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Reconstruction in IACTs

In order to perform any astronomy we 
need to use IACT camera images to 
determine the properties primary gamma-
ray 

Typically this is done using Hillas 
parameters (first and second image 
moments) 

Image axes are intersected in a common 
frame to determine the source position 

Similar procedure used in ground frame 

Energy determine using image 
amplitudes and distance from shower 
core



Template Based analysis

There is however clearly more information available 
in the shower images than just these moments 

Instead of parameterising images we can try fitting 
the full shower image with an expected image 
template 

This approach has been used before (LeBohec et 
al 1998, de Naurois et al, 2009) 

Both these implementations fit shower images with 
the predictions of a semi-analytical model 

Result in large improvements in performance 

Semi-analytical model difficult to fit at high energies 

Requires tuning to different telescope types
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Fig. 23. Effective area as function of energy, at zenith, compared with the values
obtained for the standard and hard cuts Hillas parameters based analyses.

image amplitude of 60 p.e.. As expected, the loose configuration has a larger
effective area and a lower threshold. In most of the H.E.S.S. publications so
far, a minimum image amplitude of 200 p.e. was used, yielding a much larger
threshold of ∼ 300 GeV at zenith. Models are currently generated only up
to 20 TeV, thus leading to a loss of acceptance at high energy. In addition,
showers above 10 TeV can reach the ground, resulting into large fluctuations
that are not fully reproduced by the model.

Performances obtained on the Crab Nebula and on the Blazar PKS 2155-304
are shown in tab. 2. The Model Analysis yields a γ-ray efficiency similar to
the 60 p.e. Hillas reconstruction, but with a background rejection improved
by a factor of 6.2 (PKS 2155-304) to 6.8 (Crab Nebular), yielding a signal
over background ratio similar or better to the one obtained with hard cuts
Hillas reconstruction. As a result, the significance obtained with the Model
reconstruction is larger, and the sensitivity improved by a factor of more than
2. The faint source configuration provides an additional factor of ∼ 2 in S/B
compared to standard configuration.

4.7 Energy resolution

The energy resolution (in cuts) as function of energy is shown in fig. 24 for
zenith, where the energy resolution is defined as the RMS of the ∆E/E distri-

34

E [TeV]
-110 1 10

R
es

ol
ut

io
n

0

0.05

0.1

0.15

0.2

0.25

0.3

Model Std
Hillas 60
Hillas 200

E [TeV]
-110 1 10

B
ia

s

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

Fig. 24. Energy resolution (main plot) and bias (inset) as function of energy, at
zenith, compared with the values obtained for the standard and hard cuts Hillas
parameters based analyses (resp. blue circles and triangles).

amplitude. An immediate consequence is an improved sensitivity for point like
sources and improved morphological studies of extended source. The angular
resolution is stable for zenith angles up to 50◦ (fig. 25, right), ans rises slowly
up to very large zenith angles. The degradation observed for very large zenith
angles is much larger for Hillas parameters based reconstruction techniques.
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Fig. 25. Angular resolution (defined as the 68% containment radius) as function of
energy, at zenith, compared with the values obtained for the standard and hard cuts
Hillas parameters based reconstruction techniques. Right: Average angular resolu-
tion for a E−2 spectrum, as function of zenith angle.

The superior angular resolution of the Model Analysis is demonstrated in
fig. 26 on data taken on PKS 2155-304. The θ2 distribution is twice as more
peaked for the Model Analysis (right), compared to the Hillas reconstruction
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Images from de Naurois et al 2009



Image Template Generation

Use MC simulations instead of semi analytical 
model to generate the templates 

Naturally accounts for instrumental + environmental 
effects 

• Atmospheric absorption  

• Magnetic fields 

• Telescope PSF  

• Camera Readout 

High energy gamma-rays can be well understood 

Need to create a library of image templates for all 
possible shower parameters 

Cover full range of zenith angle, azimuth angle, 
impact distance, energy and Xmax

-2
-1.5

-1
-0.5

0
0.5

-0.4

-0.2

0

0.2

0.4

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

22000

-2
-1.5

-1
-0.5

0
0.5

-0.4

-0.2

0

0.2

0.4

0

2000

4000

6000

8000

10000

12000

14000

-2
-1.5

-1
-0.5

0
0.5

-0.4

-0.2

0

0.2

0.4

0

1000

2000

3000

4000

-2
-1.5

-1
-0.5

0
0.5

-0.4

-0.2

0

0.2

0.4

0

5000

10000

15000

20000

100m Core Distance	

300 g cm^-2 Xmax

100m Core Distance	

400 g cm^-2 Xmax



Fitting Technique

Take extended camera image 
(cleaned image + 2 extra rows)



Fitting Technique

Take extended camera image 
(cleaned image + 2 extra rows) 

Generate expected camera image 
using the image library at the trial 
position 

Interpolate between simulated 
templates 



Fitting Technique

Take extended camera image 
(cleaned image + 2 extra rows) 

Generate expected camera image 
using the image library at the trial 
position 

Interpolate between simulated 
templates 

Calculate likelihood that expectation 
fits data (de Naurois, 2009) 

Sum likelihood over all pixels in all 
telescopes 

Perform 6 dimensional fit (source 
position, ground position, energy 
and Xmax)



Fitting Technique
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Performance

RMS of energy distribution (ΔE/E)
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Performance
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Sensitivity

Flux (Crab Units)
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Observation time required to see 
a Crab Nebula like source (E-2.6) at 
5 sigma 
!
ImPACT observation time for a 
1% Crab source half that of Hillas 
analysis 
!
Improved angular resolution 
means we can use a smaller 
source integration region 
!
Less background integrated 



Data Analysis
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Std 2279 4.4 127 0.067

Test analysis on 1 run (30 mins) of PKS 
2155-305 flaring data (July 2006) 
!
Brightest object ever seen in VHE 
gamma-rays 
!
Significant improvement in PSF is 
obvious

Aharohnian et al, 2006



Conclusions

Event reconstruction using Hillas parameters provides acceptable angular resolution in IACT arrays, 
however far more information is available for event reconstruction 

Template fitting methods have already shown large improvements in performance by fitting a semi-
analytical shower model 

The accuracy of this model is limited at high energies 

We present a new method of template generation, directly from MC simulations (ImPACT) 

Impact produces large increases in array performance at all energies, maintains very similar collection 
area to Hillas approach 

Tests on HESS data show similarly large increases in performance 

Similar performance to semi-analytical fits at low energy, large gains above 5 TeV 

A simple and accurate method of event reconstruction, very useful for next generation arrays! 
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Thanks to the HESS collaboration for 
allowing me the use of HESS data 
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Thank you for your attention


