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The 21cm line is ideal to study the first billion ye:

Time since the
Big Bang (years)

~ 300 thousand

~ 500 million

~ 1 billion

~ 9 billion

~ 13 bllllon |

What is the Reionization Era?

A Schematic Outline of the Cosmic History

<« The Big Bang
The Universe filled
with ionized gas
\ M < The liniverse hecomes
neutral and opaque
The Dark Ages start

Galaxies and Quasars
begin to form
The Reionization starts

Dark ages

Cosmic Pa'wr]

The Cosmic Renaissance
The Dark Ages end

~Reionization complete,
the Universe becomes
trangparent again

Galaxies evolve

The Solar System forms

loday: Astronomers
figure it all out!

5.G. Djorgovski et al. & Digital Media Center, Caltech

. No structures were
formed, primordial
fluctuations are imprinted Iin
the HI gas

Cosmic Dawirfirst luminous
structures (Pop lll stars?
Micro quasars?) are formed in
the dark matter halos

. luminous
structures (galaxies, AGNSs} re
lonize the IGM



21 cm line cosmology

z=13 z=10
v = 1.4GHz v = 100 MHz
CMB acts as Neutral gas Redshifted signal
back light imprints signal detected

brightness temperature

Ty 142\ /2 0,0, i
Ty = 27zy1(1 4 0p) (—STS T)( 10 ) {(1+z)H(z)} mK

spin temperature Coupling mechanisms:
. T,},_l + a7+ :Bchl Radiative transitions (CMB)
T = 1+z, +x, Collisions

Wouthysen-Field effect




Evolution of fluctuations
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Courtesy AMeisinger



Observationalispecs
for 21emllinecexperiments:

Frequency:coverage:
30-200 MHIz (6<7z<<335)

Angular resolution:
fluctuationsAy 5 <d < 30 arcmin
imagingAy up te < larcmin

Sensitivity:
mK sensitivity iisrteguireé dotocconstrainomestiof therkidriedels
(The VLA @ 74 WiHzlhasarms sensitivity ©of 261K (1hhoun))

Challenges:
- correctioncofionospheridaistortions
- calibrationofitimeiandrfrequency variablé-telescapediesponse (beam)
- sulbtractionobbrightfaregroundsn@nd theincouplinghwithi theunstriuwmentalresp



We live in tihecera of eXploratiosurrent and future 2iem
experiments
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Parsons et al. 2018




A even far away from
the field of view!




waﬂ or mww&@ambeenﬁ m@xled'

A Subtraction of bright sources (S > @.1y);

A Subtraction of Galactic diffuse emission and extragalactic unressteedes;

150 MHz

150 MHz all sky
map

Parkes 64-m



Do we know/hoew dosubttachferegrounds?oHow awell?

A Subtraction of bright sources in the real world (correcting for ionosphere):
direct evalwuation of s k yNoordam2a0d)t r u
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v [MHz]

Bowman, Morales & Hewitt, 200
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Highlights from the survey:

/) LAY A first sub-mJy images at 115170
- LFa Y\ MHz
L e/ l‘ " S 10al0 A first detection of Galactic (total

intensity and polarized)
foreground emission at sub
- he ‘ degree angular scales at low
N e frequencies;
\\\ [ / A characterization of foreground
statistics through power spectra;

3C147

A first upper limits on 21cm signal
at z~8.5;

PSRJ0218+4232 Fan region



Power|lawthehavion withdoest fi
amplitude

A o= (0.001ON 0.0003) K&,

and hestffit:slop, = -2.2N0.3:
diffuse Galactic enlission

i s T peak flux ~ 2.8Jy

10
+644 & Flat power spectrum:
- residual point sources
#wH noise: 0.75mJy/beam

Power law behavior with best fit

amplitude A, (90N 7) (mK)?2

and best fit slopg, = -1.52N0.16:

diffuse polarized Galactic
emission

Right Ascension (i2000)

Bernardiet al.2009



~2 arcmin resolution

peak flux ~ 77.4Jy

frequency: ~ 150 MHz

conversion factor:
1mJy/beam=3.3 K

2
:
:
;

* noise: 0.5mJy/beam (72 h, 16
0 MHz banwidth)

DR ~ 150000:1

chromatic phase errors
due toionospheric

distortions are spread
over a wide area

Right Ascension (32000) a
Bernardiet al.2010




Lofar CORE; station priority may 2010

A
. Station of “best 18"
0]

21- ) Addiional staton to get
o ‘beszs’

S u p ¢eerpdl @50 m diameter

(é' To be prepared station site

(ﬁ *  (cumently non-exsstent
station)

Note

CS20 belongs to “blue stations”, but has
not been prepared because the ground is
not owned yet by LOFAR




LOFAR deepiintegrationsohthe 3C4 96 ifield

WSRT, 14 MHz bandwidth, 72 h, LOFAR HBA, core stations, 36 MHz
0.5mJybeam sensitivity bandwidth, 6 hQ.3 mJybeam sensitivity




Near future:

400h observations in
autumn/winter 2012-
2013 should approach a
continuum sensitivity of
~70mK (getting close to
EoR noise levels)?

- precise beam
characterization needed

lonosphericcorrection;



