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Visiting Lecturer SeriesSession Outline

ÅScience Instruments

ÅAdaptive Optics Overview (GMT perspective)

ÅLessons Learned
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Visiting Lecturer SeriesTMT Instrument & AO Systems Mounting
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Å Instruments are mounted on a 
gravity invariant Nasmyth platform 
that enables service access with 
the telescope at off-zenith 
elevation angles.

Å Tertiary mirror directs the beam to 
instruments.



Visiting Lecturer SeriesGMT Science Instrument Locations

ÅScience instruments mount 
within the body of the OSS

ÅField de-rotation for FP and 
DG stations

ÅGravity invariant mounting 
location on azimuth structure

ÅProvisions for instrument 
handling
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Visiting Lecturer SeriesMaximum Size GMT Instruments
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ÅThe maximum number of instruments:

ÅFolded Port:  3

ÅInstrument Platform (IP): 1

ÅGravity Invariant Station: 1

ÅAuxiliary Ports: 2

ÅDirect Gregorian: 4



Visiting Lecturer SeriesDevelopment Process

ÅScience instruments are usually developed by teams separate from the telescope team.

ÅThis is particularly true for general purpose facilities like the new generation ELTs.  

ÅInstrument requirements are determined by the Project from the flow down of science 
requirements.  

ÅThe Project also manages instrument interface requirements based on the system architecture 
and other systems engineering procedures that apply to instrument development.

ÅThe policies for funding instruments and conditions for their acceptance and use at the 
observatory are established by the governing Board.  This includes:

ÅGranting of time for assembly and commissioning on the telescope.

ÅObserver access (instrument team time, facility instrument, PI instrument, etc.)

ÅMaintenance and servicing

ÅSoftware support.

ÅInstrument lifetime

4/27/2017 Telescope Project Development 6



Visiting Lecturer SeriesGMT Generation 1 Instrument Candidates
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Visiting Lecturer SeriesGMT Instrument Modes & Deployment
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Stage GMT Mode Locationon GMT

1 G-CLEF Natural seeing, GLAO GravityInvariant Station

1 GMACS Natural seeing, GLAO DirectGregorian

2 GMTIFS LTAO/NGSAO Folded Port

3 GMTNIRS NGSAO FoldedPort

Future NIRMOS Naturalseeing/GLAO Direct Gregorian

Future TIGER AO (internal wfs) Direct Gregorian *

3 MANIFEST Natural seeing/GLAO DirectGregorian *

* Possibeshared port.
Instruments will be developed and deployed in 3 stages with possible 
future instruments identified.



Visiting Lecturer SeriesInstrument Transfer

4/27/2017 Telescope Project Development 9

ÅBridge crane in Auxiliary Building loads instruments on carts

ÅInstruments are transported on rails to the enclosure 

ÅEnclosure crane or pier lift inserts instruments in telescope

Transport cart

Summit Support Building

Enclosure



Visiting Lecturer SeriesInstalling DG Instruments
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ÅDG instruments are raised with a lift and inserted into the GIR from below.

ÅPlatforms in the OSS provide service access to installed instruments

Grade levelPier

Az structure

Pier lift

GIR

IMF



Visiting Lecturer SeriesFP Instrument Exchange
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ÅEnclosure crane lifts FP instruments through the observing floor hatch and 
sets them on the IP extension.

ÅInstruments are rolled onto the GIR with guides.

FP 

instrument

IP 

extension

Access platforms Hatch



Visiting Lecturer SeriesGIS Handling
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ÅGIS instruments are lifted through the observing floor hatch with the 
overhead crane and set on the observing floor.

ÅThey are then moved into place on temporary rails/cribbing or fork lift.

GIS 

instrument



Visiting Lecturer Series

Adaptive Optics
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Visiting Lecturer SeriesGMT Adaptive Optics Modes

ÅAdaptive optics are required in order to achieve the diffraction limit of an ELT.

ÅAdaptive optics techniques have been developed on the current generation of large telescopes but a 
scale-up of the hardware and algorithms including subaperturephasing will be required for ELTs.
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Deformable 
M2

Deformable 
M2

Deformable 
M2

Natural Guide Star AO (NGSAO) Laser Tomography AO (LTAO) Ground Layer AO (GLAO)



Visiting Lecturer SeriesGMT Observing Modes

The GMT is designed to operate in a variety of observing modes over a wavelength range starting at 
the atmospheric cut-off around 320 nm in the UV and extending up to 25 µm in the IR.  

Five observing modes are supported:
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Mode Features
FOV

(arc-min)
Wavelength 
(microns)

Image size

Narrow-field (NF) Natural Seeing
Å Non-AO mode
Å No corrector

7 0.32ς25 
Atmospheric seeing

Wide-field (WF) Natural Seeing
Å Non-AOmode
Å Uses the WF corrector at 

direct Gregorian
20 0.37ς1.0 

Atmospheric seeing
WFC/ADCoptical design

Ground Layer AO (GLAO) 
Å All focal stations
Å Naturalguide stars

> 10
Opticalto 
K-band

Ground-layercorrection
~10-30% FWHM reduction

Natural Guide Star AO (NGSAO)
Å Folded instrumentports
Å Bright on-axis guide star

limited by natural 
anisoplanatism

NIR/IR High Strehl (>75% K band)

Laser Tomography AO (LTAO)
Å Multi-laserguide stars
Å Tip/tilt focus ref. star

limited by natural 
anisoplanatism

IR Strehl ratio (>30% H band) 

AO modes proposed for other telescopes include Multi-conjugate AO (MCAO) and Multi-object AO (MOAO).



Visiting Lecturer SeriesGMT AO System Architecture
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