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A The 21cm Cylindrical
Radio Telescope (CRT

A The CRT can
:

Science Reach

IS a single purpose
project to
parameterize dark
energy expansion

by measuring baryon
acoustic oscillations
(BAO) at large red
shifts.

reach a Dark Energy
Task Force Figure of
Merit (FoM) of 250 (>
4x DES BABOM)

for a cost below 30Mj¢
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21cm Intensity Mapping

A To peer deep into large reshifts, we use a
hydrogen hyperfine transition at 1.42 GHz to
make a 3D radio intensity map of the
universe

A By intensity map, we mean that:
| galaxies are not spatially resolved
I the 21cm line Is not resolved In frequency




3-D Radio Maps

A With the 3D radio intensity map, we will pull the
unique BAO signal out of a map that is dominated
by foregrounds.

I Foregrounds consist of galactic synchrotron emission
point radio sources, etc.

I Foreground subtraction will be the most difficult part
of the project

A 3-D sky surveys require
I Large aperture

I Good resolution

I Large bandwidth

I High speed




High Speed Radio Telescopes

A The CRT is inexpensive for the science it can rea
because the CRT is a member of the new breed
of radio telescopes called omacopes.

A Omniscopes are:
I arrays of low gain, wide beam width, antennae
I connected to lownoise, high speed, electronics.

A Ofmn'rscopes are just recently possible because
Or.

I Advances in room temperature, wideband, low noise
electronics developed for the cell phone industry

I Availabllity of low cost, highpeed data processers
ACASER DFOS tNRINIYYIOfS ! NN
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10mniscopes: Large Area Telescope Arrays with only N log N Computational Cost, M. Tagm&sexiv.org/abs/0909.0001v1



The 21cm CRT

A The CRT takes the orstgope concept one step further
by arranging the CRT as aizZollection of 4D arrays
operating in driftscan modé.

I The 1D arrays sit at the focal point of cylindrical reflectors
aligned to the meridian
I The CRT consists of 4 cylinders
A Each cylinder is 150m long by 20m wide
A Each cylinder has 512 channels per polarization

A Operating at a frequency range of 50000MHz
A Each cylinder costs on the order of 5M$

A The CRT has:

I Lower cost

I Higher stabilityc Experience at other large radio |
telescopes show that drift scanning provides the superior
stability that is required for large area surveys.

2The Hubble Sphere Hydrogen Survey, J Peterson , K. Bandura,-atXPeastreph/0606104



Match to Fermilab

A¢CKS a0OASYOS Aa OSNE ¢Sttt |
dark energy
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expertise. Fermilab has
I Along history in sky surveys (SDSS, DES)
I The indepth technical expertise in:
A large data acquisition systems (collider detectors)

A digital signal processing (collider detectors , accelerator control)
A radio frequency technology (accelerators)

I The management expertise in middle and large scale projects
and collaborations

Al 2dzt R 060S CSNX¥YAflI 0Qa YySEUG R
A Groundfloor opportunity

I Just like CMB, 21cm could be an enabling technology in
cosmolog\yc particularly for the study of early epochs



CURRENT STATUS



CRT Collaboration

A The CRT is a wonide collaboration with participants from 8
Institutions

I CarnegieMelon, AUl (Morocco), CEB4clay, CITA (Canada), CSRIO
(Australia), Fermilab, LAD1say, University of Wisconsin

A A significant amount of work has been done

I A two cylinder prototype has been built (Carnegykelon)

I Front end and bearorming electronic prototypes have been built
and tested at the two cylinder prototype (LADQréay, CEASaclay)

I Three site selection measurement trips have been made (AUI
(Morocco), Carneg@Melon, Fermilah CEARaclay, LALQrsay)

I In-depth requirement study has been completdee(milab
I Sky map simulation software completdeefmilab

I Initial foreground removal algorithms have been designed and
simulated Fermilab

I An initial proposal has been written (Carnegielon, Fermilab
I Two faceto-face collaboration meetings have occurréagimila AUI)
I Science workshop was heléermilab



21cm CRT Project Management

The Plrepresentsthe collaboration
in the scientific communityand in St [esiaaten
front of differentfunding agencies Jeff Peterson

The management committee CarnegieMelon
contains one member from each

institution
Management Committee

This management committee will Chair

decide on new appointees and may Reza Ansari

choose to appoint the same Orsay

individual for more than one

consecutive term. SEEMES CEEriEr Instrument Scientist
The Management committee chair UeLi Penn Dave McGinnis
and Science coordinator positions Canadian Institute for Eermilab

Theoretical Astrophysic:

are one year terms

The Pl and instrument scientist
positions are for at least two years.



D
O
>
e
@)
o
@)
| -
an
L
@)
| —
-
O
)
=
an




French Electronic Tests at
Pittsburgh

1408

1410

1412 1414 1416 1408 1410 1412 1414 1416
1(Ha) 1(Hz)

1408 1410 1412 1414 1416 o 1408 1410 1412 1414
1(Hz)

1416
1(Hz)



te Tests

S|

2000

ingP
1800

1600

e
1200 1400

el
1000
Frequency (MHz)

= Site 5a
= Ideal 300K
— Fermilab

-110
20
30

~140
50
60

-170

-180

190

—200




Fermilab 21cm Document Database

Projects-doc-# Title Author(s) Topic(s) Last Updated

784-v3 Initial Pittsburgh Cylinder Simulations results Lavid McGinnis 21CM 02 Dec 2009

778-vl Formulation Cylinder Yisibilities David McGinnis 21CM 05 Nov 2009

473-vd General Reguirement Formulae for the 21cm Cylindrical Radio Telescope Cavid McGinnis Technical MNotes 20 Oct 2009

653-v2 Signal to Moise for an FFT Antenna arra David McGinnis Technical Motes 12 Oct 2009

F13-vl Eermilab Presentations at the Spet 9, 2009 21cm collaboration meeting John Marriner et &, 21CH 10 Sep 2009

670-yv1 Bine Bluff Observatory RFT Measurements Dravid McGinnis 21CM 10 Aug 2009

656-v1 21icom Calibration by Ue-li Pen ommeo oo 21CM 23 Jul 2009

526-v1 Marocco Site Testing for the Cylinder Radio Telescope 21CM 09 Jul 2009

566-v1 Positioning and orienting a static radio-reflector 21CM 30 Jun 2009

S562-v1 21icm Collaboration Meeting June 2009 in Ifrane Morocco 21CM 26 Jun 2009

284-v1 Rates and Resolutions Technical Notes 22 Jun 2009

476-v3 Martin Leung Thesis: & Wideband Fead For 8 Cylindrical Radio Telescope z-oo- —---- Technical Motes 27 May 2009

543-v1 Dave's 21cm Five Magic Nurmbers Cravid McGinnis 21CM 08 May 2009

Sdz-vl Measuring BAD with the 21cm line of Hydrogen 467 y1 Status OF Ebeffire Feed Simulatibns tor the 2180 & ™" David McGinnis Meeting Minutes 31 Mar 2009

475-v1 April § 2009 21em CRT Collaboration Meeting 444-v4 Putting Documents into the 21 cm Doclb David McGinnis Technical Motes 02 Mar 2009

47d-vi Comments on the Performance of @ Adjacent Fee | 450-y1 The Cylinder Radio Telescope John Marriner Technical Notes 24 Feb 2009

466-v2 Integration Time for 21cm Parsbolic Cylinder Rad | 449-y1 21 cm Telescope Simulation John Marriner et &l Technical Motes 24 Feb 2009

4/1-vl Phased Array Antenna 366-v2 Spherical Coordinates for a Parabolic Cylinder Antenna Cavid McGinnis Technical Motes 02 Feb 2009

467-v1 Status of Aperture Feed Simulations for the 2iar | 432-v7 Fermilab Morocco Site Visit Surmmar Cavid McGinnis Technical Motes 02 Feb 2009

444-v4 Putting Docurments into the 21 an Docbb 435-v1 Antenna Factor for the 21 cm Simulation David McGinnis Technical Notes 26 Jan 2009

450-v1 The Cylinder Radio Telescope 407-v1 Ferrnilab 21cm Morocco Site Evaluation Status David McGinnis Meeting Minutes 22 Dec 2008

449-vi 21 am Telescope Sirmulation Technical Motes

366-y2 Spherical Coordinates for a Parabolic Cyvlinder ant | 3732 21icm Meeting at University of Chicago John Marriner et al. Meeting Minutes 22 Oct 2008

A32-y7 Fermilab Morocco Site Yisit Summar 372-v1 2lcm Cylinder Cartoon Pictures Cavid McGinnis Technical Motes 01 Oct 2008

435-v1 Antenna Factor for the 21 cm Simulation 367-vl Bay Tracing for an Offset Focus Parabolic Cylinder Antenna David McGinnis Technical Motes 22 Sep 2008

407-v1 Fermilab 21cm Morocco Site Evaluation Status 320-v1 HSHS Power Spectra Zom oo Technical Motes 30 Jun 2008
311-v2 Initial Measurements of Radio Frequency Interference at 1 GHz at Fermilab David McGinnis Technical Notes 02 Jun 2008
310-v1 Average Noise Power for 2 Low Noise Amplifier David McGinnis Technical Motes 02 Jun 2008
282-v1 Directivity of a Parabolic Cylinder Antenna Lavid McGinnis Technical Motes 05 May 2008
290-v5 Integration Length for 21cm David McGinnis Technical Motes 05 May 2008
303-vl Integration Time for 5 Parabolic Dish Radio Telescope David McGinnis Technical Motes 05 May 2008
297-v1 Radiometer Equation John Marriner Technical Motes 01 Apr 2008
292-vl 3-0 Intensity Mapper Project Description — —momm —oeee Technical Notes 11 Mar 2008
291-vi NSF ATI Proposal (2007 Technical MNotes 10 Mar 2008
286-v1 21 CEMNTIMETER FLUCTUATIONS FROM COSMIC GAS AT HIGH REDSHIFTS —=—=- ————— Publications 03 Mar 2008
285-v1 THE HUBBLE SPHERE HYDROGEN SURVEY  Zoomm —meee Publications 03 Mar 2008
283-v1 Digitized response function of a phased array of Antennae John Marriner Technical Notes 03 Mar 2008
281-vl 21-cm Baryon scoustic Cscillation Surve Scott Dodelson Technical Notes 03 Mar 2008
280-v1 3-D Intensity Mapper Project Description  mm=mm —meem Technical Notes 03 Mar 2008




CRT Design Requirements
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CRT Design Requirements Il

Lerations

Band 1 Target Step Band 2
scrot -
Sorop  Redshit Range 12 133 1 1 067 043
SCLOF  Survey Area 364 281 241 364 3.05 258 | pi Steradians
SCIO4  Angular Resohution 17.11 1426 1222 1833 1528 1808 arc-min
SCLOS  Sensivity per Pizel 2737 10474 19442 7476 9153 17233 K
SCLOS  Dlarik Prioes Figure of Merit 89,67 3967 89,67 J
SCLO07 DE Il Priors Figure of Merit 23584 235,84 23584
DYEQ1 Center Frequency 500 EZEH | O | 240 MHz
DYE02 Feed Sparing 05838 [ | R | 05449 fabda
DYE.03 Digital Charnels per Cylinder per Polarization 413 FER | 413
DVE.04 Number of Cylinder locations 5 B I=—1 4
DYE.05 Cylinder Packing Factor 66.67 50 I 100 %
DYE06 Total Cost 1501 [ | 1331 s
STE.01 Survey Time 2 2 years
STE.02  Observing Dty Factor 50 00 50 o
STE03 Latinde 35 %0 35 degrees

[Micrasaft PawerPoint - [Fermilabs denceReq.pptx]
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A Define the science
i Dark energy
A Define parameter that measures success
i Dark Energy Task force Figure of Merit
A Define science technique
T Baryon Acoustic Oscillations with intensity mapping
A Pick an Instrument
T Develop a rough engineering model
i Estimate the cost versus science of the instrument
i tAO1 F LI NFY¥YSGSNI aSd 2N all



