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RAO World Map

; o
~-ROBOTIC TELESCOPES OF THE WORLD - image (c) NASA, graphics (c) FV. Hessman (2010-Sep-15)

Apologies-for-covering.only-a-very'small part...
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Why do we need robotic telescopes ?

- research
GRB hunting is only ~25%
many more interesting targets



Optical momtorlng of RII -type
galax1es

A,

S. Zola, A. Kuzmicz, M: Jamrozy
M. Winiarski, M. Drozdz, T Szymanskl D. K02|e’f Wierzbowska, E. Kuligowska, M.
Drozdz, A. Erdem M. Siwak, G. Stachowski; M. Kurpinska- Wlnlarska D. Jabteka, W.
| Og’foza _

OAUJ,',_SUHC_)RA, COMU

~ Malaga June 7th, 2011

A frame from animation by Cosmovision (led by Dr. Wolfgang Sf_effen) : (Mars_cher, A.P., et al., Nature, 2002, 417, 625


http://www.cosmovision.com.mx/
mailto:wsteffen@astrosen.unam.mx

Typical structure of low-mass X-ray binaries
(LMXBs) and cataclysmic variables (CVs)

Opticalranainirared source

Donor star

Compeckonject
L
CIOSENICININYACIRNEICOMPECT
O] ECERUBMIMANTSOUICETOIASIEYS

Accretion disk

UV, optical, IR



Microlensing Research

Global Network most essential

Jovian mass planet. < 1%
Precision photometry requested.
Udalski et al. (2008)

A 3x Earth mass planet (Bennet et al. 2008)



ineyavalambrezPAUIAStropnysicalSurvey;

Centro de Estudios de Fisica del Cosmos de Aragon

SCIENTIFIC MOTIVATION
THE JAVALAMBRE-PAU ASTROPHYSICAL SURVEY (J-PAS)

1‘{,\ for LRG model at redshift z=0.3

Benitez et al. (2009), ApJ 691, 241
l'.f-.—...-
vﬁ - it

Throughput

Sky area: 8000 deg?
56 filters of ~100A width
Time: 4-5 years

* To determine photo-z’s (Az ~0.3%)
for millions of LRGs, to study the
Barionic Acoustic Oscillations and
constrain the equation of state of the
Dark Energy.

* Many other scientific returns for free:
galaxy evolution, SFR evolution,
galaxy clusters, 2D stellar populations,
Milky Way structure, SNe, GRBs, very
low mass objects, exoplanets, Solar
System minor bodies...



The STELLA Telescope, Klaus Strassmeier

phase=0.25 phase=0.50 phase=0.73
L] L) [ )

6000K
55 350K
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4120K

650K

Figure 3. The surface temperature map of FK Com. The surface is shown at four different rotational phases which are 0.25 in phase
apart. The gray scale gives the temperature in Kelvin.

* Based on observations collected at the European Southern Oh-
servatory, Chile (Prg. 280.D-5075): at the automatic STELLA
observatory at Tenerife, Spain: and with the Vienna automatic
photometric telescopes Wolfgang and Amadeus, Arizona., USA

T E-mail:hkorhoneQeso.org
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Why do we need robotic telescopes ?

- research
GRB hunting is only ~25%
many more interesting targets

- education
and outreach
astronomy and science In general



LOG M

ZO @& NIVERSE

REAL SCIENCE ONLINE

HOME FPROJECTS ABCOLIT EDUCATICN BLOGS FESEARCHERS COMNTACT

GALAXY ZGO Galaxy Zoo: Hubble

The latest version of the original Zooniverse project.
Help astronomers figure out how galaxies form and ’

evolve by classifying their shape., Now with added
Hubble galaxies.

The Zooniverse Community Live Projects

430.913 people just like you. p lanethunters. org 4 ’

r:-larnEe: Arnanda Peters EM'LKY WAY ER F"J ECT "
Age: 38 =y

Ccocupation: I work at a science centre

Zi || e August 2009 ; h"“‘ m(—\l‘\l 7 ‘am ,

38 going

asawWeather [
g‘?kﬂﬁhl 1Ty m’

Armanda Peters

I'd like to be featured here too!
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Lo

o0
blackrockcastleobservatory
e

"Science isn't just a subject at school, it is a human endeavour."
» )

Objectiv s# I'Blackrock Castle Observatory

* To foster an interest in scien'ce, engineering and technology, through the
medigm of astronomy, amongst people of all age groups

*To become a focus for science outreach in Cork

*To develop a robotic astronomical observatory which will perform research in a number
of areas, including:

o Blazars

o Extra-solar planets
o Near Earth Objects
o Gamma Ray Bursts

*To provide facilities for students to
complete research programmes for
various purposes, from Transition
Year Projects to Doctorates.
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Recent developments

New Instruments focus on:
- sensitivity and precision
- fast response

- high temporal resolution



The PLATO robotic Antarct

erving site?

§*-mage: Anna Moore |+
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Number of measurements

Lawrence, Ashley, Tokovinin, and Travouillon, Nature, 431, 278, (2004)
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Contour map of Antarctica

Aflantic Ocean Indian Ocean

USGS image

0 Elevation In meters 4000




The road to high precision photometry, Maria Teresa Eibe
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PSF reconstruction

High resolution PSF profile — superposition of the images placed on the net of
20 x 20 positions on the pixel.
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Lech Wiktor Piotrowski Modelling of the of the Sky” detector response Malaga, 06.V1.2011



The BOOTES Network Philosophy (II)

Ground-support to space based missions

Very fast slewing speed (> 100 deg/s), easy rescheduling, fast readout (< 1s)

INT]%GRAL ~ SWIFT

UFFO @ Lomonosov

2002- 2004- 2012-



Follow up vs. synchronous

Table taken from poster by S. Meehan

Telescope GRB T90 (s) AOpt(s) Peakmag. APeak(s) Ref.

ROTSE-I 990123 63 22 8.95 29 GCN 205
ROTSE-IIIb 041219A 520 74 14.9 2880 GCN 2868
Watcher 060526 275.2 36 15.5 112 GCN 5165
PROMPT  060607A 100 40 14.5 140 GCN 5236
Watcher 060904B 172 62 17.1 507 GCN 5510
TORTORA 080319B 50 0 5.3 23 GCN 7502
Watcher 080905B 28 43 15.8 75 GCN 8207
% N4

Tgg < A Opt

We observe the active phase in
optic!


Prezentator
Notatki do prezentacji
Just do not harm somebody not mention his/her clever  ground based robotic telescope, instead I’ll refer on space UVOT/Swfit, which is also robotic!




Follow up vs. synchronous

When you hungry you do not ask the whole
elephant, you may want take a part (of
elephant), e.g. leg or a flap

If you need to identify some person you need
now only some trace and following DNA-analysis

S0, why we need observation of the whole
Gamma-Ray Burst?

We need simultaneous observation of only part
of prompt emission in gamma-ray and optic.



BATSE: bi-modal duration
distribution, short and long GRB

LGRB

<z7>-~2.5

0,01 0.1 1 10 100 1000 10000



Recent developments

New Instruments focus on:
- sensitivity and precision
- fast response

- high temporal resolution

- multi- length measurements
- polarization



MITSuUME

Multi-color Imaging Telescopes for Surveys a

/ 50cm Optical Telescopes

Akeno Observatory, ICRR Okayama Astrophysical
Observatory, NAOJ
r / A

k Tricolor Camera /

nd Monstrous Explosions
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ol Optical NIR Telescope
0 J_Diﬁ l 1:5 - é I 2.5
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91 cm NIR
Telescope :

Okayama Astrophysical
Observatory, NAOJ
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Okayama |




GRB100906A: afterglow light curves
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IneyavalampresFAUASIropnRysicalSurvey,

Roeboticiielescopesiat

didimMPre

J-PCAM: A PANORAMIC CAMERA @ T250 FOR J-PAS

Using new generation, Large-format CCDs (9.2k x 9.2Kk) by e2v
Mosaic of 14 CCDs (FoVJ 476 mm) =2 ~ 1.2 Gpix

Working in convergent beam



IneyavalampresFAUASIropnRysicalSurvey,

:ﬁJ.JJ LiCHelescog VP At ‘

Filter Tray # 1 Hilteralnay Bilteralray #.5 Filter Tray # 4

The all 56 J-PAS filters can be simultaneously  J-PAS Strategy to driven by moon phase, seeing,
located at J-PCam. weather conditions, etc.



The STELLA/SES telescope

Second telescope on site, aka
STELLA-II

1.2m aperture, spherical mirror

Prime-focus corrector for 1’ field
Alt/Az mount

Fiber feed for spectrograph since
mid 2010

a

AIP



The échelle

spectrograph SES

Fiber fed, bench mounted
A/AX = 50,000
Currently 2kx2k detector (order

gaps above 700 nm), later
4kx4k pixels

Closed cycle cooling
Fixed format: 390 to 900 nm

Thermally stabilized
I}

AIP
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Prezentator
Notatki do prezentacji
First, why do we want to do robotic astronomy in the first place?

In a time of shrinking budgets, costs if of course always a concern, and the simple absence of human facilities (toilets, beds, restaurants) reduces the costs. But scientifically, does robotic observation give us an advantage?

Yes, a robot is much more efficient than a human observer. A robot can control a whole set of devices, at least sometimes, in parallel. A robot does not get tired. A robot can change to targets of opportunity faster than a human can.

Then, as long as everything is working okay, the data quality will only vary according to weather conditions. No observations will be lost because of an unskilled handling of the instrument.

From the scientific programs that run on robotic facilities there is also a big difference to conventional telescopes. A robot will always be as simple as possible to do a certain kind of observation. This means that a robotic telescope will be used, say, for all-sky monitoring. It is easy to see, that this allows for extremely long time bases in the observation-in contrast to the conventional telescopes where observing time is mostly given in sometimes tiny slots to different users. A scientific program where one need, say, one hour of observation every day over a month will never be approved on a classic telescope.

And last but not least, this is talking about the future, cross-linking different robotic facilities around the world will allow continuous observations-not inflicted by day/night cycles-of targets. There are some campaigns like MUSICOS for spectroscopy or Whole Earth Telescope for astro-seismology based on classical methods, but true success to this campaigns will probably only come with robotic telescopes.


“GRB1 100906A

(gon’l’/ 21494;

23 s after notice time
38 s after trigger time
SN 11228




Magnitude

16

GEB100901A Light curve

17

18

19

20

Unfiltred —»—

I

1

4,
SERAL

0,01

0.1 1 10
T-T_grb L[hoursl

100

Magnitude

13

13.9 |

14 |

14.5 |

15 |

15.9

GRB100906A Light curve

hY Fclariiatiﬂnslh—*—*
/S Polarizations —%—

200 400 600 800
T-T_grb [secl

1000




Recent developments

Web access:
- telescope status
- Infrastructure monitoring



The robotic environment system for
LAMOST, Zihuang Cao

The environment data access
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The environment data access
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Recent developments

Web access:
- telescope status
- Infrastructure monitoring

- alert response
- on-line image processing results



Response to GCN

GCN Web Page
¢ | (Qr Google

Latest Gamma-Ray BurstsH RA [deg] DEC [deg] anoﬁ Nng‘;gE TRIG NUM

GRB 110530-155259 | 2820692 | 619286 | 0036 | XRT pos || 454473
GRB 110530-154459 282.0671 61.9286 0.060 XRT pos | 454473
GRB 110530-153200 820449 619318 3.000 BAT_pos | 454473
GRB 110521-160355 45.8263 0.036 XRT_pos | 453788

GRB 110521-155349 120.134 0.096 XRT._pos 453788
GRB 110521-155226 120.1442 3.000 BAT_pos 453788

GRB 110520-205436 1343403 XRT_pos 453747

GRB 110520-204645 || 1343420 || 453747

GRB 110520-202918 134.3751

GRB 110503-180452 132.7747 Response to GRB

GRB 110503-173753 132.7778 - -

GRB 110503-173605 132.7998 An entry IS aUtOmatlca”y
GRB 110422-163441 112.0514

GRB 110422-155559 112.0580 generated to each Swift
| GRB 110422-154212 | 1119949 | GCN notice with

| GRB 110420224225 | 3200492 |
GRB 110420-112624 2.1633 coordinates
GRB 110420-110430 2.1609
GRB 110420-110241 2.1651 -37.8550 3.000 BAT_pos | 451757
GRB 110305-065110 260.8806 -15.8023 0.036 XRT_pos | 448229
GRB 110305-064339 260.8794 -15.8028 0.060 XRT_pos | 448229
GRB 110305-063844 260.8773 -15.7900 3.000 BAT_pos | 448229
GRB 110223213715 | 1502341 | -683018 | 0036 | XRT pos || 446677

[ AT 110999 A19 40 ] 1e0 Annl ] o anna ] Anen I srmmr ] A A 1




Response to GCN
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Recent developments

Web access:
- telescope status
- Infrastructure monitoring

- alert response
- on-line image processing results

- cost-effective projects
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Crowd-sourcing - What are we missing?

(Total Cost So Far $57K without first light)

220% Feed

110/220V
UPS

Power Relay ’ ................. R
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The Baker Observatory Robotic Autonomous Telescope,  Lee Hicks

Filip
Pływające pole tekstowe

Filip
Pływające pole tekstowe

Filip
Pływające pole tekstowe


Where do we aim?

Remotely operated telescopes
Robotic autonomous observatories
Robotic intelligent observatories



Where do we aim?

Remotely operated telescopes
Robotic autonomous observatories
Robotic intelligent observatories

Robotic Telescope Networks
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The BOOTES Network Philosophy (I)

Identical telescopes spaced around the Earth
Identical filter sets: gr'1TZY

Identical CCD cameras

Impact on several scientific fields and public outreach




Where do we aim?

Remotely operated telescopes
Robotic autonomous observatories
Robotic intelligent observatories
Robotic Telescope Networks

Intelligent Robotic Observatory Networks



FP7-INFRASTRUCTURES-2011-2 (Call 9)

INFRA-2011-1.2.1: e-Science environments

Global Robotic Telescopes Intelligent Array For
Citizen Science
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Universidad Politécnica de Madrid
P.S.: Alberto J. CASTRO-TIRADO ajct@iaa.es

Consejo Superior Investigaciones Cientificas
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GLORIA - http://robtel.eu

Obj. 1: Create a social network for researching astronomy
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Observatory Managers

Four widely spread

AUDELA: Developed by A. Klotz et al. (Toulouse), starting in 1995. Open source
code. Linux/Windows.

ASCOM: Dessigned 1n 1998, by B. Denny (USA), as an interface standard for
astronomical equipment, based on MS's Component Object Model, which he called
the Astronomy Common Object Model. Mostly used by amateur astronomers, has
been also used by professionals. Windows. Widely used in SN, MP searches.

RTS2: The Robotic Telescope System version 2, is being developed by P. Kubanek,
(Ondrejov/Granada) starting in 2000. Open source code. Linux/Windows
(command line and graphical interface foreseen). Widely used in GRB searches.

INDI: The Instrument Neutral Distributed Interface (INDI) was started in 2003. In
comparison to the Microsoft Windows centric ASCOM standard, INDI is a
platform independent protocol developed by E. C. Downey (USA). Open source
code. Not so widely spread as the upper layer interface was not done.
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Pływające pole tekstowe
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	Tekst1: Apologies for covering only a very small part...


