
Target	  of	  Opportunity	  (and	  Time	  
Domain)	  Observations	  in	  Queue	  
Mode	  at	  Gemini	  Observatory	  	  

	  
Kathy	  Roth	  



What	  are	  Targets	  of	  Opportunity?	  

	  	  	  	  Broadly	  speaking,	  these	  are	  any	  targets	  
whose	  exact	  observation	  details	  are	  not	  
known	  at	  the	  beginning	  of	  the	  semester:	  

•  coordinates	  
•  magnitude	  (exposure	  time)	  
•  redshift	  /	  distance	  (instrument	  /	  configuration)	  
•  timing	  

	  Targets	  include	  GRBs,	  supernovae,	  novae,	  
planetary	  features,	  high-‐z	  QSOs,	  host	  
galaxies,	  tidal	  disruption	  flares…	  



What	  are	  Time	  Domain	  
Observations?	  

	  	  	  	  Any	  target	  which	  must	  be	  observed	  within	  a	  
certain	  time	  period	  in	  order	  to	  be	  interesting:	  

•  transiting	  exoplanets	  
•  variable	  stars	  /	  systems	  
•  asteroids	  /	  NEOs	  
•  monitoring	  of	  fading	  /	  evolving	  transients	  	  
	  
	  

	  Any	  ToO	  is	  also	  a	  Time	  Domain	  Observation	  since	  
it	  could	  not	  be	  observed	  until	  it:	  

•  erupted	  /	  exploded	  /	  brightened	  to	  interesting	  levels	  
•  was	  discovered	  
•  became	  interesting	  

	  



How	  is	  ToO	  /	  Time	  Domain	  Observing	  
Time	  Allocated	  at	  Gemini?	  

	  	  	  	  PIs	  can	  propose	  for	  ToO	  /	  Time	  Domain	  observing	  time	  
through	  any	  of	  the	  normal	  observing	  proposal	  
channels:	  

•  Standard	  queue	  proposals	  (generally	  not	  classical)	  
–  Call	  for	  proposals	  every	  6	  months.	  ToO	  observations	  generally	  do	  not	  

carry	  over	  beyond	  semester	  deadlines.	  	  Unexecuted	  band	  1	  time	  domain	  
observations	  normally	  carry	  over	  2	  subsequent	  semesters.	  

•  Large	  /	  Long	  Proposals	  (newly	  offered	  mode)	  
–  Call	  for	  proposals	  once	  a	  year,	  large	  programs	  which	  can	  extend	  over	  

several	  semesters	  /	  years	  though	  unexecuted	  ToO	  observations	  generally	  
do	  not	  carry	  over	  beyond	  semester	  deadlines.	  

•  Fast	  Turnaround	  Proposals	  (newly	  offered	  mode)	  
–  Proposal	  deadline	  every	  month,	  accepted	  observations	  expire	  after	  3	  

months	  (removed	  from	  queue).	  
•  Directors	  Discretionary	  Proposals	  

–  Proposals	  can	  be	  submitted	  at	  any	  time.	  



Why	  not	  schedule	  ToO	  /	  Time	  
Domain	  Observations	  Classically?	  

•  Cannot	  predict	  in	  advance	  when	  new	  
phenomena	  will	  occur	  (GRB,	  SNe,	  Novae)	  

•  Monitoring	  observations	  often	  interested	  in	  
long-‐term	  behavior:	  days,	  weeks,	  months,	  years.	  	  	  

•  Individual	  observation	  can	  be	  quite	  short	  
(minutes	  to	  hours)	  

•  Late-‐time	  supernovae	  light	  curves	  /	  spectral	  evolution	  
•  Solar-‐system	  object	  rotation	  or	  orbital	  periods	  longer	  than	  a	  
few	  hours	  

•  Transiting	  exoplanet	  timings	  known	  in	  advance	  but	  multiple	  
epochs	  required	  to	  obtain	  required	  S/N	  ratio	  



Science	  Highlights	  

•  GRB	  Follow-‐up	  
– Optical	  and	  IR	  imaging	  and	  spectroscopy	  
– Rapid	  and	  Standard	  ToO	  Queue	  programs	  since	  
2005	  -‐	  2014	  

– Numerous	  GCN	  circulars	  (redshifts)	  
– scientific	  publications	  exploring	  progenitor	  and	  
host	  properties	  -‐>	  nature	  of	  different	  classes	  of	  
GRBs	  

– Absorption	  studies	  of	  intergalactic	  gas	  and	  ISM	  /
CGM	  associated	  with	  intervening	  galaxies	  



	  A	  Photometric	  Redshift	  of	  z	  ~	  9.4	  for	  GRB	  090429B.	  
Cucchiara	  et	  al.	  (2011),	  ApJ,	  736,	  p.	  7. 	  	  



	  GRB	  130606A	  as	  a	  Probe	  of	  the	  Intergalactic	  Medium	  and	  the	  
Interstellar	  Medium	  in	  a	  Star-‐forming	  Galaxy	  in	  the	  First	  Gyr	  
After	  the	  Big	  Bang.	  Chornock	  et	  al.	  (2013),	  ApJ,	  774,	  p.	  26.	  



	  GRB	  130606A	  as	  a	  Probe	  of	  the	  Intergalactic	  Medium	  and	  the	  
Interstellar	  Medium	  in	  a	  Star-‐forming	  Galaxy	  in	  the	  First	  Gyr	  
After	  the	  Big	  Bang.	  Chornock	  et	  al.	  (2013),	  ApJ,	  774,	  p.	  26.	  



Science	  Highlights	  

•  GRB	  Follow-‐up	  
•  Supernovae	  	  
– Large	  /	  Long	  program	  awarded	  for	  follow-‐up	  of	  
intermediate	  Palomar	  Transit	  Factory	  discovered	  
transients	  (108	  hours	  at	  Gemini	  N/S	  over	  2	  years)	  

– Queue	  scheduled	  Pan-‐STARRS	  follow-‐up	  
– Spectral	  monitoring	  of	  evolving	  supernovae	  



	  The	  Earliest	  Near-‐infrared	  Time-‐series	  Spectroscopy	  of	  a	  Type	  
Ia	  Supernova,	  Hsiao	  et	  al.	  (2013),	  ApJ,	  766,	  72. 	  	  



	  Ultraluminous	  Supernovae	  as	  a	  New	  Probe	  of	  the	  Interstellar	  
Medium	  in	  Distant	  Galaxies,	  Berger	  et	  al.	  (2012)	  ApJ	  LeIers,	  
755,	  L29.	  



Science	  Highlights	  

•  GRB	  Follow-‐up	  
•  Supernovae	  	  
•  Weather	  on	  Titan	  
– Adaptive	  Optics	  imaging	  
– Non-‐sidereal	  observation	  guiding	  on	  target	  
– Timing	  windows	  give	  target	  availability	  (moon	  
sufficiently	  separated	  from	  parent	  planet)	  



Science	  Highlights	  

•  GRB	  Follow-‐up	  
•  Supernovae	  	  
•  Weather	  on	  Titan	  
•  Volcanoes	  on	  Io	  
– Adaptive	  Optics	  Imaging	  
– Non-‐sidereal	  observation	  
– Timing	  windows	  give	  target	  availability	  
– DD	  time	  2013B	  after	  IRTF	  discovery,	  follow-‐up	  
queue	  monitoring	  2014A	  



	  Near-‐infrared	  monitoring	  of	  Io	  and	  detecOon	  of	  a	  violent	  
outburst	  on	  29	  August	  2013.	  de	  Kleer,	  de	  Pater,	  Davies,	  &	  
Ádámkovics	  (2014),	  Icarus,	  242,	  p.	  352.	   	  	  



Science	  Highlights	  

•  GRB	  Follow-‐up	  
•  Supernovae	  	  
•  Weather	  on	  Titan	  
•  Volcanoes	  on	  Io	  
•  Exoplanet	  transits	  
– At	  least	  4	  groups	  pursuing	  GMOS	  programs	  
–  Large	  /	  Long	  program	  awarded	  time	  in	  15B	  (95	  hours	  
requested	  over	  2	  years	  –	  PI	  Huitson)	  

–  Simultaneous	  relative	  spectroscopy	  to	  derive	  
atmospheric	  properties	  and	  composition	  of	  the	  
exoplanets	  



	  The	  Gemini-‐GMOS	  Exoplanet	  Atmosphere	  Survey	  	  
http://casa.colorado.edu/~desert/GMOS-‐Survey.html 	  	  



Preliminary	  Results	  (2014	  May	  30):	  

	  The	  Gemini-‐GMOS	  Exoplanet	  Atmosphere	  Survey	  	  
http://casa.colorado.edu/~desert/GMOS-‐Survey.html 	  	  



Science	  Highlights	  

•  GRB	  Follow-‐up	  
•  Supernovae	  	  
•  Weather	  on	  Titan	  
•  Volcanoes	  on	  Io	  
•  Exoplanet	  transits	  
•  TransNeptunian	  Objects	  in	  5:1	  Resonance	  
– Pike	  et	  al.	  (2015),	  AJ	  accepted	  (thesis	  project)	  
–  1-‐2	  dark	  time	  observations	  separated	  by	  a	  few	  days	  
for	  3-‐4	  months,	  each	  observation	  1.5-‐15	  minutes	  long	  



Target	  of	  Opportunity	  
•  Rapid	  ToOs	  
– Always	  Band	  1	  
– Generally	  reserved	  for	  new	  time	  variable	  targets	  that	  
either	  fade	  quickly	  or	  need	  to	  be	  observed	  in	  their	  
early	  stages	  

–  Send	  an	  audible	  alert	  and	  pop-‐up	  an	  advisory	  
message	  on	  the	  observer	  and	  telescope	  operator	  
terminals	  as	  well	  as	  staff	  computers	  in	  the	  office	  

–  E-‐mail	  sent	  to	  queue	  coordinators	  and	  support	  staff	  
–  Slew	  Immediately:	  Note	  directs	  observer	  to	  interrupt	  
on-‐going	  observations	  and	  slew	  to	  the	  new	  target	  
immediately	  (goal:	  within	  2	  minutes)	  



Target	  of	  Opportunity	  
•  Rapid	  ToOs	  (continued)	  
–  Slew	  When	  Convenient:	  Observer	  is	  directed	  to	  re-‐
plan	  the	  queue	  and	  observe	  the	  new	  target	  tonight	  
when	  it	  can	  fit	  without	  destructively	  interrupting	  the	  
queue	  

– Observation	  automatically	  expires	  after	  24	  hours	  
though	  PI	  can	  extend	  the	  timing	  window	  as	  desired,	  if	  
not	  observed	  within	  24	  hours	  of	  being	  triggered	  
basically	  treated	  as	  standard	  ToO	  

– Rapid	  ToOs	  not	  accepted	  in	  exceptional	  cases:	  
•  During	  high-‐priority	  time	  critical	  observations	  
•  During	  certain	  classical	  observations	  (vary	  by	  partner	  /	  time	  
exchange	  conditions)	  

•  During	  long	  engineering	  trials	  that	  require	  special	  
arrangements	  /	  support	  	  



Target	  of	  Opportunity	  

•  Standard	  ToOs	  
–  E-‐mail	  sent	  to	  queue	  coordinators	  and	  support	  staff	  
– Observer	  not	  expected	  to	  re-‐plan	  the	  queue	  and	  take	  
data	  the	  same	  night	  as	  triggered	  

– Observation	  considered	  for	  inclusion	  in	  the	  nightly	  
plan	  by	  queue	  coordinator	  during	  the	  day	  

– No	  default	  expiration	  date	  
– Used	  to	  trigger	  observations	  of	  both	  time	  variable	  
and	  non-‐variable	  objects	  that	  have	  recently	  become	  
more	  interesting	  



Timing	  Windows	  

•  Timing	  windows	  are	  entered	  in	  the	  OT	  under	  
Observing	  Constraints	  and	  give	  the	  starting	  time	  and	  
the	  duration	  of	  the	  valid	  window	  
–  	  must	  be	  longer	  than	  the	  observation	  execution	  length	  
minus	  the	  acquisition	  time	  

–  Rapid	  ToOs	  assumed	  valid	  from	  trigger	  time	  and	  expire	  
after	  24	  hours	  (can	  be	  changed	  by	  PI)	  

–  Any	  observation	  may	  have	  multiple	  timing	  windows	  
–  Several	  observations	  may	  have	  the	  same	  timing	  windows	  
–  Entering	  timing	  constraints	  currently	  a	  manual	  process,	  
can	  be	  imported	  from	  ASCII	  text	  file	  (contact	  CS)	  





Nightly	  Queue	  Plan	  
•  Queue	  observer	  follows	  queue	  plan	  generated	  by	  the	  

queue	  coordinator	  during	  the	  day	  
•  Different	  Queue	  plan	  for	  seeing,	  cloud	  cover,	  water	  vapor	  

conditions	  
•  Rapid	  ToOs	  trigger	  an	  alert	  in	  the	  Observing	  Tool	  and	  

observers	  adjust	  the	  plan	  to	  accommodate	  
–  Queue	  coordinator	  on-‐call	  to	  generate	  new	  plan	  
–  Observers	  can	  optionally	  adjust	  queue	  plan	  manually	  if	  they	  

feel	  comfortable	  doing	  so	  
•  No	  automated	  Queue	  Planning	  exists	  
•  Standard	  ToOs	  and	  time	  critical	  observations	  included	  in	  

normal	  queue	  plan,	  and	  generally	  are	  not	  given	  priority	  
during	  Classical,	  Priority	  Visitor,	  or	  Fast	  Turnaround	  nights	  
(though	  this	  may	  change,	  especially	  regarding	  Fast	  
Turnaround	  observations)	  





Queue	  Planning	  Tool	  

•  Nice	  Visual	  Aid	  assisting	  queue	  coordinator	  with	  
manual	  observing	  plan	  generation	  

•  Presents	  candidate	  observations	  meeting	  various	  
observing	  constraints	  

•  Gives	  warnings	  /	  errors	  when	  various	  constraints	  
violated	  
–  Invalid	  instrument	  configuration	  (GMOS	  gratings)	  
–  Airmass	  constraint	  violated	  
–  Background	  constraint	  violated	  (moon	  or	  twilight)	  
–  Timing	  Window	  violated	  
–  Calibration	  stars	  not	  scheduled	  

•  Exports	  web	  product	  for	  observer	  to	  follow	  





Queue	  Visualization	  Tool	  

•  Relatively	  new	  addition	  to	  the	  OT	  
•  Assists	  queue	  coordinators	  when	  selecting	  programs	  

to	  schedule	  at	  night	  
•  Helps	  queue	  coordinators	  plan	  future	  instrument	  

configuration	  changes	  (gratings	  /	  masks	  in	  GMOS)	  
•  Shows	  when	  observations	  are	  schedulable	  (or	  not)	  due	  

to	  timing	  windows	  or	  airmass	  /	  background	  constraints	  
•  Does	  not	  provide	  any	  automated	  queue	  planning	  
•  Does	  not	  give	  any	  advice	  (eg.	  when	  last	  timing	  window	  

is	  about	  to	  expire,	  or	  when	  there	  are	  only	  as	  many	  
timing	  windows	  as	  unexecuted	  observations)	  











Tracking	  Timing	  Windows	  

•  Web	  application	  lists	  timing	  windows	  
•  Lists	  timing	  windows	  active	  for	  the	  current	  
night,	  time	  until	  expiration,	  execution	  time	  

•  Gives	  warnings	  when	  required	  instrument	  
configuration	  not	  installed,	  or	  when	  timing	  
window	  is	  about	  to	  expire	  	  





Summary	  
•  ToOs	  and	  Time	  Domain	  Observing:	  A	  Gemini	  Success	  Story	  

–  ToOs	  and	  time	  domain	  observations	  very	  well	  suited	  to	  multi-‐
instrument	  queue	  operations	  

–  Have	  led	  to	  numerous	  high	  visibility	  science	  publications	  
–  Rapid	  ToOs	  send	  immediate	  alerts	  to	  queue	  observer	  and	  

normally	  disrupt	  the	  nightly	  plan	  
–  Standard	  ToOs	  and	  other	  time	  domain	  observations	  integrated	  

into	  the	  queue	  manually	  during	  the	  day	  by	  the	  queue	  
coordinator	  

–  Recent	  software	  improvements	  (Queue	  Visualization)	  improve	  
reliability	  for	  scheduling	  time	  domain	  observations	  

•  With	  Room	  For	  Improvement	  
–  Automated	  queue	  scheduling	  not	  supported	  
–  Time	  constraints	  not	  considered	  when	  initially	  filling	  the	  queue	  
–  Timing	  Windows	  not	  fully	  integrated	  into	  queue	  planning	  


