
GMTIFS GMTIFS Information Day  - 31st August 2009

GMTIFS Overview

GMT Integral-Field Spectrograph
Overview

Peter McGregor

RSAA/ANU



GMTIFS GMTIFS Information Day  - 31st August 2009

GMTIFS Overview



GMTIFS GMTIFS Information Day  - 31st August 2009

GMTIFS Overview 25 m

8.0 m

GMT Primary Mirror Size

2.3 m

4m -> 8m was
challenging

8m -> 25m will be
even more challenging
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GMT Motivation

• Deliver better angular resolution
– Diffraction-limited operation

– Must correct blur due to Earth's atmosphere

– Require an Adaptive Optics System

• Collect more lightfrom faint object
– Same angular resolution as 8m-class telescopes

• GMTIFS will benefit in both these ways:
– High angular resolution observations of black holes in galaxies, forming stars...

– More sensitive measurements of distant forming galaxies
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GMT Science Drivers

• Planets and Their Formation
– Imaging of exosolar planets

– Radial velocity searches for 
exoplanets

– Structure and dynamics of proto-
planetary debris disks

– Star formation and the initial mass 
function

• Stellar Populations and Chemical 
Evolution
– Imaging of crowded populations

– Chemistry of halo giants in Local 
Group galaxies

• Assembly of Galaxies
– The mass evolution of galaxies

– Chemical evolution of galaxies

– Tomography of the intergalactic 
medium

• Black Holes
– Mass determinations in galaxies

• Dark Energy and the Accelerating 
Universe
– Baryonic oscillations at z > 4

– Supernovae at z > 1

• First Light and Reionization
– The reionization era

– First light galaxies
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GMTIFS Overview

• Laser Tomography Adaptive Optics (LTAO) instrument
• Near-infrared wavelength range: 1-2.5 µm

• Single object, adaptive optics corrected, integral-field spectrograph
• Primary science instrument

• Heritage of NIFS on Gemini North in Hawaii

• Narrow field, adaptive optics corrected, imaging camera
• Secondary science instrument

• Acquisition camera for the integral-field spectrograph

• Heritage of GSAOI on Gemini South in Chile

• Adaptive optics wave front sensors
• Tip-tilt-focus wave front sensor

• “Truth” wave front sensor

• Field de-rotation and pupil cold stop rotation mechanisms
• In-built flat field and wavelength calibration sources
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Integral-Field Spectrograph

Spaxel size (mas) 6 12 25 50 100

Field of view (arcsec) 0.54×0.27 1.08×0.54 2.25×1.13 4.5×2.25 9.0×4.5

GMTIFS Overview

• Spectral resolving power: R = 4000 – 5000 (� v = 60-75 km/s)
• Matched to high-redshift galaxy dynamics

• Significantly separates airglow emission lines

• Simultaneous measurement of any one of Z, J, H, or K bands
• Three pixels per spectral resolution => better airglow emission line subtraction

• Range of spatial sampling and fields of view:
• Galaxy dynamics: 0.05-0.10 arcsec sampling, > 2-3 arcsec FOV

• Black hole masses: Diffraction-limited sampling, small FOV

• Anamorphic optics for square spaxels on the sky

• FOV has 2:1 aspect ratio for on-detector nodding

• Detector size: 4096×4096 pixels
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Imaging Camera

• Single 5 mas/pixel image scale

• Field of view: 20.4 × 20.4 arcsec
• Matched to field of single-conjugate adaptive optics system

• Image shape changes radially with field position

• Range of broad- and intermediate-band filters

• Detector : 4096×4096 pixels
• On-Detector Guide Window capability

• Optics to view pupil cold stop
• Optimize instrument alignment to telescope

• Focal plane wave front sensor
• Minimize non-common path wave front error

GMTIFS Overview
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Adaptive Optics Corrected Integral-Field Spectroscopy

��������	
����	
��� ��������������������	������

���	����	������ ����
�

GMTIFS Overview

� �	�	��	 �!�� "	�	�#$��	���

$	 %&



GMTIFS GMTIFS Information Day  - 31st August 2009

GMTIFS Overview

GMT Instruments and LTAO
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Gregorian Instrument Mounting

AO instruments are always available on the upper Instrument Platform
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Gregorian Instrument Mounting

NOT a gravity invariant focus!  FIXED relative to telescope!
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Image of Sodium Laser Guide Star

Rayleigh scattered light

Light from Na layer at ~ 90 km

Max. altitude of Rayleigh ~ 35 km

GMTIFS Overview
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Laser Tomography Adaptive Optics

GMTIFS Overview

Focal Anisoplanatism
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Scientific Impact of 0.016" Images

LTAO in the H band, 1 hr exposure, Antennae at z=1.4
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Laser Tomography Adaptive Optics

• Asterism of six laser guide stars
– 1.2 arcmin diameter

• Adaptive Secondary Mirror (ASM)
• AO relay on Instrument Platform

– Takes ALL visible light

– 2.5 arcmin field of view

– Six LGS wave front sensors (50×50)

– Atmospheric Dispersion Corrector

• Up to three science instruments
– Tip-tilt-focus wave front sensor

– 1 kHz frame rate

– Truth wave front sensor (50×50)
– 0.1 Hz frame rate

– 2.5 arcmin patrol field
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GMT LTAO Control Hierarchy

Tel Pointing

Tel Focus

LGS WFS (6)

ASM Shape

1000 Hz

TTF WFS

ASM Focus

1000 Hz

ASM Tilt

Truth WFS

0.1 Hz

Reconstructor1

GMTIFS1



GMTIFS GMTIFS Information Day  - 31st August 2009

Expected LTAO Performance

Strehl Ratio Off-axis angle (arcsec)

0 6 12 18

J (1.25 µm) 0.56 0.42 0.21 0.07

H (1.65 µm) 0.72 0.61 0.40 0.21

K (2.20 µm) 0.83 0.75 0.60 0.41

GMTIFS Overview

Well-matched to IFS and imager, 
but little AO correction over TTF WFS field
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LTAO Sky Coverage Innovations

• Goal is 50% sky coverage at galactic pole

• TTF WFS will operate at near-infrared wavelengths
• Faint guide stars are predominantly red

• Allows adaptive optics correction of TTF guide star
• Open-loopMOAO correctionwith MEMS mirror –unproven!

• Transition Edge Sensors potentially offer read noise free operation

• Coarse spatial scale largely immune to tilt anisoplanatism
• May be able to use TTF guide stars to 3' radius

• Not currently accommodated

GMTIFS Overview
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IFS Operational Concept

• Slew to new object, set instrument position angle, 
track field and pupil rotation

• Propagate laser guide stars

• Close high-order LGS control loop @ 1 kHz
• Set NIR TTF WFS probe arm to guide star

• Expose TTF WFS for 10 s to define mean position:

• Reduce readout window, increase readout rate
• Close low-order TTF control loop @ 1 kHz

• TTF WFS probe blocks < 5" of science field

• Select imager and expose acquisition frame
• Offset TTF WFS probe to center science object in 

IFS field

GMTIFS Overview

5 arcsec

10 mm

100 µm

0.050 arcsec



GMTIFS GMTIFS Information Day  - 31st August 2009

IFS Operational Concept

• Select IFS and begin science sequence (4 × 900 s)

GMTIFS Overview

A AB B

9"

4.5"

IFS

TTF WFS 10"

20 mm

IFS � TTF WFS
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IFS Operational Concept

• Select wavelength calibration arc lamp

• Adjust lamp intensity

• Record lamp-on exposure and lamp-off exposure

• Select flat field calibration lamp

• Adjust lamp intensity
• Record lamp-on exposure and lamp-off exposure

• Insert spatial calibration mask
• Record lamp-on exposure and lamp-off exposure

• Block light path
• Record dark exposure

GMTIFS Overview
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IFS Improvements over NIFS

• Functional:
• Range of image scales/fields of view to address different science

• FoV has 2:1 aspect ratio to allow on-detector nodding

• Square spaxels using anamorphic optics

• Over-sampled spectrallyfor better airglow line removal

• Performance:
• Reduced scatter for improved throughput at short wavelengths

• Lower wave front error for better image quality

• 4x larger detector area, hopefully with lower read noise
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What is the Competition?

• Integral-Field Spectroscopy
• IRIS+NFIRAOSon 30m-diameter Thirty Meter Telescope

• EAGLE on European ELT

• Wide field, multi-IFU, NIR spectrograph with MOAO

• HARMONI on European ELT

• Single object, wide band, NIR spectrograph

• NIRSpecon 6.5m-diameter James Webb Space Telescope

• R=2700, 3"×3" FOV, 0.1" sampling, ~ 5 e read noise

• Imaging Camera
• IRIS+NFIRAOSon 30m-diameter Thirty Meter Telescope

• MICADO on European ELT

• Diffraction-limited NIR MCAO camera

• NIRCamon 6.5m-diameter James Webb Space Telescope
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Spectrograph Sensitivities

• 10 ks, 10:1, point source (Vega mag):

• 10 ks, 10:1, extended source (Vega mag/arcsec2):

Aperture Z J H K'

GMTIFS 0.025" 21.9 22.3 22.6 22.1

GMTIFS 0.1" 18.2 18.6 19.6 19.6

JWST 0.1" 24.3: 24.4: 24.4: 24.4:

Aperture Z J H K'

GMTIFS 0.1" 19.2 18.7 18.3 17.3

JWST 0.1" 16.4:
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Imaging Camera Sensitivities

• 100 ks, 10:1, point source, science exposure(Vega mag):

• 30 s, 10:1, point source, acquisition exposure(Vega mag):

Aperture Z J H K'

GSAOI 0.1" 24.9 24.9 24.4 24.6

GMTIFS 0.1" 26.0 26.0 25.5 25.7

GMTIFS 0.025" 27.5 27.5 27.0 27.2

JWST 0.16" 29.0 28.6 28.3 28.0

Aperture Z J H K'

GMTIFS 0.1" 22.8 22.8 22.3 22.5

GMTIFS 0.025" 24.4 24.3 23.8 24.0
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Summary

• For astronomers:
• GMTIFS will address many of the key science drivers for GMT

• It will be moderately competitive with similar instruments on other ELTs

• It will fully utilize the LTAO capabilities of GMT

• It will address key science without phasing the seven M1 segments

• For industry:
• GMTIFS is a complex instrument with many challenges

• It is an autonomous remote sensing instrumentthat looks up rather than down

• It will utilize many technologies that are common with space applications
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