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Science Opportunities arising from the new instruments at Gemini and SOAR
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Vincent Fesguet (Laser & Optical Engineer)
Ramon Galvez (Senior Electronics Engineer)
Gaston Gausachs (Mechanical Engineer)
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Andrew Serio (Systems Engineer)
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. Installation run: November 11th to 17%
Clear conditions with median seeing or worse (up to 1.5")

N Y N AE N

. First Commissioning Run (of 4) December 8" to 11"

Excellent seeing with better than median |1Q
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A Very Happy GPI Team '
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90%m GPI - < 4 "’ \
L ' [. (\ _'_’i\ “\
e A \j' | A

‘ NICI | GeMS
"‘ i B e Altair_LG

- N ‘.S 3D corregtors

- Ve o +Tomography

- .,‘

B -

20” 80" 300”
. w \
Field of View

GLAO




FHanetLunﬂndsny Loin)

4
10_3 - -
D? 10 M,

107* 8 M,
1073 > M

GPI o
1078 o
10771 '
1078 ﬁﬂ%ﬁ““;::::jhé

L 1L’

10—9EMarlleye'Eal.IZ(.)OF.“I o
10° 10’ 10°
Time (years)

10°



_4 T Ml . i ! ! ! ! ! ! ! ! ! ! ! T !
’] D * . " rl — |
- . " . ; Gernini Planet Imager - - - -
., . L3 I I
, AR R . I Taurus protoplanets .
. . - e . I Self—lurminous Jovians .
1 D_S - - .. : 1 Reflected—light Jovians . -
- bt 1 - Terrestrial planets L]
* W " -

contrast at 1.62 pm

10—1[}

/]D—'H
0.01

Radius (arcsec)




Highlights
. ST A

® Smooth integration with the Gemini SW environment (OT, TCS,
SegExec).

®ADC now being used in standard observations.

®Coronograph observations in all bands (Y, J, H, K1 and K2)
®Polarization observations in H and K bands

®Non Redundant Mask (NRM) of several targets, will be offered in
15A.

®Direct images (no coro) of several solar system objects

® ~80h of GPI in 14B
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Highlights |

® AO performance tweaks. Lots of data taken with various loop
gain adjustments.

® GPI fully integrated and supported by the OT and SegExec

® GPI| Skeletons allowing 1-click creation of observations
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Before proposing check this
From a Feasibility point of view GPI consists of 4 components as these are setting the
constraints on feasible targets.

1.0IWFES (The Adaptive Optics, AOWFES), a high order, fast (1KHz) AO system that corrects
for the atmospheric turbulence. Sets the limit on allowed brightness in I-band.

1.LOWEFS (The CAL unit), low order, slow AO (0.1Hz) system that is designed to keep the
object on the mask. Sets the limit on allowed brightness in H-band.

1.The IFS, Hawaii 2 NRG chip, field of view 2.4"x2.4", minimum exposure time 1.49s,
maximum exposure time 999s. Sets the limit on allowed brightness in the science band and
the maximum field of view.

1.Coronographic Mask or Direct. Sets the limit on Inner Working distance and brightness.

Main webpage: http://www.gemini.edu/sciops/instruments/gpi/inst rument-
performance
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Superpolished optics
(2 nm RMYS)

Piezo Tweeter DM

.

Spatially Filtered WFS 0.7-0.9 pm

| —

OIWFS (or AOWFS)

Piezo woofer DM

Deformable mirror

N

1096 actuators
(1809 active)

Subaperture

18 cm

Control rate

1500 Hz

Wavefront sensor

Spatially-filtered

SH
700-900 nm
Strenl @ 1.65 pm >0.9
Guide star mag |I=<9 mag.
(V<11 aux.)
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OIWFS and LOWES Limits

http://www.gemini.edu/sciops/instruments/gpi/instru ment-performance?q=node/12166

GPI limiting magnitudes are determined by several components, the Ol WFS (I-band), the LOWFS
(H-band), and the IFS (selected science filter).

In addition the observing conditions add another layer of limits. Thus the brightest of the science
object is limited in I-band from the AOWFS, in H-band from the LOWFS (not a constraint in DIRECT
mode as then no coronographic mask is used and no LOWEFES is possible).

Maximum brightness Minimum brightness
[mag] [mag]

I-band (AOWFS) 1 9.0

H-band (LOWFS)’ 1 9.0

*Only valid in Coronographic mode, in the Direct mode there is no LOWFS and thus no
constraint imposed by the LOWEFS.
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OIWFS and LOWFS Weather Limits

http://www.gemini.edu/sciops/instruments/gpi/instru ment-performance?q=node/12166

The given magnitude limits for the AOWFS and the LOWFS (if used) should be modified in the
following way for worse than 1Q70 CC50 conditions:

Decrease of faintness limit [in

Observing conditions ) ok
& magnitudes]

Q70 CC70 1.5
1Q85 CC50 1.5
1Q85 CC70 3

“Note that the decrease in magnitudes is ONLY applied to the faint end, it does
not mean that brighter than normal targets can be observed. This is to make
operations safe and avoiding locking on noise in the control loops.
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IFS Limiting Magnitudes

http://www.gemini.edu/sciops/instruments/gpi/instru ment-performance?q=node/12166

The selected observing mode is strongly affecting the brightness of the target that can be observed
with the IFS without saturating in the selected science wavelength by the IFS.

The principal four modes (each that can be done in all the filters Y, J, H, K1 and K2) are
Coronographic Spectroscopy (the "-coro" modes), Coronographic polarization (the "-coron-pol"
modes), Direct (the "-direct") observations with either spectroscopy or polarization. Note that this
limit is applicable to the relevant science wavelength.

Observing Mode Maximum brightness [mag]
[Y...K2]-coro 1

[Y...K2]-coron-pol 3

[Y...K2]-direct 8

[Y...K2]-direct-pol 11
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IFS Limiting Field of View

The GPI IFS has a field of View of 2.4"x2.4"

 Always centered on the OIWFS star
* NO offsets allowed in the IFS
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Coronographic Mask/Mode
http://www.gemini.edu/node/11550

The tables below list the properties of the standard GPI coronagraphic configurations.
GPI will automatically select appropriate apodizer, focal plane masks, and Lyot stops for each

wavelength.

Configuration Filter Wavelength range Spectral Coronagraph focal
(1/2 power resolution plane mask
bandpass, (per 2 pixels) diameter (mas)

microns)

Y-coron/coron-pol Y 0.95-1.14 34-36

156

J-coron/coron-pol J 1.12-1.35 35-39

184
H-coron/coron-pol H 1.50 - 1.80 44-49

246
K1-coron/coron-pol K1 1.9-2.19 62-70

306
K2-coron/coron-pol K2 2.13-24 75-83 306

Thus the choosen mode will set three important parameters for feasibility:
1.Inner Working Distance

2.Spectral Resolution

3.Wavelength range
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Coronographic Mask/Mode

1. Inner Working Distance
1. Objects can NOT be seen within the inner working distance

2. Spectral Resolution
1. Narrow lines not feasible

3. Wavelength range
1. Can’t go outside the band
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Performance

http://www.gemini.edu/sciops/instruments/gpi/instrument-performance?q=node/11552

GPI Performance has one fundamental parameter, which is the measured
Contrast.

Nominally this is simple but varies with:

I-band magnitude mm) Limits OIWFS

IQ (nominal performance for IQ70, NO guarantee on performance in 1Q85)

Airmass » Nominal performance ZD=<40, allowed <=50

Size of the object Extended objects <<2”

Peak contrast reached ~0.3-0.4” from the object
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Performance Assessment Checks

¢ 1Q

* Pl loosens the constraints but still uses Contrast for 1Q70

e Airmass
* PIT has “built-in” constraints but it means that Dec ~< +15 and Dec >~ 75
» For the semester the target must be above the ZD~45 for at least 2h to be suitable.

« Size of the object
» Contrast less for extended object, work in progress on details
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Performance Assessment Checks Il

 Peak contrast reached ~0.3-0.4" from the object
* Contrast drops sharply within this distance
« DIRECT mode is still work in progress on contrast but expect at a minimum one
order (2.5 mag) worse contrast.
» Postprocessing works great, but not more than ~3 magnitudes
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Various ltems

1. Acquisition must be done for each requested mode (15m)

2. NO change of modes inside an observation, this includes filters.

1. Baseline calibrations includes:
1. PSF standards
2. Telluric cancellation standards
3. Polarization standards
2. Close binaries are NOT allowed:
1. Affects OIWFS
2. May also saturate the IFS as the second is unblocked (direct)
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Phase Il Checking

OT has a lot of built-in checks on

Target Environment

magn'tUdeS and mOdeS. But Use this compenent to enter the base position and wave front sensor targets for this observation.

sometimes issues slips through. B T S ™

Dist

Common issues:
1, Y, J, H, and K must have
defined magnitudes
* Proper motions are critical, the

0

463

445

4.27

416

417

OIWFS has a field of view of ~1” & * = = @&
and thus wrong proper motions Nerme o14e36 |~
SIOWS down aCQUISItIOH, most RA [16:27:48190 | pec |-08:2218.22 |

Brightness Proper Motion

stars that GPI can observe have sapo ] meshenr
pPRA>0 and pDec>0 . .
 For the same reason accurate . Y

source coordinates are "

important, use the search when
possible.
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Planet I
Phase I

» Cassegrain angle ONLY 0.0 (no longer visible to the end-user)
* Observing Mode must be selected.
» Choose Prism or Wollaston

= A PEA PN S e .
I\\_j '\‘ Z ‘_[ | | { J l_, L / ” -—j e

GPI Instrument

The GPIinstrurent is configured with this component.

[] Astrometric Field

Observing Mode | Coronograph J-band -
Disperser |Prism b ADC |In -
Half Wave Plate Angle [Manual -
Cassegrain Angle (0.0 deg E of M
Exp Tirne |1.49 SEC Coadds (10 exp/obs
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Phase Il Checking

» The iterator is basically practical only for looping through exposure-times and

coadds settings.

Actually we are looking at deprecating the looping in the sequencer as standard

observations are not using the feature.

- [ [639] IR Lamp Flats - K2 direct YWYYMMDDUT 2| |Heration Configuration

(2 Iterns, 4 Steps)

- = [587] ¥ Thermals: YYYYMMDDUT NOT Used

Coadds

Exposure Time

i

B

[ i [586] ) Thermals: YYYYMMDDUT NOT Used 7
[~ [585] H Thermals: YYYYMMDDUT NOT Used — ([
&1 [ [645] IR Lamp Flats - ¥ direct Pol YYYYMMDDUT 10
& [ [646] IR Lamp Flats - J direct Pol V¥YYMMDDUT

& [ [647] IR Lamp Flats - H direct Pol V¥YYMMDDUT

- [ [648] IR Lamp Flats - K1 direct Pol YYYYMMDDUT

&+ [ [649] IR Lamp Flats - K2 direct Pol YYYYMMDDUT

= [ [672] HIPG5241 A2m(C 1=5.77 DUMMY test
""" ﬂ Observing Conditions

- ull Targets (HIP 65241)

Eﬁ Sequence
B ﬁ GPI Sequence
oy Observe (2X)

4

149
100
1.49
100

I T I ]
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Observations are organized into Observing Groups. The APPLY skeleton will
automatically create these three sequences. Each group consists
of three components:

1) Align and Calibration: ONLY for internal calibration purposes. Should not be
edited by the PI.

2) ARC sequence for prism mode (no arcs for Wollaston/Polarization): Arcs
being taken in the science band, though for K1 and K2 the arc is taken in H as
K1 and K2 arcs would require ~0.5h instead of the 60s in H. Should not be
edited by the PI. The arc is used by the pipeline to do a proper flexure
correction.

3) Science sequence: Pl should ONLY adjust the exposure time and coadds,
and the number of observes to get the total desired time.

Gemini Observatory are taking arcs, flats, telluric standards,
spectrophotometric standards, darks and astrometric fields as part of the
standard sequence. The Pls don’'t need to add any calibrations, if added they
are all charged to the PI allocated time.
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Gemini Planet Imager

[ Sclence Program Editor - [GS-2014B-Q-502] GPI Test Program - Gemini (Gemini South) %
File Edit View Go Tools Help
B
a® ¢ 2 » Kb @ It t Bl e @
Open Prev Back Forward Nest | Cub Copy Paste | Plot Image Libraries  Apply Reapply — Que Corflict Syne

Gemini Science Program

Program information taken from the Phase 1 proposal.

| Obsarvation || - | COMPLETING PHASE I
E (R Program Tite [GPI Test Program
& HR 732 - [L7] GPI Wollaston Coronograph k2-band -
& [ 1731 GPI Acquisition Program Referernce G5-2014B-0-902 (Queus)
P = HE GPI TOO Status None Notify Pl vl Active  [| Completed
E Group i bserving Conditions
Targets (HR 732) Principal Investigator / Contact
E s bsening Log First Name [Fredrik | tast Neme [Rantakyro |
el 24 sequence St Phana| |
Note &- [l [74] GPI Science il s
4 + aPl Pi f PC Emall [frantakyro@gemini.edu |
bsenving Condtions g ]
- Targets (HR 732) Jtorsact Sl
k e ; bserving Log Contact Sci, Email
Component i
Asequence i e
@ 1R 798 - [1] GPI Wallaston Non Redundant Mask KL B IIme
@ 1R 817 - (L6] GPI Prism Coronograph H-band Planned Used
- W 1R 606 - [2] GPI Wollaston Non Redundant Mask | Erec i Program Partner  Allocated  Remaint..,
iterator & HR 733 - [10] GPI Wallaston Coranograph H-band 0114258 014259  00:00:00 00:00:00  00:00:00  00:00:00
@ 1R 584 - [11] GPI Prism Coronograph K2-band
File Attachment | Sync History |,
@, Hame | size Last Modified (UTC) | Description MGO Check?
Observe

| [Deseribe | [Mark checked

Show

@ The database in which this program should be stored has not been specified. Click 'Sync' in the toolbar to assign the database to use.
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N -
A~y
" - Science Program Editor - [GS-20148-Q-902] GPI Test Program - Gemini (Gemini South) il
File Edit View Go Toos Halp
@ 5 ¢ . i
a¥<¢ > »|4h @ @ @ % @
Open Frev Back Foward Net | Cat Copy P Plot image Lioraries  Apply Reapply fict syne
| GPI Instrument 9
5 L TR o e, The Gl irstrument is configured vith this componert i
Observation || | COMPETING PHASE I
L [l Templates
®HR 732 - [17] GPI Wolastor Caronograph k2-hand [ Astrometric Field
= & ‘._73%;” AcgHigtien Obsening Mod | Coroncgraph k2band £
Group - B Obsenving Conditions
Targets (HR 732) Disperser [Wollaston vl ADC In =
- 8 Obsenving Log .
e & 2 Sequence |00 deg
fote 1B 1741 6PI Science
o GFl
BpTmelae  |esc Coadds[t explobs
: — ; O
LB - MTargets (MR 732)
¢ - M Oksenving Log
omponert ;
Asequence
HR 798 - 1] GPI Wollaston Non Redundant Mesk K1
) R 517 - [16] GPI >rism Coronograph Hband
A, 8 HR 606 - [2] GPI Wollaston Non Redundant Mesk |
Iterator ||q. & HR 733 - [10] GPI Wollastor Caronograph H-banc
1R 684 - [11] GPI 2riem Coronograph K2-band
Observe
Show|
& The databzse in which this program should be stored has not been specied, Click Syrc' in the <oalbar ta assign the database to use

Science Program Editor - [GS-2014B-Q-902] GPI Test Program - Gemini (Gemini South)

Valis Coronograph K -band

Note
Obsening Carditions
A, A Targets (HR 732)
= Obsening Log
Comocnent e fsexconse
 HR 793 - 1] 63 Walletcn Non Recundent Mas< i
, B HR 817 - [1€] GFI Prism Coronograph Hbard
Bv Lo @R 605 2 62 iolasten Hon Recunden Masc
erator g @ HR 733 - [1C] 6F1 Wellaston Coancgrapn Heband
B HR 634 - [11] 51 Prism Corenograph k2-band
@,
Onsene

Show

& Tre database in wrich this p-ogram should b stored has nct baen specfed Clid

lcaronograph k2 band
STAR

0 Tine WA sec  Coacd:

Syne i the zoolbar o zesign te detebase o use,

8l Entrance Sauiter |Oper

fla Bt View %o Teols Help
» & % 49 7 &
ag¢ > ®» gho M i 8 @
Open Frev Back Fonard Neit | Cut Gopy Paste Pt Image Lbraries | Apply eapoly Comit Syne
GPI Instrument 5|
WAooy Tre 6P nstrument is configured wth his compenent e o ] Anys restare M: M2 model fom tared mocel [
et VPLETHG PHASE] H
(51 Templatze 2
- B HR 732 - [17] &1 Wellaston Coroncgrapn k2-bard [ Agzrometric Fisld Entranca Sawttar |Oper v oo B
-l 731 2P Accisition 3
L 8 ]GP‘ i Oksening Modz | Coror ggraph Seience Am Sttr |Oper N Aficia S0Urce [ \igble Laser amp L
Group e oronograph Vband
2 oo Refarance Am Snutter [Oper - Eline
g (R 70) ~ioagreer [Coronograph pbard wefn 4 [* P [0 Super Cortinuun Larp
lcoronograph Hbard

Apadizer @;ﬂ 55 W
FPM [FPM KL !
Lyot[ogomz0r

Pupitanea

i Us2 AZ l000

V] Use caL lop

Manual editing of a science component requires:

Choose the meta-mode (right picture)
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Choose either Spectroscopy (Prism) or Polarization (Wollaston
Choose Exposure time and coadds based on target magnitude
Set number of observes to suitable number




T GEMINI OBSERVATORY. - cgemtrize:

Core Science

» Direct dete

e Luminosity sms

» Exploration
Map5<al
e Core accre
 Compleme

e Spectrosc

Fredrik T Rantakyro Staff Talk August 18th 2013



Tl GEMINI OBSERYATORY, gz

Core Science Il

« 300 < T4#/K < 500 be ondensation of debris

disks

e Occurrence, morphol

e Small solar system bo f icy moons

» Asteroid moonlets

Fredrik T Rantakyro Staff Talk August 18th 2013



Exoplanet Discovery
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exoplanets.org | 7/9/2013
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Exoplanets in Context

exoplanets.org | 2/3/2012
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Neptune

1.495% pm



Beta Pictoris b

GPI H Band Nov. 2013 60 sec
H band — Dec. 2010

Gemini Planet Imager Gemini NICI

60 seconds 3952 seconds



HR 4796 A

HST/STIS
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1.00 arcserc
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1 0 —1
RA Offset (arcsec) GPI

- Confirmation of basic ring geometry (=0.05, i~77 ° )
- Offset of ring center w.r.t star, as previously suggested
- Narrow ring, evidence for “streamers”?

- Moderate preference for forward scattering



GPI Data Pipeline Documentat — GPI Data Pipeline 1.1.1 documen
X " | # Laks planetimager.org <
e Bir K e e STSci* SIMBAD ads Vizler NSWED astro-ph GPI~  (Open in Papers) Saved Tabs = Baltimore ~
Cal Files olortlap s Blick Zoom Imagelnfo Options
eling | 1% 1
e | documentation next  index
Facipe Editar

e : : 5 - : R .
e | {0 _ i : : ; ;i ) GPI Data Pipeline Documentation

futo-Reducer
The Gemini Planet Imager Data Pipeline allows transformation of

it - . 3 = e raw data from GPI into calibrated soectral and polarimetric data
0l por condd i ) : : » Distern cupes, It also provides some basic capabilities for PSF suppression
— = . —= through differential i\?‘\aging. and for astrometry and
spactrophotometry of detected sources.

ZoseFit| Conter ? 547 Show Cube Slices

Software and documentation hy: Marshzll Perrin (STScl), Jéréme
Maire (University of Torontol, Patrick Ingraham (Stanford), Dmitry
Savransky (Corn Zack Draper (U Victoria), Michael Fitzgerald
(UCLA), Christian Marois (NRC) , Max Millar-Blanchasr (Toronto),
Abhi Rajan (ASU), JB Ruffio (SETI, ISAE), Naru Sadakuni (UCSC and
Gemini), Jason Wang (Berkelay), Schuyler Wolff (JHU), and other
members of the GPI Data Analysis Team. Please see the Enter search terms or a module,
its for a complete list of contributors, and the class or function name.
or lurther details.

Table Of Contents
Acknowledging the GPI Pipeline in Publications: Users of the GPI

cata pipeline should one of the following: GPI Data Pipeline

Calibrations |: Overview of the GPI data analysis

S pectral d ataCu be pipeline’, 2014 (in preparation, for SPIE meeting)

08 12 ’ Getting Help: The main channel or support of this software is the

Angular separotion

Gemini Data R um. Please post questians there and
mark them with the tag gpi. Members of the GPl data analysis team
manitor that farum to help support the Gemini community in using
GPI. Contributions of improvements to the software or this
cocumentation are very much welcomed.

AIDLL 7 4 BDetector - b | xterm. . Goowiw JMVNC conlig sl A XTem: u may wish to see w in the latest version or jump to

the ¢

User-friendly reduction, calibration, & analysis for
high contrast integral field spectroscopy and polarimetry.

Transforms raw data to calibrated datacubes in spectral and polarimetric modes.

Runs in real-time at Gemini South providing automated quicklook data cubes for observers,
and is available open source for users to perform their own publication-quality calibrated
reductions.

Available from http://planetimager.org/datapipeline

Overview in Perrin et al. 2014 SPIE (in prep) + ten associated SPIE

papers on calibrations and algorithms




GPI| Data Analysis Team SPIE
Papers

GPI observational calibrations I: Overview of the GPI data analysis pipeline. Perrin et al.
GPI observational calibrations II: Detector performance and calibration. Patrick Ingraham et al.

GPI observational calibrations Ill: Empirical measurement methods and applications of
high resolution microlens PSFs. Patrick Ingraham et al.

GPI observational calibrations IV: Wavelength calibration and flexure correction for the
integral field spectrograph. Schuyler Wolff et al.

GPI observational calibrations V: Astrometry and distortion. Quinn Konopacky et al.

GPI observational calibrations VI. Photometric and spectroscopic calibration for the
integral field spectrograph. Jerome Maire et al.

GPI observational calibrations VII: On-sky polarimetric performance. Sloane Wiktorowicz et al.

GPI observational calibrations VIII: Characterization & Calibration using satellite spots. Jason Wang et
al.

GPI observational calibrations IX: Least square inversion flux extraction. Zachary Draper et al.

GPI observational calibrations X: Non-redundant masking on GPI. Alexandra Greenbaum et al.
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