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Whatis LC' GT

(Las Cumbres Observatory Global Telescope)

Privately funded organization

« registered charity

« ~40 people
. main offices in Santa Barbara, CA
. operational offices in Liverpool, UK

Dedicated to time-domain astronomy

« members of Pan-STARRS, LSST, PTF

. staff involved with SN Legacy Survey, Kepler,
SuperWASP, RoboNet

« collaborations strongly encouraged



Whatis LC' GT

(Las Cumbres Observatory Global Telescope)

Building world-wide network of telescopes

« fully robotic, controlled by scheduling algorithms
. identical design, instrumentation

 Will be available to astronomical community &
schools

. all software developed & mechanical designs open-
source

Astronomy Staff
. 2 staff astronomers
« 8 post-docs
« 2 PhD students




Complete network

http://lcogt.net/

Operational sites
Planned sites
Under consideration

o 2X2M, ~12X1m, ~22%x0.4m
« SUPA-II grant from St Andrews — +3x1m telescopes

e 22X1m mirrors ordered



Status of new telescopes

Working 1m prototype in SBA

. still testing fully robotic controls
CTIO:

o Initial site work for foundations finished
. awaiting 1.0m domes and Agawans
« soon to follow — 1.0m and 2x0.4m
. ready March 2011
SAAO:
. foundations ready
« deployment of 1m and 2x0.4m after CTIO
. expected ~Q3 2011
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The RoboNet project
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+
o Keith Horne _ _
Yiannis Tsapras Martin Dominik Colin Snodgrass lain Steele
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« using LCOGT telescopes together with Liverpool Telescope
(currently FTN, FTS, LT)

 follow-up on microlensing alerts by OGLE/MOA
« Operate robotically with real-time automatic target selection

« oOccasional use of ToOs



Performing the observations

« New microlensing events picked up from internet alerts

. targets selected through prioritization algorithm and
submitted to network

>

2>

2>

calculates optimal required sampling for each event
maximize planet detection probability
requires complete LC GT network for optimal performance

Adaptive Scheduling - priorities reassessed every few
minutes



eSTAR

Data Archives OGLE/MOA

event alerts
-‘-LC GT ...

Telescope

Robotic Control @ ST A R

System

I Intelligent
Agent

Telescope I
Embedded Data from
Agent other sites
Online data
reduction

« RoboNet was depending on eSTAR system

« collecting and distributing observation requests to network

. dealt with translating observing request — telescope babble
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Queue observations online

Event Information

R.A. :
Format: hh:mmess.s

Observing Constraints

Dec. :
Format: +dd-mm:ss.5

Name : MOA-2010-BLG-481
Event name{e.g. MOA-2010-Bl G-123)

Type : Flexible observation | ~

Exposure Time:

Exposure Count:

Type of observation requested Exposure time (secs) (Exposure Time Calculator) Exposures to obtain in the group
Telescope: FTN - Instrument: EMOL{FTN) | - Filter : SDS5-1 -
Telescope requested Instrument requested Filter requested
Simulate: i : Priority: Normal - TTL: 1

- Time to Live

Select simulation mode or add fo the observation queue

Select required priority

(Lifetime of group in fractonal days)

Submit Event | Reset Input Fields




Edit active groups

|~ RBN20100930718.00105199 [FTN |EMO1 |sDss-I [MOA-2010-BLG-0364
|~ RBN20100930T18.00105207 [FTN |Emo1 [sDss-I [MOA-2010-BLG-0117
|~ RBN20100930T18.00105211 [FTN [EMo1 [sDss-I [MOA-2010-BLG-0587
|~ RBN20100930718.00105215 [FTN [EMo1 |sDss-1 [MOA-2010-BLG-0583
|~ RBN20100930T21.00126058 [FTs |EMo3 |sDss-I [MOA-2010-BLG-0364
|~ RBN20100930T21.00126067 [FTs |EMo3 |sDss-I [MOA-2010-BLG-0117
|~ RBN20100930T21.00126071 [FTs |EMo3 [sDss-I [MOA-2010-BLG-0587
|~ RBN20100930T21.00126074 [FTs |EMo3 |sDss-1 [MOA-2010-BLG-0583
[:&‘ (Un)Check All | Submit Request |Simulate: True -




Active status page

Current List of Active Observation Requests from RoboNet

Guidelines:
Click hers for information abowut this log.

Click hers to see the ObsControl system log.
Last updated: 20L0-09-30T23:00:03

Observations queuad at LT - currently in nighttime

GralD Target | BA(J2000) |Dec 2000) | Blter | ExpTine | BpComit | ExpTaken | Priority TZ_Sulunit TS Brire BegOrigin | BCS_ Repart
REN20L00620 TR 2dazaaz | MOATOLE | 12064510 |-20:10:484 |2 118 L o sermal | [201 008207225002 | 2000 LO-OLT00:02:02 | alxeomtra) | add_ K
|xnm.olooeeo'm.M¢33 o |wsmsss |.3¢.:'m:o&o |1 |3 |1 |o |:unl.n'l |m10-oeso'rusosoe Imm-to-otmm:oe |=hm=1 |-i=Looc
Innmlmeaonzaauz«l I;‘g‘gﬂ? |lsm,¢s.es |.E:'w:¢o.s |1 |¢s |l lo |m.1 I‘wmoeamnsom |7.olo.momo:oz:os |.=1=m=1 |.=B_ooc
REN20 LOCEE) T2 S244Z 445 I;‘&“&%‘,’“ ILS!JEASAB |.-n:13:1u |1 |1oo |1 lo |m.1 |wo.oaamus.osoa I-wmlo.ommm:os |.h.=m1 |.a_crx
Obszervations queuad at FTS - currently in daytme

GrplD | Tommet | BAQ2000) |DeciI2000) | Flwr |ExpTine | BopComt |ExpTakes | Priority T Skmit | T3 Ewure | Reqrigin | BCZ Bepart
REN20 LOCEEOT2L.00L25004 I;‘&“&“ |18£6:1510 |.zmo,¢s.¢ srEs) |lGS |1 lo |m.1 201 0082072 D004 I'.‘.Ol.O-lO-Ol'.l'll:CO:O‘ |nh::n.m1 |.s_ouc
|ummooseom.oon.soss I;‘g&“ |l'J =063 |-3mmso |sms1 4 |l ’o Imn'l |wo-oeao'msoom lmmto.omuoozoa |=h-=m=1 |-.u.ouc
Innmwoaeom.oouswl I;‘ﬁé‘?‘;’“ 12 06:4248 |.z'1:13.4.e.z |sngs1 % |1 |o lmnl ’mlo-oeao'msoom Imo-to-omt:oo;oa Inhma |.as_ooc

MOA20L0 @ Il Io

|RIN’£D LOOER0TLL.00L 25057 |B].B-0[ )
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|20l.0-£8-3:ﬂ2l900‘ |'zou:umom.1:oo:oa |nhm.r=] |-£_OK

Observations queued at FTN - currently in daytime

| GrlD | Tomet |BAG2000) [Dec2000) | Miwr |EoTine | BwCown [BpTakes |Prosty |  ToSwwit | TiBwie |Begonos | BCZRepar

IRBNWIWTISCOICG’HS I;‘g&a |lSm:lSlO |-'l'J:l0:‘BA Iml ’l’JO | L IO |mn'l |ml°@wl800ﬁ3 lmlo-lo-ouls-.oo:oe Inhmnl |ﬂ_0x
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Data Reduction Pipeline

« Intercepts incoming images from telescopes
. performs initial quality assessment

. initiates Difference Image Analysis Pipeline

> Creates template reference image

Reference

> automatic target identification

> geometric and photometric alignment of all images to reference
> matches the seeing between reference and each image

> Subtracts each scaled image from reference

> Vvariable stars leave a positive or negative residual

> fits PSF to target position

> updates photometry & webpages, distributes lightcurves =

Difference



DIA results online

) RoboNet-II - Mozilla Firefox =S
File Edit View History Bookmarks Tools Help

\,] M/ v g;;j‘ % @ [@] | http://robonet.Icogt.net/cgi-bin/event_image_details.cgi?event=MOA-2010-BLG-0073&telescop v [*§~

Microlensing event: MOA-2010-BLG-0073

RoboNet-II data:
MOA-2010-BLG-0073_FIN_SDSS-L.vot
MOA-2010-BLG-0073_FTN_SDSS-IL.t

HJD s I % i Phot. |,. - Exp.

FTN 5321.944 |1 e 20100504 059 001 1 9 1.197 (4.037 159.291 (0.768|2.446 |SDSS-1/18.0

FTN 5321.945]1 e 20100504 059 003 1 9 1.146 |4.927 159.131 [0.768|2.423 |SDSS-1|18.0

FTN 5321.945 1 e 20100504 059 004 1 9 1.062 |4.781 160.772 (0.764|2.411 |SDSS-1/18.0

FTN 5321.946 |1 e 20100504 059 005 1 9 1.09 [5.142 160.8 0.767 2.4 SDSS-1(18.0

FTN 5321.946 |1 e 20100504 059 006 1 9 1.064 [5.719 160.587 [0.763|2.388 |SDSS-1/18.0




Anomaly detection

e uses ARTEMIS system hosted in St Andrews

. receives new data by rsync from RoboNet-II cluster

. data from other telescopes also included, if available

. identifies new points that are deviating

» action requests: , anomaly, ordinary

« N0 manual intervention needed

o Can trigger automatic overrides to confirm/deny anomalies

ARTLMIS

\LII 1’ \l] ‘L :L\L\L T T T | T T T T Ll|‘ T T T T T
" KB-10-511 * K
3 —t, = 5455.0857 /A 7
S - NS
T ol l "
3 ® e B2
O _—SIr-INn'm{l | | | | | | | | | | | | | | | I_‘:’| —_

5430 8440 5450 5460
HID — 2450000



robonet.lcogt.net

can submit manual requests for
observations & ToOs

online logs of observations (active
and expired)

displays real-time status of system

allows interactive inspection of
pipeline results

hosts event prioritization pages
> displays relative priorities

> event parameters & reduction
Information

> single-lens lightcurve fits
> detection maps

RoboNet-Il Status at UT: 2010-10-13 14:36:26.820313.

e e

_Ob serving Calendar
ol SN [BSSNNN [LCOCT Quickiook

 ECGR GSRNSM T Quickiook
ARTEMiS comms [ESSOISIaGeN MIORMGEES L - Staus LCOGT

SN SO | - Sious (7

ne: 1di :
__ Plens Fit Status
es:

il [School pages
il I [Post report

een = Status OK/OPEN, = Status OFF/CLOSED, Red = stale process,

Purple = Running but Lock file present, Grey = Status Unknown




Event pages

Number of frames per filter and telescope

Tel | Filter |N preproc | N register | N diff | Red Status ||| View:

FTN | SDS5-1|172 167 167 |halted FTN stamps
FTS SDS5S-1 135 135 135 halted FTS stamps
LT SDSS-1 178 170 170  halted LT stamps

Finderchart and reference frames

SDS5-

FTN

Edit Red.Config
Reset Reduction
Start Reduction
Remove Reduction Lock

Finderchart




FTN: 2010 at a glance

FTN 2010 at a glance FTN 2010 CCD open shutter times

B Open=79.4%
B Weather=17.4%
B Tech =3.2%

B RobSci = 63.12%
M Stds = 13.05%

m Skyflats = 3.08%
B ToO0 =1.80%
BEng=1.37%

M RTI=17.54%




Weather conditions (Hawalil

a0 Percentages Compared to Total Time for FTH for 2010

g0
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— Weather
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FTS: 2010 at a glance

FTS 2010 at a glance FTS 2010 CCD open shutter times

B Open =47.8%
B Weather =42.4%
B Tech=9.8%

B RobSci =72.95%
B Stds = 6.87%

m Skyflats = 3.67%
B ToO =5.38%

B Eng=0.2%

M RTI=10.93%




Observing conditions (Siding
Spring)

Percentages Compared to Total Time for FTS for 2010

Open
— lWeather
Technical




2010 Observation summary

Total Nr of Images rejected ToO vs. Flexible time used

Fraction of Images per Telescope




Total Nr of Events (cumulative)
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Total Nr of Events (cumulative)
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2010 season.40 bins used. Bin size 13.95 250
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Total time spent in hours (cumulative)

100 200 300 400 500 608
Nr of Observations

Observed ~200 events

Used ~220 hours

140 events:
. <13 observations
. used 16% of time

13 events (inc. planet cand.):

. >100 observations
. used 36% of time

48% of total time went to
remaining events
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residual

MOA-2010-232

MOA-2010-BLG-232
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18 |

04
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t,=11.3001025
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T
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L

. one of faintest microlensing events
. target invisible on raw images,

barely visible even on subtracted frames
« re-reduction requested 22/06/2010

« N0 evidence for second peak
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. one of faintest microlensing events
. target invisible on raw images,

barely visible even on subtracted frames
« re-reduction requested 22/06/2010

« N0 evidence for second peak
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Current status

currently 3 robotic telescopes
expand system to use new LC GT telescopes

collaboration with other microlensing teams (RoboNet leading
analysis of 073)

use new SPECTRAL camera in 2011

to draw conclusions about planet populations must understand
selection bias of surveys

> move towards a fully automated observing strategy.
> Simulate full network performance



Future plans

Lucky Imaging
« can deliver near diffraction limited
Images

. takes images fast enough to
“freeze-out” motion of
atmospheric turbulence

Polarization signals

« polarization should be detectable
when extended sources are being
microlensed

. If detected, can constrain lensing
geometry and break parameter
degeneracies

« Submitted a proposal to look for
polarization in 2011



Thank you for your attention

References:
. RoboNet — Tsapras et al (2009, AN, 330, 4)
. Target prioritisation — Horne, Snodgrass, Tsapras (2009, MNRAS, 396, 4, 2087)
. Difference imaging — Bramich (2008, MNRAS, 386, 77)
. Anomaly detection — Dominik et al (2008, AN, 329, 248)
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