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Who	is	CCAT-p	?	
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•  Cornell	University	
•  German	consor4um	Univ.	Cologne	&	Univ.	Bonn	

–  joining:	Ludwig	Maximilian	Univ.	(Mohr),	Max-Planck	Inst.	for	
Astrophysics	(Komatsu,	White)	

•  Canadian	university	consor4um	
–  Waterloo,	Toronto,	Bri:sh	Columbia,	Calgary,	Dalhousie,	McGill,	

McMaster,	Western	Ontario		

6	September	2017	



CCAT-prime	is	a	high	surface	accuracy	/	
throughput	6	m	submm	(0.3-3mm)	telescope	
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What	is	CCAT-p?	
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Shutter

Mirrors M1 & M2

Elevation Housing

Yoke Structure

Support Cone

6	September	2017	



Where	is	CCAT-p?	
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Cerro	Chajnantor	at	5600	m	w/	TAO	

6	September	2017	



Opportunity	
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•  Unique	site	enables	unique	science	
•  High	accuracy	(<	11	µm	rms),	low	blockage	(<	1%)		
telescope	design	(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)	

6	September	2017	



5000	meter	is	good,	but	5600	meters	is	beLer	
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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	

see	talk	by	Chao-Lin	Kuo	

6	September	2017	



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	
beger	than	SP	due	to	
warmer,	less	dense	
atmosphere.	
Drawback:		δTB	

6	September	2017	



Chajnantor	Site	opens	up	THz	Windows	
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Crossed-Dragone	Design	
•  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	(Essingger-Hileman	et	al.	2009),	LSPE/STRIP	

M.	Niemack,	Applied	Op:cs	2016		

Op:cs	tube	

7.8°	FoV	

10	6	September	2017	
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Close-packed	reimaging	op:cs	with	~30	cm,	0.9	deg	FoV	diameter,	
well	matched	to	6’/15cm	superconduc:ng	detector	fabrica:on	capabili:es.	
	

Sub-camera	“Tubes”	building	blocks	

feedhorn-fed		
1.5	λ/D		
mul:chroic		
polarimeter	TES		
bolometers		

6	September	2017	



0.9°	diameter	op:cs	tubes	
are	mostly	enclosed		
in	Strehl>0.8		
(diffrac:on-limited)	

	3	mm	=	37	OT	
	2	mm	=	33	OT	
	1	mm	=	19	OT	
0.35	mm	=	7	OT	

		26,000	pixels	
		58,000	pixels	
110,000	pixels	
400,000	pixels	

Bolometer	Camera	Design	
f/3	coma-corrected	

7.8°	FoV	

12	6	September	2017	



CCAT-prime	
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CCAT-prime 
Shutter 

Mirrors M1  &  M2   

Elevation Housing  

Yoke Structure  

Support Cone 

Being	designed	and	built	by	Vertex	Antennentechnik	GmbH	

5	×	4	×	meter	
instrument	
space	

Simons	Observatory	adop:ng	similar	design	6	September	2017	



P-Cam:	ini4al	design	
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•  Seven	subcamera	“tubes”	populated	with	TES	bolometers	
•  each	FoV	~	0.9	degree	with	feedhorn	fed	1.5	λ/D	pixels		

–  20,000	(first	light)	to	60,000	(fully	populated)	pixels	per	subcamera	@	350	µm		
–  For	other	wavelengths,	numbers	scale	from	60,000	as	1/λ2		
–  dichroic	polariza:on	sensi:ve	bolometers	at	longer	wavelengths	

•  Cameras	are	modular	(size,	op:cs,	filtra:on),	easily	exchanged	
•  Start	with	very	modest	numbers	of	pixels	and	growth	to	fill	out	camera,	then	en:re	CCAT-

Prime	FoV	if	so	desired	

6	September	2017	
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•  Currently	looking	at	a	system	with	13	op:cs	tubes	designed	for	
SO.	7	central	tubes	good	for	submm	bands.	

•  Feedhorn-coupled	mul:chroic	polarimeter	arrays	with	4	bands	
per	feedhorn:	740,	860,	1100,	1300µm	(NIST,	McMahon	et	al.)	

•  3-4	15cm	400	feed	detector	arrays	:led	in	each	op:cs	tube.		
•  Add	FP	on	two	tubes	for	intensity	mapping.	
•  Cryogenics	arranged	such	that	tubes	can	be	exchanged	on	the	

telescope	from	the	back.	
	

Daga	et	al.	2016.	J	Low	Temp	Phys.	

Cost-effec:ve,	low-risk	
technology	for	CCAT-p	first	
light	science		

Instrument	concept	for	CCAT	and	Simons	Observatory	

P.	Mauskopf	,	SO	
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•  Heterodyne,	dual	frequency	array	
•  500	GHz	(600	μm)	and	850	GHz	(350	μm):		CO(4-3),	CO(7-6)	[CI]	×	2	
•  64	(baseline),	128	(goal)	pixels	in	each	band	

CCAT	Heterodyne	Array	Instrument	
“CHAI”		



Schedule	
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Telescope:	4	year	construc4on	(6/2017	to	6/2021)	
-  20	months	Detailed	Design		[PDR	@	4	months;	CDR	@	10	months,	
FDR	@	18	months.]	

-  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.	

	
Project	has	started,	but	s5ll	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	

•  Measurement	of	the	veloci4es,	temperatures	and	op4cal	
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;	
–  Polariza4on	foregrounds:		Galac:c	dust	science	&	CMB	poln	correc:ons	

•  Evolu:on	of	DSFG	through	submm-mm	wave	surveys.	
•  EoR	intensity	mapping	in	[CII]	at	redshizs	from	5	to	9.	
•  Stage	4	CMB:		CMB	polariza4on	at	10	:mes	the	speed	of	

current	facili:es	⇒	infla:onary	gravity	waves	and	the	sum	of	
the	neutrino	masses.	

21	6	September	2017	



Cluster cosmology: tSZ, kSZ, rSZ

2
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90	GHz	 150	GHz	 220	GHz	

Image:	ACT	
collabora:on	

First,	tSZ	effect	for	
cluster	selec:on	
and	basic	
characteriza:on	

Second,	kSZ	effect	to	
measure	cluster	peculiar	
mo:ons	(both	pairwise	
and	individual)	

Finally,	rSZ	effect	(or	
the	rela:vis:c	tSZ	
effect)	for	cluster	
temperatures	&	
dust	emission	

Image:	SPT	collabora:on	

slide	thanks	to	Kaustuv	Basu	
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CCAT-p	view	of	SZ	spectrum	

In	these	frequencies	CCAT-p	sensi:vity	is	on	average	5	to	15	:mes	
beger	than	Planck’s	(and	angular	resolu:on	is	~6	:mes	beger)	

Vast	improvement	in	sensi:vity	and	resolu:on	compared	to	Planck,	except	350um	

Figure: Mittal, de Bernardis & Niemack 2017
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tSZ	survey	predic:ons	

Cluster	redshiz	distribu:on	
in	a	fiducial	(3000	hr	
1000	deg2)	survey		

Survey	op:ons:	

CCAT-prime	sensi:vity	will	be	similar	to	that	
of	SPT-3G	(with	20%	worse	resolu:on).	
	
In	a	fiducial	survey	of	3000	hours	in	1000	
deg2	(first	2-4	years)	it	can	detect	over	
2000	galaxy	clusters	with	S/N	≥	5.	

SPT-SZ	2500	deg2	survey	

Gupta, Basu & 
Porciani, t.b.subm.
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tSZ	survey	predic:ons	Gupta, Basu & 
Porciani, t.b.subm.

CCAT-p	tSZ	data	alone	will	constrain	𝜴m,	𝝈8	and	𝒘0	to	roughly		4%,	0.7%	and	7%	accuracies,	
respec:vely.	In	~1000	deg2	survey	area,	angular	clustering	data	will	not	bring	improvements.	

For	given	survey	:me,	wider	surveys	will	do	beger	than	deep,	narrow	surveys.	

power	spectrum	
z=0.2-0.4	

ΩM	

σ8	

w0	

w0	σ8	ΩM	

Beger	than	the	all-sky	eROSITA,	thanks	to	
lower	scager	Y-M	scaling	rela:on.	
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kSZ	predic:ons	Mittal, de Bernardis & 
Niemack, subm. (1708.06365)

CCAT-p	baseline	
survey	

upgraded	CCAT-p	
survey	

CCAT-p	baseline	survey	will	provide	kSZ	
measurements	for	few	hundred	clusters		kSZ	modeling	results	for	a	single	high-mass	cluster.		

Employ	eROSITA	temperature	priors	for	improved	precision.	

velocity	dispersion	σ(v)	[km	s-1]	

CCATp	is	ideally	suited	for	individual	cluster	kSZ	measurement	
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rSZ	predic:ons	
With	the	rSZ	signal	the	electron	temperature	of	the	intracluster	medium	can	be		
measured	directly.		
This	breaks	the	degeneracy	between	the	density	and	temperature	es:mates	from	standard	photometric	tSZ	
measurements	and	provides	a	more	complete	thermodynamic	descrip:on	of	the	ICM	(like	X-ray	data)	
	

Source:	CCAT-p	SZ	white	paper	

SZ spectrum with Planck bands 

Source:	Erler	et	al.	(arXiv:1709.01187)	

SZ spectrum with CCAT-p bands 
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Rela:vis:c	SZ	from	Planck	
Erler, Basu, Chluba & Bertoldi, submitted (arXiv:1709.01187)

With	current	Planck	data,	modelling	rSZ	with	cluster	CIB,	matched	filtering	and		
stacking	772	clusters:		2.3σ	significance	detec:on	of		cluster	temperature.	
	

TSZ	

Adust	

Tdust	

TSZ	 Adust	y0	
With CCAT-p the temperature of a single massive cluster can be measured at 5−10 σ.	

Dust	modeling	crucial	for	correct	kSZ,	disentangle	to	go	to	next	level.	
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CCAT-p	and	Planck	comparison	

Tdust	

Adust	

TSZ	

y500	

TSZ	

y500	

v	

Need x10 better sensitivity for individual cluster detection:
Predictions for a single cluster with M500 = 8 x1014 M⦿ at z=0.2
Joint modelling

Adust	

Tdust	

Erler et al. 



Polarized	CMB	and	Dust	Emission	

•  Polarized	galac:c	dust	foregrounds	limit	current	
constraints	on	Infla:onary	Gravity	Waves	(e.g.	BICEP2)	

•  Planck	measurements	suggest	several	polarized	dust	
bands	are	needed	to	detect	B-modes	with	r	≤	0.01	

•  CCAT-prime	SZ	instrument	with	polariza:on	detectors	
							➛	Unique	niche	in	CMB	community						
							➛	Improve	constraints	on	infla:on	via	foregrounds	
							➛	Understand	galac:c	dust	turbulent	energy	cascade	

( Planck intermediate results. XXII and XXXVIII 2015 ) 

( e.g. Caldwell, Hirata, Kamionkowski, arXiv:1608.08138 ) 
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CCAT-p	cluster	SZ	outlook	
• 	 CCAT-prime	 will	 be	 the	 first	 tSZ	 survey	 experiment	 to	 provide	 kSZ	 and	 rSZ	
measurements	in	large	samples	(>100)	of	clusters.	

• 	 The	 spectral	 coverage	of	 of	 CCAT-p	will	 be	 similar	 to	 Planck	HFI,	with	 roughly	
5-15	:mes	beger	sensi:vity	(apart	from	the	860	GHz	channel	where	atmospheric	
emission	is	significant	even	in	the	best	weather).	

• 	 The	 beger	 sensi:vity	 and	 angular	 resolu:on	 will	 be	 excellent	 for	 foreground	
characteriza:on	and	removal.	

•  	 There	 will	 be	 a	 significant	 number	 of	 high	 S/N	 kSZ	 detec:ons	 to	 enable	
cosmological	modeling	with	direct	kSZ	number	counts,	rather	than	pairwise	kSZ.	

• 	The	rSZ	 temperature	measurements	will	provide	 independent	mass	calibra:on	
of	clusters,	a	crucial	ingredient	for	cosmology.	

•  	 Polariza:on	 measurements	 will	 help	 constrain	 foreground	 dust	 proper:es,	
assis:ng	B-mode	detec:on	efforts.	



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


