Instruments for studying the
Epoch of Reionization (EOR)
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What is the Reionization Era?
A Schematic Outline of the Cosmic History

Time since
Big Bang [y ] +The Big Bang

0 thousand

= 500 millian

Renaissance

=1 billion

=~ 8 billion

= 13 billian



http://www.haystack.mit.edu/ast/arrays/mwa/Science Goal/EOR/Pictures/reionexpl.jpg

Theoretical predictions of “bumps” in the spectrum from
the red-shifted hydrogen of the early universe

CMB < Tspin ~ Tkinetic 22 -
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H1 in emmision

CMB > Tspin H1 in
absorption

Furlanetto et al. 2004
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FK3i. 1: Top panel: Bvolution of the COB tem paratura Tram
{dottad curva) the gns Hoetic temperatire Tr (dashed corva),
and the apin temperatire Tr (folid corve).  Middle panel:
Evolution of the gna fraction in ionized regions 2 (aolid curva)
and the ionized fraction ontside thess regions {due to diffmas
X-rayd) o, (dotted corva). Boftom panel: BEvolution of mean
21 e Iripghtness tamperatnre T, Inaach panea we plot cirves
for modal A {thin corves), model B (medism ewrvas), and
modal C (thick carvea).

lies upon rejonization proceeding rapilly leading to a
distinctive step-like feature in the frequency direction,
which would not be expected to be produced by the
spectrally-smooth foregroimd=. With the asmmption of

G

pected that many of cur approximations will break down
as small scale information abont the smirces becomes im-
portant {see for example [63] for the importance of higher
wder correlations on small scales during refonzation ).
For the mean histories shown in Figure 1, we caloilate
the evdution of the 21 cm angle-averaged power spec-
tnim, which is plotted in Figures 2, 3, and 4, for modes
A, B, and O, respectively.

The evohution of Ax, clearly shows three regimes: the
post-reionization regime at low redshifts (z < z.:.)
where the 21cm Auctiaticns from residnal hydrogen fol-
low the matter power spectrum, an intermediate red-
shift regime {(Tnigm < 2 < Zyara) where Lya coupling
prociuces a large signal and complicated astrophy=ics
kads to signifficant scale dependence, and a high red-
shift collsionally-coupled regime where 21 cm fluctia-
ticns track the density field {z  zuame = 23). For peda-
mpical purposes, let 15 describe the evaution on a single
camoving scale {say, £ = 0.1 Mpc™ !} and draw attention
to the main features. Thermal deconpling at z ~ 200 is
a gradnal process and, mitially, Az, grows due to a com-
binaticn of the growth of density fuctuations and the
steady gas cooling below Tropge. As the gas rarifies and
cods, collisional conpling becomes less effective and, at
z ~ 6, Aq, begins to decrease in amplitude. Note that
the contimuing growth of stoucture offsets the tumover
@ Aq, from the minimum of 7}, seen in Figure 1 to oc-
or at z /= 9. As cdlisional copling diminishes, the
signal drops towards zero. Thizs comrs while Ty < 30,
a regime where x;_o{Tx) drops expanentially with Ty
[32] and result= in a rapid drop of the signal at 2 < 40.
Before the =signal drops all the way to zero, significant
star-frrmation oomus and the remiltant Lye prodiuction
leads to the begimming of Ly conpling by z =z 25, The
exponential increase in the global star formation rate at
these redshifts = responsible for the rapid increase m T,



Model of the spatial structure of the H-line at the start of star formation
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Simulation of redshifted 21cm emission/absorption at z~8.5, from Tozzi et
al. (2000). The peak brightness is about 10 mK. The MWA EOR key
project aims to characterize such structure, among other EOR
diagnostics



The Orbcomm satellite downlink 137-138 MHz
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CRBCOMM operates a network of [owe Earth
orbit (LED) satellites that provide worldwide
coverage. These satellites are relatively small
in size, weighing less than one hundred
pounds and measuring only fory-twa inches
in diarmeter and =iz inches in height before
deployment. The relatively small size of aur
satellites is made possihle by the fact that
they do not require a propulsion system to
maintain the satellites in the appropriate orhit
and have significantly lower power
reguirements as compared to geostationary
satellites.

Each satellite is equipped with a YHF and Ultra High Freguency, or LIHF,
communication payload capable of operation in the 137.0-150.05 MHz and the 400.07 5-
400,125 MHz bands. The use of the system uplink (Earth-to-space) spectrum is
manaded by an on-board computer that employs the QRBCOMM-pioneered Dynarmic
Channel Activity Assignment System, or DCAAS. DCAAS continuously scans the
authaorized spectrum, identifies frequencies in use by other users ofthe frequency hand
and assighs suhscriber communication uplink channels to minimize interference.
DCASS changes the uplink frequency at least every 15 secaonds, which allows our
systern to coexist with the current users of the WHF frequency band, and limits
interference to acceptable levels. The gatewsay earth stations and the subscriber
communicators communicate with the satellites in the same YHF band, thus
eliminating the design complexity, a5 well as the associated bulk, power and cost of
suppoding multiple communication equipment on a single satellite. Qur satellites also
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Signals from the Orbcomm 137-138 MHz along with 150 MHz
beacons plus some unkown sources of RFl at Mileura WA



EDGES -expt. antenné at
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Typical terrain at Boolardy Early prototype of MWA tile
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Orbcomm downlink spectra from EDGES
spectrometer at Mileura Dec 2006
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Typical spectrum EDGES at Boolardy WA



Rogers and Bowman, AJ 136,641-648,2008
Spectral index  =2.5* 0.1 100-200 MHz
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Galactic background spectrum from EDGES

Bowman, Rogers and Hewitt, Ap.J. 676,1-9,2008
EOR “bump” <450 mK
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Region of low population in Western
Australia. Radio quiet zone is now
centered on the Boolardy station

Boolardy Stn

degrieeskazimuth



Frequency Range Service Comments
[MHz]
50 —94 Low spectrum use
94— 100 FM broadcast Geraldton high-power
service
100 — 108 FM broadcast Meekatharra low-power
service
108 — 137 Aecronautical Low use short duration
signals (mobile)
137 - 138 Satellite downlink | LEO
138 — 144 TV broadcast
144 — 1499 Low spectrum use
149.9 — 150.05 Satellite downlink | LEO
150.1 — 151 DRCS (Telstra Note: 150.05-153 MHz is an
phone/fax service) | ITU radio astronomy
allocation
151174 Negligible band use
174 — 225 TV broadcast Geraldton high-power
service. Vacant 202 —209
MHz
225 -243.8 Low spectrum use
243.8 - 250 Satellite downlink | Defence use

Table 1. Qualitative summary of radio activity at Mileura Station. Reconstructed

from data in [Thomas, 1999b].




Current EOR experiments

MWA — Murchison Widefield Array

PAPER — Precision Array to Probe Epoch
of Relonization

CoRE - Cosmological Re-lonization
Experiment

EDGES — Experiment to detect Global
EOR Step



The Murchison Widefield Array

In tiles of 16
— Broad frequency response
— Large field of view

Bowman et al. (2007)



MWA electronics block diagram
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MWA 32 tile deployment at Boolardy WA
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- Don Backer el al.

GALFORD MEADOW -- NRAO: GREEN BANK, WV

D. Backer, A. Parsons, M. Wright, D. Werthimer (UC Berkeley),
R. Bradley, C. Parashare, N. Gigliucci, D. Boyd (NRAO, UVA)

- ANT#8  ANTH#1
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All Sky map by PAPER



e 2-arm log-spiral
winding
— 4 arm variation Is
possible
e Support structure
— Styrofoam pyramid

— Foam, glue and paint
tested using the
Australia Telescope
Interferometer




Measuring the Global Signal?
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SF (2006)

e Signal gradient is few
MK/MHz

 Foregrounds vary as
(near) power law

— Synchrotron, free-free
— Gradient is few K/MHz

« CORE-ATNF, EDGES
experiments are trying
— Distinctive shape may help

From talk by Ron Ekers at 21cm
conference at CFA 2008
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