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In the era of great surveys

LAMOST



What we want

• High resolution
• Full VIS and IR coverage
• High multiplex - 1000s
• High efficiency
• Big telescope
• Lots fo time

• Please fast and cheap.....

What we get



Feasibility

• 5k - 20k
• VIS + near IR
• 100s to few ks multiplex
• Medium efficiency

• 10 years or more 
• expensive machines



Previously in this show...

• The spec surveys - Vanessa Hill
• Gaia - Sofia Randich
• LAMOST - Haining Li
• Apogee - Ricardo Schiavon
• 4most - Marica Valentini
• SDSS-V - Jennifer Johnson
• GALAH - Sarah Martell
• MOONS, 4MOST - Luca Pasquini
•  ....



Some of the 
new tools



Fiber connectors: 
SpS side

Fiber connectors: 
PFI side
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● ~2400 spectra from 380nm to 1260nm from every single exposure
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Current statuses from engineering runs
● Fiber reconfiguration accuracy and reconfiguration time

● Typically 95%-tile is ~20-30μm (20μm or even better when it’s good: 20μm ≈ 0.2arcsec)
● The reconfiguration completes in ~130 sec (120 sec is the best record)
● Aiming at being “always the best”.

The measurement
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Total throughput assessed by latest data sets and pipeline

Thin line: Individual measurement
Thick line: Average on each SM 
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Examples of co-added faint galaxy spectra after 3-hour integration 

(By courtesy of Lupton+)12
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Queue mode operation by 
default where targets from 
multiple observing programs 
(including fillers) share a single 
focal plane to make the best 
use of the wide field and high 
multiplicity.



GMT First Generation

Hi-Res Vis Spec (G-CLEF)

AO-fed High-Res NIR Spec 
(GMTNIRS)
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Ex-AO Vis/NIR (GMagAO-X)

Wide-field Vis MOS 
(GMACS)

Wide-field Robotic 
Fiber Pos 

(MANIFEST)

Large Imaging 
(ComCam)

Direct Gregorian

AO-fed NIR Spec/IFS (GMTIFS)

Folded Ports and Gravity 
Invariant



GMACS  (GMT Multi-object Astronomical and Cosmological Spectrograph)
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• Collaboration: SAO/CfA, Institute Steiner (Sao Paulo)
• P.I.: Dan Fabricant, SAO.

• Phase: Final Design.

• Description:
• Wide-field (7 (sp) x 6 (disp) arcmin), high throughput, medium 

spectral resolution (R 1,000 to 6,000), multi-object 
spectrograph operating from 330 nm to 1000 nm.

• Natural Seeing + GLAO modes.

• Highlights:
• PDR: February 2024.
• Major changes since conceptual design:

• Improved structure (to meet flexure reqs).
• Higher throughput into the UV.
• Cryocoolers instead of LN2.
• ADC with excellent UV transmission to 330 nm.
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Science Case constraints

Time-domain science High rel. precision/repeatability/efficiency; large simultaneous 
wavelength coverage

Brown dwarf/exoplanet 
atmospheres (weather)

5’ FOV, blueward of JWST wavelength coverage.  High stability for transit 
spectroscopy.

Star/Star Cluster ages <2 Å resolution at Li 6708Å for age measurements; blue coverage (Ca HK)

YSO accretion rates simultaneous coverage of Balmer lines/break (365-656 nm)

Dwarf Galaxy dynamics Coverage of CaT (850 nm, R~5000); ~1 km/s velocity precision, high 
stability.  20’ FOV preferable

Stellar Abundances R~5000, blue/red wavelength coverage (370-540 nm; CaT 850 nm)

Redshift surveys 
(LSST follow-up)

High multiplexing, slitlength requirement: source density will be ~50-60 
arcmin-2. FOV as large as possible. Large simultaneous wavelength 
coverage to maximize efficiency.

Galaxy assembly, 
IGM/CGM studies

R~3000 and redder wavelength coverage for absorption line studies of z > 
1 galaxies.

Properties of Galaxies 
during Reionization 

Very red coverage (>900 nm for Ly-α at z > 6.5), higher resolution and 
high multiplexing/FOV helpful (~0.5-1 source/arcmin2)

GMACS Science Drivers
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GMACS Gratings: Link to Science 

n
m

Science Requirements Overview



GMACS
∙ GMT’s first-light multi-object optical spectrograph

 
∙ Wavelength coverage 330 to 1000nm in two channels (330-

630nm) and (630-1000nm)
 
∙ Resolution R~1000 to R~5000 with 0.7″ slit width
 
∙ Field of view is 7´ in the spatial axis, up to 6´ in the dispersion 

axis
 
∙ GMACS operates with a wide field corrector/ADC to minimize 

slit losses due to atmospheric dispersion and to allow long 
observations of a selected field.

 
∙ GMACS accommodates 17 on-board laser-cut slit masks for 

object selection
 
∙ GMACS also operates with MANIFEST, GMT’s configurable fiber 

optic adapter.  MANIFEST accesses a 14' field of view and offers 
up to R~10000 with mini IFUs.

 
∙ Plate scale is ~1mm/″ at the slit mask and ~0.29mm/″ at the 

detector



 MOSAIC  - the ELT Nasmyth Multi-Object 
Spectrograph

Wavelength coverage: 0.39 to 1.8 microns

MOSAIC will use the widest possible FoV 
provided by the ELT : ~40 arcmin² 

Two observing modes: MOS & mIFU

Resolution - VIS   4k

IR       4k 18k

HARMONI

Nasmyth A

MOSAIC

Nasmyth platforms  (30mx15m). 
This is where the large 
instruments are located



 MOSAIC concept  

All MOSAIC modes will be 
assisted by Ground-Layer 
Adaptive Optics using both 
Natural and Laser Guide
Stars.  TWO NIR 

SPECTROGRAPHS

 Telescope 
beam

 FRONT END SYSTEM 

TWO-ARMS VIS
SPECTROGRAPH



Observing modes & Bandwidth coverage  
• MOSAIC covers the full bandwidth from 0.39 to 1.8 microns
• VIS and NIR bandwidth are covered in a single exposure independently (not the same 

objects in VIS or NIR)
• 4 HR bands in VIS (can observe simultaneously two of them) and an HR in the H-band in NIR
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MOSAIC SC4/5 – Stellar Populations &  Galaxy Archaeology 

• Exploring the star-formation and chemical-enrichment histories beyond the 
Local Group. 

• Higher sensitivity (>8-10m class) - probe further down in the color-magnitude 
diagram, and to explore larger distances. In particular, MOSAIC will permit the 
measurement of physical  parameters for dwarf stars where current 
observations are limited to giant stars.

• Diagnostics based on several features: CaT,  Mg Ib triplet, G band. Low R~5000 
could be accepted, with high SNR>~20 

• The R~18000 of MOSAIC is enough to resolve the interesting species, in specific 
wavelength windows. Precision in abundance measurements.  

Multi-IFUs

High multiplex 
Near-IR

High multiplex 
visible



MOSAIC  Project Status     

MOSAIC Consortium
 24 Institutional Partners
 31 Laboratories
 13 countries
 ~350 members



• Cassegrain U-Band Efficient Spectrograph

300 - 400nm
single object
5k and 20k
slit fed
cassegrain





• The CUBES team:



• The CUBES team:



Instruments Summary

Instrument Description Wavelenght 
Range (µm)

Spectral Resolving 
Power Telescope / Modes Comment Current Phase

PFS High multiplex 2400 fibers, 
prime focus, wide field, 0.31 to 1.26 2,300 - 4,300 SUBARU Prime focus, campain mode Comissioning

GMACS
Wide-field, medium spectral 
resolution, visible light multi-
object spectrograph

0.33 to 1.0 1,000 to 6,000 GMT
Seeing Limited / GLAO

Higher throughput into the 
UV, multi slit, vph gratings Final Design

MOSAIC
Wide-field, medium resolution, 
VIS NIR multi-object 
spectrograph

0.39 to 1.6 4,000 ( 18,000 IR ) ELT
GLAO Multifiber + mini ifu Design Phase - B1

CUBES Single object UV mediun 
resolution 0.3 to 0.4 6,000 - 20,000 VLT

Seeing Limited
UV only - single object
electron etching grating

Passed Final Design 
Review



PFS 
2025

MOSAIC 
2034

CUBES  
2028

GMACS 
2033

2024 Time line (can and will change)




