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Abstract: CHIME will use the 21cm emission line of neutral hydrogen to map large-scale
structure between redshifts of 0.8 and 2.5. By measuring BAO we will place

constraints on the dark energy equation of state asit beginsto dominate the

expansion of the Universe, particularly at redshifts poorly probed by current

BAO surveys.

In thistalk | will introduce CHIME, atransit radio interferometer designed
specifically for this purpose. | will discussits goals and describe the

powerful new analysis techniques we have devel oped to confront the many
challenges of such observations, in particular removal of astrophysical
foregrounds which are six orders of magnitude larger than the 21cm signal. A
smaller 40m x 37m pathfinder telescope is currently operating at the DRAO in
Penticton, BC, and the construction of the full-sized 80m x 100m instrument
commenced in early 2015. | will report on current progress, and the lessons
already learned.
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Canadian Hydrogen Intensity
Mapping Experiment
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e Sounds waves propagating in the
early Universe.

e Leave a weak imprint in the
matter distribution

e Gives a standard (statistical) ruler

e Exact peak position tells you
angular diameter distance and
Hubble parameter at the redshift
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21cm Intensity
Mapping
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Cosmological 2Tcm  wuwn o
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spin temperature T’
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Hydrogen in the Universe
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Galaxy Redshift Survey

e Detect all galaxies with

high significance.

e Take spectra to determine
redshift

0.00

Redshift z
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Intensity Mapping

e Observe galaxies with
a line transition

e Automatically gives
redshift

Don’t need to
resolve individual
galaxies

AN P

0.00 0.05 0.10 Chang.et al, 2008; Wyithe and Loeb 2008
Redshift z
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21cm Intensity Mapping

e In 2lcm the frequency gives the redshift.

e Observe the diffuse emission from many unresolved

galaxies

e Changes the game in telescope design:

4

Previously: large field of view, large collecting area, large angular
resolution (SKA?)

Now: large field of view, large collecting area, modest angular
resolution (compact arrays, single dishes).

Chang, Pen, Peterson and McDonald , 2008, http://arxiv.org/pdf/0709.3672

Page 10/34



Foreground Challenges
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Foreground Challenges
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Foreground Challenges

400 Mz

Galaxy: up to 700K
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Canadian Hyarogen Intensity

Mapping Experiment
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CHIME Overview

100m

e Located at DRAO in BC
e 'Transit radio interferometer
»  Observe between 400-800 MHz
» 0.4 MHz spectral resolution
» 1024 dual pol antennas (Trecv = 50K)

e 120 x 2 degree FoV
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Survey Volume >

WiggleZ: 1.2 (h'! Gpc)? St
BOSS 222
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2=5
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DESI ELG: 50 (h! Gpc)3 Scaled such that:
area of patch=volume of survey
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BAQO Forecasts
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BAQO Forecasts
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CHIME Status

e Construction completed!
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CHIME Pathfinder
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CHIME Pathfinder

e 2x20m cylinder, 40m long
e First light was late 2013

e Pathfinder analysis ongoing
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Data Analysis with the
m-mode formalism

arXiv:1302.0327; arXiv:1401.2095

Pirsa: 15080002



Pirsa: 15080002

Data Analysis

e Analysis is challenging:

4

4

Wide field at given instant (~ 120 x 2 degrees)
Effectively an all sky survey (31 sr)

Data volume (>~ 1 TB/day for pathfinder)

Polarisation leakage

Foreground removal (> 10° times brighter)
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Interferometers
A(f) = 27N d,)//\

advancing
'/ wave crests

e Visibility is instantaneous
correlation of 2 antennas ) ¢

Vij = (RF}) 1

4. 4

baseline

Fi F;

e Written explicitly:
1

= o [ CRA(R A (B 1) DT (h)
1]

J

Vij(t)

e Traditional analysis approximates
this to a 2D Fourier transform and
proceeds from there.
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Foreground Cleaning
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Foreground Cleaning

Unpolarised Foreground
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Foreground Cleaning

Unpolarised Foreground Polarised Foreground (Q)

21cm Signal
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2D Power spectrum Estimation

| N FG F 1 F‘G A\ 1. Fractional powerspectrum
0.25 |- ~INO | u = .
‘ errors (blue is better)
- 0.70
020 f ] F | ) 050
_ | - 0.30
g 015 [ | b . Subtraction works
e ‘“ - 0.20 .
= | well into
P _ 0.15 foreground wedge
/|
7’ 0.10
’
0.05
0.07
0.05
0.00
0.00 0.04 0.08 0.00 0.04 0.08
k, / hMpe !

Pirsa: 15080002 Page 33/34



Summary

e BAOs are an alternative probe of dark energy

e 2lcm Intensity Mapping is a promising technique for
mapping the Universe and measuring BAOs - foregrounds
are challenging

e CHIME Pathfinder is operating, full instrument
construction finished summer 2015

e Analysis is fun! Polarised radio sky simulation and 21cm
data analysis code all available at:

http://agithub.com/radiocosmology/
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