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Basic ldea

Familiar story

Predict hit time

Minimize residuals
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Antares Tracking

Residuals reliable, but how to deal with bkg?

Option 1: strict hit selection

Try to ignore background hits
Use simple, quick fit



Antares Tracking

Residuals reliable, but how to deal with bkg?

Option 1: strict hit selection

Try to ignore background hits
Use simple, quick fit

Option 2: account for background
Use PDF which includes background hits

Use multiple pre-fits to get close to global max



Simple Fit

Strict hit selection

Combine hits on a floor

Within 20 ns
Position = floor center

Time = first hit time
# pe's = sum



Simple Fit
Strict hit selection

Find floors with signal

Multiple hits

Big hits



Hit Selection

Simple Fit

Strict hit selection

Find clusters of such hits

Separation +/- 2 floors
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Simple Fit

Strict hit selection

123456 photons
aan .

Use (merged) hits
in cluster

Plus (merged) hits
causally connected
to cluster
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Simple Fit

Strict hit selection

123456 photons
aan .

Use (merged) hits
in cluster

Plus (merged) hits
causally connected

Recon track
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Simple Fit

Minimize y’ - like function
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Large number photons = close to OM
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Simple Fit

Simple Fit

Advantages

Fast

Can be used as part of a trigger

Knowledge of background not essential

Compares well to simulations



Full Fit

Build expected residual distribution



Full Fit

Build expected residual distribution

Cherenkov photons
Detector smearing



Full Fit

Build expected residual distribution

Cherenkov photons
Detector smearing /\

Shower + scattered
photons




Full Fit

Build expected residual distribution

Cherenkov photons /\
Detector smearing

Shower + scattered
photons

Background photons
K40, biolum



Full Fit

Given hits, track parameters...

Obtain residual distribution

Find track parameters such that...

Observed residuals best match expected dist.



Full Fit

Slight complication




Full Fit

Fit in stages

Assume hits on track

Use “likely hit position”
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Full Fit

Fit in stages

Assume Cherenkov only

likelihood

Prevent large residuals M-estimator
from affecting fit much '

[
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L ]

Weight by hit amplitude



Full Fit

Fit in stages
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Weight by hit amplitude




Full Fit

Fit in stages
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Full Fit

Fit in stages

Peak + tail




Full Fit

Fit in stages

Peak + tail + background AN ol ™

~~\1-5 < A <25

Several PDFs, for bins in
hit amplitude
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Full Fit

Fit in stages
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Peak + tail + background

Several PDFs, for bins in
hit amplitude




Full Fit

Quality parameter “A”
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Full Fit

Expected performance (12-line)

=

b3
3]

L3

g
3]

c
lE
it
=
o
o
e
s
L)
>
o
c
<

[\

-
(8]

—

log, [E, (GeV)]



Scan Fit

PDF gives best final fit.

BUT... needs good start.

Can improve on linear fit!



Scan Fit

|dea: scan phase space
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Scan Fit

Always have multiple solutions
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Scan Fit

Always have multiple solutions

Order by fit quality
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Keep if have 1 best fit

Multiple, equally good
solutions = ambiguous
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Scan Fit

Ambiguous

Unambiguous

5 degrees 5 degrees

@ Aart-method

@ Intertia Tensor
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Summary

Can see direct Cherenkov hits
But also background hits (K40, biolum.)
Different strategies

Strict hit selection, simple fit
Fast, easy to understand behavior
Loose hit selection, likelihood fit

Best angular resolution
Requires accurate PDFs



Environment Hit Selection Simple Fit PDF Fit Full Fit Scan Fit

26 .09 .09 Neutrino Telescope Symposium



Simple Fit

2007 (5 line) + 2008 (9-12 line) data

evation | |— data
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Full Fit

Fit in stages

~ Hit@OMpos. |
D Hit pos. shifted |

by amplitude

Assume hits on track

Use “likely hit position”
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