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" Measure the underlying density power spectrum.

= Statistical characterization of the size of ionization bubbles with
redshift.

" A number of secondary science goals for worst case scenario



o Jlaxies formed and create-
- ~scale H" regions around
themselves, eventually leading to a

globally ionized intergalactic
medium (IGM).

Last global phase transition in the
IGM.

Important process for galaxy
formation (feedback).

dout
SUiclreE: rorm«mr |
nd bBlack hole formation.
Redshift: 6 — 20.

What is the Reionization Era?
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~ 300 thousand

~ 500 million

~ 1 billion

~ 9 billion

~ 13 billion

A Schematic Outline of the Cosmic History
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S.G. Djorgovski et al. & Digital Media Center, Caltech

Now

<« The Big Bang

The Universe filled
with ionized gas

<«The Universe becomes
neutral and opaque

The Dark Ages start

The Cosmic Renaissance
The Dark Ages end

<Reionization complete,
the Universe becomes

transparent again

_ 1 Galaxies evolve

The Solar System forms
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* The 21 cm hyperfine transition is a forbidden transition
between the two 14s,,, ground level states of neutral

hydrogen.

" For the IGM during the EoR the measurable signal
(differential brightness temperature) can be written as
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and is found at frequencies below 200 MHz.



= Just as the Cosmic Microwave Background, the redshifted
~ 21 cm signalfills the sky. It has fluctuations due to

— Gas density of the IGM (0)

— Appearance of ionized regions (X,,)

— Excitation variations (T,)

Density Field at z=13.62 ST (mK) ar z=13
(Beam=3.0 arcmin, Bmdmdth:ﬂ MHz)
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= Unlike the CMB; the redshifted 21cm signal also has
“fluctuationsralong the frequency direction.

" These fluctuations carry a rich mix of spatial, temporal and
velocity information.
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Stroprysical Forsgrouric

= Justas the CMB, we o
‘need to dealiwith S LI N,
foreground signals.

. These are hOWeVer ~3 GALACTIC ] cosmological

foregrounds | : - 21cm signal

orders of magnitude
brighter than the signal.

" Good news: they have a
smooth frequency
behaviour.

- * Badinews: they have
. stiucture/fiuciiatieRSHAR
pEIanzed intensity.

@ 120 MHz
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- ® The Earth’s ionosphere -
= Distorts the images (phase errors)
— Introduces Faraday rotation

" Both effects are frequency dependent and time dependent,
and need to be accounted for.

" Frequent 2D mapping of large part of observable

lonosphere is thought to be needed; precise procedure still
nvestigation. — —~ ‘4
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X Taa'epare for'the measurements we have been
“developing a simulation pipeline in which we introduce all
the complications as realistically as possible and try to

recover the original signal. gre——
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) 4% calibration errors

Ionosphere !

(ML) Inversion '

Instrument ?

BN  Simulated Data
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Lambropoulos et al. (2009)
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Haslam map at 408 MHz (1982)
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= ObseTve flve carefaﬂymhosen 5° flelds with the LOFAR

« HBA core (plus first ring); angular resolution of ~3’,
frequency coverage 115-175 MHz and 175-205 MHz.

" Collect ~400 hours of observing to achieve ~50 mK
sensitivity per resolution element.

" Limit to night time observing for stablest ionosphere.
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-~ " The total amount of raw: data will be ~1.5 PB.

"~ ® The total requirement in computing time is estimated to be
~1 Zflops (10?" flops), mostly in linear operations.

" This requires ~150 days on a 100 Tflop/sec computer.

" No existing infrastructure can provide this, instead we are
planning for a dedicated cluster of 50 quadcore CPUs +
GPUs (NVidia Tesla). Tests on 3 of such machines show -

moo Tflop/sec is feasible. T —
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Hlow Can | Join™

== Thﬂeme work~for—1he=expeﬂment IS Iargely developed '

-=—b'ﬂ'lf'f0r'many'eﬁhe parts contributions are welcome and
needed.

" For example:
— Expertise on ionospheric science, ionospheric modelling
— Further development of calibration / reprocessing algorithms
— Software development (e.g., GPUs)
alysis of foregrounds
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== The LOFAR EO‘R‘KSP‘Wl" carry out extremely deep

- Observations:in the frequency range 115-200 MHz with the
main aim of statistically detecting the signature of
reionization.

= Calibration and extraction of the signal are extremely
challenging, both scientifically and technologically, making
it the most ambitious radio-astronomy: project to date.

re thing but will no doubt explere ”Whe@n%
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