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Fermi-LAT flare of April 2011

(Credit: NASA/DOE/Fermi LAT/R. Buehler)

• Remnant of supernova explosion      

occurred in 1054 and one of the best   

studied non-thermal astrophysical   

source

• Pulsar at the center of the nebula     

injecting relativistic electrons to the     

nebula

• Emission predominantly by  

non-thermal processes covering from       

radio to TeV energies

• First TeV source detected by the    

Whipple telescope (1989)

• Very strong and stable at TeV energy    
(standard   candle)

Introduction : The Crab Nebula



HAGAR :  High Altitude Gamma Ray Observatory
(Array of 7 Atmospheric Cherenkov Telescopes)

Telescope control

CAMAC DAQ

HV
control

VME DAQ

ACQIRIS
DAQ

A
m

p
lif

ie
r

FA
N

O
U

T D
is

cr
im

in
at

o
r

FI
FO

D
is

cr
im

in
at

o
r

H
TL

(T
R

IG
G

ER
 L

O
G

IC
)

Le
ve

l 
tr

an
sl

at
o

r

D
el

ay
 

ge
n

er
at

o
r

CAMAC
TDC
QDC

VME
TDC
QDC

ACQIRIS
Waveform

1 (2008)

2 (2010)

3 (2013)

07-05-2018 3



HAGAR : Crab nebula observations

Sky map: Crab observations
Observations : ON-OFF mode
(source followed by its background 
or vice versa)
Signal : Comparison of cosmic-ray 
events from a gamma ray source 
region with similar cosmic-ray 
background region. 

ON-source
9.8 ± 2.5 Hz

OFF-source
10.3 ± 2.2 Hz

Observation log
(2008 – 2017)
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HAGAR : Event/waveform analysis

+1000mV

-1000mV

1000 ns 

+875mV

-1875mV

Acqiris : 8bit  waveform digitizer

Parameter Configuration

Full scale (8bit) 2000 mV 

Voffset +875 mV

Pre-trigger delay 800 ns

Sampling period 1ns

Samples 1000



HAGAR : Event direction measurement

Cherenkov shower plane

Tzero corrected original
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HAGAR : gamma ray rate from Crab nebula direction

gamma ray rate (daily average)

gamma ray rate (monthly average)

Average gamma rate (>230 GeV) = (4.64 ± 0.23sta ± 0.13sys) min-1



HAGAR : Total signal from Crab nebula direction

flux(>230 GeV) = (1.64 ± 0.09) x 10-10 photons cm-2 sec-1

Tcesignifican 24.1



HAGAR : systematic measurement

Crab nebula

Zeta tauri

Dark region : Tracking sky Fixed angle : Transiting sky

Excess/deficit signal from zeta-tauri runs



HAGAR : Crab nebula measurement

• VHE photons of energies greater than 230 GeV from the Crab

nebula was detected by the HAGAR telescopes.

• Statistical significance of 20σ over the observation period of

219 hours spanning nine years.

• The measured flux agree with MAGIC and Whipple telescopes.

• The systematic error in the estimated gamma ray rate is less

than 3%.

• Measurement from the dark regions devoid of any known

gamma ray source indicate that normalization can efficiently

equalize cosmic ray events in the ON-OFF run pairs.

Thanks


