
Optical Performance I 

Optical Performance II 

1Stacey, G, Parshley, T. Nikola, G. Cortes-Medellin., Parshley, S., Stacey, G., Dowell, D., McKenney, C., Golwala, S. “SWCam: 
the short wavelength camera for the CCAT observatory”. SPIE International Sympo- sium on Astronomical Instrumentation. Vol 
VII Millimeter, Submillimeter, and Far-Infrared Detectors and Instrumentation for Astronomy, 91532Z (July 23, 2014). 
2Woody, D., Padin, S., Chauvin, E., Clavel, B., Cortes, G., Kissil, A., Lou, J., Rasmussen, P., Redding, D., and Zolkower, J., 
“The CCAT 25m diameter submillimeter-wave telescope”, Ground-based and Airborne Telescopes IV. Proc. SPIE 8444, 
Ground-based and Airborne Telescopes IV, 84442M (Sep, 2012). 

Conclusions 

REFERENCES 

Astronomical Telescopes + Instrumentation  

CCAT is a 25-m class submillimeter wavelength telescope designed to 
operate down to at least 350 µm (850 GHz). Multiple submillimeter telluric 
windows are consistently available from the CCAT site on Cerro 
Chajnantor, located 5600 m above sea level in the Atacama Desert in 
northern Chile. Coupled with a wide-field camera1, the CCAT observatory 
would work in synergy with ALMA, delivering follow up targets to ALMA 
from large scale survey missions conducted with CCAT.  

 The optical design of the telescope has evolved throughout the 
years from initial concept to contract readiness.2–5 A change in project 
funding and a desire for a “turnkey” telescope delivered from a reputable 
vendor necessitated new optical design work. In order to control costs, we 
explored reducing the 1° field of view to 0.5°or 0.33°and the new 
instrument space(s) are required to fit within the available space between 
the telescope’s elevation bearings. We investigated solutions involving 
both Cassegrain, Gregorian and folded Gregorian designs. Here, we 
present the details of the most promising optical designs for the project, 
including diffraction limited performance, for the best configurations.  

The four final configurations from an optical design study for the CCAT 
telescope have been presented. Dual reflector Cassegrain and Gregorian 
systems are possible, as are Gregorian Nasmyth and quasi-Nasmyth 
options. All configurations deliver diffraction limited performance at 350 µm 
within a relatively compact arrangement, compatible with available 
telescope structural options, and enabling the placement of facility 
instrumentation within the elevation bearings. Thus reducing cost and 
complexity for the project while still providing strong scientific potential.. 
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of 30 arcmin in diameter while the Gregorian design FoV is 20 arcmin in diameter. The image surface (IMG) in
the focal plane has a diameter of 1.3 m for the (CASS) and 0.9 m for the (GREG). Likewise, the sub-reflector
diameters are: 2.5 m (CASS) and 2.6 m (GREG) respectively. These configurations are very compact as the
distance between foci is 14,2 m (GREG) and 15 m (CASS). Table 1 presents a summary of the optical parameters
for the dual reflector Cassegrain and Gregorian designs.

Table 1. Cassegrain and Gregorian Aplanatic Dual Reflector Design

Parameter Symbol Value Value Units

Configuration CASS GREG
Designa R-C A-G
System Focal Ratio f# 6.0 6.0
Field of View FoV 30 20 arcmin

M1

Diameter D1 25.0000 25.0000 m
Focal Distance f1 10.0000 10.0000 m
Radius of Curvature Rc1 20.0000 20.0000 m
Conic Constant K1 -1.00092 -0.999182
Back Focal Distance B 5.0000 4.2000 m
Foci Separation df12 15.000 14.200 m

M2

Diameter D2 2.5210 2.55613 m
Radius of Curvature Rc1 2.0089 1.901786 m
Conic Constant K2 -1.318186 -0.772275

IMG
Diameter D

img

1.2952 0.88065 m
Radius of Curvature Rc

img

-0.9947 0.97233 m
Conic Constant K

img

-0.8744 -1.22342

a
R-C: Ritchie-Cretien, A-G: Aplanatic Gregorian

Figure 3. Strehl ratio as a function of field of view radius at 350µm. (The horizontal line indicates the di↵raction limit)

Left: f/6 Cassegrain configuration, (30’ FoV). Right: f/6 Gregorian configuration, (20’ FoV).

3.1 Optical Performance I

Figure 3. shows the optical performance of these dual reflector, Cassegrain and Gregorian configurations re-
spectively in terms of Strehl ratio as a function of radial distance in the field of view at the focal plane. Both

Cassegrain and Gregorian  G-Nasmyth I and G-Nasmyth-II 

Fig.4 Strehl ratio as a function of field of view radius at 350 µm. (The horizontal 
line indicates the diffraction limit) Left: f/6 Cassegrain configuration, (30’ FoV). 
Right: f/6 Aplanatic Gregorian configuration, (20’ FoV). Both configurations 
show acceptable performance. 

4.1 Optical Performance II

Figure 6. shows the optical performance of the Gregorian Nasmyth-I and Nasmyth-II configurations respectively
in terms of Strehl ratio as a function of radial distance in the field of view at the focal plane at 350 µm. Both
design show a di↵raction limited performance with Strehl ratios above the 80% over the entire field of view. The
Strehl performance of the Nasmyth-II f/8 design (Figure 6.-Right) may be extended beyond 20’ FoV diameter,
but in this case, both the sub reflector and IMG surface diameters are too large.

Figure 6. Strehl ratio as a function of field of view radius at 350µm for the aplanatic Gregorian Nasmyth configurations.

(The horizontal line indicates the di↵raction limit) Left: f/6 Nasmyth-I, (30’ FoV). Right: f/8 Nasmyth-II, (20’ FoV).

Figure 7. shows the spot diagram, at the center and edges of the FoV for these two designs, indicating
excellent di↵raction limited optical performance over the field of view for both Nasmyth aplanatic designs at
350 µm.

Figure 7. Spot diagrams in the field of view for the aplanatic Gregorian Nasmyth configurations. The Airy spot size at

350µm is indicated by the circle. Left: f/6 Nasmyth-I, (30’ FoV). Right: f/8 Nasmyth-II, (20’ FoV).

5. CONCLUSIONS

The four final configurations from an optical design study for the CCAT telescope have been presented. Dual
reflector Cassegrain and Gregorian systems are possible, as are Gregorian Nasmyth and quasi-Nasmyth options.
All configurations deliver di↵raction limited performance at 305 µm within a relatively compact arrangement,

Fig.7 Strehl ratio as a function of field of view radius at 350 µm for both planatic 
Gregorian Nasmyth configurations. (The horizontal line indicates the diffraction 
limit) Left: f/6 Nasmyth-I, (30’ FoV). Right: f/8 Nasmyth-II, (20’ FoV). 

Fig.8 Spot diagrams in the field of view for the aplanatic Gregorian Nasmyth 
configurations. The Airy spot size at 350 µm is indicated by the circle. Left: f/6 
Nasmyth-I, (30’ FoV). Right: f/8 Nasmyth-II, (20’ FoV).. 
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Fig.2 Structural concepts for the CCAT 25-m telescope with instrumentation 
contained within the zone between elevation bearings. Left: MT Mechantronics 
GmbH, f/6 Gregorian, (20’ FoV). Right: Vertex Antennentechnik GmbH, f/6 
Nasmyth-I, (20’ FoV). 
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Fig.1 25-m class sub-mm telescope optical design tradeoff study: sub-reflector 
diameter (D2), Image surface diameter (Dimg) and radius of curvature of the image 
surface (Rcimg) as a function of back focal distance B for the different optical 
designs used in the trade-off study.  A smaller D2 is preferred for structural 
reasons but a larger Rcimg is required for the instrumentation to minimize focal 
plane curvature and take advantage of the full field of view.  

Fig.3 Dual reflector configurations for 25-m class sub-mm telescope Left: 
Cassegrain configuration (Ritchey-Cretien) for a 0.5°FoV. Right: Gregorian 
Configuration (Aplanatic) with a 20’ FoV. The Cassegrain option was eventually 
discarded due to the difficulty of figuring such a large convex optic, and emphasis 
was given to Gregorian options. 

Fig.5 Spot diagrams in the field of view of the Cassegrain and Gregorian 
configurations. The Airy spot size at 350 µm is indicated by the circle. Left: f/6 
Cassegrain configuration, (30’ FoV). Right: f/6 Aplanatic Gregorian 
configuration, (20’ FoV). Again, both configurations show acceptable performance 
across the field of view. 
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3. CASSEGRAIN AND GREGORIAN CONFIGURATIONS

Figure 2. 25 m Class sub-mm telescope dual reflector configurations Left: Cassegrain configuration (Ritchey-Cretien) for

a 0.5

o

FoV. Right: Gregorian Configuration (Aplanatic) with a 20’ FoV

Figure 2. shows the general geometry of the dual reflector Cassegrain (Left) and Gregorian (Right) configu-
rations respectively, indicating the locations of the main reflector (M1), sub-reflector (M2) and image surfaces
(IMG). The reflectors geometry is based on a Ritchey-Cretien (R-C) aplanatic design for the Cassegrain config-
uration and an aplanatic Gregorian (A-G) design for the Gregorian reflectors. The Cassegrain design has a FoV
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design show a di↵raction limited performance with Strehl ratios above the 80% over the entire field of view. The
Gregorian design may be extended to 30’ FoV but at the expense of a substantially large diameter of the IMG
surface, and a small increment in sub reflector diameter.

Figure 4. Spot diagrams in the field of view of the Cassegrain and Gregorian configurations. The Airy spot size at 350µm
is indicated by the circle. Left: f/6 Cassegrain configuration, (30’ FoV). Right: f/6 Gregorian configuration, (20’ FoV).

Figure 4. shows the spot diagram, at the center and edges of the FoV for these two designs, indicating
excellent di↵raction limited optical performance over the field of view for both the Cassegrain and Gregorian
aplanatic designs. As mentioned above, the Gregorian design FoV could be increased further.

4. GREGORIAN NASMYTH CONFIGURATIONS

Figure 5. Gregorian Aplanatic design in a Nasmyth configurations: Left: Nasmyth-I with a tertiary flat elliptical mirror

M3. Right: Nasmyth-II, with two additional M3 and M4 flat elliptical mirrors.

The other two designs are both Aplanatic Gregorian in a Nasmyth configuration, which allows for two or
more instruments mounted simultaneously at the base of the telescope. The Nasmyth design was chosen with a
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Fig.6. Gregorian Aplanatic design for two Nasmyth configurations: Left: 
Nasmyth-I with a tertiary flat elliptical mirror M3. Right: Nasmyth-II, with two 
additional M3 and M4 flat elliptical mirrors. 
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4.1 Optical Performance II

Figure 6. shows the optical performance of the Gregorian Nasmyth-I and Nasmyth-II configurations respectively
in terms of Strehl ratio as a function of radial distance in the field of view at the focal plane at 350 µm. Both
design show a di↵raction limited performance with Strehl ratios above the 80% over the entire field of view. The
Strehl performance of the Nasmyth-II f/8 design (Figure 6.-Right) may be extended beyond 20’ FoV diameter,
but in this case, both the sub reflector and IMG surface diameters are too large.

Figure 6. Strehl ratio as a function of field of view radius at 350µm for the aplanatic Gregorian Nasmyth configurations.

(The horizontal line indicates the di↵raction limit) Left: f/6 Nasmyth-I, (30’ FoV). Right: f/8 Nasmyth-II, (20’ FoV).

Figure 7. shows the spot diagram, at the center and edges of the FoV for these two designs, indicating
excellent di↵raction limited optical performance over the field of view for both Nasmyth aplanatic designs at
350 µm.

Figure 7. Spot diagrams in the field of view for the aplanatic Gregorian Nasmyth configurations. The Airy spot size at

350µm is indicated by the circle. Left: f/6 Nasmyth-I, (30’ FoV). Right: f/8 Nasmyth-II, (20’ FoV).

5. CONCLUSIONS

The four final configurations from an optical design study for the CCAT telescope have been presented. Dual
reflector Cassegrain and Gregorian systems are possible, as are Gregorian Nasmyth and quasi-Nasmyth options.
All configurations deliver di↵raction limited performance at 305 µm within a relatively compact arrangement,
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