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Science Reach

Å The 21cm Cylindrical 
Radio Telescope (CRT) 
ï is a single purpose 

project to 
parameterize dark 
energy expansion 

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

Å The CRT can
ï reach a Dark Energy 

Task Force Figure of 
Merit (FoM) of 250 (> 
4x DES BAO FoM) 

ï for a cost below 30M$

DES



21cm Intensity Mapping

ÅTo peer deep into large red-shifts, we use a 
hydrogen hyperfine transition at 1.42 GHz to 
make a 3-D radio intensity map of the 
universe

ÅBy intensity map, we mean that:

ïgalaxies are not spatially resolved

ïthe 21cm line is not resolved in frequency



3-D Radio Maps
ÅWith the 3-D radio intensity map, we will pull the 

uniqueBAO signal out of a map that is dominated 
by foregrounds.
ïForegrounds consist of galactic  synchrotron emission, 

point radio sources, etc.

ïForeground subtraction will be the most difficult part 
of the project

Å3-D sky surveys require
ïLarge aperture

ïGood resolution

ïLarge bandwidth

ïHigh speed



High Speed Radio Telescopes
ÅThe CRT is inexpensive for the science it can reach 

because the  CRT is a member of the new breed 
of radio telescopes called omni-scopes1.
ÅOmni-scopes are:
ïarrays of low gain, wide beam width, antennae
ïconnected to low-noise, high speed, electronics.

ÅOmni-scopes are just recently possible because 
of:
ïAdvances in room temperature, wideband, low noise 

electronics developed for the cell phone industry
ïAvailability of low cost, high-speed data processers
ÅCƛŜƭŘ DŀǘŜ tǊƻƎǊŀƳƳŀōƭŜ !ǊǊŀȅǎ όCDt!Ωǎύ
ÅDǊŀǇƘƛŎŀƭ tǊƻŎŜǎǎƛƴƎ ¦ƴƛǘǎ όDt¦Ωǎύ

1Omniscopes: Large Area Telescope Arrays with only N log N Computational Cost, M. Tegmark - http://arxiv.org/abs/0909.0001v1



The 21cm CRT
ÅThe CRT takes the omni-scope concept one step further 

by arranging the CRT as an 2-D collection of 1-D arrays 
operating in drift-scan mode.2

ïThe 1-D arrays sit at the focal point of cylindrical reflectors 
aligned to the meridian
ïThe CRT consists of 4 cylinders
ÅEach cylinder is 150m long by 20m wide
ÅEach cylinder has 512 channels per polarization 
ÅOperating at a frequency range of 500-1000MHz
ÅEach cylinder costs on the order of 5M$

ÅThe CRT has:
ïLower cost
ïHigher stability ςExperience 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, U. Pen -arXiv:astro-ph/0606104



Match to Fermilab
Å¢ƘŜ ǎŎƛŜƴŎŜ ƛǎ ǾŜǊȅ ǿŜƭƭ ŀƭƛƎƴŜŘ ǿƛǘƘ CŜǊƳƛƭŀōΩǎ ƛƴǘŜǊŜǎǘ ƛƴ 

dark energy
Å¢ƘŜ нмŎƳ /w¢ ǘŜŎƘƴƻƭƻƎȅ ƛǎ ǾŜǊȅ ǿŜƭƭ ŀƭƛƎƴŜŘ ǘƻ CŜǊƳƛƭŀōΩǎ 

expertise. Fermilab has 
ï A long history in sky surveys (SDSS, DES)
ïThe in-depth technical expertise in:
Ålarge data acquisition systems (collider detectors)
Ådigital signal processing (collider detectors , accelerator control)
Åradio frequency technology (accelerators)

ïThe management expertise in middle and large scale projects 
and collaborations

Å/ƻǳƭŘ ōŜ CŜǊƳƛƭŀōΩǎ ƴŜȄǘ ŘŀǊƪ ŜƴŜǊƎȅ ŜȄǇŜǊƛƳŜƴǘ ŀŦǘŜǊ 59{Φ
ÅGround-floor opportunity
ïJust like CMB, 21cm could be an enabling technology in 

cosmology ςparticularly for the study of early epochs



CURRENT STATUS



CRT Collaboration
Å The CRT is a world-wide collaboration with participants from 8 

institutions
ïCarnegieςMelon, AUI (Morocco), CEA (Saclay), CITA (Canada), CSRIO 

(Australia), Fermilab, LAL (Orsay), University of Wisconsin

Å A significant amount of work has been done
ïA two cylinder prototype has been built (CarnegieςMelon)
ïFront end and beam-forming electronic prototypes have been built 

and tested at the two cylinder prototype (LAL (Orsay), CEA (Saclay))
ïThree site selection measurement trips have been made (AUI 

(Morocco), CarnegieςMelon, Fermilab, CEA (Saclay), LAL (Orsay))
ï In-depth requirement study has been completed (Fermilab)
ïSky map simulation software completed (Fermilab)
ï Initial foreground removal algorithms have been designed and 

simulated (Fermilab)
ïAn initial proposal has been written (CarnegieςMelon, Fermilab)
ïTwo face-to-face collaboration meetings have occurred (Fermilab, AUI)
ïScience workshop was held (Fermilab)



21cm CRT Project Management

Principal Investigator

Jeff Peterson

Carnegie-Melon

Science Coordinator

Ue-Li Penn

Canadian Institute for 
Theoretical Astrophysics

Instrument Scientist

Dave McGinnis

Fermilab

Management Committee 
Chair

Reza Ansari

Orsay

Å The PI represents the collaboration 
in the scientific community and in 
front of different funding agencies.

Å The management committee 
contains one member from each 
institution

Å This management committee will 
decide on new appointees and may 
choose to appoint the same 
individual for more than one 
consecutive term.

Å The Management committee chair 
and Science coordinator positions 
are one year terms.

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



Pittsburgh Prototype



French Electronic Tests at 
Pittsburgh



Site Tests
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Fermilab 21cm Document Database



CRT Design Requirements

Å Define the science

ï Dark energy 

Å Define parameter that measures success

ï Dark Energy Task force Figure of Merit

Å Define science technique

ï Baryon Acoustic Oscillations with intensity mapping

Å Pick an Instrument

ï Develop a rough engineering model

ï Estimate the cost versus science of the instrument

ï tƛŎƪ ŀ ǇŀǊŀƳŜǘŜǊ ǎŜǘ ƻǊ άǇǳƴǘέ


