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Flrst G APD Cherenkov Telescope
Major Goals

Proof of prl‘nc:‘lpler i

- Silicon based photo
sensors (G-APDs”)

iIn Cherenkov
Telescopes

s -

/First successful use

INn regular operation

* Geiger-mode Avalanche Photodiodes

""L,ong—term monitoring
of bright TeV Blazars

— Flare alerts to other
instruments

— Multi-wavelength
studies

— Flare studies of AGN



Active Galactic Nuclel

o Central black hole

« Jet: Acceleration to
Broad Line extreme energies

Clouds

Black Tlole  Classification depending on
viewing angle

« Extreme variability on
different time scales

Dusty Torus Accretion Disk

el © Spectral energy
distribution: Two-peak
structure

http://chandra.harvard.edu/resources/illustrations/quasar.html
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Spectral Energy

Extreme Variability
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Mrk 421

Abdo A. et al. Apd 736, 131, 2011
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Spectral Energy Dlstrlbutlon
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Spectral Energy Dlstrlbutlon

:1D'g§ I T T N L N | T ] |§
noE 1 Mrk 421

£ -
S 10 = ’ =
8 E - “*{}t- =
= - [ | -.4'-." » ]
I _ - ]

> L ﬂ, L2 % - _

107 ¢ = 2

- R

B o g | | o

-1z | = 0 — ™

10" = [} O =3 I~

- o = 13

- €0 o 1 <

L o - —

©

107 = L. — ©

= 4 1 <

— . 13

L . -4 O

10 N I T O A T A T A T T T R AR i N <

10" 10" 10" 10" 10" 10 10° 10* 10% 10**
v [HZz]
- . Gamma-Ray
Radio |R/opt. X-Ray VHE 5

EXEE%'J@T lerapetra, Crete, 19.6.2014 \/\ﬁ*

Daniela Dorner



Gamma-Ray Astronomy
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AtmOSphere IS nOt transparent tO gamma rays
— indirect detection method from ground 6
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Imaging Air Cherenkov Technique

Gamma

Particle shower

lerapetra, Crete, 19.6.2014 Daniela Dorner
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Imaging Air Cherenkov Technique

Emission of
Cherenkov light
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Imaging Air Cherenkov Technique

Image in the camera
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FACT — Selected events from the first nights of data taking (Oct. 2011)
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Julius-Maximilian:

IACT:

1 Gamma

Background

1000 Background

SHOWER ID: 20031020_test12

PRIMARY PARTICLE: GAMMA, 500.00 GeV

ANGLE: 0°ZENITH, 0°AZIMUTH

ALL PARTICLES
# OF PARTICLES: 15170
SHOWER TIME: 79.64 [usec]

K.S. Kim ETHZ/EWHA

SHOWER ID: 20031020_test52
PRIMARY PARTICLE: PROTON, 500.00 GeV

ANGLE:  0°ZENITH,  0°AZIMUTH
ALL PARTICLES

# OF PARTICLES: 4011

SHOWER TIME:; 82.98 [usec]

K.S. Kim ETHZ/EWHA

lerapetra, Crete, 19.6.2014 Daniela Dorner
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IACT: Background Suppression

1 Gamma 1000 Background

Shower morphology — Reconstruction of particle type
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IACT: Shower Origin
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IACT: Shower Origin
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IACT: Shower Origin
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IACT: Shower Origin

recohstructed '
source position .-
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IACT: Shower Origin

recohstructed '
source position .-
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IACT: Signal Detection

FACT - Crab (14.3h, 24.11.-21.2.)
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Angle between reconstructed shower
origin and target position — Excess in signal region
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Facts about FACT

e 2200 m a.s.l.

Observatorio del Roque de los
Muchachos, La Palma

« Operational since Oct 2011
« 9.5 M2 mirror area
« G-APD camera

« More Detalls:
Design and operation of
FACT - the first G-APD

Cherenkov telescope
H Anderhub et al 2013 JINST 8 P06008
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« Silicon based photo sensor:
G-APDs aka SiPM

« Solid cones
« 1440 Pixels (0.11° each)
« 45° FoV

« More Detalls:
Design and operation of
FACT - the first G-APD

Cherenkov telescope
H Anderhub et al 2013 JINST 8 P06008
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G-APD Camera
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correction applied

o~ 2.3%

Biland et al. arXiv:1403.5747
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G-APDs — the Revolution
in Cherenkov Astronomy

« Robust and stable
— Stable telescope
performance

lerapetra, Crete, 19.6.2014 Daniela Dorner
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Towards Robotic Operation

V‘

?

,
{

Remote operation

Local operation

http://www.fact-project.org/smartfact
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Towards Robotic Operation

e Poration Automatic Operation
http://www.fact-project.org/smartfact
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G-APDs — the Revolution
in Cherenkov Astronomy

« Robust and stable
— Stable telescope
performance
— High data taking
efficiency

lerapetra, Crete, 19.6.2014 Daniela Dorner
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G-APDs — the Revolution
in Cherenkov Astronomy

« Robust and stable
— Stable telescope
performance
— High data taking
efficiency

« Observations during strong
moon light

— Larger duty cycle

— More complete data
sample

Ideal for Monitoring

19
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Long-term Monitoring

Markarian 501 (2013)
ng ______________________ l _______________________________________________________________________________________________________________________ non-FACT
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Long-term Monitoring

Markarian 501 (2013)

120
5 100 Limited to:
S 9°F » moon disk < 65%
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A 20 E g Mg g | s 1 -20min / night
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All data ~430h

excess events/hour

20 =

=> Collect enough statistics to study

flare probabilities and flare properties 5
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eal Case: 24/7 Monitoring

NEETH

ATLANTIEA G

\Worldwide Agn Research Facility
DWAREF
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FACT: Observed Sources

» Sources bright at TeV ¢ Current source list
energies

- Crab Nebula
« Crab Nebula _ Mrk 421
— study detector Mk
performance - Mrk 501
. Bright AGN - 1ES 1959+650

- 1ES 2344+51.4
- 1ES 1218+304
- 1C 310

Results — 2.5 Years of Monitoring -

— Flare studies

— MWL observations

I A lerapetra, Crete, 19.6.2014 Daniela Dorner \/\ﬁ*



Excess Rate Curve Mrk421

May 2012 — Now
2012 2013 2014
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Excess Rate Curve Mrk421

May 2012 — Now
2012 , 2013 2014
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Excess Rate Curve Mrk501

May 2012 — Now
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Excess Rate Curve Mrk501

May 2012 — Now
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Excess Rate Curve Mrk501

May 2012 — Now
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Several flaring activities within 2 years
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Excess Rate Curve Mrk501

May 2012 — Now
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Excess Rate Curve Mrk501

18.5.-30.6.2012
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Excess Rate Curve Mrk501

18.5.-30.6.2012
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Quick Look Analysis: Flare Alerts

e Fast processing on site: Excess rate curves
e Results in almost real time

=> Flare alerts to other telescopes
* Not including:

- Correction for dependence of threshold on zenith
distance and ambient light

- Detailed data check

http://www.fact-project.org/monitoring
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ﬁ* \j ) lD fact-project.org/monitoring/index.php?y=20148&m=02&d=01&source=1&timebin=3&plot=night

b
]|

FACT Quick Look Analysls  htn://www.fact-project.org/monitoring
Select date [2014 | (02 v| |01 v | source [Mrk 421 v

Select time binning and range |night v | | Reset |

Displaying 'excess rate vs mjd' for Mrlc 421 for the night 2014/02/01.
Excess Rate vs MJD
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70—

excess evis/h
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0

J 1 1L 1 ] L r|

r| | ') L r) l ') L 1 |. 1 1 1
56690.16 56690.18 56690.2 56690.22 56690.24
MJD

sado0 14

REMARKS:

+» These are the results of a fast quick look analysis on site, i.e. they are preliminary.

* The quick loolk analysis includes all data, i.e. no data selection done.

* The shown curves are not fluxes but excess rates (number of excess events per effective ontime), i.e. there is a
dependence on trigger threshold and zenith distance of the observation (with the current analysis for zenith distance = 40
degree and trigger threshold = 500 DAC counts).

*« The curves are provided with 20 min binning and nightly kinning.

s |n case, you need further details about the data or a different binning, please do not hesitate to contact us.

* Time range 'all' refers to all data since 12.12.2012. For older data, please contact us.

If vou intend to use the data or information from this website, please let us know for reference.

Please cite this webpage and the FACT design paper when using information from this
webpage or any FACT data.

Reference FACT Design Paper: H. Anderhub et al. |INST 8 PE008 ADS open access

Contact: Daniela Dorner dorner <at=astro.uni-wuerzburg.de. 27



4§ QLA x

o \j ) l | fact-project.org/monitoring/index.php?y=20148&m=02&d=01&source=1&timebin=3&plot=night

)
]|

FACT Quick Look Analysis

_hi;\tp://www.fact-project.org/monitoring

Select d 2014 v | |02 v| |01 v | source |Mrk 421
Select ti inning |20min ¥ | and range |night ¥ | | Reset

Displaying 'excess rate vs mjd' for Mrlc 421 for the night 2014/02/01.
Excess Rate vs MJD

guE FACT Prelmimay
_ _____________________________________________________________________________________________________________________________________________________________________ Select
i — date
» — time range
o — SOource
5-4293_1; O — binn Ing

REMARKS:

+» These are the results of a fast quick look analysis on site, i.e. they are preliminary.

* The quick loolk analysis includes all data, i.e. no data selection done.

* The shown curves are not fluxes but excess rates (number of excess events per effective ontime), i.e. there is a
dependence on trigger threshold and zenith distance of the observation (with the current analysis for zenith distance = 40
degree and trigger threshold = 500 DAC counts).

*« The curves are provided with 20 min binning and nightly kinning.

s |n case, you need further details about the data or a different binning, please do not hesitate to contact us.

* Time range 'all' refers to all data since 12.12.2012. For older data, please contact us.

If vou intend to use the data or information from this website, please let us know for reference.

Please cite this webpage and the FACT design paper when using information from this
webpage or any FACT data.

Reference FACT Design Paper: H. Anderhub et al. |INST 8 PE008 ADS open access

Contact: Daniela Dorner dorner <at=astro.uni-wuerzburg.de. 27



Mrk501:

FACT Quick Look Analysis Flare Alert
9 Jun 2014

Displaying 'excess rate vs mjd' for Mrk 501 for the night 20Y4/06/16.
Excess Rate vs MJD

Select date | 2014 ~|| 06/ ~|| 16/ ~| source | Mrk 501 v
Select time binning | 1night| ~| and range | 28 days| +| | Reset |

2 wofEACT Pretiminary -/
N ED;—
50—
z f
it i { | F | ; !
55800 56805 56810 56815 56820 56825

MJD
28
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Mrk501:
FACT Quick Look Analysis

Select date | 2014 ~|| 06/ ~|| 08/ ~| source | Mrk 501 v
Select time binning | 20min| ~| and range | night | || Reset |

Displaying 'excess rate vs mjd' for Mrk 501 for the night 2014/06/08.
Excess Rate vs MJD
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8
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g
|
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Mrk501:
FACT Quick L ook Analysis

Select date | 2014 ~|| 06/ ~|| 08/ ~| source | Mrk 501 -
Select time binning | 1night | ~| and range | week | +|| Reset |

Displaying 'excess rate vs mjd' for Mrk 501 for the night 2014/06/08.
Excess Rate vs MJD

.............................. FACTPrel iminary
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Mrk501:

FACT Quick Look Analysis Flare Alert
Select date | 2014 ~|| 06/ ~|| 18/ ~| source | Mrk 501 v 18 Jun 2014

Select time binning | 1night| ~| and range | 28 days| ~| | Reset |

Displaying 'excess rate vs mjd' for Mrk 501 for the night 2014/06/18.
Excess Rate vs MJD
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Mrk501:
FACT Quick Look Analysis Flare Alert

Select date | 2014 ~|[ 06/ ~|| 18/ ~| source | Mrk 501 v 18 Jun 2014

Select time binning | 20min | v'| and range | night | v.| | Reset | | (Sent d rng
eUmin| ~| - - uri

4/95/18. the night)

Displaying 'excess rate vs mjd' for Mrk 501 for the night
Excess Rate vs MJD
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Summary and Outlook
« First G-APD Cherenkov Telescope

- Stable Performance — Remote and automatic operation
- No aging — Observations during strong moon light

« Long-term monitoring of bright TeV blazars

— Quick Look Analysis — Flare alerts (e.g. 9. and 18. June 2014)
- Several flaring activities — MWL studies

— Total observation time: ~ 2700 h (> 1600 h in 2013)

- Complete data sample for variability studies

« Towards robotic operation

» Network of small telescopes: 24/7 monitoring

WEERE lerapetra, Crete, 19.6.2014 Daniela Dorner \/\ﬁ*
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Check out our monitoring results!

http://www.fact-project.org/monitoring
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