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A “new” analysis method for stereo data



Already known approach: Model analysis

• Pioneered by CAT

• Picked up by H.E.S.S. -> Daniel Mazin tried 
implementation for MAGIC

• First iteration already showed improvements 
compared to standard Hillas analysis

• New and improved version by H.E.S.S. 
collaborators is vastly superior to the Hillas analysis

• Improves sensitivity by factor of 2

• In total H.E.S.S. I now needs 16 times less 
observation time than MAGIC 1.5!!!

• Ergo: We are lost  3



Model analysis – general idea

• Overlay several simulated shower images to 
get an “average” signal distribution in a 
“perfect” camera (infinite resolution)

• Advantages in MAGIC: We can use the timing 
additionally, our pixels are very small – we 
have a good resolution of the shower images

• Problem: outer large pixels in M1 have to be 
taken into account properly, in M2 large 
electronic noise
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Model analysis
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Famous Cherenkov “bump” at 
120m: maximum number of 
photons
Beyond  160m shower fades 
and spreads out quickly -> 
sumtrigger would be very 
useful here!!!
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As expected higher energy g-
rays produce more signal in 
the camera (at same impact) 
and accordingly more pixels 
can be used! 

Higher energy showers move 
outwards in the camera 
(different Tmax)

Different Impact parameters 
make energy identification 
difficult for a single 
telescope!!!
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Model analysis – what is it good for?
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Islands Cherenkov rain Direct Cherenkov light

• Usage of ALL camera pixels allows to check for 
small islands, Cherenkov rain or direct 
Cherenkov light (here the timing is again 
important!) -> shower goodness (pixels 
belonging to the shower) and background 
goodness (pixels outside the shower)



Results? Improvements? Many!

• Testing on real data -> samples with large 
significance (PKS 2155 and Crab)

• This is the way to do it!!! Any improvement 
should show up >5s! Otherwise it may just be 
a fluctuation

• They get 100s improvement! Very significant...

• We can check e.g. on Crab and Mrk421
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Results? Improvements? Many!
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Effective area
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Effective area: MAGIC stereo
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energy resolution “golden events”
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MAGIC stereo angular res.



MAGIC stereo angular res.



Energy bias sumtrigger



Energy res. sumtrigger



Improvements at E<100GeV



And it adds up…



Stereo DISP also improves background
impression



Auto Correlation function
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A C F showers



A C F showers



Autocorrelation function: with
Hadroness Cut!



Autocorrelation function: with
Hadroness Cut!



Stereo trigger status

• Reminder: L1 L1 stereo trigger



3NN

Sweet spot – we 
should operate here



3NN vs 4NN



Coincidence Sum M1 – L1 M2



Coincidence Sum M1 – L1 M2



COG



Coincidence Sum L1 – L1 M2

• Coincidence rate rather low (low overlap of
collection areas? Holes in the COG???)

• Suspicion: Problem with the timing.

• Expected rate ~60% lower than sumtrigger rate 
(extrapolating from our experience with standard
L3 data) ->300Hz showers expected

• Threshold?

• Problems with the timing: after shifting delay by
6ns we got ~230Hz rate (higher!)

• Measurements have to be repeated!!!
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