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Introduction/Outline
• As	part	of	the	SSERVI	Network	for	Exploration	

and	Space	Science	(NESS)	team,	we	are	
developing	a	data	analysis	pipeline	for	a	low-
frequency	radio	antenna	concept	designed	to	
observe	for	the	first	time	the	redshifted	21-cm	
signal	of	neutral	hydrogen	from	the	radio-quiet	
lunar	farside.

• We	utilize	the	latest	theoretical	frameworks	to	
model	the	imprints	of	the	first	stars,	galaxies,	
and	black	holes on	the	21-cm	spectrum.

• Using	sky	data	to	describe	the	bright	
foregrounds and	lab	data	to	calibrate	the	
instrument (antenna	plus	receiver),	we	model	
the	systematics,	which	we	use	to	generate	
realistic	simulations	of	prospective	
measurements.

• We	parametrize	the	signal and	systematics
with	two	separate	sets	of	modes	derived	from	
“training	sets”	through	Singular	Value	
Decomposition	(SVD).

• Our	pipeline	exploits	the	differences	between	
the	foregrounds	and	signal,	such	as	
spatial/spectral	variations	and	polarization	(see	
companion	poster	by	Tauscher	et	al.);	and	it	
succeeds	in	constraining	the	signal	at	the	level	
required	to	distinguish	between	models	of	the	
first	luminous	objects.
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Results
In	Burns	et	al.	(2017;	arXiv:1704.02651),	we	
show	that	our	pipeline	extracts	the	21-cm	signal	
down	to	a	band-averaged	RMS	of	~17	mK.

The	extracted	21-cm	spectra	with	68%	confidence	
intervals	for	models	with	primordial	Pop	II	(red)	and	
Pop	III	(black)	stars	expected	from	using	a	low-
frequency	radiometer	in	lunar	orbit	for	800	hours	of	
observation.	The	dark	bands	represent	thermal	
(statistical)	noise	from	the	sky.	The	total	uncertainty,	
including	statistical	and	systematic	effects	from	the	
instrument	and	foreground,	is	shown	by	the	lighter	
bands.

The	panels	illustrate	examples	of	constraints	on	the	
global	21-cm	extrema	frequencies	(left),	UV	photon	
production	efficiency	(ξα)	and	X-ray	heating	
efficiency	(ξX)	between	models	with	Pop	III	and	Pop	
II	stars	(top	right)	using	the	calibrated	21-cm	
spectrum.	Dotted	black	lines	indicate	the	“true”	
input	values,	and	contours	the	68%	confidence	
intervals	using	23	(black)	and	30	(blue)	mK average	
RMS	uncertainties	over	the	observed	band.
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Optimizing	Signal	Extraction

Left	panel:	the	same	black	line	is	the	input	21-cm	signal;	blue	bands	are	the	pipeline	reconstructions	of	the	signal	for	
a	given	number	of	SVD	signal	and	systematic	parameters/modes.	Right	panel:	BPIC	statistic	proposed	to	blindly	select	
a	model	capable	of	fitting	the	data	well.	The	chosen	model	(white	rectangle)	is	the	one	with	the	minimum	BPIC.
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The	pipeline	separates	the	signal	(~100mK)	from	the	
large	foregrounds	(~few	×	10' K).

Physical	signal	models	available	as	part	of	our	pipeline	
have	been	generated	with	the	ares1 code	(Mirocha,	
2014):	https://bitbucket.org/mirochaj/ares.
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