWDwAE/wAq/Oo/PsvDnv49Y5ZzKzA3/gfPwADuOWfQ==</latexit><latexit sha1_base64="0pm5fgPp8TfAGGPKVwt/+693fUU=">AAAB/XicbVDJSgNBEO1xjXEbF7x4aQyCpzAjgl6EEC8eEzELJEPo6fQkTXp6hu4aMQ7BX/HiQVGv/oBf4M2L32JnOWjig4LHe1VU1fNjwTU4zpc1N7+wuLScWcmurq1vbNpb21UdJYqyCo1EpOo+0UxwySrAQbB6rBgJfcFqfu9i6NdumNI8ktfQj5kXko7kAacEjNSyd6GVXg3wuXvi4CawW0ilHrTsnJN3RsCzxJ2QXGGv/M1fix+llv3ZbEc0CZkEKojWDdeJwUuJAk4FG2SbiWYxoT3SYQ1DJQmZ9tLR9QN8aJQ2DiJlSgIeqb8nUhJq3Q990xkS6Oppbyj+5zUSCM68lMs4ASbpeFGQCAwRHkaB21wxCqJvCKGKm1sx7RJFKJjAsiYEd/rlWVI9zrtO3i2bNIpojAzaRwfoCLnoFBXQJSqhCqLoDj2gJ/Rs3VuP1ov1Nm6dsyYzO+gPrPcfYCSYOQ==</latexit><latexit sha1_base64="0pm5fgPp8TfAGGPKVwt/+693fUU=">AAAB/XicbVDJSgNBEO1xjXEbF7x4aQyCpzAjgl6EEC8eEzELJEPo6fQkTXp6hu4aMQ7BX/HiQVGv/oBf4M2L32JnOWjig4LHe1VU1fNjwTU4zpc1N7+wuLScWcmurq1vbNpb21UdJYqyCo1EpOo+0UxwySrAQbB6rBgJfcFqfu9i6NdumNI8ktfQj5kXko7kAacEjNSyd6GVXg3wuXvi4CawW0ilHrTsnJN3RsCzxJ2QXGGv/M1fix+llv3ZbEc0CZkEKojWDdeJwUuJAk4FG2SbiWYxoT3SYQ1DJQmZ9tLR9QN8aJQ2DiJlSgIeqb8nUhJq3Q990xkS6Oppbyj+5zUSCM68lMs4ASbpeFGQCAwRHkaB21wxCqJvCKGKm1sx7RJFKJjAsiYEd/rlWVI9zrtO3i2bNIpojAzaRwfoCLnoFBXQJSqhCqLoDj2gJ/Rs3VuP1ov1Nm6dsyYzO+gPrPcfYCSYOQ==</latexit><latexit sha1_base64="mtzG+P1QNjsaDgKXHOp3rpAY0lI=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdCMU3bisYh/QhjCZTtqhk0mYuRFrCP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPUEiuAbH+bYWFpeWV1ZLa+X1jc2tbXtnt6njVFHWoLGIVTsgmgkuWQM4CNZOFCNRIFgrGF6N/dY9U5rH8g5GCfMi0pc85JSAkXx7H/zsNscX7qmDu8AeIJM69+2KU3UmwPPELUgFFaj79le3F9M0YhKoIFp3XCcBLyMKOBUsL3dTzRJCh6TPOoZKEjHtZZPrc3xklB4OY2VKAp6ovycyEmk9igLTGREY6FlvLP7ndVIIz72MyyQFJul0UZgKDDEeR4F7XDEKYmQIoYqbWzEdEEUomMDKJgR39uV50jypuk7VvXEqtcsijhI6QIfoGLnoDNXQNaqjBqLoET2jV/RmPVkv1rv1MW1dsIqZPfQH1ucPgDyUmA==</latexit>

tR = 280ns
<latexit sha1_base64="zHZIPwQQCtPUoWkc2Dn7jh6i3Vs=">AAAB/XicbVDJSgNBEK2JW4xbXPDipVEET2EmF3MRgl48JmIWSELs6XSSJj09Q3eNGIfgr3jxoIhX/8ObF7/FznJQ44OCx3tVVNXzIykMuu6nk1pYXFpeSa9m1tY3Nrey2ztVE8aa8QoLZajrPjVcCsUrKFDyeqQ5DXzJa/7gYuzXbrk2IlTXOIx4K6A9JbqCUbRSO7uH7eRqRM7yBZc0kd9hosyonT1yc+4EZJ54M3JU3C9/3QBAqZ39aHZCFgdcIZPUmIbnRthKqEbBJB9lmrHhEWUD2uMNSxUNuGklk+tH5NgqHdINtS2FZKL+nEhoYMww8G1nQLFv/npj8T+vEWO30EqEimLkik0XdWNJMCTjKEhHaM5QDi2hTAt7K2F9qilDG1jGhuD9fXmeVPM5z815ZZvGOUyRhgM4hBPw4BSKcAklqACDe3iEZ3hxHpwn59V5m7amnNnMLvyC8/4NFq+Wgg==</latexit><latexit sha1_base64="8qVUWlQXXvz09zHA3H2vRSoTyYo=">AAAB/XicbVC7SgNBFJ2Nrxhf6wMbm8EgWIXdNKYRQmwsEzEPSEKYnUySIbOzy8xdMS6Lv2JjoaitP+AX2Nn4LU4ehSYeuHA4517uvccLBdfgOF9Waml5ZXUtvZ7Z2Nza3rF392o6iBRlVRqIQDU8opngklWBg2CNUDHie4LVveHF2K/fMKV5IK9hFLK2T/qS9zglYKSOfQCd+CrB5/mCg1vAbiGWOunYWSfnTIAXiTsj2eJh5Zu/lj7KHfuz1Q1o5DMJVBCtm64TQjsmCjgVLMm0Is1CQoekz5qGSuIz3Y4n1yf4xChd3AuUKQl4ov6eiImv9cj3TKdPYKDnvbH4n9eMoFdox1yGETBJp4t6kcAQ4HEUuMsVoyBGhhCquLkV0wFRhIIJLGNCcOdfXiS1fM51cm7FpFFCU6TRETpGp8hFZ6iILlEZVRFFd+gBPaFn6956tF6st2lryprN7KM/sN5/AGfwmD4=</latexit><latexit sha1_base64="8qVUWlQXXvz09zHA3H2vRSoTyYo=">AAAB/XicbVC7SgNBFJ2Nrxhf6wMbm8EgWIXdNKYRQmwsEzEPSEKYnUySIbOzy8xdMS6Lv2JjoaitP+AX2Nn4LU4ehSYeuHA4517uvccLBdfgOF9Waml5ZXUtvZ7Z2Nza3rF392o6iBRlVRqIQDU8opngklWBg2CNUDHie4LVveHF2K/fMKV5IK9hFLK2T/qS9zglYKSOfQCd+CrB5/mCg1vAbiGWOunYWSfnTIAXiTsj2eJh5Zu/lj7KHfuz1Q1o5DMJVBCtm64TQjsmCjgVLMm0Is1CQoekz5qGSuIz3Y4n1yf4xChd3AuUKQl4ov6eiImv9cj3TKdPYKDnvbH4n9eMoFdox1yGETBJp4t6kcAQ4HEUuMsVoyBGhhCquLkV0wFRhIIJLGNCcOdfXiS1fM51cm7FpFFCU6TRETpGp8hFZ6iILlEZVRFFd+gBPaFn6956tF6st2lryprN7KM/sN5/AGfwmD4=</latexit><latexit sha1_base64="ssoGwwpymw2yC0LVYA4Ot8mfzyw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5J0YzdC0Y3LKvYBbQiT6bQdOpmEmRuxhuCvuHGhiFv/w51/47TNQlsPXDiccy/33hPEgmtwnG+rsLK6tr5R3Cxtbe/s7tn7By0dJYqyJo1EpDoB0UxwyZrAQbBOrBgJA8Hawfhq6rfvmdI8kncwiZkXkqHkA04JGMm3j8BPbzN8Ua05uAfsAVKpM98uOxVnBrxM3JyUUY6Gb3/1+hFNQiaBCqJ113Vi8FKigFPBslIv0SwmdEyGrGuoJCHTXjq7PsOnRunjQaRMScAz9fdESkKtJ2FgOkMCI73oTcX/vG4Cg5qXchknwCSdLxokAkOEp1HgPleMgpgYQqji5lZMR0QRCiawkgnBXXx5mbSqFdepuDdOuX6Zx1FEx+gEnSEXnaM6ukYN1EQUPaJn9IrerCfrxXq3PuatBSufOUR/YH3+AIgIlJ0=</latexit>

tR = 460ns
<latexit sha1_base64="ZtGGlptTEnchF8rwheU726QFCso=">AAAB/XicbVDJSgNBEK1xjXEbF7x4aRTBU5gRUS9C0IvHRMwCSYg9nU5s0tMzdNeIcQj+ihcPinj1P7x58VvsLAeNPih4vFdFVb0glsKg5306U9Mzs3PzmYXs4tLyyqq7tl42UaIZL7FIRroaUMOlULyEAiWvxprTMJC8EnTPB37llmsjInWFvZg3QtpRoi0YRSs13U1sppd9cnp45JE68jtMlek33V0v5w1B/hJ/THbzW8WvawAoNN2PeitiScgVMkmNqflejI2UahRM8n62nhgeU9alHV6zVNGQm0Y6vL5P9qzSIu1I21JIhurPiZSGxvTCwHaGFG/MpDcQ//NqCbZPGqlQcYJcsdGidiIJRmQQBWkJzRnKniWUaWFvJeyGasrQBpa1IfiTL/8l5YOc7+X8ok3jDEbIwDbswD74cAx5uIAClIDBPTzCM7w4D86T8+q8jVqnnPHMBvyC8/4NFrGWgg==</latexit><latexit sha1_base64="mhcljtjV2PupLlffHQQzrJaj2Dk=">AAAB/XicbVDJSgNBEO2JW4xbXPDipTEInsKMiHoRQrx4TMQskAxDT6eTNOnpGbprxDgEf8WLB0W9+gN+gTcvfoud5aCJDwoe71VRVc+PBNdg219Wam5+YXEpvZxZWV1b38hublV1GCvKKjQUoar7RDPBJasAB8HqkWIk8AWr+b2LoV+7YUrzUF5DP2JuQDqStzklYCQvuwNecjXA58cnNm4Cu4VE6oGXzdl5ewQ8S5wJyRV2y9/8tfhR8rKfzVZI44BJoIJo3XDsCNyEKOBUsEGmGWsWEdojHdYwVJKAaTcZXT/AB0Zp4XaoTEnAI/X3REICrfuBbzoDAl097Q3F/7xGDO0zN+EyioFJOl7UjgWGEA+jwC2uGAXRN4RQxc2tmHaJIhRMYBkTgjP98iypHuUdO++UTRpFNEYa7aF9dIgcdIoK6BKVUAVRdIce0BN6tu6tR+vFehu3pqzJzDb6A+v9B2fymD4=</latexit><latexit sha1_base64="mhcljtjV2PupLlffHQQzrJaj2Dk=">AAAB/XicbVDJSgNBEO2JW4xbXPDipTEInsKMiHoRQrx4TMQskAxDT6eTNOnpGbprxDgEf8WLB0W9+gN+gTcvfoud5aCJDwoe71VRVc+PBNdg219Wam5+YXEpvZxZWV1b38hublV1GCvKKjQUoar7RDPBJasAB8HqkWIk8AWr+b2LoV+7YUrzUF5DP2JuQDqStzklYCQvuwNecjXA58cnNm4Cu4VE6oGXzdl5ewQ8S5wJyRV2y9/8tfhR8rKfzVZI44BJoIJo3XDsCNyEKOBUsEGmGWsWEdojHdYwVJKAaTcZXT/AB0Zp4XaoTEnAI/X3REICrfuBbzoDAl097Q3F/7xGDO0zN+EyioFJOl7UjgWGEA+jwC2uGAXRN4RQxc2tmHaJIhRMYBkTgjP98iypHuUdO++UTRpFNEYa7aF9dIgcdIoK6BKVUAVRdIce0BN6tu6tR+vFehu3pqzJzDb6A+v9B2fymD4=</latexit><latexit sha1_base64="RjCLmfIiBdYj7jjJt7cH+9MGBpQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIqBuh6MZlFfuANoTJdNoOnUzCzI1YQ/BX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wliwTU4zrdVWFhcWl4prpbW1jc2t+ztnYaOEkVZnUYiUq2AaCa4ZHXgIFgrVoyEgWDNYHg19pv3TGkeyTsYxcwLSV/yHqcEjOTbe+Cntxm+ODl1cAfYA6RSZ75ddirOBHieuDkpoxw13/7qdCOahEwCFUTrtuvE4KVEAaeCZaVOollM6JD0WdtQSUKmvXRyfYYPjdLFvUiZkoAn6u+JlIRaj8LAdIYEBnrWG4v/ee0EeudeymWcAJN0uqiXCAwRHkeBu1wxCmJkCKGKm1sxHRBFKJjASiYEd/bledI4rrhOxb1xytXLPI4i2kcH6Ai56AxV0TWqoTqi6BE9o1f0Zj1ZL9a79TFtLVj5zC76A+vzB4gKlJ0=</latexit>

tR = 340ns
<latexit sha1_base64="OnQc1/61B/020sH7QfIgvRXxRMg=">AAAB/XicbVDJSgNBEK1xjXEbF7x4aRTBU5hRQS9C0IvHRMwCSYg9nU5s0tMzdNeIcQj+ihcPinj1P7x58VvsLAeNPih4vFdFVb0glsKg5306U9Mzs3PzmYXs4tLyyqq7tl42UaIZL7FIRroaUMOlULyEAiWvxprTMJC8EnTPB37llmsjInWFvZg3QtpRoi0YRSs13U1sppd9cnp45JE68jtMlek33V0v5w1B/hJ/THbzW8WvawAoNN2PeitiScgVMkmNqflejI2UahRM8n62nhgeU9alHV6zVNGQm0Y6vL5P9qzSIu1I21JIhurPiZSGxvTCwHaGFG/MpDcQ//NqCbZPGqlQcYJcsdGidiIJRmQQBWkJzRnKniWUaWFvJeyGasrQBpa1IfiTL/8l5YOc7+X8ok3jDEbIwDbswD74cAx5uIAClIDBPTzCM7w4D86T8+q8jVqnnPHMBvyC8/4NEgOWfw==</latexit><latexit sha1_base64="iLH958fDQ8mFcAtKHFHfR/UHJho=">AAAB/XicbVDJSgNBEO2JW4xbXPDipTEInsKMCnoRQrx4TMQskAxDT6eTNOnpGbprxDgEf8WLB0W9+gN+gTcvfoud5aCJDwoe71VRVc+PBNdg219Wam5+YXEpvZxZWV1b38hublV1GCvKKjQUoar7RDPBJasAB8HqkWIk8AWr+b2LoV+7YUrzUF5DP2JuQDqStzklYCQvuwNecjXA58cnNm4Cu4VE6oGXzdl5ewQ8S5wJyRV2y9/8tfhR8rKfzVZI44BJoIJo3XDsCNyEKOBUsEGmGWsWEdojHdYwVJKAaTcZXT/AB0Zp4XaoTEnAI/X3REICrfuBbzoDAl097Q3F/7xGDO0zN+EyioFJOl7UjgWGEA+jwC2uGAXRN4RQxc2tmHaJIhRMYBkTgjP98iypHuUdO++UTRpFNEYa7aF9dIgcdIoK6BKVUAVRdIce0BN6tu6tR+vFehu3pqzJzDb6A+v9B2NEmDs=</latexit><latexit sha1_base64="iLH958fDQ8mFcAtKHFHfR/UHJho=">AAAB/XicbVDJSgNBEO2JW4xbXPDipTEInsKMCnoRQrx4TMQskAxDT6eTNOnpGbprxDgEf8WLB0W9+gN+gTcvfoud5aCJDwoe71VRVc+PBNdg219Wam5+YXEpvZxZWV1b38hublV1GCvKKjQUoar7RDPBJasAB8HqkWIk8AWr+b2LoV+7YUrzUF5DP2JuQDqStzklYCQvuwNecjXA58cnNm4Cu4VE6oGXzdl5ewQ8S5wJyRV2y9/8tfhR8rKfzVZI44BJoIJo3XDsCNyEKOBUsEGmGWsWEdojHdYwVJKAaTcZXT/AB0Zp4XaoTEnAI/X3REICrfuBbzoDAl097Q3F/7xGDO0zN+EyioFJOl7UjgWGEA+jwC2uGAXRN4RQxc2tmHaJIhRMYBkTgjP98iypHuUdO++UTRpFNEYa7aF9dIgcdIoK6BKVUAVRdIce0BN6tu6tR+vFehu3pqzJzDb6A+v9B2NEmDs=</latexit><latexit sha1_base64="mfIp3Xo+A3wgWEgG6VpVV11SPLc=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KooBuh6MZlFfuANoTJdNoOnUzCzI1YQ/BX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wliwTU4zrdVWFhcWl4prpbW1jc2t+ztnYaOEkVZnUYiUq2AaCa4ZHXgIFgrVoyEgWDNYHg19pv3TGkeyTsYxcwLSV/yHqcEjOTbe+Cntxm+ODl1cAfYA6RSZ75ddirOBHieuDkpoxw13/7qdCOahEwCFUTrtuvE4KVEAaeCZaVOollM6JD0WdtQSUKmvXRyfYYPjdLFvUiZkoAn6u+JlIRaj8LAdIYEBnrWG4v/ee0EeudeymWcAJN0uqiXCAwRHkeBu1wxCmJkCKGKm1sxHRBFKJjASiYEd/bledI4rrhOxb1xytXLPI4i2kcH6Ai56AxV0TWqoTqi6BE9o1f0Zj1ZL9a79TFtLVj5zC76A+vzB4NclJo=</latexit>

tR = 200ns
<latexit sha1_base64="4uw3PELJ0C+FI0jgReIEwC7IsFk=">AAAB/XicbVDJSgNBEK1xjXGLC168NAbBU5jJRS9C0IvHRMwCSYg9nU7SpKdn6K4R4xD8FS8eFPHqf3jz4rfYWQ6a+KDg8V4VVfX8SAqDrvvlLCwuLa+sptbS6xubW9uZnd2KCWPNeJmFMtQ1nxouheJlFCh5LdKcBr7kVb9/OfKrd1wbEaobHES8GdCuEh3BKFqpldnHVnI9JOd51yUN5PeYKDNsZbJuzh2DzBNvSrKFg9L3LQAUW5nPRjtkccAVMkmNqXtuhM2EahRM8mG6ERseUdanXV63VNGAm2Yyvn5Ijq3SJp1Q21JIxurviYQGxgwC33YGFHtm1huJ/3n1GDtnzUSoKEau2GRRJ5YEQzKKgrSF5gzlwBLKtLC3EtajmjK0gaVtCN7sy/Okks95bs4r2TQuYIIUHMIRnIAHp1CAKyhCGRg8wBO8wKvz6Dw7b877pHXBmc7swR84Hz8KN5Z6</latexit><latexit sha1_base64="TT/QwEc3Z282lno+4EFfKBMUIGg=">AAAB/XicbVC7SgNBFJ31GeNrfWBjMxgEq7CbRhshxMYyEfOAZFlmJ5NkyOzsMnNXjEvwV2wsFLX1B/wCOxu/xcmj0MQDFw7n3Mu99wSx4Boc58taWFxaXlnNrGXXNza3tu2d3ZqOEkVZlUYiUo2AaCa4ZFXgIFgjVoyEgWD1oH8x8us3TGkeyWsYxMwLSVfyDqcEjOTb++CnV0N8XnAc3AJ2C6nUQ9/OOXlnDDxP3CnJFQ8q3/y19FH27c9WO6JJyCRQQbRuuk4MXkoUcCrYMNtKNIsJ7ZMuaxoqSci0l46vH+Jjo7RxJ1KmJOCx+nsiJaHWgzAwnSGBnp71RuJ/XjOBzpmXchknwCSdLOokAkOER1HgNleMghgYQqji5lZMe0QRCiawrAnBnX15ntQKedfJuxWTRglNkEGH6AidIBedoiK6RGVURRTdoQf0hJ6te+vRerHeJq0L1nRmD/2B9f4DW3iYNg==</latexit><latexit sha1_base64="TT/QwEc3Z282lno+4EFfKBMUIGg=">AAAB/XicbVC7SgNBFJ31GeNrfWBjMxgEq7CbRhshxMYyEfOAZFlmJ5NkyOzsMnNXjEvwV2wsFLX1B/wCOxu/xcmj0MQDFw7n3Mu99wSx4Boc58taWFxaXlnNrGXXNza3tu2d3ZqOEkVZlUYiUo2AaCa4ZFXgIFgjVoyEgWD1oH8x8us3TGkeyWsYxMwLSVfyDqcEjOTb++CnV0N8XnAc3AJ2C6nUQ9/OOXlnDDxP3CnJFQ8q3/y19FH27c9WO6JJyCRQQbRuuk4MXkoUcCrYMNtKNIsJ7ZMuaxoqSci0l46vH+Jjo7RxJ1KmJOCx+nsiJaHWgzAwnSGBnp71RuJ/XjOBzpmXchknwCSdLOokAkOER1HgNleMghgYQqji5lZMe0QRCiawrAnBnX15ntQKedfJuxWTRglNkEGH6AidIBedoiK6RGVURRTdoQf0hJ6te+vRerHeJq0L1nRmD/2B9f4DW3iYNg==</latexit><latexit sha1_base64="zepZC3KsAu68gm0kl1XUE7Vh4/s=">AAAB/XicbVDLSgNBEJz1GeNrfdy8DAbBU5jNRS9C0IvHKOYByRJmJ5NkyOzsMtMrxmXxV7x4UMSr/+HNv3GS7EETCxqKqm66u4JYCgOEfDtLyyura+uFjeLm1vbOrru33zBRohmvs0hGuhVQw6VQvA4CJG/FmtMwkLwZjK4mfvOeayMidQfjmPshHSjRF4yClbruIXTT2wxfVAjBHeAPkCqTdd0SKZMp8CLxclJCOWpd96vTi1gScgVMUmPaHonBT6kGwSTPip3E8JiyER3wtqWKhtz46fT6DJ9YpYf7kbalAE/V3xMpDY0Zh4HtDCkMzbw3Ef/z2gn0z/1UqDgBrthsUT+RGCI8iQL3hOYM5NgSyrSwt2I2pJoysIEVbQje/MuLpFEpe6Ts3ZBS9TKPo4CO0DE6RR46Q1V0jWqojhh6RM/oFb05T86L8+58zFqXnHzmAP2B8/kDe5CUlQ==</latexit>

tR = 720ns
<latexit sha1_base64="AxYj6nZRk39ryvCQWOo5QZSlYFQ=">AAAB/XicbVA9SwNBEJ3zM8av8wMbm8UgWIW7NLERgjaWUYwGkiPubTa6uLd37M6J8Tj8KzYWitj6P+xs/C1uEgtNfDDweG+GmXlhIoVBz/t0pqZnZufmCwvFxaXllVV3bf3cxKlmvMFiGetmSA2XQvEGCpS8mWhOo1Dyi/DmaOBf3HJtRKzOsJ/wIKJXSvQEo2iljruJnew0JwfVikfayO8wUybvuCWv7A1BJon/Q0q1rZOvSwCod9yPdjdmacQVMkmNaflegkFGNQomeV5sp4YnlN3QK96yVNGImyAbXp+TXat0SS/WthSSofp7IqORMf0otJ0RxWsz7g3E/7xWir39IBMqSZErNlrUSyXBmAyiIF2hOUPZt4QyLeythF1TTRnawIo2BH/85UlyXin7Xtk/sWkcwggF2IYd2AMfqlCDY6hDAxjcwyM8w4vz4Dw5r87bqHXK+ZnZgD9w3r8BFSWWgQ==</latexit><latexit sha1_base64="xYI0+H/i8wfV/5hKgGj3yqQMADI=">AAAB/XicbVC7SgNBFJ2Nrxhf6wMbm8EgWIXdNLERQmwsEzEPSEKYnUySIbOzy8xdMS6Lv2JjoaitP+AX2Nn4LU4ehSYeuHA4517uvccLBdfgOF9Waml5ZXUtvZ7Z2Nza3rF392o6iBRlVRqIQDU8opngklWBg2CNUDHie4LVveHF2K/fMKV5IK9hFLK2T/qS9zglYKSOfQCd+CrB54W8g1vAbiGWOunYWSfnTIAXiTsj2eJh5Zu/lj7KHfuz1Q1o5DMJVBCtm64TQjsmCjgVLMm0Is1CQoekz5qGSuIz3Y4n1yf4xChd3AuUKQl4ov6eiImv9cj3TKdPYKDnvbH4n9eMoHfWjrkMI2CSThf1IoEhwOMocJcrRkGMDCFUcXMrpgOiCAUTWMaE4M6/vEhq+Zzr5NyKSaOEpkijI3SMTpGLCqiILlEZVRFFd+gBPaFn6956tF6st2lryprN7KM/sN5/AGZmmD0=</latexit><latexit sha1_base64="xYI0+H/i8wfV/5hKgGj3yqQMADI=">AAAB/XicbVC7SgNBFJ2Nrxhf6wMbm8EgWIXdNLERQmwsEzEPSEKYnUySIbOzy8xdMS6Lv2JjoaitP+AX2Nn4LU4ehSYeuHA4517uvccLBdfgOF9Waml5ZXUtvZ7Z2Nza3rF392o6iBRlVRqIQDU8opngklWBg2CNUDHie4LVveHF2K/fMKV5IK9hFLK2T/qS9zglYKSOfQCd+CrB54W8g1vAbiGWOunYWSfnTIAXiTsj2eJh5Zu/lj7KHfuz1Q1o5DMJVBCtm64TQjsmCjgVLMm0Is1CQoekz5qGSuIz3Y4n1yf4xChd3AuUKQl4ov6eiImv9cj3TKdPYKDnvbH4n9eMoHfWjrkMI2CSThf1IoEhwOMocJcrRkGMDCFUcXMrpgOiCAUTWMaE4M6/vEhq+Zzr5NyKSaOEpkijI3SMTpGLCqiILlEZVRFFd+gBPaFn6956tF6st2lryprN7KM/sN5/AGZmmD0=</latexit><latexit sha1_base64="BcsM6G9va7AuorbvfslmAOMDqr8=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5J0UzdC0Y3LKvYBbQiT6bQdOpmEmRuxhuCvuHGhiFv/w51/47TNQlsPXDiccy/33hPEgmtwnG+rsLK6tr5R3Cxtbe/s7tn7By0dJYqyJo1EpDoB0UxwyZrAQbBOrBgJA8Hawfhq6rfvmdI8kncwiZkXkqHkA04JGMm3j8BPbzN8Uas6uAfsAVKpM98uOxVnBrxM3JyUUY6Gb3/1+hFNQiaBCqJ113Vi8FKigFPBslIv0SwmdEyGrGuoJCHTXjq7PsOnRunjQaRMScAz9fdESkKtJ2FgOkMCI73oTcX/vG4Cg3Mv5TJOgEk6XzRIBIYIT6PAfa4YBTExhFDFza2YjogiFExgJROCu/jyMmlVK65TcW+ccv0yj6OIjtEJOkMuqqE6ukYN1EQUPaJn9IrerCfrxXq3PuatBSufOUR/YH3+AIZ+lJw=</latexit>

tR = 440ns
<latexit sha1_base64="wCyXpdsdrPbEi+hPGvxSmo2QHcE=">AAAB/XicbVDJSgNBEK1xjXGLC168NIrgKcxIQC9C0IvHRMwCSYg9nU7S2NMzdNeIcRj8FS8eFPHqf3jz4rfYWQ5qfFDweK+Kqnp+JIVB1/10Zmbn5hcWM0vZ5ZXVtfXcxmbVhLFmvMJCGeq6Tw2XQvEKCpS8HmlOA1/ymn9zPvRrt1wbEaorHES8FdCeEl3BKFqpndvGdnKZktNCwSVN5HeYKJO2c/tu3h2BTBNvQvaLO+WvawAotXMfzU7I4oArZJIa0/DcCFsJ1SiY5Gm2GRseUXZDe7xhqaIBN61kdH1KDqzSId1Q21JIRurPiYQGxgwC33YGFPvmrzcU//MaMXZPWolQUYxcsfGibiwJhmQYBekIzRnKgSWUaWFvJaxPNWVoA8vaELy/L0+T6lHec/Ne2aZxBmNkYBf24BA8OIYiXEAJKsDgHh7hGV6cB+fJeXXexq0zzmRmC37Bef8GE5OWgA==</latexit><latexit sha1_base64="FLHXaxUBx2R18TmB/NtPXe9SzQ8=">AAAB/XicbVDJSgNBEO2JW4xbXPDipTEInsKMBPQihHjxmIhZIBmGnk4nadLTM3TXiHEI/ooXD4p69Qf8Am9e/BY7y0ETHxQ83quiqp4fCa7Btr+s1MLi0vJKejWztr6xuZXd3qnpMFaUVWkoQtXwiWaCS1YFDoI1IsVI4AtW9/sXI79+w5TmobyGQcTcgHQl73BKwEhedg+85GqIzwsFG7eA3UIi9dDL5uy8PQaeJ86U5Ir7lW/+Wvooe9nPVjukccAkUEG0bjp2BG5CFHAq2DDTijWLCO2TLmsaKknAtJuMrx/iI6O0cSdUpiTgsfp7IiGB1oPAN50BgZ6e9Ubif14zhs6Zm3AZxcAknSzqxAJDiEdR4DZXjIIYGEKo4uZWTHtEEQomsIwJwZl9eZ7UTvKOnXcqJo0SmiCNDtAhOkYOOkVFdInKqIooukMP6Ak9W/fWo/VivU1aU9Z0Zhf9gfX+A2TUmDw=</latexit><latexit sha1_base64="FLHXaxUBx2R18TmB/NtPXe9SzQ8=">AAAB/XicbVDJSgNBEO2JW4xbXPDipTEInsKMBPQihHjxmIhZIBmGnk4nadLTM3TXiHEI/ooXD4p69Qf8Am9e/BY7y0ETHxQ83quiqp4fCa7Btr+s1MLi0vJKejWztr6xuZXd3qnpMFaUVWkoQtXwiWaCS1YFDoI1IsVI4AtW9/sXI79+w5TmobyGQcTcgHQl73BKwEhedg+85GqIzwsFG7eA3UIi9dDL5uy8PQaeJ86U5Ir7lW/+Wvooe9nPVjukccAkUEG0bjp2BG5CFHAq2DDTijWLCO2TLmsaKknAtJuMrx/iI6O0cSdUpiTgsfp7IiGB1oPAN50BgZ6e9Ubif14zhs6Zm3AZxcAknSzqxAJDiEdR4DZXjIIYGEKo4uZWTHtEEQomsIwJwZl9eZ7UTvKOnXcqJo0SmiCNDtAhOkYOOkVFdInKqIooukMP6Ak9W/fWo/VivU1aU9Z0Zhf9gfX+A2TUmDw=</latexit><latexit sha1_base64="bKtdyoLE/MEcHnsPqJqTwi+FGms=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIQTdC0Y3LKvYBbQiT6bQdOpmEmRuxhuCvuHGhiFv/w51/47TNQlsPXDiccy/33hPEgmtwnG+rsLS8srpWXC9tbG5t79i7e00dJYqyBo1EpNoB0UxwyRrAQbB2rBgJA8Fawehq4rfumdI8kncwjpkXkoHkfU4JGMm3D8BPbzN8Ua06uAvsAVKpM98uOxVnCrxI3JyUUY66b391exFNQiaBCqJ1x3Vi8FKigFPBslI30SwmdEQGrGOoJCHTXjq9PsPHRunhfqRMScBT9fdESkKtx2FgOkMCQz3vTcT/vE4C/XMv5TJOgEk6W9RPBIYIT6LAPa4YBTE2hFDFza2YDokiFExgJROCO//yImmeVlyn4t445dplHkcRHaIjdIJcdIZq6BrVUQNR9Iie0St6s56sF+vd+pi1Fqx8Zh/9gfX5A4TslJs=</latexit>

❖ Later shower: muonic component

❖
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Motivation of observe early-late shower
- Response of signals



Azimuthal (Zeta) Dependency
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early 

late 

R

ζ

ζ180o/-180o 0o

zeta (ζ): azimuthal angle from Shower 

-90o

90o

early late

60o120o

180o

-180o

-120o -60o

0oζ

Early

slope a = 0.64± 0.03 [ns/m]

tR(800) = 0.39± 0.03 [µs]

Log(E/eV): 18.85-19.15
 Log(E/eV): 19.15-19.45
Log(E/eV): 19.45-20.00

sec(𝜽): 1.0~2.0
in Step 0.2

ENERGY ZENITH (𝜽)

slope a = 0.56± 0.02 [ns/m]

tR(800) = 0.32± 0.02 [µs]

Late
The slope(a) is considered as factor of thickness of  shower disk 



Zeta Vs Slope angle (１)
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earlylate
late early

a = bo + aocos⇣

 Fix  sec(𝜽) : 1.0 - 1.2

Fix R range:  500 - 1200 [m]Fix Log(E/eV) : 18.85 - 19.15

❖ The thickness of particles is slightly ticker for “early” 
detectors than for “late”       

late
a = (0.59± 0.01) + (0.04± 0.01) ⇤ cos⇣

early 

late 
R
ζ

zeta (ζ): 



Zeta Vs Slope angle (2)
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a = bo + aocos⇣
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early late 

a = (0.60± 0.01) + (0.08± 0.02) ⇤ cos⇣
a = (0.49± 0.01) + (0.12± 0.02) ⇤ cos⇣
a = (0.39± 0.01) + (0.15± 0.02) ⇤ cos⇣
a = (0.19± 0.01) + (0.12± 0.02) ⇤ cos⇣
a = (0.09± 0.01) + (0.05± 0.01) ⇤ cos⇣

44.4 - 51.3 [deg]
33.5 - 44.4 [deg]

0 - 33.5 [deg]

44.4 - 51.3 [deg]
51.3 - 60.0 [deg]

early 

late 

R
ζ

zeta (ζ): azimuthal 

For intermediate zenith angles the thickness of air shower is thicker than vertical/ 
inclined



Time structure: Asymmetry in ζ angle
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r3

Lateral view

late 

60o

120o180o

-180o

-120o

-60o
0o

Side view
⇣

<latexit sha1_base64="6LE9LLdDJW9lc7uLx2offeoc4AM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48VTFtoQ9lsN+3SzSbsToRa+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNEmmGfdZIhPdDqnhUijuo0DJ26nmNA4lb4Wj25nfeuTaiEQ94DjlQUwHSkSCUbSS333iSHvlilt15yCrxMtJBXI0euWvbj9hWcwVMkmN6XhuisGEahRM8mmpmxmeUjaiA96xVNGYm2AyP3ZKzqzSJ1GibSkkc/X3xITGxozj0HbGFIdm2ZuJ/3mdDKPrYCJUmiFXbLEoyiTBhMw+J32hOUM5toQyLeythA2ppgxtPiUbgrf88ipp1qreRbV2f1mp3+RxFOEETuEcPLiCOtxBA3xgIOAZXuHNUc6L8+58LFoLTj5zDH/gfP4A6cyOwA==</latexit>

R

early 

Shower front

Shower disk thickness

⇣ = �60� to 60�
<latexit sha1_base64="1ygB/m29zCD+QnUwjp8keAIVtSM=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgutCRV1I1QdOOygn1AE8tkMmmHTiZxZiLU0J9w46+4caGIW8Gdf+OkDaitBwYO59zLnXO8mFGpLOvLmJmdm19YLCwVl1dW19bNjc2GjBKBSR1HLBItD0nCKCd1RRUjrVgQFHqMNL3+ReY374iQNOLXahATN0RdTgOKkdJSx9x37olC8AweHFs3qYOpwEPnNkE+VBEckx+jY5assjUCnCZ2TkogR61jfjp+hJOQcIUZkrJtW7FyUyQUxYwMi04iSYxwH3VJW1OOQiLddJRqCHe14sMgEvpxBUfq740UhVIOQk9Phkj15KSXif957UQFp25KeZwowvH4UJCwLHFWEfSpIFixgSYIC6r/CnEPCYSVLrKoS7AnI0+TRqVsH5YrV0el6nleRwFsgx2wB2xwAqrgEtRAHWDwAJ7AC3g1Ho1n4814H4/OGPnOFvgD4+MbpNed5A==</latexit>

⇣ = �60� to 60�
<latexit sha1_base64="1ygB/m29zCD+QnUwjp8keAIVtSM=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgutCRV1I1QdOOygn1AE8tkMmmHTiZxZiLU0J9w46+4caGIW8Gdf+OkDaitBwYO59zLnXO8mFGpLOvLmJmdm19YLCwVl1dW19bNjc2GjBKBSR1HLBItD0nCKCd1RRUjrVgQFHqMNL3+ReY374iQNOLXahATN0RdTgOKkdJSx9x37olC8AweHFs3qYOpwEPnNkE+VBEckx+jY5assjUCnCZ2TkogR61jfjp+hJOQcIUZkrJtW7FyUyQUxYwMi04iSYxwH3VJW1OOQiLddJRqCHe14sMgEvpxBUfq740UhVIOQk9Phkj15KSXif957UQFp25KeZwowvH4UJCwLHFWEfSpIFixgSYIC6r/CnEPCYSVLrKoS7AnI0+TRqVsH5YrV0el6nleRwFsgx2wB2xwAqrgEtRAHWDwAJ7AC3g1Ho1n4814H4/OGPnOFvgD4+MbpNed5A==</latexit>
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Summary
• TA-SD data of (11 years observed) was used to study air shower structure using 

waveforms. 


• It was studied shower front by time delay: 


• Fit AGASA function time delay  —>


• Parameter A has dependance on zenith


• A and B has not Energy dependance


It was analyzed risetime(tR) to understand air shower:


Using information of risetime from (10-50)% of total wf.


It is proposed a linear function in R range (500-1200) m —>


The offset(b) and slope (a) has dependance on zenith


It was analyzed slope(a) to observe dependences:


It could see tendency on azimuth angle and energy dependance. 
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Event reconstruction

100

5.4 Lateral Distribution Fit

We use the same lateral distribution function (LDF) as the AGASA experi-

ment [16] to fit the event lateral profile on the ground:

⇢ = A
⇣ s

91.6m

⌘�1.2 ⇣
1 +

s

91.6m

⌘�(⌘(✓)�1.2) ⇣
1 +

h s

1000m

i2⌘�0.6

(5.10)

⌘(✓) = 3.97� 1.79 [sec(✓)� 1]

The uncertainties [99] on the pulse height density are adjusted to fit the TA SD

data:

�⇢ =
p

0.56 ⇢ + 6.3⇥ 10�3 ⇢2 (5.11)

We minimize the function of the form:

�2
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i=0

(⇢i � ⇢FIT
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+
(R�RCOG)2

�2
RCOG

(5.12)

The fit parameters are the core position R and the scaling factor A in front of the

(AGASA) LDF function. Figure 5.4b shows a typical TA SD lateral distribution

fit.

Counters closest to the shower core are removed from the lateral distribution

fits (but not from the geometry fits) due to the saturation of their photomultiplier

tubes, which occurs (in a typical counter) whenever the signal exceeds ⇠50 VEM

in a 20 nS time interval. Typically, one has 1 saturated counter per event.

5.5 First Energy Estimation

After successful geometry and LDF fits, we determine the signal size 800 me-

ters [101] from the shower axis S800 ⌘ ⇢(800m) using equation 5.10 and use it

along with the reconstructed sec(✓) to determine the event energy from a carefully

tested MC. To do this, we use a large statistics MC set to construct the energy

estimation table. Figure 5.5 shows the energy as a function of reconstructed S800

and sec(✓), where we plot the reconstructed values of S800 vs sec(✓) lines for
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Empirical formula used by AGASA

Modified empirical formula in AGASA

Event map: 
Size = # of particles 
Color = timing

Time fit

Lateral distribution profile fit

r = 800m

S800

S800 -> primary energy

99

which we adjusted by an iterative process using the TA SD data. To get the final

values for the event geometry, we fit to a modified Linsley function in which the

curvature parameter a becomes a fit parameter and is also allowed to vary (the

�2 expression is the same as the Equation 5.5):

⌧ = a
⇣
1� l

12⇥ 103m

⌘1.05 ⇣
1.0 +

s

30m

⌘1.35

⇢�0.5 (5.9)

�⌧ = (1.56⇥ 10�3)
⇣
1.0� l

12⇥ 103m

⌘1.05 ⇣
1.0 +

s

30m

⌘1.5

⇢�0.3

The additional factor of (1� l
12⇥103m)1.05 describes an additional “curvature devel-

opment” e↵ect, which was derived from the data. Figure 5.4a shows an example

of the event time fit.
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Figure 5.4: Two fits for determining the SD event geometry and S800. (a): An
illustration of the SD time fit. Counter time is plotted versus distance along the
û-axis (points). Solid line represents the fit expectation time for counters that
would lie directly on the û-axis, dashed and dotted lines are the fit expectation
times for counters that are 1 km and 2 km o↵ the û-axis, respectively. (b): Lateral
distribution fit to the AGASA function. Counter pulse height is plotted versus
the perpendicular (lateral) distance from the shower axis. Solid line represents
the fit curve. Error bars with no points represent the silent counters (working
counters which did not register any signal).
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Extensive Air Shower (EAS)
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Primary energy determination
First estimation of SD energy

2013/4/25 H. Sagawa 12

sec(T)

lo
g 10

(S
80

0)

Monte Carlo Æ Energy table
E’SD = E’SD(S800, T) 

Energy Scale Check and resolution

13

FD energy EFD

SD energy ESD
(scaled to FD energy)

ܦܵܧ = 1.27/ܦᇱܵܧ

Hybrid events E > 1019 eV
Angular resolution = 1.4o

E > 1019 eV
Energy resolution < 20%

ESD = E’SD / 1.27

E’SD = E’SD(S800, θ) 

Scale to FD energy

r = 800m

S800
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