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Conceptual design of f/11 MagAO-X optics with Coronagraph 

f/11 guider 
(active 
optics as 
needed) 

Upper Bench 

Floating 6’x4’ lower table 

M3 at  
Magellan 

f/11 
secondary 
on 
Magellan 

ALPAO woofer + 2000 
actuator BMC Tweeter 

Coronagraph -> SCIENCE 

MagAO-X Summary: 
 
~80% Strehl at 0.65 
microns + PIAACMC 
coronagraph with 
Contrasts of 10-5-
@50 mas and 10-6 
@150 mas on a 5th 
mag star in median 
conditions. 
Also can feed MKID 
or RHEA IFS R=60,000 
(PI Ireland)   

PWFS 

MagAO-X in its f/11 mode is a normal 
f/11 instrument 
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550.6 
mm 

787.4 
mm 
(31 inch 
table 
Height) 

127 mm (5 inch) beam height 

Side view of MagAO-X 
Floating Table with upper  
Bench 

Upper 2’x6’x4” TMC research grade optical 
breadboard (aligned with Table) Lower 6’x4’x1’ TMC research 

grade optical top 

9.6mm air gap between table and f/11 guider for 125mm back focal dist.  

GUIDER 
FACE-ON 
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100mm 

f/11 F=143.55 
OAP0 angle 65 Tweeter DM (pupil)  

48x47 act. 
(19.2x18.8 mm 
 – angle incidence  11.716 
deg.) 
 

f/16.16 focus  

Upper Bench 6’x2’ 

F11 guider 

f/11 mask 
Also reimaged primary 
Distance ~144mm (TBC) 
from OAP0 

f/11  
scope  
focus 

Light in from f11 

 

      K  
mirror 

 

Turbulence 
gen. 

Optional eyepiece 
focus 

Note the first 2 mirrors 
are tip tilt motorized and 
one is ~100Hz PI 330 for 
fast pupil alignment 

~50o upper fold flat to bottom 
fold which is exactly  
573.6mm away  (550.6 mm 
straight down and 161mm in 
Y). So the angle down is  16.28 
degrees in the “Y” direction 
off of straight down. So the 
hole in the bench must be at 
least .  
 

4inch dia. 
Laser hole in 
bench 

Zemax design in Green – agrees with our analytical optical design, OAPs and pupils correct in 
ZEMAX.   
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OPTICAL DESIGN  
• Zemax design by Oli Durney (Senior Optical Engineer Steward Observatory) 

from initial analytical design  
• The design is all reflective (save the ADCs) 
• All the powered optics are OAPs (eliminates ghosts and chromaticity)   
• The ADC design is diffraction-limited from 1-2 airmasses and from 0.6 to 1.8 

microns. The ADC is commonpath with the PWFS and the science cameras. 
• The design was first analytically done by Laird Close and then done with zemax 

by Oli Durney. Both designs are in excellent agreement. 
• The true aperture stop (the primary mirror) is relayed to the Woofer pupil to 

the Tweeter pupil to the first coronagraphic pupil to the Lyot stop.  
• The first coronagraphic focal plane is f/67 and is the location of the 

coronagraphic mask  
• The final focal plane is after the Lyot stop and is also f/67 yielding a 6mas/pixel 

platescale on the Ultra 888 science camera. 
• The optical quality of the on-axis beam has a Strehl 100% (with perfect optics) 

over any broad band astronomical filter that we would use (such as r’,i’,z’,J, H).    
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Shaded Model of f/11 + MagAO-X 

6 
Zemax File: Tele2.1 Relay1.0 Peri2.0 ADC1.1a OFD7.1.zmx 

1.3m f/11.02 
secondary  

6.5m Primary 
(stop) 

MagAO-X 
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Greg. f/11.02 Focal Plane from Magellan 

(f/16.16) focal plane (can be also used 
with MagAO’s ASM if not used in f/11 
mode) 

OAP 0 

Tweeter DM 
Pupil Plane 

Woofer DM 
Pupil Plane 
(image of 
primary) 

Upper Bench Optical Design (on-axis) 

7 

Periscope 
Mirror 1 

Zemax File: Tele2.1 Relay1.0 Peri2.0 ADC1.1a OFD7.1.zmx 

Periscope 
Mirror 2 

Fold Mirror 1 

OAP 1 

OAP 2 

OAP 3 

Bench  Fold 
Mirror 1 K- Mirror 
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Greg. Focal Plane 

ASM Focal 
Plane (f/16) 

OAP 0 

Tweeter DM 
Pupil Plane 

Woofer DM 
Pupil Plane 

Upper Bench Optical Design (10” FOV) 

8 

Periscope 
Mirror 1 

Zemax File: Tele2.1 Relay1.0 Peri2.0 ADC1.1a OFD7.1.zmx 

Periscope 
Mirror 2 

Fold Mirror 1 

OAP 1 

OAP 2 

OAP 3 

Bench Fold 
Mirror 1 K- Mirror 

Full Field 
(FOV=10 
arcsec) 
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Ultra 888 
Focal Plane 

Int. Focal 
Plane (f/57) 

PI S-331 Pupil 
Plane 

Lower Table Optical Design On-Axis 

9 

Fold Mirror 2 

Future DM 

ADC 

Zemax File: Tele2.1 Relay1.0 Peri2.0 ADC1.1a OFD7.1.zmx 

OAP 4 

OAP 5 #1 

OAP 5 #2 

OAP 5 #3 

Int. Focal 
Plane (f/69) 

9mm Lyot Stop Pupil 
Plane 

Fold Mirror 3 

Breadboard 
Fold Mirror 2 

Fold Mirror 4 
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Ultra 888 
Focal Plane 

Int. Focal 
Plane (f/57) 

PI S-331 Pupil 
Plane 

Lower Table Optical Design with PWFS 

10 

Future DM 

ADC 

Zemax File: Tele2.1 Relay1.0 Peri2.0 ADC1.1a OFD7.1.zmx 

OAP 4 

OAP 5 #1 

OAP 5 #2 

OAP 5 #3 

Input PWFS 
(f/69) focal 
plane 9mm Lyot Stop Pupil 

Plane 

Fold Mirror 3 

Breadboard 
Fold Mirror 2 

Fold Mirror 4 

Lauren’s PWFS 
optics here 

PWFS fold 
mirror 

53o 
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Ultra 888 
Science 
Camera Focal 
Plane 

Int. Focal 
Plane (f/57) 

9mm 
Coronagraph 
1st Pupil plane 

Lower Table Science Full FOV 

11 

Fold Mirror 2 

NCP LOWFS 
DM 

ADC 

Zemax File: Tele2.1 Relay1.0 Peri2.0 ADC1.1a OFD7.1.zmx 

OAP 4 

OAP 5 #1 

OAP 5 #2 

OAP 5 #3 
(only powered 
NCP optic but 
after 
coronagraph) 

1st Coronagraph Focal 
Plane (f/69) – possible 
LOWFS feed 

9mm Lyot Stop 2nd 
Pupil Plane –
possible LOWFS 
feed 

Fold Mirror 3 

Breadboard 
Fold Mirror 2 

Fold Mirror 4 

Full Science 
Field (FOV=10 
arcsec square) 

Beamsplitter to pick off science 
light away from PWFS path   
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Int. Focal 
Plane (f/57) 

Bench to Table Periscope 

12 

Breadboard 
Fold Mirror 2 

OAP 3 

Zemax File: Tele2.1 Relay1.0 Peri2.0 ADC1.1a OFD7.1.zmx 

Breadboard 
Fold Mirror 1 

• Compound angles for both BBFM1 & 2 result in 
an exit beam that is parallel with the input beam 
plane but shifted 550.6 mm lower, 161 mm out-
of-the-page, and rotated in its output direction 
vector 
 

• the output beam is also rotated about the 
optical axis with respect to the input beam by 
~63˚ in the clockwise direction. 

F 
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Spot Diagrams for Zenith Z=40° w/ ADC 

13 

No ADC Correction ADC Correction (Current Design) 
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ADC Prism Design Layouts 

14 

Current ADC Design 
• φ = 14 mm 
• S-PHM53, S-TIM8, N-KZFS4 
• CT = 5.0, 3.0, 4.0 mm 
• θ = 57.785°, 65.474° 

 

New ADC Design 
• φ = 18 mm 
• S-PHM53, S-TIM8, N-KZFS4 
• CT = 5.0, 3.5, 3.5 mm 
• θ = 73.687°, 0.260° 
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Spot Diagrams at Focal Planes 

15 
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Spot Diagrams at Pupil Planes 

16 
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ASM Focal Plane (f/16) Int. Focal Plane (f/57) 

Ultra 888 Focal Plane Int. Focal Plane (f/69) 

PSF at Focal Planes 

17 
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Woofer DM Pupil Plane Tweeter DM Pupil Plane 

9mm Pupil Plane PI S-331 Pupil Plane 

PSF at Pupil Planes 

18 
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