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Objective

Extract optimal arrival direction information



Angular Resolution for Surface Detector



Angular Resolution for Surface Detector

From experimental data



Angular Resolution for Surface Detector

From experimental data

Using the information from the geometrical reconstruction



Angular Resolution for Surface Detector

From experimental data

Using the information from the geometrical reconstruction 

Ground



Angular Resolution for Surface Detector

From experimental data

Using the information from the geometrical reconstruction 

Ground

Tanks



Angular Resolution for Surface Detector

From experimental data

Using the information from the geometrical reconstruction 

Ground

Tanks

Cosmic Ray



Angular Resolution for Surface Detector

From experimental data

Using the information from the geometrical reconstruction 

Ground

Tanks

Cosmic Ray



Angular Resolution for Surface Detector

From experimental data

Using the information from the geometrical reconstruction 

Ground

Tanks

Sh
ow

er
 A

xis

Shower Front

T1



Angular Resolution for Surface Detector

From experimental data

Using the information from the geometrical reconstruction 

Ground

Tanks

Sh
ow

er
 A

xis
T1

T2

Shower Front

Core



Angular Resolution for Surface Detector

From experimental data

Using the information from the geometrical reconstruction 

Ground

Tanks

Sh
ow

er
 A

xis
T1

T2

Shower Front

Core

T3



Angular Resolution for Surface Detector

From experimental data

Using the information from the geometrical reconstruction 

Sh
ow

er
 A

xis

Ground

Tanks T1

T2Core

T3



Ground

Tanks

Sh
ow

er
 A

xis

Core

T1
T2
T3

Angular Resolution for Surface Detector

From experimental data

Using the information from the geometrical reconstruction 

}
 

Start Time (T
S
)



Ground

Tanks

Sh
ow

er
 A

xis

Core

T1
T2
T3

Angular Resolution for Surface Detector

From experimental data

Using the information from the geometrical reconstruction 

}
 

Start Time (T
S
)

 + Variance T
S



Ground

Tanks

Sh
ow

er
 A

xis

Core

T1
T2
T3

Angular Resolution for Surface Detector

From experimental data

Using the information from the geometrical reconstruction 

}
 

Start Time (T
S
)

 + Variance T
S

Parabolic Shower Front



Ground

Tanks

Sh
ow

er
 A

xis

Core

T1
T2
T3

Angular Resolution for Surface Detector

From experimental data

Using the information from the geometrical reconstruction 

}
 

Start Time (T
S
)

 + Variance T
S

Parabolic Shower Front

T
0
,, R   (+ errors )



Angular Resolution 

The Angular Resolution is defined by the angular radius contour that 
contains 68% of the event coming from a point source. 



Angular Resolution 

The Angular Resolution is defined by the angular radius contour that 
contains 68% of the event coming from a point source. 



Angular Resolution from Experimental Data

SD Resolution depends on:



Angular Resolution from Experimental Data

SD Resolution depends on:

Determination of time of arrival of shower front in the stations



Angular Resolution from Experimental Data

SD Resolution depends on:

Determination of time of arrival of shower front in the stations

Shower front shape 



Angular Resolution from Experimental Data

SD Resolution depends on:

Determination of time of arrival of shower front in the stations

Shower front shape 

Core position uncertainty (from the LDF model used)



Angular Resolution from Experimental Data

SD Resolution depends on:

Determination of time of arrival of shower front in the stations

Shower front shape 

Core position uncertainty (from the LDF model used)

Time Variance Model: Model the measurement error of the FADC 
traces start time based on physics and shower/tank parameters:

• Zenith angle, energy, signal, distance to core, rise time



Angular Resolution from Experimental Data

SD Resolution depends on:

Determination of time of arrival of shower front in the stations

Shower front shape 

Core position uncertainty (from the LDF model used)

Time Variance Model: Model the measurement error of the FADC 
traces start time based on physics and shower/tank parameters:

• Zenith angle, energy, signal, distance to core, rise time

Validate model with real data: Doublets and hybrids



Angular Resolution from Experimental Data

SD Resolution depends on:

Determination of time of arrival of shower front in the stations

Shower front shape 

Core position uncertainty (from the LDF model used)

Time Variance Model: Model the measurement error of the FADC 
traces start time based on physics and shower/tank parameters:

• Zenith angle, energy, signal, distance to core, rise time

Validate model with real data: Doublets and hybrids

Data set: January 2004 to March 2006
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Extraordinarily consistent !



Doublets
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Doublets

Verifying model quality on doublet data: 



All Data

2 probability distribution: 
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All Data

Resolution extracted from the full reconstruction 

AR = 1.5 √(V[θ] + V[ϕ]sin2(θ))/2 
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Good angular resolution in the arrival direction
Low statistics

Angular resolution for hybrid events was obtained with 
the same formula used for SD­only events.

AR = 1.5 √(V[θ] + V[ϕ]sin2(θ))/2 

# Tank AR
     3 0.8º

     4 0.7º

     5 0.6º

  ≥ 6 0.5º
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Thank you !


