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• where did V(Φ) come from ?
• why did the field start in slow-roll ?
• why is the potential so flat ?
• how do we convert the field energy 

into particules ?
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Observing the Universe at mm wavelengths  
= isotropic signal with a black body 
spectrum at a 2.7K temperature

Josquin Errard, Simons Observatory, mmUniverse 2023
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Observing the Universe at mm wavelengths  
= isotropic signal with a black body 
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CMB polarization 
E and B-modes

zooming down to the  

± 10-7-8K level!

11Josquin Errard, Simons Observatory, mmUniverse 2023



Josquin Errard (APC/CNRS), colloquium @IFPU, January 29th 2021

+ galactic  
(and extra-galactic) 
foregrounds  
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Josquin Errard (APC/CNRS), colloquium @IFPU, January 29th 2021

credits: R. Keskitalo (LBNL) 
https://crd.lbl.gov/news-and-publications/news/2017/a-toast-
for-next-generation-cmb-experiments/ 
Errard et al, The Astrophysical Journal, Volume 
809, Issue 1, article id. 63, 19 pp. (2015)

+ ground-pickup 
    + other instrumental systematics

13

+ atmosphere 
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foregrounds @ 100GHz, fsky=1%

foregrounds @ 100GHz, fsky=90%
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tensor-to-scalar ratio 
r<0.032 (95% c.l.)

Tristram et al. (2021)

r=0.032
r=0.003

r=0.01
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r=0.032
r=0.003

r=0.01

0.5
Alens

Wolz, Azzoni, Hervias-Caimapo, JE, Krachmalnicoff, Alonso et al. (2023)

σ(r=0) = 0.003 (SO nominal=3 SATs) ➔ 0.0012 (current SO baseline=6 SATs)
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Sources

Missing Baryons
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H0 Tension and New Physics

Light Relics and Neutrinos
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over Cosmic Time
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LAT Science

Effective Number of Relativistic Species  
→ Constraining particle physics beyond the standard model

Lensing Spectra + kSZ + 
Large Scale Structure → 
Sum of the Neutrino 
Masses

~20,000 Galaxy 
Clusters detected 

through the tSZ

Constrain galaxy evolution 
parameters such as 
feedback efficiency

Constraints on the Hubble parameter

see talk by 
Nick Battaglia 

on Friday
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SAT
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SAT

LAT
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23

~ 2024

3 SATs

30,000 detectors in total 

6 frequency bands

news #1 SO += SO:UK + SO:JP
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• Six New Optics Tubes 

• Double Mapping Speed for 

Delensing and other science 

• Enable Transient Detection 

• No Development Required 

• Full Maps Processed in 6 Months 

• Daily Transient Alerts 

• Verification and Systematics Mitigation 

• Community Maps and Tools 

• 9% increase in 
Observing Efficiency 


• Reduced Carbon 
Footprint 


• Reduced 
Maintenance Costs 

Data Management

LAT

Photovoltaic Array

news #2 
Advanced-SO
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From: The Simons Observatory: science goals and forecasts 
Peter Ade et al.,  JCAP02 (2019) 056 
https://ui.adsabs.harvard.edu/abs/2019JCAP...02..056A/abstract 

[44] BICEP2 and Planck collaborations, Joint Analysis of BICEP2/Keck Array and Planck Data, Phys. Rev. Lett. 114 (2015) 101301 
[287] Planck collaboration, Planck 2018 results. VI. Cosmological parameters

(2018-19)

0.0012
0.4%
1

0.045

0.03

1%

2%

4%

0.3%

Advanced-SO  
(2024-2032)
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Simons Observatory Site

27

SO:UK 
(>2028)

SO:UK 
(>2028)

SO:JP 
(>2028)

30,000 detectors in 2024
60,000 detectors in 2028

30,000 detectors in 2024
60,000 detectors in 2028
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Josquin Errard (APC/CNRS), Gravitational Wave Orchestra, Louvain, Sept 9 2022 27

~1
5m
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Chile, 
January 

2023

LATR
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Chile, 
February 

2023

LATR
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Chile, 
February 

2023

LATR
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LAT in August 2022 (Germany)
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LAT in August 2022 (Germany)
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LAT in April 2023 (Chile)
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LAT in April 2023 (Chile)
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LAT in April 2023 (Chile)
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site Feb 2023 (Chile)
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SO SAT

~5m

~16m
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SO SAT
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100 mK Dilution 
Refrigerator

35deg field of view

focal plane assembly 
~ 10.000 bolometers

1.9m

1.
5m

cold 
optical 
assembly

cryogenic half-
wave plate

1K Lyot stop

cold readout assemblies

SO SAT
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March 2023 
Photo:  Nick Galitzki  

SO SAT
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April 2023 
Credit:  Dave Boettger 

SO SAT
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credits: Nils Halverson

SO sensitivity
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credits: Nils Halverson

SO sensitivity • 2024: 60,000 detectors 
• 2028: 120,000 detectors
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60,000 detectors

120,000 detectors

SO sensitivity
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43 adapted from Kogut et al (2016)
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frequencies
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fsky ~ 40%

fsky ~ 10%

44

SO observed sky areas
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credits: J. Sugiyama

credits: H. Nakata

credits: T. Matsumura

Polarization grid for relative and 
absolute polarization angle calibration

Cryogenic 
Rotative Half 
Wave Plate

Assembly of Baffles

control of instrumental systematics effects: examples

Josquin Errard, Simons Observatory, mmUniverse 2023



45

credits: J. Sugiyama

credits: H. Nakata

credits: T. Matsumura

Polarization grid for relative and 
absolute polarization angle calibration

Cryogenic 
Rotative Half 
Wave Plate

Assembly of Baffles

control of instrumental systematics effects: examples

Josquin Errard, Simons Observatory, mmUniverse 2023



46

control of instrumental systematics effects: examples

prototype calibration source 
flying on a drone above 
CLASS in Feb 2023

see talk by Gabriele Coppi this Thursday!

Josquin Errard, Simons Observatory, mmUniverse 2023



control of instrumental systematics effects: examples
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d = Λ(!)
s(r)

+ n10
12

-1
4

10
7

instrumental, 
environmental, 

astrophysical and 
numerical challenges!
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SO timeline

Stay Tuned!
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