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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 
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THE SIMONS OBSERVATORY COMBINES 
THE ACT AND SIMONS ARRAY TEAMS 

Simons Array 

Atacama 
Cosmology 
Telescope 

Simons Observatory 

•  ACT & the Simons Array will operate independently with current NSF/MSIP awards (until 2018/2019). 
•  For now:  ACT & the SA  will develop and  begin sharing site infrastructure. 
•  CLASS is not currently part of the Simons Observatory.   We will work to share infrastructure. 



ATACAMA COSMOLOGY TELESCOPE (ACT) 

ACT:  6m telescope at 5200 m in Chile 
ACTPol Camera:  2013-2015, 150 & 90 GHz 

1.4’ at 150 GHz 

  D56 Field:  ~ 650 deg2 , @  δ ~ -3o, RA ~ 15o 
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ACTPol PA3

ACT Receiver Front 

90/150 GHz 

150/220 GHz 150 GHz 

Rotating Half Wave Plates (8 Hz Modulation) not installed in this 
picture. 90/150  GHz installed for 2015, and 150/220 GHz  installed in July 2016

ATACAMA COSMOLOGY TELESCOPE 
HWPS & MULTICHROIC DETECTOR ARRAYS  

 

AdvACT HF



Simons Array (= 3x POLARBEAR-2) 
-  22,764 bolometers 
-  Resolution : 3.5’ @150GHz 

-  4 frequency bands (95/150/220/280 GHz) 
-  Deep + Wide sky surveys  (fsky=65% visible) 

90/150 GHz 
90/150 GHz 

220/280 GHz 

SIMONS ARRAY (STAGE-3) 
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Movie courtesy of Mark Devlin 

WHY CHILE? 

•  Mid latitude site (23° south):  access to over half the sky. 
•  High (5,200 m) and dry: Exceptional Observing 



Lots of sky visible 
Overlap with optical surveys for cross-correlation work (ANTHONY CHALLINOR 
TALK YESTERDAY) 

WHY CHILE? 
Foreground + optical survey coverage map 



Figure 1. Fields observed in the three seasons of observations with ACTPol, in equatiorial coordinates
with RA increasing from the center (RA = 0�) to the left. The white fields were observed in season 1,
red in season 2 and yellow in season 3. The background shows the thermal dust component emission
(log10 of the intensity at 545 GHz in units of µKRJ) as measured by the Planck satellite.19

⇠ 700 sq. deg. and encloses the deep5 and deep6 fields observed during season 1. This field is
the deepest patch observed during season 2 and it was selected to obtain overlap with several
galaxy surveys, including the BOSS southern galactic field, HSC and DES while at the same
time increasing the sensitivity in the deep5 and deep6 fields already observed during season 1.
The second field (BOSS-N ) covers about ⇠ 2000 sq. deg. and it was selected to achieve overlap
with the BOSS survey northern galactic field while also providing overlap with KIDs20 and HSC.

The ACTPol survey strategy consists of horizontal scans at di↵erent elevations. Each field is
observed by scanning back-and-forth in azimuth. The total elevation range of ACT is 30� to 60�.
Observations at higher elevations are generally preferred to reduce the amount of atmosphere
observed by the telescope and to avoid emissions from the ground. We observed deep56 at
elevations of 50� and 60� both while rising and setting for each elevation. Figure 2 shows
how the survey strategy for deep56 is optimized, by looking for a trajectory through the local
sidereal angle (LSA)-elevation space that minimizes the temporal gap between a rising and a
setting observation of the field. A similar optimization is implemented for the other fields.
This configuration provides cross-linked maps of the field. Table 1 summarizes the observing
parameters for deep56 and BOSS-N for seasons 2 and 3 with their respective elevations, central
azimuths and azimuth ranges. The summary of the areas observed in the 2014 and 2015 seasons
of ACTPol is presented in Table 2. The BOSS-N field is the widest field observed by ACTPol
and it extends to the highest declinations. Given these characteristics achieving good cross-

ACTPOL FIELDS (2013-2015) 

de Bernardis et al, 2016;   arXiv: 1607.02120 

D56 
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HALF THE SKY?? 

de Bernardis et al, 2016;   arXiv: 1607.02120 



Table 3. Combinations of nighttime wide fields, rising and setting, observed by AdvACT. Each row
shows the two wide fields observed for each night. The numbers indicate the sequence of the observations
over a twelve night period. This sequence repeats periodically for the entire season.

Elevations
Field combination (two fields per night) 40� 45� 47�

wide 01h n rising, wide 12h n rising 1 5 9
wide 01h s rising, wide 12h n rising 2 6 10
wide 01h n setting, wide 12h n setting 3 7 11
wide 01h s setting, wide 12h n setting 4 8 12

observed at three di↵erent elevations, 40�, 45� and 47.5�, both while rising and while setting.
The fields wide 01h n and wide 01h s cannot be observed at the same time, while wide 12h n
can be observed in combination with one of the others. To achieve observations at multiple
altitudes for all the wide fields and avoid potential systematic e↵ects associated with any single
altitude choice, we then produce twelve independent observing strategies, four for each elevation
and alternating rising and setting every night according to the scheme shown in Table 3.

Figure 7. Night time (red) and daytime (white) fields observed by the AdvACT survey. The green
curve shows the Sun trajectory during the year. See Tables 3 and 4 for more details about the fields
and the observing plan. The background shows the thermal dust component emission (log10 of the
intensity at 545 GHz in units of µKRJ) as measured by the Planck satellite.19

We use these twelve strategies to produce uniform and cross-linked coverage for the wide

ADVACT FIELDS  
17,000 deg2 

~ HALF THE SKY! 

De Bernardis et al, 2016;   arXiv: 1607.02120 



WHY CHILE? 

SIMONS 
ARRAY 

CLASS 

ACT 

•  Existing (and growing!) facilities. 
•  Significant infrastructure available:  ALMA, mining 
•  Easy access:  < 24 hours door to site. 



SIMONS OBSERVATORY GOALS 
  PRIMORDIAL GRAVITATIONAL WAVES (B-MODE TENSOR FLUCUTATIONS)* 

NEUTRINO MASS,  Neff , DYNAMIC HISTORY (w, modified gravity)* via:
  CMB lensing
  Cross-correlations
  Cluster survey to trace matter;  kSZ to trace velocity fields

  OTHER WINDFALLS -- primordial magnetic fields, parity violation

* See yesterday’s talks from Ringeval, Challinor, Carlstrom  



SIMONS OBSERVATORY GOALS 

•  The Simons Observatory will: 
•   incorporate several new telescopes at the site in Chile and 
•  deploy new cameras with state of the art detector arrays. 

•  An overarching goal is to help set the stage for CMB-S4 

CMB
CMB




SIMONS OBSERVATORY PLANS 
•  New telescopes.    

•  Sizes and configuration TBD. 
•  Significant Infrastructure Upgrades.   

•  Power, internet, and logistics. 
•  Technology Development:   

•  Detectors, Optics, Telescopes, Receivers. 

•  Coordinate the telescope and receiver designs to take 
advantage of the scale of the project.   



The Simons Observatory and S4 
SIMONS OBSERVATORY: STEPPING STONE TO FUTURE CMB S4 CHILE SITE  

•  Simons Observatory prototypes to accelerate S4 process 
Ø  S4-capable telescopes, shielding, cold optics 
Ø  S4-capable cryostats, focal planes, muxing 

•  Prototyping jumpstarts the S4 Chile site, 
but aims  to aid CMB-S4 globally 

•  Work designed to complement CMB-S4 
funding from NSF and the DOE 



The Simons Observatory Structure & Planning 

•  Mark Devlin:  spokesperson 
•  Brian Keating;  director 
•  Project Manager:  identified 
•  Planning Committee:  providing oversight of boards 
•  Science & Technical Boards:  under way,  guiding Working Groups 



THE SCIENCE BOARD 
•  In the context of S4, what are the goals of the SO? 
•  What sensitivities are needed vs l and f for those goals? 
•  Work with Technical Board to optimize configuration 
•  Working Groups: 

Ø  Time Domain 
Ø  Measuring r 
Ø  Parameters from high-l 
Ø  Lensing 
Ø  Clusters/SZE 
Ø  Extragalactic Sources 
Ø  Optimization 

 



•  Review status of existing technologies 
•  Identify enabling technologies for early study 
•  Work with Science Board to optimize configuration 
•  Working Groups: 

Ø Cryogenics and Interfaces 
Ø Cameras and Cold Optics 
Ø Detectors and Readouts 
Ø  Large Aperture Telescopes 
Ø  Small Aperture Telescopes 
Ø  Site 

 

THE TECHNICAL BOARD 



ALMA	

ACT	
CLASS	

Simons	Array	Exis2ng	

Pads	for	Simons	Observatory	Phase	2	and	CMB	S4	

SIMONS OBSERVATORY INFRASTRUCTURE 

Simons	Observatory	Phase	1		

Power
	

Contr
ol		 Veh

icles	

Infrastructure	in	Prepara2on	for	CMB	S4.	
– 500	KVA	power	plant	
– Combined	control	room	
– Telescope/receiver	staging	building	
– High	bandwidth	internet	connec2on	to	ALMA	

Two	Site	Engineers	+	Technician		



5 Rooms 
Kitchen/ 
Dinning Room 

2 Offices 

 Bungalow 

SIMONS OBSERVATORY LOW ALTITUDE RESEARCH 
STATION [SOLARS] AND CHILE LOGISTICS 

San Pedro 
2 km 

Laundry/ 
Extra Room 

Expand Facility to accommodate combined team. 

Develop common use infrastructure such as trucks. 

Hire SOLARS Manager and Site Manager 

1 Room 

5 More Rooms 

Chickens and Goats! 



•  Planning and Technology Development:  2016-2017 
•  Upgrades to the site infrastructure: 2016-2018 
•  Construction and installation of telescopes by end of 2020. 
•  Production of new CMB-S4-type receivers with partially filled focal 

planes by end of 2020. 
•  Observing:  2021-2022 

SIMONS OBSERVATORY:  
ROUGH TIMELINE 



END SLIDE 

CMB
CMB


https://simonsobservatory.com 


