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Galaxy Redshift Surveys _

Basic idea : |
galaxy positions and redshifts i
measured in the optical eg. 2DF
Density Perturbation = A — N — <N> .
Number Perturbation — (N) A

Use P(k) to deduce BAOs and constraints on DE

“Inefficient” : detection at 50 throws away all but a small
fraction of the detected photons !

Bias : relies on the galaxies tracing the dark matter

30



Galaxy redshift surveys in the radio

Use 21cm line — detection plus redshift automatic
- 10° galaxies out to z = 1.5 with SKA

- strong constraints on DE
Abdalla & Rawlings, 2005

What has been done so far ?

- HIPASS 10% galaxies; ALFALFA
- Upcoming MEERKAT, ASKAP, APERITIF

What can be done before SKA ?
- Problem 21cm line is very weak
- L. galaxies at z=1 need 1km? to detect in an hour

Wilkinson, 1991



HI surveys with a low
resolution at high redshift

e Standard formula of radio astronomy

Myr 235 x 10° (d| (2) 2( SAv )
Mo 142z Mpc Jy kmsec—1

(Battye, Davies
and Weller, 2004)

Radio astronomers are usually interested in collecting area — point source flux
sensitivity as opposed to brightness temperature sensitivity

* Instrument with 10*m? collecting area — 100m dish!

- 10! solar masses of HI -> 150uly
- can be detected in around an hour

* Clusters contains approx 10! solar masses of HI !



SKA Design Study Simulated Catalogue based on Millennium Simulation, Oberschkow , 2009)

Simulated spectra from 537

(Battye et al, 2012)
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Galaxies — Clusters — “Background”
What makes up the signal ?
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HI intensity mapping

 Just deal with the intensity field T(f,0,¢)

Peterson et al (2006)
Pen et al (2008)

Ch t al (2010
- use the unresolved background , .. 2t2|§2008?2011)

- treat like the CMB
* Average temperature

- don’t detect the galaxies

_ Q h 1 2
T = 44 4K H1(2) (1+2)
245 % 10-4)  E(2)
Weak redshift/
Calibrated to local HI density from HIPASS Frequency dependence

- factor 2 change expected with redshift



2D angular power spectra
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o _ CDM power
- similar to the cosmic shear power spectrum spectrum




BAOs in 2D v 3D spectra

2D angular power spectra 3D power spectra
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50 MHz (equivalent to Az=0.05) is optimal



Contamination

Typically continuum — with a smooth spectrum

Should allow it to be extracted !

Smooth
approx 5K @ 1GHz — mainly CMB and Synchrotron

RMS Fluctuations @ 1GHz

* Galactic synchrotron - 90mK
* Free-free - 20mK
* Extragalactic sources -50mK

NB HI signal is approx 0.1 mK — but it is a spectral line



Proposed BINGO Concept

Boom Technical specifications

Dish diameter : 60m

Resolution : 1/3 deg

Frequency range : 960-1260MHz
P " (z=0.12 - 0.48)
Focal ratio : approx 3

i e —

Number of feeds : 50 (dual polarization)
- Tg,s approx 50K

150m

Survey Design

Observation time : 1 year on source
Area : 10 x 200 deg? — drift scan
Pixel noise (per 1 MHz) :

Static 60m dish — offset parabola - 1: : . o .« . |
(No moving parts)




Pseudo correlation receiver

Reference [ Phase
— A/D
beam [ switch ? /
L/O Computer
Science > [ Phase
beam | switch é A/D
Hybrid Hybrid Mixer

- 1/f knee frequency of typical receivers is approx 1Hz
* Perfect pseudo correlation can remove the 1/f
* To achieve approx 1ImHz we need :

- Input matching to < 3%
- Hybrid accurate to < 1.5%



Projected power spectrum errors

. 1 full year of observations
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Measurement of acoustic scale

e 1 full year of observations
- measurement of acoustic scale to 3%

- by completely independent method
* Projected constraint on Dark Energy :

- constant w - varying w

8% constraint on w




Project status

e Paper (Battye et al) to appear soon

* Funding for receiver prototype (few 10ks GBP)
- already in the testing phase : not expecting any
showstoppers

e Estimated total cost: 1.5M GBP

- Very optimistic of funding from Saudi Arabia for
receiver array built in JBCA

- Need collaborators for the site and telescope
funding eg China, India, ..



Summary

21cm intensity is a new approach to BAOs

- Innovative
- Cheap
- Different systematics to standard approach in optical

Presented signal simulations

Brief discussion of foregrounds (more in the paper)

Proposed BINGO design

We are looking for collaborators ! (with money or a site or both)



