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Outline 

� Science highlights
� How effective is the queue?
� How does Gemini compare
� A look at the output of the Gemini partners
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Gemini South: Cerro Pachón (2700m), 
Chile
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Gemini North: Mauna Kea (4200m), 
Hawaii
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Monitoring weather on Titan

55

NIRI/ALTAIR AO imaging monitoring of short-lived 
clouds
H2 (bottom rows) shows troposphere

Schaller et al. 2009, 
Nature
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Monitoring 
weather on 

Titan

� April 13 burst  (IRTF 
spectrum)
� Triggered NIRI 
observations

� Mid-latitude activity 
may instigate clouds 
at southern latitudes
� Where cloud 
formation is unstable

� Accounting for 
surface features such 
as streams, valleys

66
Schaller et al. 2009, 
Nature
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Crash on Jupiter

77

� Crash site found by amateur 
Wesley on July 19, 2009

�  Dark in visible light

�  Impactor a few hundred 
meters in diameter

credit: NASA/ESA/ H. 
Hammel
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Crash on Jupiter

88

� Gemini MIR followup starting 
July 22
� impact is bright in the 

MIR
� MICHELLE image 8.7 and 

9.7µm here (7 narrow bands 
available)

�  T-ReCS: images and spectra 
�  not a comet; more like an 

outer main belt asteroid
� Issues: atmospheric heating 

and dissipation of specific 
constituents

�    e.g., methane, ammonia, 
aerosols

impact site
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Direct images of planets

99Lafrenière et al. 2008, 
ApJ 

� 1RXS J160929.1-210524: 
� ~5 Myr Normal star 

~0.85 Msun D=150pc

� NIRI/ALTAIR 
� images and spectra
� separation 330AU
� M~8 MJup

� low-mass companions 
found at large separation

� radial velocity, transits 
less sensitive 

J
H
K
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Three planets around 
HR8799

1010

HR 8799: 
~60 Myr
A star
D=39pc

First images of
“planetary family”
M~5 to 13 MJup
orbiting at 24 to 68 AU

scaled up solar system
- higher mass central star
- similar-temperature radii

NIRI/ALTAIR detection
Marois et al. 2008, 
Science 
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HR 8799: Gemini 
“reprocessed”

� Marois et al. have 
reprocessed original 
Gemini/ALTAIR Kp 
images of HR 8799

� Continuous tracking 
through fast rotating 
transit actually helps 
detection of the 
nearest planet

� N.B.: the planets can 
be seen in 10--30 s 
exposures with Keck 
or Gemini 1111
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NICI

�high contrast at small separation:

1212

NICI campaign: surveying ~300 nearby, young stars
NICI facility instrument – useful for other science
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NICI planet-finding campaign

1313

Image quality
characterized by core: halo 
ratio

campaign 
requirement

ratio ~ 3

1

0.5

combine for high contrast:
  coronagraph 
  angular differential imaging
  spectral difference imaging
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NICI imaging of Eta Car

1414

1840’s “great eruption”:
   lobes

1890’s event:  [Fe II] 

spectrally detected earlier;
first direct images here

H2 and Brγ trace dust

[Fe 
II]
H2
Brγ

Martin et al. 2010, 
AAS 

1
”
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GRB 090423 at z ≈ 8.2

Most distant object in the 
Universe
� Swift detected GRB 090423 on 
April 23rd, 2009 at 3h55 am 
EDT

� NIRI: bright object J, H bands
� no detection at Y or z (GMOS)

� Photometric redshift: z ≈ 8.2 

1515Tanvir et al. 2009, 
Nature
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Star formation in merging 
galaxies

� T-ReCS mid-infrared imaging 
    NGC 3256

� luminous infrared galaxy
� star-forming nuclei

� southern nucleus is generally fainter
� optical -- 4μm

� still faint in MIR
�        not foreground dust

1616 16Lira et al. 2009, 
ApJ

11.5μm
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Star formation in merging 
galaxies

� spectral differences in nuclei
� SFR: 

�   15 Msun/year (north)
�    6 Msun/year (south)

�  assuming similar starburst 
ages, the conditions must be 
different

� additional warm dust in north

1717Lira et al. 2009, 
ApJ
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Massive “dead” galaxies at z >2

� “Dead” massive galaxies at 
z > 2

� Deep GNIRS spectroscopy 
reveals 45% of the sample 
to have low or no star 
formation

� Efficient and versatile 
observations with GNIRS 
cross-dispersed mode

1818Kriek et al. 2006, 2009 
ApJ

18
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Massive “dead” galaxies at z >2

� Very deep GNIRS 
spectrum of one 
“dead” object  at z = 
2.2 confirms very low 
SF
� Galaxy is ~5 times 
smaller than galaxies 
with similar masses at z 
=0

� Genuinely compact, 
though massive (M ~ 2 
x 1011 Msun)

� Best fit models imply 
formation at z = 4 to 7 1919van Dokkum et al. 2009, 

Nature

19
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Black hole masses in 
galaxies

2020

� NIFS/LGS observations
� high spatial resolution 

stellar kinematics
� black hole masses from 

modeling:
NGC 524 - 8 x 108 Msun
NGC 2549 - 1 x 107 Msun

� “semi open-loop” AO
use galaxy nuclei as tip-tilt 
stars not closing focus 
loop

Krajnović et al. 2009, 
MNRAS

velocit
y    

σ
  
  

NGC 524          NGC 2549   
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Quasar luminosity function at 
z=6

2121Willott et al. 2009, 
AJ

Canada-France high-z quasar 
survey 
• color selection for candidates
• followup spectroscopy with 
GMOS

• nod-and-shuffle:
good background 
subtraction

–forthcoming red-sensitive CCDs 
will help

7000
Å

8000
Å
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Quasar luminosity function at 
z=6

2222Willott et al. 2009, 
AJ

22

Canada-France high-z quasar 
survey 
•color selection for candidates
•followup spectroscopy with 
GMOS
•z=6 luminosity function
-break at M1450~-25
-quasar ionizing flux insufficient
to maintain ionization at z=6,
even considering faintest ones
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No 6Li in exoplanet host 
stars • Giant planet host stars are 

systematically metal rich by 
~0.2 dex
� Primordial or pollution by 

migration of giant planets?
• 6Li/7Li isotopic ratio is strong 

test
– 6Li is destroyed more 

effectively than 7Li
– Presence of 6Li is sign of 

pollution 
• GS bHROS R ~150,000 

observations of 5 stars with 
exoplanets

– No detectable 6Li in any of 
the stars

• 6Li/7Li < 0.02-0.03
• Less than 0.25 -0.70 Jupiter 

2323
Ghezzi et al. 2009, 
ApJ

23

Wavelength 
(Å)

N
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m
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HD 82943
Gemini-S 
bHROS
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High-pressure outflow in M82

2424Westmoquette et al. 2009, 
ApJ

• GMOS IFU observations
• center of M82
high-pressure ionized gas
(indicated by ne)

• variations on small scales
densest regions are offset from 
   
    sites of star formation
range of clump sizes and 
densities

24
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Cluster formation in the Antennae

2525

• most clusters studied 
here formed in the 
original disks

• a few (3/16) are 
destined for the halo

Bastian et al. 2009, ApJ
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Galactic superwind outflow at 
z=2

2626

• NIFS observations of z=2 sub-millimeter galaxy 

• AGN and starburst contribute to IR and sub-millimeter emission

• galactic-scale superwind detected in broad line profiles

• requires kinetic energy ~ 1044 erg/s
comparable to spheroid binding energy 

• AGN or starburst drives outflow Alexander et al. 2010, MNRAS

intensity                 velocity 
   

line profiles and velocity 
field
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Scientific Effectiveness of the 
Queue
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Advantages of the Queue

� Observations are made in the conditions required 
by the program
� Excellent image quality, photometric, low water 
vapor

� AO programs (NGS/LGS)
� Higher science ranked programs have priority

� Ensure that higher ranked programs obtain data in 
the conditions required

� Almost all the highest ranked programs (30% of 
programs) get 100% of their data

� Depends on TAC “getting it right” 
� Rapid Target of Opportunity (RToO) programs 
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Completion rates - all 
partners

As of UT 2010jan20

2009A-2009B: Band 1 roll 

over programs still active Lines mark the 
requirements 
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Queue is inherently more complicated/sophisticated than
Classical.  Ability to tune system  to get desired programs 
executed in conditions required
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Proposal to Publication – Top Science

Top Science 
Proposal

TAC

Classical 
Schedule

Queue

Depend on TAC to 
rank top science 
highly

Depend on TAC 
to rank top 
science above the 
bar

Data
Susceptible to 
scheduling, observing 
conditions, instrument 
problems

NOT susceptible to 
scheduling, observing 
conditions, 
instrument problems

Paper?
90% chance of 
getting 100% of 
data w/quality 
required

<30% chance of 
getting 100% data 
w/quality needed

IQ70/CC50 over three 
nights
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High Impact Science

� The impact of the science results published define the success of an 
astronomical observatory

� The TAC process is meant to rank proposals as to scientific 
“importance”
� Very closely correlated with impact?

� In classical mode the process after TAC is left mostly to chance  - 
weather, instrument/telescope problems – leaky pipeline from TAC to 
results

� In queue mode the process after TAC is managed to ensure that the 
high ranked programs get all of their required data

� Success of queue mode depends on the TAC process does a good job 
of ranking proposals in terms of scientific merit
� More critical than for classical mode

� If TAC (and queue) works, then papers based on higher ranked 
programs should have higher impact
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2005-2008 Papers
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Science Enabled by the Queue

� LGS requires cloudless skies and IQ < 0.8”
� On average, ~ 30% of nights on Mauna Kea meet these 
requirements

� An SRB1 program would need to be schedule for 3x as 
many nights as actually required in order for program to 
obtain all of their data

� 230/400 spectroscopically confirmed SN from 
SNLS were obtained by Gemini

� Eclipsing binary in M33 observed to 
 distance to M33
� Required 32 hours of queue time
� Would have required 32 nights if classically scheduled

� Large fraction of highest impact papers (see 

“Gemini’s key role was to 
provide spectroscopic redshifts 
and classification of the SN 
types for the most distant 
(hence faintest) supernovae 
candidates.”

Isobel Hook
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The Top 20 Most Cited Gemini 
Publications as of January 19, 2010

Authors Title Year Journal Total 
citations

Refereed 
citations Instrument Mode

Astier, P. + 41  The Supernova Legacy Survey: measurement of … 2006  A&A 1130 868 GMOS Q

Wood-Vasey, W. + 36  Observational Constraints on the Nature of … 2007  ApJ 410 315 GMOS Q

Genzel, R. + 14  The Stellar Cusp around the Supermassive Black Hole … 2003  ApJ 276 210 Hokupaa DD

Schodel, R. + 5  Stellar Dynamics in the Central Arcsecond  … 2003  ApJ 226 167 Hokupaa DD

Fox, D. + 35  The afterglow of GRB 050709 and the nature … 2005  Nature 212 164 GMOS Q

Glazebrook, K. + 11  A high abundance of massive galaxies 3-6 billion years … 2004  Nature 199 159 GMOS Q

Juneau, S. + 13  Cosmic Star Formation History and Its Dependence … 2005  ApJ 183 150 GMOS Q

Berger, E. + 23  The afterglow and elliptical host galaxy of the short … 2005  Nature 164 137 GMOS Q

Bloom, J. + 27  Closing in on a Short-Hard Burst Progenitor … 2006  ApJ 161 136 GMOS Q

Abraham, R. + 11  The Gemini Deep Deep Survey. I. … 2004  AJ 141 120 GMOS Q

Close, L. + 3  Detection of Nine M8.0-L0.5 Binaries: … 2003  ApJ 140 130 Hokupaa C

LeFloch, E. + 13  Are the hosts of gamma-ray bursts sub-luminous … 2003  A&A 140 114 Hokupaa Q

Simon, J. + 2  Constraints on the redshift dependence of … 2005  PhRvD 139 108 GMOS Q

Fynbo, J. + 30  No supernovae associated with two long-duration … 2006  Nature 139 100 GMOS

Sullivan, M. + 29  Rates and Properties of Type Ia Supernovae as … 2006  ApJ 134 109 GMOS Q

Savaglio, S. + 12  The Gemini Deep Deep Survey. VII. The Redshift … 2005  ApJ 132 95 GMOS Q

Vreeswijk, P. + 31  The host of GRB 030323 at z=3.372 … 2004  A&A 119 98 ACQCAM Q

Kaspi, V. + 5  A Major Soft Gamma Repeater-like Outburst and … 2003  ApJ 119 93 NIRI DD

Gal-Yam, A. + 25  A novel explosive process is required for … 2006  Nature 116 84 GMOS Q

Miknaitis, G. + 35  The ESSENCE Supernova Survey: … 2007  ApJ 110 92 GMOS Q
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Move to queue is similar to moving to automobile from 
horse and buggy. The H&B model had reached a limit in 
effectiveness and a new model is needed to improve 
productivity/effectiveness. The queue will continue to 
evolve, as does the automobile, as understanding of the 
processes and technology improve.
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Gemini in Comparison
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Impact

� Citation counts for a paper grow with age
� Use median impact of an AJ paper as a standard 

measuring stick
� Impact of a paper defined as the # of citations 

divided by the # of citations for the median AJ 
paper of  the same year
� The median is determined from ALL AJ papers, not 
just observatory papers
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Impact Distribution Function (IDF)

� Median (or any single metric) does not capture 
the range of impact
� Non-normal distribution

� Low and high impact papers need to be 
measured
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IDF

� Divide impact into 6 bins
Name Impact Range
Very Low 0 - 1
Low 1 - 2
Moderate 2 - 4
High 4 - 7
Very High 7 - 11
Extreme > 11

• A flatter IDF indicates better performance
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Partnership Productivity and Impact
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More Gemini Specifics

� Analyzed 2005-2008 Gemini papers
� For each paper identified:

� Programs whose data was used in the paper
� For each program identified

� Telescope
� Science Ranking Band (or classical)
� Partner(s) contributing time to the program

� Also identified papers originating from:
� Discretionary time, commissioning, science 
verification, demo science, payback

� Data source could not be identified for small # 
of papers
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Breakdown by Program 
Type (and telescope)

Program Type # of Papers Average Impact

SRB1 153 5.60

SRB2 89 3.46

SRB3 41 2.21

SRB4 11 1.39

Classical 41 3.06

Commissioning 5 0.87

Discretionary 55 1.62

Demo Science 5 0.82

Payback 2 1.42

Science Verification 12 0.93

All Papers* 438 3.62

Telescope # of Papers Average Impact

GN 200 4.20

GS 135 4.12

* This includes papers whose source of data could not be identified

This includes only 
papers based on 
queue or classical 
data and does not 
include 
discretionary, 
payback, etc.
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Comments on Previous 
Slide

� Average impact of papers the same regardless of 
telescope

� # of papers decreases with lower science bands
� Expected from lower # of programs with 75% or more data in 

lowers science bands
� 12 % of papers based on classical data

� Consistent with % of classical programs
� Classical papers have close to the same impact as 

papers in science band 2
� Impact of discretionary time papers is lower than 

impact of science band 3 papers on average
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Breakdown by Partner

This includes only papers based on queue or classical data 
and does not include papers based on discretionary, 
payback, etc.

Country # of Papers % of Papers Average Impact

Approximate 

Share of Time 

AR 3 0% 1.07 2%

AU 61 8% 7.31 5%

BR 28 4% 5.58 2%

CA 128 18% 4.41 13%

CL 17 2% 3.89 5%

GS 56 8% 2.29 9%

UH 39 5% 2.47 5%

UK 130 18% 2.98 21%

US 258 36% 3.47 39%
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Comments on Previous 
Slide

� Australia, Brazil and Canada produce a higher share of 
papers than expected from amount of time

� US, UK, Chile and Gemini staff produce a slightly lower 
share of papers than expected from amount of time

� Australia, Brazil and Canada produce papers with higher 
impact than the average Gemini paper

� Australia is the real standout in both paper production 
and average impact of Australian supported paper
� Australia also has one of the highest % of joint proposals
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Conclusions

� Gemini is producing papers at a rate consistent 
with its age
� Gemini South production needs to increase

� Impact of Gemini’s papers consistent with 
other 8-10 m telescopes

� Gemini’s queue system ensures completion of 
higher impact programs

� Number, and impact, of Canadian supported 
programs higher than average
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