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Kaustuv Basu (Universität Bonn) 
On behalf of the CCAT-prime collaboration 

(Special thanks to F. Bertoldi & J. Erler)

~ 8° Field of View
at 150 GHz
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Backstory:
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IM Workshop II, Johns Hopkins  712 June 2017

Cerro Chajnantor peak at 5640 m

TAO CCAT-p

Tokyo Atacama Telescope : 6.5m infrared-optimized telescope on the summit, Institute of 
Astronomy (IoA), the University of Tokyo & other Japanese facilities incl. the National 
Astronomical Observatory, ISAS/JAXA, and the University of Chile.

Share mountain top – constructing road 

Draft agreement to share common costs: road maintenance, power, etc



CCAT-prime: Status update & CMB scienceKaustuv Basu (AIfA Bonn) CMB @ Europe 2018, Florence

Location! Location! Location!
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Radford & Peterson, arXiv:1602.0879 
Cortes, Reeves, Bustos, arXiv:1609.01252

350mm zenith opacity
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• Vertex contract start:  July 1, 2017  
• Kick-off meeting:  July 14  
• Advanced Progress Meeting:  December 5-6 

–Required because post CCAT conceptual design changes 
required engineering work 

–first joint CCAT & SO design review 
• Preliminary Design Review: March 20-22 

–SO stray light concerns > investigate change in top of 
elevation structure.  

• Critical Design Review: October 2018 
• Final Design Review: Spring 2019

Status CCAT-p/SO Telescope
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for SZ science
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Initial concepts for an SZ spectrometer
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Credit: Gordon Stacey
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SPIE Proceedings 2018
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arXiv:1807.04354
arXiv:1807.06675
arXiv:1807.06678
arXiv:1807.00058
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• Project 
– on schedule, in cost frame ($/€ a concern),  basic infrastructure costs still 

uncertain 
• Telescope 

– Vertex: passed PDR, no technical risk items 
– Work proceeding on mirror metrology 

• Chile 
– TAO: everything approved for road, construction begins 
– San Pedro base camp:  Radiosky not selected yet 
– CCAT concession not yet reissued but assurances from CONICYT 
– talking to ALMA about power 

• Prime-Cam proposals (first round were not successful) 
– MSIP:  3-tube instrument ~ $7.5M 
– NASA AST submitted by Niemack – CMB/SZ science single tube, smaller arrays 
– NASA APRA submitted by Stacey – EoR science, single tube, smaller array 

• Four SPIE papers are now online 
• Synergies with SO still a work in progress 

– Telescope, Radiosky and Prime-Cam already proceeding 
– Software and infrastructure 

• Consortium Agreements 
− CCAT Corp. signed 
− German Agreement being iterated  

• Weekly science (Wed. 17h) and technical/software telecon

Status update
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CCAT-prime Software
Software Group:  
Mike Nolta (lead; Uni Toronto), Higgins, Buchbender, Simon (Uni Köln), Schaaf 
(Uni Bonn), Nikola (Cornell), Fich (Waterloo); Uni Toronto will hire additional 
software developer 

CCAT-prime will have small number of instruments, operated by instrument 
teams who want to be in control of operations with their existing tools. 
Approach: Give instrument software access to telescope and subsystems 
through Facility Control System (FCS).

Software Timeline: 
− July 2018: Instruments-FCS-ICD ready 
− End 2018: Design FCS ready 
− Mid 2019: Telescope Control System 

(TCS) and File Transport System (FTS) 
ready 

− Mid 2020: All subsystems ready
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CMB science: Dust & Rayleigh scattering
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Change of the dust SED and polarization properties within the large beams for 
B-mode experiments (e.g. LiteBIRD) will be a big problem for accurate 
subtraction of the foreground and reach the necessary sensitivity for r ≲0.01. 


CCAT-prime will provide accurate averages of dust spectrum and polarization 
by making high-sensitivity sub arcminute-scale measurements above 250 GHz.
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CMB science: Dust & Rayleigh scattering
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Rayleigh scattering of CMB photons by 
neutral H and He atoms is a standard 
prediction of cosmology, introducing a 
frequency-dependent change to the 
visibility function.


Due to the frequency4 dependence high 
frequency measurements are critical.


Measuring the Rayleigh scattering will 
offer on average ~10% improvement on 
cosmological parameter errors.


This modest improvement can be 
translated into a significant improvement 
in the number of detectors needed to 
make similar progress.

Credit: Mike Niemack, CCAT-p MSIP proposal
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SZ Spectroscopy with CCAT-p and beyond

tSZ
kSZ

SZ cluster number count

rSZ temperature profile

Custer FIR contamination

kSZ cosmology
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The Sunyaev-Zel’dovich effect

Credit: Planck collaboration

Inverse Compton 
scattering producing 

unique spectral distortion 
on the background CMB. 

An ideal tool for finding 
and characterizing galaxy 

clusters.

Resolved source flux is 
redshift independent and 
scales linearly with the

gas density!

Carlstrom et al. tSZ Effect
Sims: Pfrommer et al.
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Different favours of the SZ effect

90 GHz 150 GHz 220 GHz

Image: SPT collaboration

Image: ACT
collaboration

tSZ effect for cluster selection 
and basic characterization

kSZ effect to measure cluster 
l.o.s. momentum (both 
pairwise and individual)

rSZ effect (or the 
relativistic tSZ effect) for 

cluster temperatures
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Currently Planck is the only instrument to provide

a complete coverage of the SZ spectrum:


for efficient separation of multiple SZ signals

and removal of foregrounds.

 38

Requirement for SZ spectroscopy
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Requirement for SZ spectroscopy

CCAT-p sensitivity is on average 5 to 15 times better than Planck (angular resolution ~6 times better)

95 GHz
150 226 273 350 405 862

CIB

Mittal, de Bernardis, Niemack (2017)
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kSZ science: cosmology and astrophysics
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Combined tSZ + kSZ + optical 

data can put tight constraints on 

baryonic physics of DM halos: not 
only clusters but galaxies, QSOs,..

(Battaglia et al. 2017)

Non-therm. pressure (%)

(results from
stacking)

Dark energy parameter constraints from a CCAT-like 
kSZ survey (fig. from Bhattacharya & Kosowsky 2008)

Kosowsky & Bhattacharya (2009)

kSZ is a very sensitive 
prove for the cosmological 
growth index. For example, 
a CCAT-like kSZ survey can 
constrain several modified 
gravity theories from ΛCDM 
(which has 𝛾=0.55) at good 
significance.

tSZ : 4000 clusters
kSZ: 1000 clusters
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kSZ: expected accuracy
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Dust

kSZ (vel. +ve)

TSZ TSZ

kSZ (vel. -ve)

Dust

By simulating clusters in realistic CCAT-p foreground 
we predict velocity errors of the order σv ~ 100−200 
km/s will be achievable for ~1000 clusters, using 
matched filtering with ~arcminute resolution.

Credit: Jens Erler

σv ~ 100 km/s 

σv ~ 200 km/s 
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Wang et al. (2012), SDSS data

Optical velocity field reconstruction from  
linear theory and smoothed density field

kSZ science: cosmology and astrophysics
Pairwise kSZ detection

(e.g., Soergel et al. 2016)

CCAT-p baseline
survey

upgraded CCAT-p
survey (scaling
up to CMB-S4)

Synergy with optical & X-ray surveys

CCAT-p kSZ prediction (Mittal et al. 2018)

No individual cluster

kSZ detection yet
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But beware! Dust in galaxy clusters

Planck collaboration (2016)

Melin et al. (2018)

FIR excess 
observed at 

cluster 
positions from 
stacking ~800 
Planck clusters

1°

857 GHz

5′ beam
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With current Planck data, roughly 2.3σ significance detection of 
cluster temperature is obtained after stacking 772 clusters.

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

YSZ

TSZ

Adust

Tdust

rSZ now with Planck and with CCAT-prime

Erler, KB, Chluba, Bertoldi (2018)
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The case for sub-mm: dust in clusters

CCAT-p/CMB-S4 prediction, KB et al. in prepErler et al. (2018)

Planck collaboration (2016) The long-wavelength 
data fitting does not 

marginalize over dust 
and creates a bias

The short-wavelength data fitting

includes a dust component to 

marginalize over its parameters
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Dust: A cautionary tale

Prime-cam all λ 
P-cam λ ≥ 1.3mm 

Planck

The impact of dust

KB, Erler et al., in prep.
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Extended reionization models with both 
extended and patchy kSZ contributions

SZ power spectra and the CIB

Zahn et al. (2005)

Results from SPT-SZ 800 deg2 survey

(Reichardt et al. 2012)
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kSZ power can probe the history 
of cosmic reionizarion, but dust 

power limits its sensitivity 

SPT 800 deg2 

CIB correlation of SZ power
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A few take-home points
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  CCAT-prime can be a telescope platform for CMB-S4 

  Will have unique capabilities for high-frequency CMB science before S4 

  No other telescope or cite offers similar wide-frequency coverage for CMB and 
cluster science, and no space or balloon experiment offer comparable resolution 

  Will be a pathfinder experiment for “next level” SZ sciences (kSZ and rSZ) as 
well as for sorting out the impact of cluster-centric dust 
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Appendices

 50
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An improved matched filtering technique
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Constrained Matched Filtering 
Erler et al., submitted

arXiv:1809.06446
https://github.com/j-erler/pymf

Simulation with 10 mJy point source
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rSZ science: shocks and temperature profiles

CCAT 25m (LWCam) predictions by

Morandi, Cui, Nagai, and Sayers

Markevitch et al. (2002, 2006) 

Chandra X-ray results

Comparison of TSZ and TX can 
lead to knowledge on cluster 
triaxiality and gas clumping

ALMA 100 GHz 
observation 

(PI: T. Mroczkowski)



CCAT-prime: Status update & CMB scienceKaustuv Basu (AIfA Bonn) CMB @ Europe 2018, Florence  53

Pairwise kSZ measurement (Soergel et al. 2016)

Pairwise kSZ simulation (Flender et al. 2016)

Energy feedback/no feedback

J. Kuruvilla et al. (preliminary)


𝝉-M scaling relation parameters 

from Battaglia et al. (2017) hydro sims

kSZ: cluster 𝝉 and pairwise momentum

Combined tSZ + kSZ + optical 

data can put tight constraints on 

baryonic physics of DM halos: not 
only clusters but galaxies & QSOs



