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Optical Design ð Feasibility Study  

Telescopes: 

Å 1 mirror 

Å 2 mirrors 

Å 3 mirrors 

 

Spectrographs: 

Å low-res + high-res 

Å triple resolution 

Å massively replicated optics 
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Telescope  Optics  ð Requirements  

Minimal requirement list 

Telescope diameter 10 m (segmented) 
Field of view  1.5 deg2  (hexagonal) 
Vignetting  <15% 
Wavelengths  370 ς 1300 nm  
Image quality  EE80D <0.45 arcsec (FWHM ~0.3) 
ADC   always installed 
Zenith angle  60 deg (maximum) 
Telecentricity  <3% pupil mismatch 
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Telescope  Optics  ð 1 mirror  

Å <F/2 primary mirror (ñshort telescopeò) 

 

Å  WFC optics analyzed in 2010:  

Å4 lenses WFC (no ADC) 

Å5 lenses WFC (no ADC) 

Å6 lenses WFC (no ADC) 

 

ÅSubaru HyperSuprimeCam WFC 

design (5 lenses + ADC) used as 

starting design 

 

19.5-m 
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1 mirror telescope current design  

Å Telescope   F/2.1  

Å Primary mirror    F/1.83 hyperboloid 

Å Field of View   1.5 deg2 

Å Vignetting   13% max. 

Å Wavelengths   370-1300 nm  

Å Focal plane    slightly convex (12m radius) 

Å ADC     lateral-shift 

Å Zenith angle range  0 ï 60 deg 

Å RMS spot diameter    0.2ò ï 0.5ò 

Å Encircled Energy 80% diameter  0.35ò (average, 0 zenith) 

                  0.45ò (average, 60 zenith) 

Å Throughput (WFC only)  ~90% (average) 
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1 mirror  tel. ð Primary  Mirror  

Å segmented primary (ELTs heritage) 

Å 1.45-m segments as best trade-off 

Å 60 segments (10 classes) 

Å 82 m2 geometrical collecting area 

 

(credits: TMT studies) 
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1 mirror  tel. ð Wide Field  Corrector  

Å ñ4+2ò lens design 

Å 4 aspherical lenses (Silica/F2) 

Å ADC (BK7/LLF1) lateral type 

Å 1.2-m maximum diameter 

Å protection window 

Å 590Kg optics only 

Å 13% vignetting (30% with 1-m lenses) 

Å small telecentricity 
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1 mirror  tel. ð Image  Quality   

EE80D 
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Telescope  Optics  ð 2 mirrors  

Å Two mirrors offer a shorter telescope 

Å Natural f-ratio (F/3.6) matched to bare fibers 

Å Large secondary (2.35-m diam.) 

Å 3 aspherical corrector lenses 

Å ADC (two counter-rotating double-prisms) 

Å RMS spot diameter 0.15ò ï 0.3ò 

Å EE80D <0.32ò (0.16ò  FoV<1 deg) 

Å Throughput ~92% (average) 

Å Vignetting ~15% (large obscuration) 
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Telescope  Optics  ð 3 mirrors  

Å LSST-like too fast (F/1.2) 

Å F/2.5 Rumsey design with ~25% vignetting 

and 0.5ò-0.7ò spots designed 

Å no space for ADC 

 

 

Å Paul-Baker designs explored 

Å F/2.2 with 0.15ò spots rms over the whole FOV 

Å 20%-30% vignetting 

Å space reserved for ADC 

Å too large secondary/tertiary mirrors 

Å too many reflections Ĕ lower throughput 
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Telescope  ð Comparison  

Design Aperture 

Size, m 

Overall 

F-Ratio 

Plate Scale, 

arcsec/mm 

FoV, 

deg^2 

Vignetting, 

% 

EE80 diam., 

arcsec 

Comment 

One-

Mirror 

M1: 10 f/2.1 102 1.5 0% on-axis  

13% max 

off-axis 

<0.35 @ 0° 

zenith 

<0.45 @ 60° 

zenith 

Average over the 

FoV 

Two-

Mirror 

M1: 10 

M2: 2.4 

f/3.6 175 1.4 13% 

constant 

across the 

telescope 

aperture 

<0.22  @ 0° 

zenith 

<0.39 @ 60° 

zenith 

% vignetting 

based on a central 

obscuration of 3.6 

m dia. 
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Effective  telescope  area  
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Spectrograph optics  
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Spectrograph Concepts  

Å Separate LowRes, MedRed, HighRes spectrographs 
Å Combined Low-to-High Res spectrograph 
ÅMassively resplicated άǎƛƳǇƭŜέ ǎǇŜŎǘǊƻƎǊŀǇƘǎ 
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Other  examples  

Instr. Dtel 
(m) 

ll 
(mm) 

Rmax NMOS Fiber 
όέύ 

Beam 
(mm) 

Grating emax 
(tot) 

2dF 3.9 0.37-1.0 17,000 400 2.1 190 VPH 5% 

FLAMES 8.2 0.37-0.95 25,000 130 1.2 180 Echelle 9% 

Hectospec 6.5 0.36-0.92 40,000 240 1.5 260 Grating 10% 

FMOS 8.2 0.9-1.8 2,200 400 1.2 150 Grat.,VPH 10% 

HERMES 3.9 4 windows 28,000 400 2.0 195 VPH 10% 

APOGEE 2.5 1.5-1.7 22,500 300 2.0 280 VPH 16% 

PFS 8.2 0.37-1.3 4,500 2400 1.1 280 VPH 18% 

4MOST 4.0 0.4-0.9 20,000 >1500 1.5 180 VPH 15% 
MOONS 8.2 0.8-1.8 7,000 1000 1.05 265 VPH - 
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Spectrograph  ð Requirements   

Telescope diameter  10-m 
Fiber diameter  0.9 arcsec  (goal: 1.2 arsec) 
Wavelengths  370 ς 1300 nm (goal: 350 ς 1300 nm) 
Resolution   ϤнΩллл ς нлΩллл όƎƻŀƭΥ ϤолΩлллύ 
Simultaneous coverage full  (LR mode) 
   >l/7 windows (HR mode) 
Number of objects  800 ς 3200 (3200 only for LR mode) 
Total throughput[1]  >20%  (over 90% of all wavelengths) 
 
 

[1] it includes atmosphere, telescope mirrors, wide field corrector optics, ADC optics, fiber losses, spectrograph optics, and 
detector quantum efficiency. Entrance losses are not included, being seeing dependent. 
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Fiber  size  

Å trade-off between sky and target 

fluxes 

Å faint targets prefer smaller fibers 

Å larger fibers better suited for:  
Å extended objects 

Å bright objects 

Å poorer seeing conditions 

Å high-resolution high-multiplexing 

spectroscopy is very challenging 

on 10-m class telescopes 

 

Å Selected aperture 0.9ò 
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Spectrograph  

Triple -Resolution Concept  
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Pupil  Slicing   

for  High Resolution  (HR)  

мέ 165 mm лΦнрέȄмέ 660x165 mm 

IMAGE PUPIL 

165x165 mm 

лΦнрέȄмέ 

FIBER EXIT ANAMORPHOSER 

AFTER PUPIL SLICER 
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Spectrograph  ð Block diagram  HR  
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Filling the Large Pupil  

Low Resolution & High -Multiplex  

п Ȅ мέ 

4 x 165 mm 660x165 mm 

IMAGE 

PUPIL 

4 x Ø165 mm 

FIBER EXIT PRISM-PLATE 

AFTER PUPIL SLICER 

п Ȅ мέ 

п Ȅ мέ 
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Spectrograph  ð Block diagram  LR  
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Observing  Modes  

Mode Resolution 
VIS 

Resolution 
NIR 

Simultaneous 
Coverage 

Fibers 

LR ~2000 ~2000 Full 4xN 

MR-FC ~6500 NA Full N 

MR-HM ~6500 ~2000 2 windows l/7 
(in the visible) 

4xN 

HR ~20000 NA 2 windows l/7 
(in the visible) 

N 
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Grating  selection  
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First order  characteristics  

Parameter Value Note 

Telescope diameter 10-m 

Field of view 1.5 square degrees 
Fiber diameter 0.9 arcsec (155 um at F/3.5) 
Resolving power 2000 

6500 

20000 

LR mode 

MR-FC & MR-HM modes 

HR mode 
Spectral bandwidth 370 ς 1300 nm 

Simultaneous coverage Full (370 ς 1300 nm) 

Full (370 ς 850 nm) 

2 selectable windows l/7 

LR mode 

MR-FC mode 

HR & MR-HM modes 
Spectral Sampling 10 pixel 

4.5 pixel 

2.5 pixel 

Visible arms, LR & MR-HM modes 

NIR arm, LR & MR-HM modes 

Visible arms, HR & MR-FC modes 
Interspectra separation 7 pixel 

3 pixel 

Visible arms 

NIR arms 
Number of fibers 1800 ± 10% 

450 ± 10% 

LR & MR-HM modes 

HR & MR-FC modes 
Detectors 9kx9k, 10um CCD (8X) 

4kx4k, 15um FPA (4X) 

Visible arms 

NIR arm 

Efficiency 50% ± 5% (at peak) Spectrograph optics + detectors 
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Spectrograph  Layout  
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Entrance  


