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Telescope concept
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CCAT truss designs
Ring & pillar
30,000 kg truss
12,000 kg segments
(25 kg m‐2)
7‐8 Hz

3d

Stutzki Engineering



Truss rods

5” long fi]ng, 2 kg

12.5” long fi]ng, 36 kg

8” dia CFRP

3” dia
CFRP

For a rod & node
<CTE> 0.2 ppm/K
ΔCTE ±0.03 ppm/K

ATK (COI)



CCAT bearing & truss op5ons

Hydrosta@c bearings Rolling element bearings

Ring & pillar

3
d

General Dynamics



Ring & pillar 3d

Finite element models



Finite element model details



3d 3.3 HzRing & pillar 3.5 Hz

FEA results

Load case zenith EL=20°

μm rms μm rms

Gravity 287 276

0.4°s‐2 accelera@on 1.7 1.3

20K soak 3.8 5.0

1K ver@cal 0.2 0.7

1K horizonal 0.9 0.9

Load case zenith EL=20°

μm rms μm rms

gravity 360 187

0.4°s‐2 accelera@on 2.3 1.5

20K soak 69.2(!) 69.2

1K ver@cal 0.7 1.7

1K horizonal 1.8 1.8
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CCAT segment concept

3 actuators

5 ver@cal adjusters

3 horizontal adjusterscarbon‐fiber frame

insula@on

aluminum @les



Prototype 5le & subframe

Tile surface error 2.5 μm rms
Tile + subframe areal density 19 kg m‐2

Vertex Antennentechnik



Op5cal edge sensor

LED

Slit or pinhole

CCD
camera

PANEL 1

PANEL 2
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D. Woody, Caltech



CCD

LED

Segment Edge

Edge sensor placement



Primary surface control

no sensor noise

CCAT WF Error with randomly 
Perturbed segments

RMS WFE = 143.5 um  

CCAT Controlled WF Error with
Global Modes Removed

RMS WFE = 0.28 um  

CCAT WF Error with 
1g load

RMS WFE = 2904 um   RMS WFE = 0.77 um

CCAT Controlled WF Error with
Global Modes Removed

J. Lou, JPL



CCAT op5cs

350μm

1mm

x

y

0                                           +x                                         0.5°

Strehl ra@o vs. field angle for basic RC telescope

Ter@ary profile
to maximize FoV



Strehl ra5o vs. field angle with ter5ary corrector

0                                           +x                                       0.5°

1mm

350μm

0                                           +y                                       0.5°

0                                           ‐x                                       0.5° 0                                           ‐y                                       0.5°



Instrument interface

3m dia for
1° FoV



Camera relay with small HDPE lenses

0                                           +x                                     0.04°

3‐lens focal reducer
0.03° FoV
(4k pixels at 350μm)
HDPE lenses
(80mm max diameter,
20mm total thickness,
loss ~20%,
machined AR coa@ngs)
2 aspheric surfaces

1mm

350μm

Sub‐field camera
at 0.4° field angle

Ter@ary
corrector

Spot spacing 0.02°



Alignment WFS

from
telescope

• Small  scanning mirror in
the center of a large mirror
• Diameter matches PSF core
• Scan by ~ λ
• Common path for ref &
signal gives good stability

pupil image
to camera

On‐axis
ref field

Sheared 
PSF

CSO shearing interferometer

Phase contrast interferometer

pupil image
to camera

from
telescope pinhole

scan by Rλ

Point diffrac@on interferometer

from
telescope scan by λ

G. Serabyn, JPL



CCAT performance



Poin5ng telescope concepts

100mm f/15 refractor
CFRP tube

Folded refractor



Reflec5ve relay for 1° FoV



0.5° FoV camera op5cs

0                                           +x                                     0.25°

3‐lens focal reducer
Quartz lenses ~1m dia
2 aspheric surfaces

1mm

350μm

Ter@ary
corrector


