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We are entering the next level of CMB data-gathering

Order of magnitude more detectors than Stage-3

Simons Observatory (50) Is here and gathering data

Berkeley/[BNL are a big part of SO

With support, SO can pursue P5/Astro2020 CMB science and deliver data

There is room for expansion in Chile, and complementarity with South Pole efforts.
There is a lot of science to do from SO & DESI together



Cosmic questions

Did cosmic inflation imprint the initial conditions?
Is dark energy a vacuum energy or a scalar field, or something else?
What is the cold dark matter, and do we understand the hot dark matter (neutrinos)?

Are we missing ‘new’ physics?

The best model for the universe continues to
be '/ACDM, in place for 20+ years

Flat universe with ‘regular matter, cold dark
matter (CDM) and cosmological constant (/),
and simple initial conditions.

Physics follows General Relativity.




The Cosmic Microwave Background (variations in intensity)
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The CMB power spectrum: intensity

Angular scale (Size of bump)

18°

Power spectrum
Amount of bumpiness

Planck Collaboration 2013, 2018

he power spectrum Is the most-used statistic: we predict it theoretically, and modify ingredients and
nitial conditions until it fits data. Given us ACDM ingredients and 2 initial conditions.




The CMB Is polarizea

'E-mode’ polarization captures velocity of hydrogen-helium plasma at t=380,000 yrs AT olaboration
Second Image of the ‘'same’ physics
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ACT Collaboration: ESA/Planck Collaboration



The CMB power spectrum: intensity

best-fit lensed CMB
Planck
ACT
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best-fit lensed CMB
Planck
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Deeper-look CMB: South Pole lelescope

WOy rf 104
O O
o Ty — .0 o.
,l-q ;? o | | . . P9y, ’_'_-. ® SPT—SG D].
e 4 e s
_ _ 3 0 e9%0e
' | 10 TT - .-‘.‘.'..‘.‘ ACT DR6
o " eeee,
' ena, o Planck
- 2 AT Y)
_ NM 10 P
i N ? ‘-.,*.
o 3 o, e ; .
- - rd %, ‘0 Q_. _’o‘o’." ¢.o?¢.¢?? oo.\\\\\
8, LTJ..Q 101 p 'o . v » #? ‘..3|3L \\\\
ﬁ o 4 T—
N = Qﬁ EE 0 0 0.“00‘0.. o
- [ o) oo ey 5.
E‘do 100 y ‘1-0-.\."
. m o o
~ . Q .‘\" f ®
S | 1 i “TF
= 10— 1 f
T E
oo
v o
5 o 102
7 2 c 100 £
8 M~ AUU K T A e e e e e a e e e e e o o o o e - - - - L = L
i e e A » ~ : s sossseey C
,éfjﬁg«" =i g | ! TE . DI L4 e
e i e sl . 50 ! | ® 0w ¥
B e y.{a’ff%’i“*'ﬁ,?p"/’rz ‘\‘M $ f/ p pro. ]
P A e e ey s I e L s b S c r
- e e L R e S e T o = ok - S SR CON o ™
S i g e Cat e AR | — ; : g o o s o Wty | *
= S e g h 7 ¢ %
S Y !: - i Lﬂ \ )‘ Y \ » 8. | _
— T B _50 b % L, LY.,
i3 o Q < % i f 7 ’_l
mM \
© : &
—100 Q J _
) ¥ ;
h . —150 k
50 500 1000 1500 2000 2500 3000 3500 400(

o [ o
g} m~N h
m b 5

Multipole ¢,
uorjeul|Pag Camphuis et al 2025, SPT Collaboration



The CMB is also lensed on its journey

Reconstruct lensing map from
coupling of primary CMB modes

Madhavacheril et al, Qu et al,
ACT Collaboration 2023
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CMB lensing: Planck, ACT, SPT
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This Is the lensing power Is those reconstructed maps; the CMB T I/EE/TE power spectra are also lensed



Robustness of ACDM and precise measure of Hy

ACDM - Calabrese et al 2025, ACT

Collaboration
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Combining CMB with DESI BAO tightly constrains ACDM.
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VWhat about time-varying dark energy?

Calabrese et al 2025

Updated by
Popovic et al 2026,
Dovekie/DES

Planck prediction (PTE = 1.0%)
- P-ACT prediction (PTE = 13.1%)
P-ACT-LBpgr> fit (PTE = 95.8%)
DESI DR2 BAO

BN DESI BAO + CMB + PantheonPlus
DESI BAO + CMB + Union3
s DESI BAO + CMB + DESY5

—1.0 —0.8 —0.6 —0.4 | | 1'.0 1'.5 2'.0
W Redshift (z)

Preference for wO-wa or curvature: CMB, BAO, SN don't all agree on matter fraction (Om

For P-ACT & DESI DR2: time-varying dark energy not strongly preferred (.60 agreement within /ACDM,
or ~20 with Pantheon+) because P-ACT prefers lower (Om than Planck or ACT.




Higher T—> higher primordial scalar amplitude to fit primary CMB

. . —> lower (Om to fit CMB lensing
BUt ~ 30 tensions remains (Allison et al 2015; Sailer et al 2025, Jhaveri et al 2025)

ACT (or SPT, without Planck or WMAP but with T prior) is >2.80 different to DESI-DR2 in ACDM

Tension Is reduced when:

* adding the I<|000 CMB data from Planck or WMAP

* when ~‘removing the lensing from the primary CMB

* when Increasing the optical depth to reionization compared to Planck’s result
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Simons Observatory ('5O')
Polarized mm-wave half-sky survey

-lve times the resolution of Planck
‘Ten times (+) lower noise

————
-
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The Simons Observatory (50O) collaboration: 450 members
Pubhc/vaate partnersh|p (S|mons Foundaﬂon INSF UKRI, Japan instrtutional support and more recently DOE)
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SO covers all Astro2020/P5
CMRB science

\‘

Primary CMB: physics of the early universe
Secondary CMB: matter mapping
Mm-wave sources: time domain astronomy
Public data and software

The Simons Observatory: Science Goals and Forecasts (201 9)
The Simons Observatory: Science Goals and Forecasts for the enhanced Large Aperture Telescope (2025)
The Simons Observatory: Forecasted constraints on primordial gravitational waves (2026)
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now 60,000 detectors with 6 wavelengths

LAT Survey

Projected to reach ~3 pK-arcmin

Recent upgrade

2025) at 90 GHz

Large Aperture lelescope

(> x [0 ACTs)

Farly data (180 hrs
SO Collaboration



Improved CMB power spectrum: test inflation through ns, assess dark energy

hree times lower noise than ACT (similar to SPT), half the sky

Forecast Angular separation in the sky
90° ° 0.2° 0.1°
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¢— LAT 150 GHz x 150 GHz
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Improved CMB lensing and Sunyaev Zel'dovich: test inflation, weigh in on dark energy

PRELIMINARY

SO Collaboration

New SO lensing map from |80 hrs of observations, 4 optics tubes
SO targets O(faL)~ | through x-correlations
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DESI, Rubin



What about expansion at the beginning of universe!
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Simulated map of B-modes from scale-invariant tensor fluctuations
Assuming period of Inflation/acceleration, tensor amplitude tells you H(a)




Measuring tensor perturbations

¢ CMB BK bandpowers lensed scalars EE

BICEP3 95 GHz

2H?
A, = A2 (k) = *
t w2 Mg,

lensed scalars BB

102
Data: BICEP/Keck collaboration 202 |




SO Small Aperture lelescopes (SATs)

~ 30,000k superconducting detectors (~doubling soon with UK & Japan SATs)

SO detectors are exceeding baseline specifications
A key enabling technology: rotating half-wave plates

Target depth 1s ~ | pK-arcmin for fsky~0. |
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Seeking a detection of the Initial accelerated expansion

ACT-LB-BK18
Planck-LB-BK18
P-ACT-LB-BK18
P-ACT-LBpro-BK1
BICEP/Keck CT-LBora 8

collaboration 202 | V(§) = ¢

V(d)) oc ¢2/3
(d)) o ¢1/3

R? SO’s goal detection levels:

r=0.01 iIn 4 yrs w 3 SAls (0 ~ 0.002-3)
r=0.005 In 10 yrs w 6 SATs (0 ~ 0.001)

Calabrese et al 2025,
ACT Collaboration

Similar progress expected from South
Pole using different instruments, site and
sky coverage; this will be really exciting!

If we detect something, we will want to map
out as much of that B-mode map as
bossible, and check it behaves as expected.
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We are enter/ng the next level of CMB data—gather ng

Order of magnitude more detectors than Stage-3

e

Simons Observatory (S0) is here and gathering data
Berkeley/LBNL are a big part of SO

With support, SO can can pursue P5/Astro2020 CMB science and deliver data

. L . . . nttps://arxiv.org/abs/1808.07445
There is room for expansion in Chile, and complementarity with South Pole efforts. ©ttps://arxiv.org/abs/2503.00636

There is a lot of science to do from SO & DESI together ttps://arxiv.org/pdf/2512.15833



https://arxiv.org/abs/1808.07445
https://arxiv.org/abs/2503.00636
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We can still make progress on all the

planned P5/A2020 science

Similar O(r) levels forecast for

upgraded BICEP/Keck + SPT

‘\\G Current SO CMB-54 Using Rubin,
. £ “\qp Numbers show 1- 2025-2034 DESI, or Euclid
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