21-cm Intensity Mapping

With GBT, Arecibo, and CRT
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21-cm observations are three
dimensional and can cover
huge co-moving volumes
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21 cm galaxy images,
Form the VIVA project.



Alfalfa redshift surve

Large scale structure matches
optical surveys



Baryon Acoustic Oscillations — Dark

Energy Probe

« CMB acoustic
oscillations:

Imprinted
standard ruler,
400 Mly.

A\ 4

WMAP5 and other, Nolta et al (2008)
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Baryon Wiggles
Detected by
SDSS and 2df

U
I 2dFGRS (Percival et al. 2001)
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Spherical Shell in 3d

Comoving Separation (h-! Mpc)



Intensity Mapping




www.jpl.nasa.gov




Green Bank Telescope
West Virginia

*50 hours
observation at z=1
*10 hours at z=1.5

*DEEP2 Fields 2,4
deg x 0.5 deg
fields

*15 arcmin angule
resolutior
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21cm — DEEPZ2 cross correlation
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Results from GBT

« 2 x 104 solar masses HI detected at
z~0.8

~4.5 107-4



Current program
at GBT

-Attempt to detect 21 cm structure
without use of optical survey

-Sweep Horizontally across
Wigglz fields, rising, setting and transit

-Use CMB cross linked imaging algorithm

-Use PCA to remove modes with common .= sdis
Freq. structure.

-Residual rms about twice the expected

21 em signal.




Arecibo RFI
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CMU 800 MHz feed at Arecibo




Use compact feed to fill
the first fresnel zone of
the spherical surface
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Parameters
of CRT

erture filling: ~50%




The Cylinder Radio Telescope Consortium
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Simulated Results
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Figure 1. Sensitivity to Dark Energy Models. The plot shows projected error ellipses in the
parameter space laid out by the Dark Energy Task Force. w, = p/p is the dark energy
equation of state, and w, is the first derivative of w. Plotted in black are I-0 and 2-a

s for HI I ity Mapping ing a Cylinder Radio Telescope of area 10,000 sq
meters. Also plotted are s for the optical BAO experiments SDSS-I1I after
combining the Large Red Galaxy and Lyman-alpha surveys (red) and WFMOS (blue).




BAO Signal First Peak from 400-1400MHz

6/3/2010




Foreground Removal ¢emis)

BAO First Peak in 3-D k-Space sneain

< k, >

BAO First Peak and Foreground in 3-D k-Space

BAO First Peak and Foreground with Foreground Removal in 3-D k-Space
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Other Science Goals for CRT

 Pulsar Search

 Map Magnetic Fields via
tation Measure




1U.cylinders in operation:-
J. Peterson, K. Bandura, U:
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Correlaltion computer
(Sigurdson)
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128 Samplers
4 channel, 8 bit, 200 Ms/s

128 Calibration CPU nodes

— Band 03
— IF\E'I? IF0-3 Band 4-7
| ) Band 811
—| FO Xmit Band 1215
— Band 03
_| Apc IF 47 Band 47
_| FFT Band 8-11
—1_FO Xmit Band 12-15
— Band 03
_ | ADC IF 8-11 Band 4-7
—| FFT Band 8-11
—1 FO Xmit | Band 12-15
— Band 03
_| Apc IF 12-15 Band 47
—| FFT Band 8-11
—1__FO Xmit | Band 12-15
] Band 03
_| ADC IF 16-19 Band 47
—| FFT Band 8-11
—1__FO Xmit Band 1215

32 Gbe in
Band 0-3
IF 256-383

|4 10-Gbe out

32 Gbe in
Band 0-3
IF 384-511

|4 10-Gbe out

32 Gbe in
Band 12-15
IF 384-511

|4 10-Gbe out

16 Concentaring Network Switches
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. CygA24 <1-2*> 1D fit <16 MHz>




Individual antenna gain - module
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Black = visibility gain datas
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Next steps for CRT

« 3 Cylinders 15x30 m in China
« Use existing 40 chan. Correlator
« 512 chan. Correlator proposed to NSF ($2M)

ap 21 cm Large Scale structure at z~1, Attempt t
1 cm velocity distortions and B




Possible Sites for CRT
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Conclusions.

« 21cm intensity mapping is a very promising tool for 21st century
cosmology

 Foregrounds are bright but can be removed.

» Intensity Mapping: without detecting individual galaxies, large
structures may be detectable.

We report detection of HI emission with GBT at z~0.8
coustic Oscillations — geometric measure of t




