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How to detect gamma rays?

Fig1: Satellites for high energy 
gamma-rays and Cherenkov telescopes 
or EAS arrays for very high energy 
gamma-rays;
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How to measure the Xmax

Fig2: Relation between the Xmax and a 
constant “c”, which measures the shower front 
plane curvature;
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Our goal

1. Calibrate with photon 

and proton;

2. Reconstruct with 

photon, proton and iron;

3. Check the results;

4. Conclusion;
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Our results
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Calibrations:

● Photon ● Proton
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Our results

photon calibration
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Photon

Xmax Bias vs Xmax: Xmax Resolution vs Sem:

8Sem - electromagnetic energy at the ground - proportional to the shower energy



Proton

Xmax Bias: Xmax Resolution vs Sem:
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Separation 
between proton 
and iron



Our results

proton calibration
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Proton

Xmax Bias: Xmax Resolution vs Sem:
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Separation 
between proton 
and iron



Proton - Xmax reconstructed distributions

Sem=199.526 Sem=501.187 Sem=1995.26
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Summary

● It is possible to correlate the Xmax with the shower curvature (c) not only for photon induced 
showers but also for hadronic (proton and iron) showers

● The calibration with photon showers cannot be used for proton induced showers
○ A bias on Xmax appears

● The calibration with proton showers removes the bias on Xmax but the obtained resolution is 
too poor to distinguish between proton and iron showers

● The Xmax reconstructed distributions have an healthy Gaussian shape suggesting that the 
method is working but the shower curvature reconstruction (c) should be revisited
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Backup slides



Photon/Photon

Calibration plot: Bias Xmax:
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Photon/Photon

Xmax Bias vs Sem: Xmax Resolution vs Sem:
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Sem = 199.526 Sem = 501.187 Sem = 1995.26
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Photon/Proton

Calibration plot: Bias Xmax:
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Photon/Proton

Bias Sem: Resolution Sem, (0-200): 
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Sem = 199.526 Sem = 501.187 Sem = 1995.26
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Photon/Iron

Calibration plot: Bias Xmax:
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Photon/Iron

Bias Sem: Resolution Sem, (0-200):



Sem = 199.526 Sem = 501.187 Sem = 1995.26



Proton/Photon

Calibration plot: Bias Xmax:



Proton/Photon

Bias Sem: Resolution Sem:



Proton/Photon

Sem=199.526 Sem=501.187 Sem=1995.26



Proton/Proton

Calibration plot: Bias Xmax:



Proton/Proton

Bias Sem: Resolution Sem:



Proton/Proton

Sem=199.526 Sem=501.187 Sem=1995.26



Proton/Iron

Calibration plot: Bias Xmax:



Proton/Iron

Bias Sem: Resolution Sem:



Proton/Iron

Sem=199.526 Sem=501.187 Sem=1995.26


