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)\...Longer or Shorter??? It's all Relative Right?
CCAT Operates A=200u to

2272

350y is the “Bread and Butter” (

Wavelength Kl

Why? 0
r—_\

— Science Historically
Underdeveloped at Submm
Wavelengths (Atmosphere &
Detectors)

— Now Seeing Incredible Recent
Development of Large Area
Submm Detector Arrays
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we rreserve is Developed 1.5 Terrahertz
— Opportunity to Leverage the Large

International Investment in and
Spectacular®€apabilities of ALMA

That’s a Frequency!




CCAT .. The Big Picture

CCAT is a unique project geared towards the
investigation of cosmic origins, from planets to
galaxies, in the FIR/submm spectral region

* Early Universe Cosmology

* Galaxy Formation & Evolution

* Disks, Star & Planet Forming Regions
+ Cosmic Microwave Background, SZE

- Solar System Astrophysics
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Photospheric light That's the energy regime

Reprocessed by dust at which most of the
Universe's early light

produced

Cosmic Radiation Flux af‘l’er' 'I‘he
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era reaches us.

And at which
radiation
produced
in star &
planet
forming
regions

from the
dust cocoons.

Photospheric light
from stars




50, 1-hour CCAT and ALMA sensitivities

Continuum Point Source Sensitivities

CCAT —a— CCAT (Conf. Lmt)
11 Spitzer (Conf. Lmt) 2 Hers chel (Conf. Lmt)

. APEX(Conf. Lmt) < JCMT (Conf. Lmt)

LMT (Conf. Lmt) & ALMA

CCAT(CL 10 bms /src)
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Mapping Speed Comparing Other Facilities

HAWC /200
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CCAT Is An Ultrafast Mapper

Assumptions

— 10000 pixel detector, Nyquist
sampled at all bands 0.2, 0.35
0.45, 0.67, 0.85,1.1mm (in
order from violet-red)

— Observationally verified counts
(good to factor 2)

— Confusion and all sky limits
1.2/0.85/0.35mm Imaging
Speeds Are Compatible

— To reach confusion at 0.35m
go several times deeper at
85mm

Detection Rates Are
— ~150xSCUBA-2; ~300xALMA
About 100-6000 per hour

— Lifetime detection of order 107
galaxies: ~1% of ALL galaxie

"1/3 sky survey ~1000 deg?
for 3 deg?hr-! gives 5000 hr




Two First Light Science Instruments

» Short Wavelength Camera: SWCam —

— A=200-620 with Mesh Filters in Wheel i
for Selection

20%-40% Throughput
5’ x 5’ Field of View

32,000 Directly llluminated TES silicon
bolometers

— NIST SCUBA Il Array Technology

 Long Wavelength Camera: LWCam
— Slot Dipole Antenna Coupled sEUBATE ey

Bolometers CCAT 15t Light
— Microstrip Bandpass Filters Instrument Features
e T Ry S W T 6x More Pixels than

Ubban Cables 1o Reem Temperatur

Optics for Minimum — JEroE

M T20° x 207 Field of View (wavelength
dependent)

-




Advances in Submm Detectors

* Superconducting
Transition Edge
Sensors (TES)

Micro Kinetic
Inductance
Detectors (MKIDS)

Dipole Antenna
Coupled Bolometer
Arrays

¥ o

"'”"i‘k:ey 1st Light Instrument for CCAT

.
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& Modeled Atmospheric Transmission vs Frequency
“CCAI ATM 2002 Model (Pardo et al.)
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Better 350 um Transparency
N
Two Tippers: CCAT (5600 m) & CBI (5050 m) |
Side-by-Side at CBIl: Same Values
Better Transparency at CCAT

Less Water Vapor at CCAT
- 1,4~05
— Slope « PVW
— PWV(CCAT) < 70% PWV(CBI)

Approximate water vapor column [mm]
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Cornell/Caltech Site Testing Equipment on the Telescope Site
Measures Water Vapor in Atmosphere and Weather

Results Transmitted to US via Satellite Phone




Newly Cut Road Visible on Cerro Chajnantor
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o The Atacama Desert _ it
i Aeakica * PARAG
Peaks at ~ 18,000 feet Altitude bzl
~2 hours Flying Time from / Coauint,
Santiago § ARGENTI
~2 Hours Drive from Antofagasta, San tonc” *iA:c":GO
The Nearest Port T
~ 1 Hour Drive from Calama, the e
Nearest Airport '
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Chajnantor Plateau (5000 m)

> APE X Al MA 0

Dietrich/Caltech




CCAT Requirements

Requirement

Goal

Wavelength
Aperture

Field of view

350 — 1400

25 m

10°

200 — 2500

20'

Half WFE

Site condns.

““Emissivity

<12.5 ym
<1.0 mm
0.2%
0% @ 300 um

<20% @ 200 pm

<9.5 um
< 0.7 mm

0.05%

<5% @ >800 pm

rms
median pwv

after cal.




Pointing and Scanning

Requirement Goal

remark

Pntg, blind
Pntg, offset

Pntg, repeat.

2" 0.5"

0.2

0.2"

ms

within 1°

rms, 1 hour

Scanning rate

Scan. accel.

Pointing

1251
2°s2

0.1"

95 @ 1

slow/fast

short/long A

rms

azimuth only




Optical Design...German Cortes 6267-67 & 6267-82
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Optical Design...German Cortes 6267-67 & 6267-82

Optimum Focal Surface
= Focal Plane Scan

ey e e
-4.0 -2.0 0.0 20
Field of View [arcmin]




The Facility: M3 Engineering & Technology







The Facility: M3 Engineering & Technology
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Telescope Dome Concept
AMEC Dynamic Structures

40 m Diameter at
Equator

30 m Aperture

Rib & Tie Structure
Is Highly Repetitive
Operation via Two

Similar Rotation
Stages

Aperture Sized to

g ﬁﬂr,’j-‘\- wy |




Telescope Dome Concept
AMEC Dynamic Structures

40 m Diameter at
Equator

30 m Aperture

Rib & Tie Structure
Is Highly Repetitive

Operation via Two
Similar Rotation
Stages

Aperture Si
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Mero TSK Designs

>

CCAT - Dome (1/2) + Shutter Structures Do01(1/2) + Shut01 : 2-layered triangulated space truss. Plan MEBO,T?{'S




Mero TSK Designs
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CCAT - Dome (1/2) + Shutter Structures: Do01(1/2) + Shut01 : 2-layered triangulated space truss. Section
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Perspective View
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Mero TSK Designs
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Mero TSK Designs

CCAT - 1/2-Dome + Shutter Structures: 1/2-D01 + Shut01 : 2-layered triangulated space truss. Shutter closed. Perspective View Mfﬁq,ﬁﬂgﬁ
N .




Mero TSK Designs
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CCAT - 1/2-Dome + Shutter Structures: 1/2-D01 + Shut01 : 2-layered triangulated space truss. Shutter closed. Perspective View MEB,Q,E;,@,&
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CCAT Mount

Design by Vertex RSI

Uses Approaches from
Radio and Optical
Telescopes

Hydrostatic & Rolling
Element Bearings

Pointing <2 arcsec RMS

Offset Pointing <0.5 arcsec RMS

Dynamics 0.25 deg/sec
0.01 deg/sec?
<0.1 arcsec

Mlax Accel. - 2 deg/sec?

Axis Velocity 1 deg/sec

* -
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<2 arcsec RMS

Offset Pointing <0.5 arcsec RMS

Dynamics

0.25 deg/sec
0.01 deg/sec?

2 deg/sec?
1 deg/sec
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« Design by Vertex RSI

Pointing
Axis Velocity




Primary Mirror Design

 Bolted Steel PM
Truss

* One Front Surface
Node per Actuator

» 3 Actuators per

Panel

* Mounted via 3
Bipod Flexures

* Provides
— Tip/Tilt/Piston
Motion for Panels
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.000e+00
. 333e-01
.667e-01
.000e-01
.333e-01
.667e-01
.980e-08
.667e-01
.333e-01
.000e-01
.667e-01
.333e-01
.000e+00

Mode 1
53 Hz:

B: ccatéamb abgd.odb ABAQUS/STANDARD Version 6.6-1 Thu Sep 21 14:56:47 Central Davlight Ti

Step: Step2

Mode l: Value = 1145.1 Freq = 5.3857 (cycles/time)
Primary Var: U, U3

Deformed Var: U Deformation Scale Factor: +2.000e+00
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~5x Lower

Commercial Actuators
Support Axial and

Cost than CFRP
Lateral Loads

Steel Truss:
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Steel Truss: ~5x Lower
Cost than CFRP

Commercial Actuators
Support Axial and
Lateral Loads

7/ Ring Panel Layout

[/ Sets of Identical
Panels

Total ~ 210 Panels @
~1.7m Major Dimension

Primary Mirror Concept




Primary Mirror

Two Current Panel
Approaches Considered

— Replicated CFRP/AI
Sandwich (Composite Mirror
Applications)

— Precision Molded
Lightweight Borosilicate (ITT

Govt. Sys. Division)
» Panels Kinematically

Supported on 3 Points by
Bipod




Primary Mirror

Two Current Panel
Approaches Considered

— Replicated CFRP/AI
Sandwich (Composite Mirror
Applications)

— Precision Molded
Lightweight Borosilicate (ITT

Govt. Sys. Division)

* Panels Kinematically
Supported on 3 Points by
Bipod Flexures




Precision Molded Borosilicate Lightweight: ITT Industries,
Rochester, NY

What are they?
— Borosilicate glass
— Corrugated “egg crate” Core
— Thin Facesheet Fused to Core
— Precision Molded

ts

— Inert Material Stable Over
. Time




Primary Mirror Segments

» JPL Developed
Segmentation
Pattern

* 3
ok K \
., ek +\+ yof

 Edge Sensors on 0
Segment Interstices : '

— Sense Piston and
Dihedral Angle

— Based on
Inductance

e — Unaffected by
Humidity-or Dust




Supplementary Panel Alignment Sensor: AOA

Operates in Visible
Wavelengths

Point Source at M2 ‘
S i l | (~2 O mm ) From Primary \\1\ u
Spherical Mirrors
on Segments

Folograpnic N =on Micio Megaision
Defluser comm 28 B4 Monechiome
=30/ ; FPa

Fire\ire
Caa Inkerface

Focused Spots on 7/ rupgren RS

Slage
=750y g
LED

Holographic
Diffuser

— ’ _‘..;l = - v
| Am"’ ﬁ mre .\g- !‘AM .\)'I ! -

Pt . oo

A'rialysis : Sensor Provides Robust Control of RoC
R and Other Low Order Aberrations




The Partners:

CCAI

» Cornell University
— Ithaca, NY

» Caltech (and JPL)
— Pasadena, CA

« UKROE ATC

— Division of STFC
e Canada
— U. Waterloo & B.C.
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The Schedule:

* 18t Cornell Caltech MOU Signed
'04
Feasibility/Concept Design Study Completed

Interim Consortium Agreement Signed
‘07

Full Consortium Agreement to be Completed
Development Begins
First Light




The Budget

25 meters

Total Budget: $100 M

2006 Dollars 4

Includes $20 M Set Aside
for Astronomical
Instruments

Consistent Historical Cost
vs Wavelength & Size

Validated by Detailed
Study
— Costs from Contractors

— Catalogue Costs
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CCAT Moves Ahead!

The CCAT Project is Progressing Very Well

Signing of an Interim Consortium Agreement
Marks an Important Step

Current Partners Would be Sufficient to Build
Telescope if All Desired Funding Were Found

Additional Partners Have Expressed Strong
Interest

Good Progress Has Been Made in the Most

BREPEPECt to Begin Construction in About 1
Year

—









