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MagAO-X Preliminary Design
Appendix Al —
Optical Interface to Magellan

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

MagAO-X in its f/11 mode is a normal
f/11 instrument MagAO-X Summary:

~80% Strehl at 0.65
microns + PIAACMC
coronagraph with

Contrasts of 10-
actuator BMC Tweeter @150 mas on a 5t

M3 at
Magellan

e
F mag star in median
Coronagraph -> SCIENCE conditions.

Also can feed MKID
or RHEA IFS R=60,000
(Pl Ireland)
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MagAO-X Preliminary Design

Appendix Al —

Optical Interface to Magellan Doc MagAOX-001
Date: 4/18/2017
Status:Draft v. 21

2_.)6mm air gap between table and f/11 guider for 125mm back focal dist.

585 mim

Side view of MagAO-X - - - G20 i -
Floating Table with upper
Bench
A
B i _ GUIDER
127 mm (5 inch) beam height =
FACE-ON
550.6
mm
787.4 'I'
mm
(31 inch -
table aniarline !: :I!:-::I'-.II-I:!_:-IIW Plalform 11& memn 144 mm L Illll-flf.l ?;::;I?T;I:Ilal.:ili?lt:.:a l
Height)
MAS Installation Clearance % Ca\le Chain Clearance NAS Assembly (learance

Upper 2'x6’x4” TMC research grade optical

Lower 6'x4'x1" TMC research breadboard (aligned with Table)
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LY e ¥ 100mm Doc MagAOX-001
scope [ £/16.16 focus OAP2 /16.16 )
: N [ F=303.8 20 degree
Woof focus %“* J .
ofer 13.5x13.05 m, |
Pupil 97-15 DM ﬂ F = OAP 3 f/57
15 deg. angle inei 6/fs B =1071.60
- angle incijq o F=1
enc @ ) &210.88 15 degree
~ _x_ P deg o 2 inches
f/11 mask ' <_('“"-f'f a
Also reimaged primary =/
Distance ~144mm (TBC) K f/11 F=143.55 Turbulence .
from OAPO mirror OAPOangle 65 1y cater DM (pupil) &
48x47 act. gen . 2 o U
(19.2x188 mm e
= le incid 11.716 T e
deagn)g € Incidence ~50° upper fold flat to bottom ’
' fold which is exactly 4inch dia.
573:6mm away (550.6 mm' Laser hole in
straight down and 161mm in b h
ote the first 2 mirrors Y). So the angle down is 16.28 ‘Aenc .........................
. . . degrees in the “Y” direction B i emassssssEEEESSESESEEEEEEESESSESSESEEESESEesSsEEsEEEEETasssREEEiE LA
are t'p t|lt motorlzed and off of straight down. So the Optional eyepiece
e~ ’ ’ hole in the bench must be at
one is ~100Hz PI 330 for Upper Bench 6'x2 el focus
fast pupil alignment
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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 /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 perfecjc 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

1.3m f/11.02
secondary

f, | |” \\\\\F \\\\
\\ ’I’ g" l \\ |

6.5m Primary
(stop)

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

6
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MagAO-X Preliminary Design

Appendix Al —

Optical Interface to Magellan Doc MagAOX-001
Date: 4/18/2017
Status:Draft v. 21

Upper Bench Optical Design (on-axis)

Greg. f/11.02 Focal Plane from Magellan

Periscope
Mirror 1 Periscope

Mirror 2 (f/16.16) focal plane (can be also used
with MagAQ’s ASM if not used in f/11
Fold Mirror 1 mode)
/ ;
X 3 4 -
[ ]
|

e
o
e

OAP 1
OAPO -
Tweeter DM - it OAP 3
K- Mi Pupil Plane Bench Fold
- vilrror Mirror 1

Woofer DM

Pupil Plane

(image of

primary) | f | : : 1 500 mMm

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

7/
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Upper Bench Optical Design (10” FOV)

Greg. Focal Plane

Periscope
Mirror 1 Periscope FU” F|€|d

Mirror 2 ASM Focal (FOV=10
Plane (f/16)
Fold Mirror 1 arcsec)
0y /V e
Tweeter DM W OAP 3
/'

Pupil Plane Bench Fold
K- Mirror Mirror 1
Woofer DM
Pupil Plane
| = = = = 1 500 mm

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

3
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Optical Interface to Magellan Doc MagAOX-001
Date: 4/18/2017
Status:Draft v. 21

Lower Table Optical Designh On-Axis

OAP 5 #2 —
Int. Focal
Plane (f/69)
. OAP 5 #1
9mm Lyot Stop Pupil —\
Plane
Breadboard
/ Fold Mirror 2
OAP 5 #3
— 1\
Int. Focal
/ Plane (f/57)
'
Future DM
| | Fold Mirror 2 ‘
Ultra 888 / Fold Mirror 3 Pl S-331 Pu% ADC
Focal Plane Fold Mirror 4 Plane

Zemax F

9
OAP 4

: Tele2.1 Relayl1.0 Peri2.0 ADC1.1a OFD7.1.zmx

> Page 9

| i = = i 500 mm



MagAO-X Preliminary Design
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Optical Interface to Magellan Doc MagAOX-001
Date: 4/18/2017
Status:Draft v. 21

Lower Table Optical Design with PWFS

Lauren’s PWFS

:?/%‘;t) "W optics here
OAP 5 #1
—\ plane

30
Breadboard

/ Fold Mirror 2

PWEFS fold d

mirror Int. Focal

/ Plane (f/57)

Future DM

PI 5-331 Pu% ADC

Plane

Zemax @& Tele2.1 Relay1.0 Peri2.0 ADC1.1a OFD7.1.zmx

10
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MagAO-X Preliminary Design
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Optical Interface to Magellan Doc MagAOX-001
[ Date: 4/18/2017
Lcwer I a ble SCIe I Ice I u I I I OV o -

OAP5#2

15t Coronagraph Focal
Plane (f/69) — possible

LOWES feed .

Full Science
9mm Lyot Stop 2" Field (FOV=1O
Pupil Plane - AP > #L arcsec square
possible LOWEFS — 9 )
feed

Breadboard
Fold Mirror 2
OAP 5 #3 —
7
(only powered [ 9mm nt. Focal
Coronagraph

Sfrer Plane (f/57)

NCP optic but \
coronagraph)

15t Pupil plane

‘ B Fold Mirror 2 A
Ultra 888 / b
Science Fold Mirror 3 i . .
Camera Focal Fold Mirror 4 Beamsplitter to pick off science \\\
Plane Zemax\EilékTele2.1 Relayl1.0 Peri2.0 ADC1.1a OFD7.1.zmx

light away from PWFS path 11

OAP 4 Page 11
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MagAO-X Preliminary Design

Appendix Al — °

Optical Interface to Magellan Doc MagAOX-001
r] ( : ( : Date: 4/18/2017

Breadboard _ . === mememmmmmmnanEs = [N OAPS3

Fold Mirror 1

e 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.

-

Breadboard ‘
Fold Mirror 2
\ Int. Focal
A\ Plane (f/57)
/ Zemax File: Tele2.1 Relay1.0 Peri2.0 ADC1.1a OFD7.1.zmx

200 mm Page 12
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Doc MagAOX-001
Date: 4/18/2017
Status:Draft v. 21

Spot Diagrams for Zenith Z=40° w/ ADC

OBJ:

No ADC Correction

0.0000 (deg)

+

P B +

WO 00~

» Om- |

4000.00

>

FRRKFEFHHERROOOO

~Nowuvb W

surface TMa- Ultra B88 Focal Plane

IMA: 0.033,

0.000 mm

ADC Correction (Current Design)

OBJ: 0.0000 (deg)

T T
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e
@

200.00

AN pd

_—
| ]
FHRRHRRHROOOO

NOV A WN

T i

"\_______________..o-"‘

IMA: 0.034, 3.951 mm

surface TMA- Ultra 888 Focal Plane

Spot Diagram

Spot Diagram

Magellan With /11 Secondary

2/16/2017

Units are um.

Field H 1

FMS radius : 620.382

GED radius : 1635.77

Scale bar : 4000 Reference

: Chief Ray

Airy Radius: 92.64 pm. Legend items refer to Wavelengths

Steward Observatory
933 N. Cherry Ave.
Tucson, AZ 85721

Tele2.1 Relayl .0 Peri2. 0 ADC1 . 1a OFDS.5.zmx
Configuration 7 of 7

Magellan With /11 Secondary

2/16/2017

Units are pm. Airy Radius: 92.65 pm. Legend items refer to Wavelengths
Field H 1

FMS radius : 12.594

GED radius : 30.627

Scale bar :@ 200 Reference : Chief Ray

Steward Observatory
933 N. Cherry Ave.
Tucson, AZ 85721

Tele? 1 Relayl.0 Peri2. 0 ADC1.1a OFDS5.5.ZMX
Configuration 7 of 7

3

)
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Current ADC Design
¢ =14 mm
S-PHM53, S-TIMS8, N-KZFS4
CT=5.0,3.0,4.0 mm
0 =57.785°, 65.474°

New ADC Design

e ¢=18mm

e S-PHMS53, S-TIMS8, N-KZFS4
e (CT=5.0,35,3.5mm

e 0=73.687°0.260°

ADC Prism Design Layouts

OOOOOOOOO
/////////
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Spot Diagrams at Pupil Planes

Doc MagAOX-001
Date: 4/18/2017
Status:Draft v. 21

il ol e e i ]
R A TR Y oo [ty =BT ]

0.40

ellan_With /11 Seconda
g Y
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Spot DFagram
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Surface IMA: Twecter DM Fupil Planc

ellan_With /11 Secondal
279 v

Spot Diagram

Steward Dbservatory

Scale bar : 0.4

ellan_With /11 Seconda
271E Y

Reference

Surface IMA: PI 5-331 Pupil Plane

Spot Diagram

2017
gr_li_lta are mr. l.ﬁ.iry Radius: 0.1491 mr. Legend items refer to Wavelengths
ie :
RMS5 radius - 0._001
GED radius - 0.003

- Chief Ray

Steward Dbservatory
933 N. Cherry Awe.
Tucson, AZ 85721

TeleZ.1 Relayl.O PeriZ. 0 ADC1.1a OFDS.5_ZMX
onfiguration 2 of 7

surface IMA: 9mm Pupil Plane

ellan_With /11 Secondal
2736 v

2017
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v. 21

PSF at Focal Planes

Polychromatic Polyvchromatic
Huygens P5F = Huygens P5F
1.0 it 1.0
0.9 = 0.9
LK a9 .
<
0.8 o 0.8
0.7 -t 0.7
0.6 3 0.6
1}
0.5 el 0.5
e
0.4 o) 0.4
?-\ )
0.3 ~ 0.3
0.2 0.2
0.1 0.1
0 0
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Polychromatic Huygens P5F Polychromatic Huygens P5F
ellan_With /11 econda [ Steward Observato ellan_With /11 5econda [ Steward Observato
5‘?’?.5.-"201? v 8033 M. Cher AUEF.Y 5‘?1:.5.-"201}' v 8933 N. Cher AvEr.y
06000 to 1.7000 um at 0000 (deg). Tucson, AZ B5721 0.6000 to 1.7000 um_at 00000 (deg). Tucson, AL 85721
Image size is 219.78 um square. Image size is 775.07 um square.
CEnter Coordinates. :  3.62414379E-05,  0.00000000E+00 Millimeters TeleZ.1 Relayl-0 PeriZ.0 ADCL.1a OFDS.3.7MX CEnter cobrdinates. :  6.61S00G44E-04,  0.D0DCDDOOE+DO Millimeters TeleZ .1 ReTayl-0 Peri2 0 ADCL 12 OFD5. 5. ZHX |
" " B " onfiguraticon 2 of 7 - " : ) cnfiguration 2 of 7
Polychromatic Polychromatic
= Huygens P5SF Huygens PSF
% 1.0 1.0
% W | R
<
= 0.8 0.8
-t 0.7 0.7
p 0.6 0.6
= 0.5 0.5
T
o 0.4 0.4
E
i 0.3 0.3
0.2 0.2
0.1 0.1
0 0
Int. Focal Plane (f/69) Ultra 888 Focal Plane
Polychromatic Huygens PSF _ Polychromatic Huygens PSF
ellan_With /11l Secondal Steward Observatol elTan_With /11 Seconda [ Steward Observato
5‘%?.5.-"201? v 933 N. Cher AUEF.Y 5‘?1:.5.-"201}' v 033 N. Cher ﬁ.ver.y
06000 to 1.7000 wm_at O_0000 (degl. Tucson, AZ 85721 06000 to 1.7000 wm at O.0000 (deg). Tucson, AL 85721
Image size 15 938_5Y um square. Image size is 938.88 um sguare.
CEncer Conrdinates 5.80756259E-04,  0.00000D00CE+00 Millimeters TeTeZ.1 Relayl-0 Perizs 0 ADCL 1a OFDS.3.ZMX Chncer Cobrdinaies :  3.25199057E-02,  0.00000OOOE+DQ Milli Telel .1 ReTayl-0 Peril 0 ADCL 1a OFDS.5.ZHX |
" B " onfiguraticon 2 of 7 enter coordinates " THE - 1T1merers cnfiguration 2 of 7
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PSF at Pupil Planes
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Status:Draft
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4/18/2017
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