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Flrst G-APD Cherenkov Telescope
| Major Goals --

‘Proof of princfip’le:- e
Silicon based photo
- sensors (G-APDs")

iIn Cherenkov
Telescopes

L

‘éret successful use

In regular operation

* Geiger-mode Avalanche Photodiodes

JL}ongterm monitoring
of bright TeV Blazars

_ Flare alerts to other |

instruments

— Multi-wavelength
studies

— Flare studies of AGN
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» Telescope and camera

e Photosensors

« Detector performance
e Longterm Monitoring

« Blazar variability

e G-APD camera

« Imaging Air Cherenkov Technique
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e EXcess rate curves
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« Quick Look Analysis

e Flare alerts
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First G-APD Cherenkov Telescope

e G-APD camera

» Telescope and camera
 Photosensors

e Detector performance
« Gain stability and feedback system







How the project was born:

* Concept for monitoring telescope
DWARF: Uni Wiirzburg, TU D6rtmund

* G-APD camera in %
Cherenkov astronomy: ETH %Urich

* 2008: joint effort: FACT (" |

* 2010 further institutes joined

* 2011 start of operation



Facts about FACT

e 2200 m a.s.l.

Observatorio del Roque de los
Muchachos, La Palma
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Facts about FACT

e 2200 m a.s.l.

Observatorio del Roque de los
Muchachos, La Palma
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Facts about FACT

e 2200 m a.s.l.

Observatorio del Roque de los
Muchachos, La Palma
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Facts about FACT

e 2200 m a.s.l.

Observatorio del Roque de los
Muchachos, La Palma
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acts about FACT

e 2200 m a.s.l.

Observatorio del Roque de los
Muchachos, La Palma
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Facts about FACT

e 2200 m a.s.l.

Observatorio del Roque de los
Muchachos, La Palma

e Refurbished HEGRACT3

 New drive system
« Recoated CT1 mirrors

e 9.5 m? mirror area
e G-APD camera

e 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

e 4 5° FoV
e 1440 Pixels
e Solid cones

* 160 trigger patches:
sum of 9 pixels
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Integrated Electronics

A ,.

« Power consumption < 500W  « Ethernet readout
« Readout: DRS4 Chip « 320 bias voltage channels

More info: A Biland et al. arXiv:1403.5747
Calibration and performance of the photo sensor response of FACT
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Photosensors

Previously used:
Photomultiplier tubes
(PMTs)

Focusing electrode Last dynode ﬁﬂ.’&’s ne

[ A i
'r Secondary Vacuum )

electron pprox. 10-4 Pa)

|
Incident :_ B
light —=| e :\f :\
| | I
|

—
—
= == - -
Light input J 1 :
window [ K_J/ . W,
b v g Stem
Electron multiplier Anode
Photocathode  (dynode)
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Photosensors

New in Cherenkov Astronomy: G-APDs
Geigermode Avalanche PhotoDiodes

Avalanche Photodiode

L High

l voltage

Geigermode:
operate APD above breakdown
voltage — larger gain

Array of G-APDs: SiPM/MPPC
(multi-pixel photon counter)

APD Handbook, Hamamatsu
UNIVERSITAT . . N 4\ #
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G-APDs

 Performance
comparable to best
available PMTs

e Future potential
(PDE ~70%)

e Cheaper than PMTs
* Very good timing (jitter)

* Very easy to handle
(U<100V)
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G-APDs

 |nsensitive to

* Magnetic field
 Mechanical impact
« Strong light
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G-APDs

 |nsensitive to

| '.  Magnetic field
 Mechanical impact

« Strong light
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G-APDs

 |nsensitive to

 Magnetic field
 Mechanical impact
» Strong light

» Afterpulses, crosstalk
and darkcounts are no

problem for Cherenkov
telescopes

P\
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Gain of G-APDs

Gain depends on

 Temperature
* Applied voltage

» Correct for temperature
dependence by adapting
voltage (55 mV/K)

 Measure gain with light
pulser (temperature
stabilized)

A

N\
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Goal: Stable Gain

Simplified circuit diagram:

G-APD

L]
N

serial resistor

« Night sky background light
— Continuous current
— Voltage drop at resistor

e Correction method:
Measure current
— Adapt voltage accordingly

Julius-Maximilians- . . W ;*
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Feedback System

UDLI U
Power supply - known circuit }ﬂb G-APD sLenn;gr
A |
i
: Y PC
: lout
F—— | — Year
é UG-APD
v
£ USE T E
Rt s wnwnnt - Callculate nominal Vo [T [ [ —————— .

T. Bretz et al. IEEE/RT 2014
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Light-pulser amplitude
vs. light condition

dark time » full moon
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Light-pulser amplitude
vs. light condition

dark time » full moon
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Light-pulser amplitude
vs. light condition

dark time » full moon
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Light-pulser amplitude
vs. light condition

dark time » full moon
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Gain: Temperature Dependency

Average gain of all pixels vs average sensor temperature

c=0.5%

Gain [au]

Average sensor temperature [°C]
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Gain: Current Dependency

Average light-pulser amplitude vs average current
x1073
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Spectrum
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Dark Count Spectrum

all pixels; one year; temp: ~0°C — 25°C

Counts
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Time Resolution

— Time resolution of the whole system better than 600ps
(typical signal per pixel in muon rings in FACT: <10pe)

. . . ; _1 MuonTimeRmsCut
B : : : : . | Entries 11544
: ; : ;.|Mean  0.6281
RMS 0.1311

Counts
N
o
o
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200

0.2 0.4 0.6 0.8 1 1.2
RMS of arrival time in Muon events [ns]
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Ratescans

Trigger rate [Hz]
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Threshold [dac counts]
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clouds calima

Ratescans

Trigger rate [Hz]

E-tn
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100 200 300 400 500 600 700 800 900
Threshold [dac counts]
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Calima aka Saharan Air Layer
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Calima aka Saharan Air Layer

sunrise

sunset
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Calima and other mfluences

calima [ zodiacal light

w
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clouds calima

Ratescans

Trigger rate [Hz]
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Threshold vs Currents
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Correlate
currents with =%

environmental : «E

2 2

parameters :
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G-APDs — the Revolution
iIn Cherenkov Astronomy

 Robust and stable
— Stable telescope
performance

Astroteilchenschule 2014 Daniela Dorner

\/\ﬁ*



Towards Robotic Operation

Remote operation

Local operation

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

: : . #+
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Towards Robotic Operation

= SR Automatic Operation
http://www.fact-project.org/smartfact
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G-APDs — the Revolution
iIn Cherenkov Astronomy

 Robust and stable
— Stable telescope
performance

— High data taking efficiency
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G-APDs — the Revolution
iIn Cherenkov Astronomy

 Robust and stable
— Stable telescope
performance

— High data taking efficiency

« Observations during strong
moon light
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G-APDs — the Revolution
iIn 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

Julius-Maximilians- . . n ®+
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First G-APD Cherenkov Telescope

« Longterm Monitoring

excess evis’h

Blazar variability
Imaging Air Cherenkov Technique |
Excess rate curves

Quick Look Analysis

Flare alerts
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Active Galactic Nuclel

e Central black hole

o Jet: Acceleration to
Bl Lic extreme energies

Clouds

Black Tlole « Classification depending
on viewing angle

« Extreme variability on
different time scales

Dusty Torus Accretion Disk

Wl - Spectral energy
distribution: Two-peak
structure

http://chandra.harvard.edu/resources/illustrations/quasar.html
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Spectral Energy Distribution
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Speotral Energy Dlstrlbutlon
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Spectral Energy Dlstrlbutlon
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Speotral Energy Dlstrlbutlon
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Speotral Energy Dlstrlbutlon
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Gamma-Ray Astronomy
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Atmosphere IS not transparent to gamma rays
— indirect detection method from ground
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Imaging Air Cherenkov Technique

l Gamma

Particle shower
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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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Image analysis: Reconstruction of particle type, shower origin, energy




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]

2 1\"““\

K.8. 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.8. Kim ETHZ/EWHA
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JACT: Background Suppression

1 Gamma 1000 Background

Shower morphology — Reconstruction of particle type

Julius-Maximilians- . . b ;}
I WORZBORG Astroteilchenschule 2014 Daniela Dorner NN



Image Clean

IACT
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Image Clean

IACT

NT-OOOMOWTOIN -
NN
— T—

-0
——

— calculate image

~OWMSTTONTO

parameters
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JACT: Background Suppression

1 Gamma 1000 Background

Shower morphology — Reconstruction of particle type
(Cuts in Image Parameter distributions)
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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

e

Sourceposition "

reconstructed ;'

- Astroteilchenschule 2014 Daniela Dorner NS



IACT. Shower Origin

Sourceposition "

reconstructed ;'
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JACT: Signal Detection

FACT - Crab (14.3h, 24.11.-21.2.)

D[
180 S
160;_: .............................................................................................................................................................
Qi
£ 120;}-{ -------------------------------------------------------------------------------------------------------------------------------------------------------------
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40k et +ﬂi+H**iﬁ#ﬁ*&ﬂﬂﬂﬂiﬁﬂﬁﬁiﬁiﬁﬁﬁﬁﬁ
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o [deg?

Angle between reconstructed shower origin and target position
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IACT:. Energy Reconstruction

Problem: How to calibrate the detector in energy?
Atmosphere is part of the detector
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e 'n‘ e
Problem: How to calibrate the detector in energy?
Atmosphere is part of the detector
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IACT:. Energy Reconstruction

Problem: How to calibrate the detector in energy?
Atmosphere is part of the detector
We cannot bring CERN to space...

— Simulations are needed for energy reconstruction
Eh’%ﬁ'{é Astroteilchenschule 2014 Daniela Dorner \/\++



Signal — detection

IACT: Type of Results

——— [ FACT Mrk501 Flare Night (1.9h) |————————
Significance 23.5c, off-scale 0.20
L 240.0 excess events, 19.0 backgroundevents |
120}
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c C o
3 601 :
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Spectrum — SED

. MAGIC stereo data

Systematic uncertainty

n}" Variable power-law fit
E 10°: = Fermi-LAT ApJ 708 (2010)
> smma HEGRA ApJ 614 (2004)
e e HESS A&A 457 (2006)
HE . e MAGIC ApJ 674 (2008)
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Skymap — extended sources
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Current Instruments

— MAGIC
VERITAS _ e A - Telescopes

-

Focus on detection of new sources H.E.S.S.

Observation time too expensive for longterm monitoring
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FACT: Observed Sources

e Sources bright at TeV < Current source list

energies » Crab Nebula
 Crab Nebula e Mrk 421

— study detector e Mrk 501

performance . 1ES 1959+650
* Bright AGN » 1ES 2344+51.4

— Flare studies » 1ES 1218+304

— MWL observations ’

IC 310

I T 0 Astroteilchenschule 2014 Daniela Dorner
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Longterm Monitoring

Mrk 501 (2013)

20—

e non-FACT.

Limited to:

» moon disk < 65%
~320h

@ 1 -20min / night
~43h

100
80F
60

20

All data ~430h
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Longterm Monitoring

Mrk 501 (2013)

120
= 100 Limited to:
£ 8of s moon disk < 65%
5 SF ~320h
o 40F > 1 - 20min / night
§ “E ~43h

100
80E
60E
40
20E

All data ~430h

excess events/hour

20 =
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Longterm Monitoring

FACT Quick L ook Analysis

Select date | 2014/ ~ | 06/ ~| | 25 ~| source | Mrik 501 v lelted tO'
Select time binning | 1night| ~ and range | week | ~|| Reset | moon d'S.k < 65%
? I (]
Displaying 'excess rate vs mjd' for Mrk 501 for the night 2014/06/25. ~320h
Excess Ratevs MJD a 1 - 20m|n / n|ght
E I - - o -}-"l]-l“} ----------------- ~
g FACT Preliminary ----}hifﬂ-iﬂ}{-+ ------------- 43h
%1213:— -[‘ ...............................
s L
100 All data ~430h
80 [
80(—
B ;
:lIllllIJI.IllJJ.Ill]J.IlLIlLJlIllllllllllJlll Shortflaresmightremain
56827 56828 56829 56830 56831 56832 56833 56834 undiscovered
MJD
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Longterm Monitoring

Mrk 501 (2013)

120

= 100 Limited to:

% 80 » moon disk < 65%
5 60F ~320h

o 40F > 1 - 20min / night
8 E ~43h

100
80E
60E
40
20E

All data ~430h

excess events/hour

20 =

— Collect enough statistics to study
flare probabilities and flare properties
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eal Case: 24/7 Monitoring

l - ‘ % ;;j
Worldwide Agn Resea
DWARF
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High Altitude Water Cherenkov
Gamma-Ray Observatory

yore

/me ple iz

Observations at TeV Energies
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Multi-Wavelength Observations

e Correlations with other VHE instruments

 Cherenkov Telescopes
« HAWC

« MWL campaigns for Mrk421 Mrk501

e Cherenkov Telescopes
e Optical Telescopes

« Radio Telescopes

o Swift, NuStar

e ToO proposals: XMM, Swift, Integral
e Flare Alerts — MWL observations

Julius-Maximilians- . . n ®+
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Excess Rate Curve Mrk421

May 2012 — Now
2012 2013 2014
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Excess Rate Curve Mrk421

May 2012 — Now
2012
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Excess Rate Curve Mrk501

May 2012 — Now
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Excess Rate Curve Mrk501

May 2012 — Now
2012 2013 2014

----------------------------------------------------------------------------------------------------------------------------------------------------------------------

FACT Prellmlnary
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Several flaring activities within 3 years
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Excess Rate Curve Mrk501

May 2012 — Now
2012 2013 2014
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Flare in
June 2012
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Excess Rate Curve Mrk501

18.5.-30.6.2012
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> 5 sigma in 5 minutes
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Excess Rate Curve Mrk501

18.5.-30.6.2012
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Quick Look Analysis: Flare Alerts

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

— Flare alerts to other telescopes
e Not including:

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

e Detailed data check

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

17
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4J QLA ®

<fia \j iy [D fact-project.org/monitoring/index. php?y=20148&m=02&d=01&source=1&timebin=3&plot=night

&
]|

FACT Quick Look Analysls  Kttn://www.fact-project.org/monitoring
Select date (2014 v| (02 | [01 ¥ | 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

80O

70

excess evis/h

60

a0

40
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20

10

0

I 1 i) 1 J 1 i)

A | i) L i) l L 1 1 l 1 1 1
56690.16 56690.18 56690.2 56890.22 56690.24
MJD

5'8(?90.14

REMARKS:

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

+ The quick lool 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. thereis 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 binning.

« |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 yvou 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. JINST 8 P6E008 ADS ppen access

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




e & o act-project.org/monitoring/index. php?y=20148&m=028d=01&source=1&timebin=3&plot=night
& oy | [ fact-proj g g/index.php 148 &d=012& 1&timet &pl g

&
]|

FACT Quick Look Analysis

— _ _ht\tp://www.fact-project.org/monitoring
|2014 v | |02 v | |01 | source |mrk 421

inning [2omin v | and range [night | | Reset

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

o S FACT Preliminary

L Sl
— date

— time range

— source

— binning

excess evis/h

a0

)

40
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20
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| i) L i) l L 1 1 l 1 1 I 1 i) 1 J 1 i)

A 1
56690.16 56690.18 56690.2 56890.22 56690.24
MJD

5'8(?90.14

REMARKS:

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

+ The quick lool 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. thereis 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 binning.

« |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 yvou 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. JINST 8 P6E008 ADS ppen access

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




Mrk501 — Flare Alerts in Summer 2014
FACT Quick Look Analysis

Select date | 2014/ ~| | 06/ ~| | 23| ~| source | Mrk 501 |~
Select time binning | 1night! - and range | 28 days| ~|  Reset |

Displaying 'excess rate vs mjd' for Mrk 501 for the night 2014/06/23.
Excess Rate vs MJD

FACT Preliminary

excess evis’h
=k
B

100

80—

40

20

t

i Iii{ i i i

1 1 1 i 1 1 1 1 I 1 1 1 1 f | | | | | | | | ; | | | 1 1 I 1 1 1 1
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MJD
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Mrk501 — Flare Alerts in Summer 2014
FACT Quick L ook Analysis

Select date | 2014 -~ | 06/ ~|| 23 ~ source | Mrk 501 B
Select time binning | 20min| ~ and range | night | ~|| Reset |

Displaying 'excess rate vs mjd' for Mrk 501 for the night 2014/06/23.
Excess Rate vs MJD

¥
< _
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2 T
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Mrk501 — Flare Alerts

Excess rate curve from QLA: 1.6.-10.8.2014

_ 120 :_ ............ F.A.CT..P.r.E"mi"a.ry .................. { ......................................................................................................

- —

E 100:_ ..........................................................................................................................................................................

] L

-E 80__ ...............................................................................................................................

o —

% ] e T T

%)) — l” I

% 40__ ........................................................................................................................................................................

O [

X - f T

o 20— SO LSRR froveeeess e RS o { N S g
; R L

556%0 56850 56860 56870 56880

Flare Alert

8./9. Jun 2014

Julius-Maximilians- . . n ®+
I WORZBORG Astroteilchenschule 2014 Daniela Dorner NN



Mrk501 — Flare Alerts

Excess rate curve from QLA: 1.6.-10.8.2014
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> Observations

Flare Alert with other instruments
18./19. Jun 2014
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excess events/hour
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Mrk501 — Flare Alerts

Excess rate curve from QLA: 1.6.-10.8.2014
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Mrk501 — Flare Alerts

Excess rate curve from QLA: 1.6.-10.8.2014
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Several Flare Alerts
iIn Summer 2014
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Summary and Outlook

* First G-APD Cherenkov Telescope

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

* Longterm monitoring of bright TeV blazars

e Quick Look Analysis
— Several flare alerts for Mrk501
In summer 2014

« Several flaring activities
— MWL studies

« Total observation time: > 3400 h (> 1600 h in 2013)

« Complete data sample for variability studies
e.g. > 1000h for Mrk501
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Check out our monitoring results!

http://www.fact-project.org/monitoring
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Observing Night - TONIGHT from 21h

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