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Reminder: Intercalibration Principle
- Principle of pairwise comparisons between telescopes 
- Number of pairs grows with N telescopes as ~N^2 
- Many pairwise comparisons enable calibration of the entire array 
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Reminder: Intercalibration
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- Comparison via an asymmetry parameter in 
reconstructed energy (rather than image size) 
as a probe of optical efficiency 

- On MC, measured energy asymmetries agree 
with input random optical efficiencies 

- Tested two layouts, 2B shown 
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Reminder: Intercalibration
- A chi-square minimisation for each 
telescope sub type was performed to 
recover the individual telescope coefficients.  

- Different telescope subsystems were 
normalised 

- Good agreement between recovered 
efficiencies and input values 

- Results after MC <=> 13 hours on a source 
with 10% Crab flux:
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Cross Calibration on hadronic background
• Protons  

• good correlation in 
asymmetries 

• low statistics; 
~O(10-3%) survive 
cuts 

• large scatter for 
smallest telescopes 

• Results after MC <=> 
23s livetime
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Dealing with biased energy reconstruction

• Deliberately biased 
energy 
reconstruction with 
core distance 

• Bias factor (200/d) 
applied 

• subsystem scaling 
factors difficult    
(not applied)

M
ea

su
re

d 
As

ym
m

et
ry

-0.3

-0.2

-0.1

0

0.1

0.2 LST
MST
SST

Expected Asymmetry
-0.3 -0.2 -0.1 0 0.1 0.2

M
ea

su
re

d 
- E

xp
ec

te
d

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

Re
co

ve
re

d 
Ef

fic
ie

nc
y

0.5

0.6

0.7

0.8

0.9

1 LST
MST
SST

True Efficiency
0.5 0.6 0.7 0.8 0.9 1

Ef
fic

ie
nc

y 
%

 R
es

id
ua

l

-20

-10

0

10

20

Array Component 2A 2B

LSTs 0.9% 1.6%

MSTs 3.9% 5.7%

SSTs 5.0% 6.4%

Full Array 4.7% 7.3%6



Reminder: Intercalibration Principle
- Principle of pairwise comparisons between telescopes 
- Number of pairs grows with N telescopes as ~N^2 
- Many pairwise comparisons enable calibration of the entire array 

- Suggestion from M. Punch: Extend this to calibration of central trigger times
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- Obtained from data (no extra equipment) 

- Intrinsically uses the correct Cherenkov 
light spectrum 

- Potentially available nightwise 

- Good precision demonstrated 



Same type comparisons

Difference in central trigger time,  
Averaged per telescope separation 

Calibrate to within 10ns, 2ns with cuts (meets requirements) 

γ- MC only 
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Number of events and RMS spread

Same type comparisons  
 Equidistance cut reduces rms   

(cuts on image size and shape - no significant effect)
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LST - MST

• Systematic offset 
of ~3ns 

• Reduced by core 
distance cut
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MST - SST

• SC-SSTs  

• Systematic offset 
~30ns 

• core distance cut 
did not remove 
many events
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Potential & Further work
• Systematic offset between types is not unexpected 

• Contributing factors include: read out rates, electronics optics, shower 
front & telescope geometry - lead to different definitions of t=0 

• Location of telescope within array - repeat test with diffuse gammas? 

• Difference is between telescope trigger signal delays. 

• Where to account for this? At central trigger? Or through calibration? 

• Complementary to but not competitive with White Rabbit schemes 

• Investigate source of & understand offset 

• May also wish to compare absolute time stamp
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Thank you for your attention

Any Questions?


