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redshift+1

Simons Observatory Science Goals and Probes 
primordial 

fluctuations
large scale B-modes 
➔ tensor-to-scalar ratio (BB)

damping tail

➔ primordial power on small 
scales (TE, TT, EE)

➔ primordial bispectrum (fNL 
via TTT,TTE,… + lens/kSZ)

relativistic 
species

damping tail 
➔ Neff (TE, TT, EE)

reionization
sources 
➔ duration of 
reionization (kSZ)

➔ mean free path 
of photons (kSZ)

dark energy

tSZ, lensing 
➔ σ8 at z=2-3 
(lensing, tSZ)

➔ growth of 

structure (kSZ)

neutrino 
mass
lensing 
potential 
(TT+EB), tSZ 
➔ Σmν

Additional science includes (but is not limited to):

• helium fraction, cosmic birefringence, primordial magnetic fields

• high-redshift clusters

• dark matter annihilation and interactions

• isocurvature

• calibration of multiplicative shear bias (e.g., for LSST)

• new sample of dusty star-forming galaxies

• transient sources

• cosmic infrared background

galaxy 
evolution
tSZ, kSZ 

➔ non-thermal pressure 
(tSZ+kSZ) 


➔ feedback efficiency 
(tSZ+kSZ)

cr
ed
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IAS/CCASimons Observatory Instruments & Technology 

~30,000 detectors

~30,000 
detectors
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IAS/CCASimons Observatory Layout 
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IAS/CCAAnticipated Noise Performance 



Colin Hill 
IAS/CCAAnticipated Noise Performance (LAT)

Temp. Pol.



Colin Hill 
IAS/CCAAnticipated Noise Performance (SATs)

Pol.
also consider 

two ellknee cases 
for SATs
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IAS/CCAAnticipated Sky Coverage 

effective fsky ~ 10%

effective fsky ~ 40%
maximal overlap w/  
LSST, large overlap  

w/ DESI

for SO noise and 
coverage, dedicated 

delensing survey 
not required



Colin Hill 
IAS/CCASO SAT Science: Primordial Tensor Modes

SAT BB forecasting based on full-sky simulated maps (PySM) w/ multiple 
sets of realistic foregrounds

Sky models are combined with SO SAT noise model, then coupled to 
several foreground mitigation schemes (cross-spectrum analysis, 

xForecast, BFoRe, harmonic-space ILC) to infer r

BFoRe (r=0)

total foreground (93 GHz)

total foreground (145 GHz)
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IAS/CCASO SAT Science: Primordial Tensor Modes

Robust to variations in foreground 
model complexity (within the space of 

models explored)



Colin Hill 
IAS/CCASO SAT Science: Primordial Tensor Modes

Robust to variations in foreground 
model complexity (within the space of 

models explored)

A dedicated delensing survey 
is not necessary; external 

delensing suffices

external delensing  
(current data)

Conclusion: σ(r) = 0.003 (SO Baseline)
assuming r=0
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IAS/CCASO SAT Science: Primordial Perturbations

SO will detect or rule out  
models with r >= 0.01 

at 3σ or greater



Colin Hill 
IAS/CCASO LAT Forecasting Methodology

LAT T forecasting based on high-resolution, full-sky simulated maps w/ 
realistic foregrounds and signals (e.g., correlated extragalactic fields)
LAT E/B forecasting based on simulated power spectra, calibrated to 

match SAT BB assumptions at degree scales



Colin Hill 
IAS/CCASO LAT Forecasting Methodology

LAT T forecasting based on high-resolution, full-sky simulated maps w/ 
realistic foregrounds and signals (e.g., correlated extragalactic fields)

Sky models are combined with SO LAT noise model (and Planck), then 
coupled to (constrained) harmonic-space internal linear combination 

(ILC) to derive component-separated noise curves

LAT E/B forecasting based on simulated power spectra, calibrated to 
match SAT BB assumptions at degree scales
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IAS/CCASO LAT Science Observables

+ cross-correlations 
+ source counts

SO Baseline  
Sensitivity

SO Goal 
Sensitivity



Colin Hill 
IAS/CCASO LAT Science: Primordial Perturbations

Primordial scalar 
power spectrum

0.4% constraint at k~0.2/Mpc  
(10x improvement over Planck)



Colin Hill 
IAS/CCASO LAT Science: Primordial Perturbations

Primordial scalar 
power spectrum

0.4% constraint at k~0.2/Mpc  
(10x improvement over Planck)

Local-type primordial 
non-Gaussianity

via CMB bispec.
via scale-dep. bias

baseline
goal

+ tensor NGs



Colin Hill 
IAS/CCASO LAT Science: Light Relics

SO can detect any particle  
with spin that decoupled  
after the start of the QCD 
phase transition (at 2σ)

Forecasts are strongly 
robust to foregrounds 
(driven by TE + EE)

Other damping tail science:  
- BBN (Yp) 
- H0 improvement (~2x) 
- Dark matter interactions 
- Ultra-light axions 
- and more

σ(Neff) = 0.07



Colin Hill 
IAS/CCASO LAT Science: Neutrino Masses

σ(ΣMν) = 0.04 eV 0.02 eV w/ CV-limited τ

Constraints derived from CMB lensing power spectrum (+DESI BAO), 
tSZ cluster counts (+LSST WL), and tSZ power spectrum (+DESI BAO)
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IAS/CCASO LAT Science: Dark Energy

Constraints derived from tSZ cluster counts (+LSST WL and/or SO CMB 
lensing), and CMB lensing cross-correlations w/ LSST galaxies

Amplitude of fluctuations as  
a function of redshift

via CMB lensing x LSST galaxies

DE equation of state (via  
tSZ cluster counts)

Unique ability to search 
for deviations from Λ at 
z > 1 (complementary 
to lower-redshift WL 
and galaxy surveys)

c.f. also improved σ(H0)



Colin Hill 
IAS/CCASO LAT Science: Galaxy Formation/Evolution

Constraints derived from joint 
analysis of tSZ and kSZ 

measurements of DESI Luminous 
Red Galaxies (just one example 

cross-correlation!)
~Few percent constraints on  
feedback efficiency and non- 

thermal pressure support

>200σ detection of tSZ PS  
>100σ detections of kSZ cross-corrs.

+transient sources



Colin Hill 
IAS/CCASO LAT Science: Reionization

Constraints derived from kSZ power spectrum via TT combined with TE/
EE (also, potentially from higher-order kSZ statistics)
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IAS/CCASimons Observatory Science Goals and Probes 

All forecasts assume SO + Planck
Baseline SO forecasts include systematic error budget

All quoted errors are 1σ



Colin Hill 
IAS/CCASimons Observatory Outlook 



https://simonsobservatory.org/

Thanks!



The Simons Observatory Large Aperture telescope 

• The SO will baseline a 6 meter  
Cross Dragone telescope.


• 2-mirror design with a side- 
looking camera.


• The camera rotates with the  
elevation axis. 


• The back of the camera can be  
accessed while installed on the telescope.


• Developed in collaboration with CCAT and built by Vertex

• The telescope is capable of > 100,000 detectors



• 1200 kg cooled to 4K

• 200 kg cooled to 100 mK

• Up to 13 optics tubes  

➡7 currently planned 
for SO

The Simons Observatory Large Aperture receiver 

2 PT90s  
➡180 W of cooling at 80 K

3 PT420 coolers  
➡ 165 watts of cooling at 40 K

➡ 6 watts of cooling at 4 K

Dilution Refrigerator 
➡17 mW at 1K

➡500 uW at 100 mK

• 70,000+ detector capacity in this cryostat 
➡ 30,000 planned for SO


• The optics tubes can be replaced while 
cryostat is installed.

total weight ~ 5000kg (!) when 
populated with 13 tubes



The Simons Observatory Large Aperture receiver 

300K stage

40K stage

4K stage

optical 
tubes

co-rotator rail

2.
5m

2.7m



The Simons Observatory Large Aperture receiver 
1.

5m

41cm

hex window and filters (not shown)

lens #1 (4K)

lens #2 (4K)

carbon fiber tube from 4K -> 1K

Lyot stop (1K)

lens #3 (1K)

carbon fiber truss from 1K -> 300mK

flange attaches tube to cryostat 4K plate

universal focal plane module (100mK)

magnetic shielding

• Three anti-reflection coated silicon lenses

• Cold (1K) Lyot Stop

• 100 mK detector cavity

• 13 tubes total (7 planed for SO)



The Simons Observatory Large Aperture receiver 
2.

5m

28
cm

for Simons Observatory Large Aperture: 
                               ~21 wafers ➔ ~30,000 detectors

fabricated from 6” 
diameter silicon wafers



cable 
wrap

rotation 
+/- 47 

degrees

receiver

The Simons Observatory Large Aperture receiver 



20m
The Simons Observatory Small Aperture Camera

1.4m

0.9m

1.
5m

rotating Half-Wave Plate

3 lens system

focal plane

dilution refrigeration

CANDIDATE DESIGN



3 lens optics

focal plane 
• DR cooled 
• multichroic 
• 7 wafers

refractive continuously rotating 
cryogenic half-wave plate 

• 42cm aperture size 
• 35 deg Field of View

1K cold stop

single tube per cryostat

The Simons Observatory Small Aperture Camera
PRELIMINARY DESIGN

for Simons Observatory: ~21 wafers ➔ ~30,000 detectors

fore baffle



The Simons Observatory Detectors
two detector architectures

Spline Horn Array  
(NIST)

Sinuous antenna + lenslet array 
(Berkeley)



The Simons Observatory Detectors
universal focal plane module  (UFM)

both horn and sinuous/lenslet arrays

both detector technologies can be read out with the same 
frequency multiplexing system

detector module detectors with readout cables automatic wire bonder



The Simons Observatory Detector Readout 

• Frequency domain multiplexing
• Send in a comb of narrow frequency bands (tones)
• Each detector is coupled to a resonant circuit such that its output signal is 

converted to a change in the resonance of the circuit

uMux – current 
through the TES 
couples flux into a 
flux-variable inductor 
in an LC circuit

2000x



The Simons Observatory Calibration

we are working on requirements for bandpass measurements, 
gain, beams and polarization angles

POLOCALC: a Novel Method to Measure the Absolute Polarization Orientation of the 
Cosmic Microwave Background 
F. Nati et al (2017)

examples of recent studies 

The Effects of Bandpass Variations on Foreground Removal Forecasts for Future CMB 
Experiments 
Ward, Alonso, Errard, Devlin, Hasselfield [arXiv:1803.07630]



The Simons Observatory — technical summary
15

m

• 6-meter diameter Cross Dragone telescope 
• 2-mirror design with a side-looking camera 
• the camera rotates with the elevation axis 
• the back of the camera can be accessed while installed on 

the telescope 
• constructed by Vertex, in collaboration with CCAT 
• 1.4’ FWHM @ 150GHz 
• 2.8 m x 2.5 m / 5,000kg cryostat 
• 70,000+ detector capacity (30,000 planned for SO) 
• modular design receiver for optics tube

• 42 cm aperture size, 35 degree FoV 
• 30,000 detectors for SO 
• continuously rotating HWP 
• 4.2 meter high, 7 meter diameter ground shield

20m

SO deliverables for small + large apertures 
~ 42 wafers ➔ 60,000 detectors


