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Frank	Bertoldi	
Bonn	University	

Represen@ng	the	CCAT-p	consor@um	

a	novel	high	throughput,	high	sensi6vity	
telescope	to	study	star	&	galaxy	forma6on	and	
cosmology	star6ng	2021	

Annual	mee@ng	of	the	German	Astronomical	Society	–	GöIngen	19.	Sep.	2017	



Who	is	CCAT-p	?	
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•  Cornell	University	
•  German	consor6um	Univ.	Cologne	&	Univ.	Bonn	

–  joining:	LMU	(Mohr),	MPA	(Komatsu,	White)	

•  Canadian	university	consor6um	
–  Waterloo,	Toronto,	Bri@sh	Columbia,	Calgary,	Dalhousie,		

McGill,	McMaster,	Western	Ontario	
	
•  Funding:		

–  private	donor	and	Cornell	university	
–  DFG	Grossgeräte,	Univ.	Köln	&	Bonn,	SFB956	(CHAI)	

University	consor@um	with	strong		
emphasis	on	training	&	development	



	A	high	surface	accuracy,	high	throughput		
6	m	aperture,	submm	(0.3-3mm)	telescope	for	

dedicated	surveys	
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What	is	CCAT-p?	
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Moonrise	over	NRAO	test	equipment	on	the	5000m	al@tude	Chajnantor	plateau,	Chile.		

Photo:	S.	Radford	1995		

Where	is	CCAT-p?	
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Cerro		
Chajnantor	

Cerro		
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Licancabur	5920m	
Toco	5604m	
Chajnantor	5639m	
El	Chascon	5703m	

ACT	
Paso	Jama	
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IM	Workshop	II,	Johns	Hopkins	 14	12	June	2017	

Cerro	Chajnantor	at	5600	m	(below	TAO)	
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5000	meter	is	good,	but	5600	meters	is	beeer	
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•  Submillimeter	sensi@vity	is	all	about	
telluric	transmission	

•  Simon	Radford	ran	@pping	radiometers	
at	primary	sites	for	more	than	a	decade	
(Radford	&	Peterson,	arXiv:1602.08795)		

•  Simultaneous	for	CCAT	&	ALMA	sites:			
median	is	0.6	vs.	1	mm	H2O		
⇒	factor	of	1.7	in	sensi/vity	



Median	Zenith	Transmission	
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Tropics:	Ω	=	3	π	sr,	Amed	=	1.1	(z	<	60°)	

Pole:	Ω	=	1	π	sr,	Amed	=	1.4	(z	<	60°)	

CC	median	transmission	
beeer	than	SP	due	to	
warmer,	less	dense	
atmosphere.	
Drawback:		δTB	



Chajnantor	Site	opens	up	THz	Windows	
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Crossed-Dragone	Telescope	

•  Original	concept	published	in	1978	by		Corrado	Dragone	AT&T	Tech.	Mem.	57,	2663	

•  Used	in		<2	m	CMB	experiments	(QUIET,	C.	Bischoff.	et	al.	2013),	Atacama	B-Mode	
Search	(Essinger-Hileman	et	al.	2009)	

M.	Niemack,	Applied	Op@cs	2016		
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6m	

6m	

⌀	2.5m	
			8	deg	

high	throughput,	wide	field-of-view,	flat	focal	plane,	low	blockage	/	emissivity	

30-45cm	`cameras’	
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1

Shutter

Mirrors M1 & M2

Elevation Housing

Yoke Structure

Support Cone

CCAT-prime 
designed	and	built	by	Vertex	Antennentechnik	GmbH,	Duisburg	

4x5m	instrument	
space	
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coma-corrected	f/2.6	with	5.5m	free	aperture	

Simons	Observatory	adop@ng	similar	design	



What	is	the	Simons	Observatory?

A	GROUND-BASED	CMB	OBSERVATORY	IN	CHILE,		UNDER	DEVELOPMENT

1) ACT	+	SIMONS	ARRAY	TEAMS		++
2) SIMONS	FOUNDATION	FUNDING:		$40M	
3) UNIVERSITY	&	LAB		FUNDING:		$5M
• UCSD	
• BERKELEY/	LBNL
• U	PENN
• PRINCETON

• FUNDING	IN	JAPAN	$2M
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Schedule	
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Telescope:	4	year	construc6on	(6/2017	to	6/2021)	
-  20	months	detailed	design	
-  13	months	fabrica@on	incl.	trial	assembly	in	Duisburg	
-  		3	months	shipping	&	receiving	
-  12	months	assembly/checkout	
	
Cameras	under	design	&	construc@on,	$€	s@ll	being	
raised	(NSF:	MSIP,	MRI,	DFG:	SFB,	...	)	
	
Project	has	started,	but	s2ll	welcomes	new	partners.	



CCAT-p	Science	
•  Star	forma@on	in	the	Milky	Way,	the	Magellanic	clouds	and	

other	nearby	galaxies	through	submm	spectroscopy	and	
photometry.	(talk	by	R.	Simon)	

•  Evolu@on	of	DSFG	through	submm-mm	wave	surveys.	(B.	Magnelli)	

•  EoR	intensity	mapping	in	[CII]	at	redshits	from	5	to	9.	(D.	Riechers)	
•  Measurement	of	the	veloci6es,	temperatures	and	op6cal	depth	

of	galaxy	clusters	via	the	SZ	effects	to	place	new	constraints	on	
models	of	dark	energy	and	modified	gravity	and	the	sum	of	the	
neutrino	masses.		(K.	Basu)	

•  CMB	Stage	4:		CMB	polariza6on	at	10	@mes	the	speed	of	
current	facili@es	⇒	infla@onary	gravity	waves	and	the	sum	of	the	neutrino	masses.	
–  Polariza6on	foregrounds:		Galac@c	dust	science	
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•  Unique	site	enables	unique	science	
•  Novel	telescope	design:	high	accuracy	(<	11	µm	
rms),	low	blockage	(<	1%),	low	emissivity	(<	2%),	
maximizes	surface	brightness	sensi@vity.	
Extraordinary	throughput	op@mal	for	large-area		
survey	science	

•  Paving	the	road	&	lowering	risk	for	a	large-aperture		
submm	telescope	(at	the	same	site?)	



heps://www.eso.org/sci/mee@ngs/2018/AtLAST2018.html	
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