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CCAT Science Committee

Co-Chairs
— Terry Herter (Cornell) and Jonas Zmuidzinas (CIT)
Theme Lead
— Distant Galaxies — Andrew Blain (CIT)
— Sunyaev-Zeldovich Effect — Sunil Golwala (CIT)

— Local galaxies — Gordon Stacey (Cornell)
+ Shardha Jogee (UT)

Galactic Center — Darren Dowell (JPL/CIT)

Cold Cloud Cores Survey — Paul Goldsmith (JPL)
+ Neal Evans (UT)

— Interstellar Medium — Jonas Zmuidzinas (CIT)
— Circumstellar Disks — Darren Dowell (JPL/CIT)
— Kuiper Belt Objects — Jean-Luc Margot (Cornell)

 Ex-officio

nelli (Cornell), Simon Radford (CIT)
asibility' Concept Study Report
www.submm.org










Images of the Antennae (NGC 4038/4039) in the visible (left), infrared (center),
and subrr il leter rlht) showmg how the submllllmeter reveals reglons hidden at
| , s galaxy and ms any like q the sub gl M el
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i he galaxy an reveals the rez
“lumir PProauction regions that are otherW|se hidden. CCAT will have 2.5 times
| e er resolutlon in the submillimeter giving a spatial resolution like that of the
.~ Infraredimage (center). Visible: HST; Infrared: Spitzer; and 350 ym
v 'submillimeter: CSO/SHARC II, Dowell et al.


































Submm Galaxies with CCAT

Submm galaxies are mostly mergers ?
— Black hole growth is due to mergers ? (Malbon 2006)

Determine number counts to much higher precision and 10x
fainter

— Are faint submm galaxies mostly quiescent ?
Measure SED from 0.3 to 1 mm
— Measure luminosity for z > 2 (50% or more of SMGs)
— Look for spectral index variations ?
Determine luminosity function vs. z
Clustering vs. z ?

— Need redshifts
— 3.5 o detection by Blain et al. (2004) using Keck redshifts

, ds'en lifetime of submm bright phése?
* Need predictions from galaxy formation models (A. Benson)
Find z > 5 objects ? Need model predictions.

.




Star Formation:
Prestellar core mass function

(Cold cloud core survey, Evans & Goldsmith)

The Core Mass Function CMF=N_ (M_,.)

is central for a number of key questions in star formation theory
What is the relationship between the CMF and the stellar IMF?
Do individual cores collapse to form individual stars?
What is the role of the environment?
Where and when does fragmentation take place?




Cores in Orion1 Region
(Li, Goldsmith, et al.; CSO/Sharc Il)

Enhanced
angular
resolution
ESSENTIAL

Cores identified with
COREFIND algorithm







Status and role of CCAT

Mass range: 0.1 Mg to 50 Mg

The core mass function is described by a single power law: N(M) ~
MO8, very different from stellar IMF

This type of study requires best possible resolution, and LARGE
CORE SAMPLES to determine the effect of environment and the
evolutionary steps between cores and stars

CCAT will be the exemplary facility for this type of study, offering
improved angular resolution, larger arrays and coverage, and
multiple wavelengths to fit dust temperature distribution directly

BOLOCAM: Enoch 2005 (Perseus), Young 2006 (Ophiuchus)




Debris disks, a.k.a. “Vega phenomenon”, a.k.a. “extra-
zodiacal dust”:
— solid particles surrounding main sequence stars, especially

youngish ones (10-100 Myr), after the gas has been
absorbed into giant planets or expelled

t;gr?duct of collisional grinding of planetesimals in Kuiper
elts

probably episodic in nature
tracer of orbital dynamics (analogous to Saturn’s rings)
. CCAT niches ; . :
— high-quality images of statistical sample of nearby disk B Pictoris: debris disk discovery image

systems Smith & Terrile (1984)
surveys for undiscovered cold disks (T < 40 K) around
nearby stars
important data points on spectral energy distribution
» characteristics of particles = evolutionary clues?
* much better measurement of mass than is possible with
. scattered Ilght |mages

surveys for disks in stellar clusters
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Debris Disks

Image of Fomalhaut debris disk acquired at 350 um with the CSO/SHARC I1I
(Marsh et al. 2005, ApJ, 620, L47). Left: The observed image which has 10”
resolution and shows a complete ring of debris around the star. Right: A
resolutia n enha nced |mage W|th 3" resolutuon CCAT will have this resolution
| to achie .4 ~1” resolution through image

M’ the"C age “we can already infer the
presence or a planet due to the asymmetry of the ring. CCAT imaging should
‘show substructure which will pinpoint the location of the planet. The vertical
bars in each image are 40” in length.

.



CCAT Science — other topics

— Kuiper belt objects (KBO) - solar system formation
* Determine masses and albedos
« See Bertoldi et al 2006, Nature, UB313/Eris
— Dark energy: w(z) from galaxy clusters, SZ effect
« Sunil Golwala’s DETF “white paper”
« Complement 1'-2' SZ surveys from ACT, APEX, SPT, ...

« Higher angular resolution: find lower mass clusters, test survey
completeness at low mass, check for submm galaxy contamination,
cluster morphology effects, etc.

— THz spectroscopy of the ISM
» Emphasize 850, 1300, and 1500 GHz windows







Selected (Key) Facility Drivers

Aperture: 25 m

— Sensitivity improves as « D? (hence time to a given S/N «x D)

— Confusion limit o« D* (o «« 2 and 1.2 at 350 and 850 um, respectively)
Wavelength range

— 350 - 1400 ym (200 — 2500 pm goal)

— High efficiency implies 10 um rms surface precision

Field of view: 5' x §' initially, up to 20' across eventually
— Unchallenged speed for moderate resolution, wide field surveys

Chopping and Scanning

— Bolometer arrays require signal modulation by chopping or scanning

— For chopping, this must be done at the secondary (~ 1' at ~ 1Hz)

— Scanning requires moderately large accelerations for efficiency (~ 0.2° sec2)
Pointing and Guiding

- Spectrographs require placing to a fraction of slit width

— ANd gu ln  to malntaln spectrophotometrlc accuracy

! *"ﬂ""“’ rms)
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Provide significant-ebserving time at 350 and 450 um




CCAT and ALMA

Complementary Instruments

ALMA

— Excels at high resolution spectroscopic imaging
— Inefficient for wide field surveys

CCAT

— Designed for wide field continuum surveys
CCAT can provide ALMA

— Source discovery for detailed follow up

— Anchor dish for long baselines (esp. high freq.)

« Add 14% to point source sensitivity at 350 um
* Improve dirty sidelobe levels (9% = 7%; Holdaway)

pservalons
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CCAT Requirements

Requirement

Goal

Wavelength
Aperture
Field of view
Half WFE
Site condns.

Polarization

350 — 1400

200 — 2500

median pwv

after cal.

Opm  <5% @ >800 um




Pointing and Scanning

Requirement

Goal

remark

Pntg, blind
Pntg, offset
Pntg, repeat.

2"
0.3"

Scanning
rate

Scan. accel.

Pointing

0.5
0.2"

rms
within 1°
rms, 1 hour
slow/fast

short/long A
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Dome Design Study
AMEC Dynamic Structures

» Various enclosure types considered
— Formal trade studies carried out for CCAT, TMT, VLOT, GSMT

Dome-Shutter Carousel

« “Calotte” selected as baseline design
— Structurally More Efficient: Lighter, Stronger, Stiffer
Amenable to “._od_e_S|c Type Structural DeS|gn High EfflClency |

g

_ BB Al ed’ln perat|on
« Smaller Power Requirements and Mechanical Stresses
=_Minimum-Aperture: Good 'Wind Protection without Windscreens
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Rotates Independently
or with Dome

Pneumatic Seal to
Dome Surface

Heated for Ice and

Snow Protection







CCAT Mount

« Vertex RSI Dallas (GD)

« Combines approaches
from Radio and Optical
Telescopes

* Hydrostatic (Az) &
Rolling Element (El)
Bearings

Pointing 2 arcsec RMS
Offset Pointing 0.2 arcsec RMS
Dynamics

flaxAccel. ~ 2 deg/sec
| Axis Velocity 1 deg/sec

¥ G



CCAT Mount

Vertex RSI Dallas (GD)

Combines approaches

from Radio and Optical

Telescopgs VSN
Hydrostatic (Az) & SE2 R

Rolling Element (El) [ S& 2%

i3 gf;?;l%‘

Bearings =

Pointing 2 arcsec RMS

Offset Pointing 0.2 arcsec RMS

Dynamics 0.25 deg/sec
01 deg/sec?

"Max Accel. 2 deglsec?
Axis Velocity 1 deg/sec

.




Elevation Stage

Quadrupod Legs
Carried to Hub

Bent Cassegrain Port

Primary Mirror )\%;,H ‘ 7 ' '
Ny, 2 ::ﬁ 4 [ . .
Truss ) s WTemary Mirror
Y y Rotator Stage

~ Counterweight

"‘;"“"‘smyth Pass

Through Elevation Drive Gear




Alidade

Rolling Element Y
Elevation Bearings\ > 1 m Clearance for

{ \j\\ Beam
@ |

Two
Countertorqued
Elevation Drives
Modular Steel
Structure

Space for Encoder
Assembly

Central Pintle
' Bearing
& =~

N
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Primary Mirror

Two Current Panel
Approaches Considered

— Replicated CFRP/AI
Sandwich (CMA)

— Precision Molded Lightweight
Borosilicate (ITT)

Panels Kinematically
Supported on 3 Points by
Bipod Flexures

~8 kg m—2 Areal Density



Bolted Truss Preferred

— Easily Test Assembled,
Disassembled, Shipped

— Easy On-Site Assembly

— Top Surface Precision
Results from Component
Accuracy

 Ground Assembled in
Modules & Lifted via Crane




Mero Bolted Truss







Primary Mirror Truss Concept Design

Funded by JPL
Stutzki Engr.

Objective: First
Order Design to
Assess
Deformation and
Modes

Provide Basis for
Initial Estimates
of Cost

|dentify any
Significant Risks
of Cost or
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Primary Mirror Truss Concept Design

Funded by JPL
Stutzki Engr.

Objective: First
Order Design to
Assess
Deformation and
Modes

Provide Basis for
Initial Estimates
of Cost

|dentify any
Significant Risks
of Cost or
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7Y Primary Mirror Truss Concept Design
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Funded by JPL
Stutzki Engr.

Obijective: First
Order Design to
Assess
Deformation and
Modes

Provide Basis for

Initial Estimates
of Cost
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» Edge Sensors: Baseline Solution
— Fogale Nanotech (SALT)

— Blue Line Engineering (HET)

— Commercial Solutions...~$1000-
1500/sensor

— TMT Developing Mark Il Keck Edge
Sensor

» Possible Edge Sensor Shortcomings

— Error Magnification of Low Spatial Order
Modes of Primary Mirror

— Dihedral Angle Helps

- A w

Panel Alignment and Control

Mo areas ey e

Saeciiy Lomtrdel | e )

Lati R SRR R L
T omph oy = M=

Fogale SALT Sensor

D

10

» Laser Distance Measurement (JPL)
~+ Hartmann Panel Angle (AOA)

.

Proposed TMT Edge
Sensor




Laser Absolute Distance
Measuring Interferometry: JPL

— Sparsely Distributed
— Measure to M2

Hartman Type Panel Angle
Sensor: AOA

— Point Source near M2

— Returns from Small Flats on
Segments

IR Wavefront Sensing Guiding
— Solves Guiding and Sensing

— Requires Specular Panels at
Operating Wavelength







Alignment Calibration

« Initial Panel Alignment

Detector Array

lma aing
In Focal Plane

= OptOmeca h n ICaI Rotating %C'f q “// In Pupil Plane
— Photogrammetry G A ,|

»  Submm Interferometry eI
— Uses Distant Planets
* Mars, Uranus, & Neptune

— Three Techniques Proposed Hybrid Interferometer
» Shearing with Single Detector
. Sheanng with Extended FPA

=~ r-w L’

Hybrid Interferometer
| - Combines Three Typesin
g ol ol One Instrument
'— Arrays | Syst tics?
rrays Improve Systematics G. Serabyn. JPL

F; 1;.

raction v‘wnL“ ‘ometer




A Instruments
CCAI

« Short Wavelength Camera: SWCam
— 200-620 pm; Mesh Filters on Wheel
— Direct lllumination; 32,000 pixel; 5' x 5' Field of View
— NIST SCUBAZ2 Silicon TES Bolometer Arrays

 Long Wavelength Camera: LWCam

— 750-2000 um; Microstrip Filters; Slot Dipole Antennae
— MKID Bolometers 20' x 20'

Field of View  Antenna coupled array
« Wavelength Dependent FOV 1300 & 850 um

a2 T 4 ///////{///////////

— Proven First Light Instrument

b O ~SMrTr o n ' = o _
b 3 F2 B { < 1 7
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~Heterodyne Arrays
= 10%pixels‘@ 650 or 850 GHz

.




Project Phases and Schedule

» Feasibility/Concept Design Study
— October 2005-January 2006

— Cornell, Caltech, & JPL: Develop Baseline
Concept, Assess Feasibility, Initial Cost Estimate

* Partnership Development Phase
— June 2006-January 2008
— Complete Partnership, Identify & Secure Funding
— Address Key Technical Issues

« Technical Development Phase

— June 2008—-June 2011
— Detailed Design, Manufacture, Integration

] Dl o Yalalal

= une 2011—June 2012
= Optimize Performance & Handover to Operations

.




Project Phases and Schedule

» Feasibility/Concept Design Study
— October 2005-January 2006

— Cornell, Caltech, & JPL: Develop Baseline
Concept, Assess Feasibility, Initial Cost Estimate

“The CCAT will revolutionize Astronomy in the

submm/FIR band and enable significant

progress in unraveling the cosmic origin of ure Funding
stars, planets and galaxies. CCAT is very timely

and cannot wait.”

From CAAT Design Review Committee Report
(Robert W. Wilson, Chair)
— Delalled besign, IMlanuiacture, Iniegration

: - AR
——

Ptne 20711—June 2012
= Optimize Performance & Handover to Operations

Ny




Partnership Status

Caltech

— Proposal Submitted to Moore Foundation
— Additional JPL involvement, i. e., instruments?

« Cornell University
— Donor Identified for $10 M
— University and NY State Support for Remainder
» University of Colorado Boulder 5-10%

— Prospective Donor Identified for Major Share

. UK (ATC/ROE) 25%
— Statement of Intent Submitted to PPARC
(Us. of BC & Waterloo) ~ 20%

anaadran Government Funding

interim Consortium Agreement: Signature Pending
Full Project Agreement by 2008 January




Project Organization

* Final Structure to be Decided by Partners
— Observing Shares, Investment Levels, Operations Obligations

* Non Profit Corporation (NY State)

— Partners Share Ownership, Rely on Cornell for Admin. Support
— Legal Presence in Chile, Obtain Necessary Status and Site
— Project Management Reports to Board

e Technical Project Team
— Oversee Technical Design, Industrial Fabrication, & Construction
— Lead Commissioning Effort in Chile with Operations Team
* Instruments
t Institutions (SWCam @ Cornell, LWCam @ Caltech) |
aMzed Talent and Facmtles I.e., MDL @ JPL




CCAT Operations

« QObservations Mostly Remote or Service Mode

» QOperations Base near San Pedro
Reduced Staff at Telescope, Daily Commute
Most Chilean hires, 20-25 Operations Staff
Weekly Commuting (Turno)
Other Telescopes in Chile Provide Examples

e Annual Cost$ 5 M

— Telescope Operations Only, Science Analysis Additional
— NSF Support? Redirect from CSO; Community Access
— Other Partners Provide Proportional Shares




Next Steps

« Additional Consortium Development
* Interim Consortium Agreement: Signature Pending
* Engineering Work on Critical Systems

e Focus on:

— Change from /0.6 to /0.4 Primary...More Compact Telescope

— System Analysis of Optimal Segmentation, Sensor Deployment,
Control Law for Mirror and Telescope Alignment (JPL Modeling)

— Additional Investigation of Calibration WFS, Supplemental Panel
Position Sensing, Edge Sensing

— Further Development of Science Instrument Concepts
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Cold Cloud Core Survey

Expected flux fo
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Large-scale structure
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CCAT S

10~

How did the first galaxies form?

— CCAT will detect hundreds of
thousands of primeval galaxies from
the era of galaxy formation and
assembly (z = 2 — 4 or about 10-12
billion years ago) providing for the
first time a complete picture of this
process.

CCAT will probe the earliest bursts
of dusty star formation as far back
as z ~ 10 (less than 500 million
years after the Big Bang or when the
Universe was ~ 4% of its current

age).

ource count (deg * Az !
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Mapping Speed

R P

~ Rate at which sky can be mapped (Q,,,,/NEFD?). This is a measure of

array’ . —
how quickl‘ kv capn ha i
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Galaxy Detection Rate at Confusion Limit

" Rate at which galaxies are c 0 en the confi
telescope Note that.the coat@sio i




Confusion Limits

Confusion limits for variougstelescopes. as

—pPedl)
= R o \

-




CCAT Science Steering Committee Charter

Establish top-level science requirements
— Determine and document major science themes

Flow down science requirements to facility requirements
— Telescope, instrumentation, site selection criteria, operations, etc.

* Outputs

— Science document

« Write-ups on major science themes using uniform format (science goals,
motivation/background, techniques, CCAT requirements, uniqueness and
synergies)

— Requirements document

» Specifies requirements for aperture, image quality, pointing, tracking,
scanning, chopping, etc.




Time Available to Observe

Timeto  Ref. Sairecabur (5500 m) ALMA (5050 m)

Lt W Time Available CL fields Time Available CL fields

[he]  [mm]  [hryr'] o [%] [yl [bryr']  [%] [yr']
1248  0.26 3 1

0.86 047 22 2244 12 1257
1.14  0.64 8 629 8 634
043 075 7 1488 8 1607
0.28  0.86 14 4413 14 4348
0.30  1.00 17 5093 15 4361

- of fields that can be observed to the confusion li
is the sum of available hours an@depreseats

™ 3
»

e (LA 6=




Time to Complete Programs

Time Available Science Time to Complete

Sairecabur ALMA Program Sairecabur ALMA
(5500 m) (5050 m) Time (5500 m) (5050 m)

(um)  (GHz) (hr yr™) (hr yr™) (hr) (yrs) (yrs)
1500
857
484
405
347




Time to Complete Programs

Observing Distant S-Z Nearby Cold Cores C-S
Bands Gals Effect Gals Survey Disks

200 0 0 S 0 199
350 2312 0 181 885 749
450, 620 2173 KZ0]0) 260 0 0
740 256 0 0 0 0
865 - 1200 121 460
> 1400 0 350 0 0
4862 4210 1106 1192

estimates of the sensitivity ‘ : S e

)




CCAT vs. Other Facilities

Time to Survey
Beam Array Conf. Conf. Limit Speed Gals on Gals on
Lambda Freq. Diam. FoV Limit src density (arcmin/ Gals/hr Array Array
Facility (microns) (GHz) (arcsec) (arcmin) (sec) (#/sg-deg) hr/mJy*2) to CL f>=CL f>=f,

CCAT 350 857 3.81 4.76 3384 37856 14 251 236 243
450 667 4.90 4.75 2392 22901 16 213 142 180
865 347 9.42 19.6 1357 6198 1202 1772 668 1384
1100 11.2 20.0 290 KKK 11030 5325 429 2950

2000 AR 19.6 3730 1159 9684 134 139 134
350 7.94 9.93 9767 8722 20 89 242
450 10.2 12.8 8413 5276 4.2 pLIS)
865 19.6 19.8 4375 1428 76 175
1100 25.0 19.8 1100 647 108

2000 45.4 19.9 17217 549 - 34.2
450 8.17 7.94 28325 0.9 149
865 15.7 7.96 4578 19 43

20.0 7.99 1060 27
36.3 7.87 13349 ; 8.3
9.16 11.5 47733

11.8 14.7 24705

22.6 20.0 8768

28.8 19.9 2111

Herschel




Sub-mm Number Counts & Confusion Limits







Dust Mass [Mg]
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