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• ACT Data Release 6: Data and Science Overview
• Progress on new CMB lensing spectra from AdvACT DR6 

and implications for structure growth
• Tracking structure growth across redshifts with lensing

cross-correlations

2

Outline



3

Atacama Cosmology Telescope (ACT)

• Arcminute resolution CMB telescope at 5200m in the Chilean Atacama 
desert, with arrays of sensitive (TES bolometer) detectors
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RIP – Atacama Cosmology Telescope (ACT)

• Telescope being dismantled. ACT is now just 
collaboration, but two more powerful data releases 
to go!
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Atacama Cosmology Telescope Observations: Overview
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Atacama Cosmology Telescope: DR4



Previous Cosmology Release: ACT DR4 Spectra

Choi++, Aiola++ 2020



Previous Cosmology Release: ACT DR4 Spectra
• ACT+WMAP: good agreement with Planck in LCDM. Indep. 

test of params, e.g. H0! Tension not from Planck systematics

Choi++, Aiola++ 2020
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Next Cosmology Release:
Atacama Cosmology Telescope DR6

• Observations on 40% sky at 90, 150, 220 GHz from 2017-2021
• ~10 x more data volume than DR4!
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ACT DR6: new, state of the art CMB maps

• New AdvACT polarized data through 2021: low noise (<15uK’) CMB maps 
(link) on 16000 deg2 at high resolution. 

AdvACT CMB map

https://phy-act1.princeton.edu/public/snaess/actpol/dr5/atlas/


11• High resolution, low noise (Radio/IR sources and SZ clusters visible by eye)

ACT DR6: new, state of the art CMB maps
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Compare with Planck maps:
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AdvACT DR6: map noise levels
Temperature depth [figures: S. Naess]
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AdvACT DR6: map noise levels
Polarization depth



• CMB power spectra

• SZ science 

• Lensing science

• Transients +…
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Main Science Cases

Thibaut Louis Adrien La Posta

Boris Bolliet
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Science Case 1: ACT DR6 Spectra + Parameters

• High-precision polarized spectra will lead to significant improvements to Neff 
and Hubble

Forecast

Figure: Thibaut Louis
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Science Case 2: SZ Science

• Wealth of information about both cosmology and baryonic physics from tSZ
and kSZ

• See Boris Bolliet’s talk!

Preliminary new ACT y-map 



• ACT DR6: Data and Science Overview
• Progress on new CMB lensing spectra from AdvACT DR6 

and implications for structure growth
• Tracking structure growth across redshifts with new 

cross-correlations
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Outline

With Frank Qu, 
+ Niall MacCrann, Mat Madhavacheril, Dongwon Han

[Qu, Sherwin++ in prep., MacCrann, Sherwin++ in prep. 
Madhavacheril, Qu, Sherwin in prep.]



we are here 

CMB photon 
path

Primordial CMB (most 
distant and oldest 
source of radiation)

Redshift and CMB 
source well known, 
matter mildly nonlinear

The observable universe:

dark matter

CMB: A Unique Source for Gravitational Lensing



CMB Gravitational Lensing

• Distribution of dark matter deflects CMB light that passes 
through
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• Dark matter causes lensing magnification feature in the CMB

CMB Lensing: An Approximate Picture

d

d

d

described by 
lensing 
deflection 
field: d

(very small: 
here 
exaggerated 
by x ~100, 
actually a 
few arcmins)

T lensed(n̂) = T 0(n̂+ d)



Aside: Lensing Reconstruction Details

• From translation invariance (of 2-point correlation function),

• Lensing breaks translation invariance => new correlations

• So: measure lensing by looking for these new correlations 
in the CMB two-point function
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hT (l)T ⇤(l� L)i ⇠ d(L)T: temperature (Fourier mode)
l: wavenumber= 0

hT (l)T ⇤(l� L)i ⇠ d(L)

d̂(L) ⇠
Z

d2l T (l)T ⇤(l� L)

0 0



CMB Lensing Measurement: 
An Approximate Picture

d: lensing deflection 
field

CMB
Temp.

Infer lensing from 
stretching/shearing of the local 
CMB power spectrum

shift to larger angular scales



Y axis: “How much
lensing ….”

X axis: “for a lens of this angular scale?”

brightness ~ density

Key Observable: CMB Lensing Power Spectrum Cdd
�

[Das, Sherwin++ 2011, Sherwin++ 2011]
• Lensing probes 

projected matter

• Lensing power 
spectrum: 
projection over 
matter power 
spectrum

• Constrains 
parameter 
combination 
~σ8  Ωm
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d(n̂) =

Z rCMB

0
drW (r)�(n̂, r)(n̂) ⇠ r·
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Motivation 1: lensing spectra as
tests of structure growth

25

• Do observations match predictions of standard structure 
growth (dark matter, w=-1 dark energy, GR)? One test:

• Parametrize structure size today with σ8 , RMS matter 
density fluctuation smoothed on scale of 8 Mpc/h

Fit standard cosmological 
model to CMB at early 
times, t=0.004 Gyr

Predict amplitude of structure 
formed at late times (t>1 Gyr) + 
compare with observations



• S8 ~ σ8  Ωm
0.5 at 

low-z appears low 
in several probes 
vs. prediction 
from early-time 
CMB

Motivation 1: S8 tension
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~σ8

CMB 
extrapolation

Direct low-z
measurements
(from lensing 
and/or galaxies)

[Chen++ 2022]



• S8 ~ σ8  Ωm
0.5 at 

low-z appears low 
in several probes 
vs. prediction 
from early-time 
CMB

• New 
measurements 
with different 
systematics 
crucial: Do we 
also find a low S8?

Motivation 1: S8 tension

27

~σ8

CMB 
extrapolation

Direct low-z
measurements
(from lensing 
and/or galaxies)

[Chen++ 2022]



• Neutrino mass affects structure growth: the more massive 
neutrinos are, the more small-scale growth is suppressed. 

• Probes approaching 60meV lower limit. Measurement would 
be significant contribution to neutrino physics program.
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Large-scale
mass 
distribution:

Motivation 2: Measuring Neutrino Mass w. Lensing

Image:
Viel++
2013

Neutrino Mass Really Large 
(qualitative)

Neutrino Mass Negligible
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CMB Lensing Power Spectra: 
From First Measurements…to a Precise Probe

• Rapid progress – but only just beginning. New ground-
based experiments such as AdvACT!

Planck, 2018, 2.5% precision

ACTPol 2017 
[Sherwin++]

First detection with ACT [Das, Sherwin++ 2011, Sherwin++ 2011], 
25% precision (building on Smith++ 2007 first lensing)

l(
l
+
1)
C

d
d

l
/4
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AdvACT: new, state of the art CMB and lensing maps!
AdvACT CMB map

• Gives powerful lensing map! (link)

Planck
lensing noise

new
AdvACT
lensing noise

signal

preliminary

Frank Qu

https://portal.nersc.gov/project/act/msyriac/s19/lensing/
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AdvACT: new, state of the art CMB and lensing maps!

AdvACT CMB lensing map: 10000 deg2 total

• Gives powerful lensing map! (link)

Frank Qu

https://portal.nersc.gov/project/act/msyriac/s19/lensing/
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AdvACT: new, state of the art CMB and lensing maps!
AdvACT CMB lensing map: 10000 deg2 total

• Gives powerful lensing map! (link)

Frank Qu

https://portal.nersc.gov/project/act/msyriac/s19/lensing/


Y axis: “How much
lensing ….”

X axis: “for a lens of this angular scale?”

New Measurements of the CMB Lensing Power Spectrum

C
L ⇠ ĥ⇤

L̂Li � biases ⇠ hTTTT i � hTT ihTT igauss � · · ·
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ACT Lensing



Y axis: “How much
lensing ….”

X axis: “for a lens of this angular scale?”

New Measurements of the CMB Lensing Power Spectrum

C
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Cosmic Infrared 
Background



Measuring the CMB Lensing Power Spectrum

C
L ⇠ ĥ⇤

L̂Li � biases ⇠ hTTTT i � hTT ihTT igauss � · · ·
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preliminary

[Qu++ in prep.]



Key challenge: foreground mitigation

36

• Lensing power 
estimated via 
trispectrum, but 
foregrounds also 
contribute: biases! 
[N.B. our lmax=3000]

• Foregrounds F
include: CIB, SZ, radio 
sources…, correlated 
with lensing. 

• How to mitigate?

N-body simulated CMB lensing

Ĉdd
L ⇠ hQ[TT ]Q[TT ]i ⇠ Cdd

L + hQ[FF ]Q[FF ]i+ 2hQ[FF ] di+ · · ·
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[MacCrann, Sherwin++ in prep.]



Mitigation I: Simulate Bias Estimates

37

• AdvACT lensing: two primary mitigation methods 
– Geometric method: profile-bias-hardening
– Multifrequency: CIB deprojection + above

→ Simulated biases negligible in both methods (2 different sims)

fractional 
bias to
CL

dd

[Namikawa++2011, Osborne++2012, Sailor++2022; Darwish, Madhavacheril, Sherwin++2021, Darwish, Sherwin++2022…]

[MacCrann, Sherwin++ in prep.]



38

• Cross-check lensing spectrum between methods
• Check consistency of lensing in 90 and 150 GHz maps

Mitigation II: Tests in Data

→ Consistent power spectra for all mitigation methods and 
frequencies

90 GHz – 150 GHz null test in Temperature and Temp.+Pol.

CL
dd

[MacCrann, Sherwin++ in prep.]



Null and systematic test suite

39

High precision so need to be careful. Null tests and 
systematics checks needed! 
Main worries: beams, noise sim issues, foregrounds.

Noise only 
map

Frequency 
difference

Array 
difference

Curl 
deflection

Temperature
vs polarization

Sky region
difference

Frank
Qu

… (200+ tests)



Null test problems…
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• Problem: getting biased results from even basic null with 
data noise, despite advanced methods??

N-body simulated CMB lensing

Frank
Qu

CL
dd

[Qu, Sherwin++ in prep.]
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• Ground-based noise is very complicated to model
Null test problems…



• Solution: new cross-estimator method. Divide data into 
independent splits, use only different crosses                                 
(combinatorics non-trivial).

• Suite of 200+ null tests now (finally) all looking good!

and solutions

42

Frank
Qu

C
L ⇠ hT1T2T3T4i
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[Madhavacheril, 
Smith, Sherwin, 

Naess 20]

Split-estimator
fixes null failure

CL
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Cdd
L
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[Qu, Sherwin++ in prep.]



New AdvACT lensing power spectrum errors

• SNR ~42-44 (state of the art)

Frank
Qu

+ Mat Madhavacheril,
Niall MacCrann

real AdvACT errors, 
values given by theory

preliminary

[Qu, Sherwin++ in prep.]

L1/2Cdd
L
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• Constraints:                  to ~
ACT+BAO       to ~

• Further insight into σ8 tension very soon with new ACT results!

Exciting applications: test S8 tension, 
neutrino mass…

44

Approx. simulation: final CMB-S4 CMB lensing map 

CMB 
extrapolation

Direct low-z
measurements
from galaxies

Our error bar size

[Chen++ 2022]
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• Constraints:                  to ~
ACT+BAO       to ~

• And: new, tightest (?) constraints on neutrino mass of 70 meV (with 
BOSS BAO) or 40 meV (with DESI BAO.) C.f. minimum 60 meV

Exciting applications: test S8 tension, 
neutrino mass…
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Approx. simulation: final CMB-S4 CMB lensing map 

CMB 
extrapolation

Direct low-z
measurements
from galaxies

Our error bar size

[Chen++ 2022]
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Probing structure growth vs. redshift and scale
redshift

wavenumber

z=1100 
(CMB)

z=2

z=0

k=0.15 k=1

CMB lensing auto

galaxy lensing

Ly-alpha

Primary CMB 

?

???



• ACT DR6 Status and Overview
• Progress on new CMB lensing spectra from AdvACT DR6 

and implications for structure growth
• Tracking structure growth across redshifts with new 

cross-correlations and new methods

Outline

47

With Gerrit Farren, Frank Qu, Alex Krolewski, Simone Ferraro++

[Farren++ in prep., Qu++ 2022]
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Testing for new physics in structure formation at 
both high and low redshifts 

redshift

wavenumber

z=1100 
(CMB)

z=2

z=0

k=0.15 k=1

CMB lensing auto

CMB lensing cross-corrs.
galaxy lensing

Ly-alpha

Primary CMB 



• Lensing tomography: 

Gerrit Farren

[Farren++ in prep.]

Low-redshift structure growth 
with cross-correlations

Cdg
L / b�8(z)

2; Cgg
L / b2�8(z)

2; ! �8(z)

<latexit sha1_base64="wHTXK+TueQAiMtvOmc61pfAaSAE="></latexit>



• E.g., UnWISE x AdvACT lensing cross-correlation data:

• Comparable constraints but from z~0.6-1, S8 to
~± . Soon!

[Farren++ in prep.]

Low-redshift structure growth 
with cross-correlations

Gerrit Farren



• E.g., UnWISE x AdvACT lensing cross-correlation data:

• Since we observe 40% sky, wealth of ACT DR6 
correlations with optical surveys (DESI gals/QSOs/Ly-a, 
DES/KiDS/HSC gals/lensing, soon LSST and Euclid)

[Farren++ in prep.]

Low-redshift structure growth 
with cross-correlations



• Lensing maps probe matter density, projected over a 
wide redshift range peaking at z~2. Unique z>5 reach!

• How can I probe only the high-z structure?

Forecasting opportunities at high-z



• Galaxy surveys will span 
a broad redshift range

• Idea: subtract suitably 
scaled low-z galaxy maps 
to remove low-z 
contribution to lensing

Towards high-z only mass maps

̂clean
L = ̂L � c(L)X̂L

<latexit sha1_base64="z9RmbGlLCUzrVy4TEcRmvq6BE2Q="></latexit>

Filter Galaxy tracer

c(L) =
CX

L

CXX
L

<latexit sha1_base64="htD6QgmmOOjMMNCYZq7QIsBBPF8=">AAACGHicbVDNS8MwHE39nPOr6tFLcAjzMlsZqAdhuIuHHSa4rbDWkmbpFpZ+kKTCKP0zvPivePGgiNfd/G9Mtx5080Hg5b3fj+Q9L2ZUSMP41lZW19Y3Nktb5e2d3b19/eCwK6KEY9LBEYu45SFBGA1JR1LJiBVzggKPkZ43buZ+74lwQaPwQU5i4gRoGFKfYiSV5OrnuGoHSI48P21lZ/AG2j5HOG26rcfUHqM4RtDKsvndUszVK0bNmAEuE7MgFVCg7epTexDhJCChxAwJ0TeNWDop4pJiRrKynQgSIzxGQ9JXNEQBEU46C5bBU6UMoB9xdUIJZ+rvjRQFQkwCT03mIcSil4v/ef1E+ldOSsM4kSTE84f8hEEZwbwlOKCcYMkmiiDMqforxCOkmpGqy7IqwVyMvEy6FzWzXru+r1cat0UdJXAMTkAVmOASNMAdaIMOwOAZvIJ38KG9aG/ap/Y1H13Rip0j8Afa9AcGjJ/R</latexit>

(n̂) ⇠ r · d(n̂)

<latexit sha1_base64="7iDlCsYbjQRf4cRhHiZyhOZAyRw=">AAACMHicbVDLSgMxFM34rPVVdekmWIS6KTNSUHdFF7qsYLXQKeVOJmNDM5khuSOUoZ/kxk/RjYIibv0K04eg1gOBwznnkntPkEph0HVfnLn5hcWl5cJKcXVtfWOztLV9bZJMM95kiUx0KwDDpVC8iQIlb6WaQxxIfhP0z0b+zR3XRiTqCgcp78Rwq0QkGKCVuqVzvw9pChU/BuwFUU79HiBVwwPqGxFTX0EggfosTJB+Z8LhbLxbKrtVdww6S7wpKZMpGt3Sox8mLIu5QibBmLbnptjJQaNgkg+LfmZ4CqwPt7xtqYKYm04+PnhI960S0ijR9imkY/XnRA6xMYM4sMnRouavNxL/89oZRsedXKg0Q67Y5KMokxQTOmqPhkJzhnJgCTAt7K6U9UADQ9tx0Zbg/T15llwfVr1a9eSyVq6fTusokF2yRyrEI0ekTi5IgzQJI/fkibySN+fBeXbenY9JdM6ZzuyQX3A+vwCNgKlR</latexit>



• Construct tracer field by 
combining LSS tracers in 
narrow z bins

• Weights to match low-z 
lensing can be obtained 
empirically from spectra

Towards high-z only mass maps

lensing
kernel

lensing
kernelkernel

of tracer
XL

Weights 
From all
Spectra



Tracking structure growth from high to low z with 
CMB lensing (forecast)

• Cleaned lensing kernels have negligible support at 
low-z. Can measure direct high-z lensing spectrum

• Demonstration planned with ACT. Forecast 4% 
measurement of S8 at z~5 with CMB-S4 and LSST



Summary
• ACT DR6 will be an exciting release with 10x more data than DR4
• From DR6 we have new lensing maps and spectra, powerful probes of 

structure growth in auto- and cross-correlation
• Stay tuned for state-of-the-art S8(z) + neutrino masses in next months!

Also happy to discuss:
• Galaxy surveys and lensing surveys can measure Hubble constant 

without relying on sound horizon: a consistency test for new physics. 
New measurement with BOSS/Planck 
(via new method to marginalize over BAO info.)

Approx. simulation: final CMB-S4 CMB lensing map 



• Lensing maps probe matter density, projected over a 
wide redshift range peaking at z~2.

• Some tomography vs. scale possible!

Redshift Distribution



Redshift Distribution
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Hubble tension: not just one probe (?)

~68 km/s/Mpc

~74 km/s/Mpc

s

Figure credit: A. Font-Ribera

& ACT/SPT

BAO
baryon acoustic 
oscillation feature

CMB



Measuring Hubble with CMB: 
Sound Horizon Importance

60

• Compute (calibr.) 
sound horizon rs

• Measure angle 
and infer distance

• Distance[H0] 
=> H0 !

• Same for BAO in 
galaxy clustering

rs =

Z 1

zr

c

H(z)
dz

<latexit sha1_base64="6Xi5NGJEKT/RgVqnU0qrZpKr92s=">AAACEnicbZC7SgNBFIZnvcZ4i1raDAYhacKuBNRCCNqkjGAukMRldjKbDJmdXWbOCsmyz2Djq9hYKGJrZefbOLkUmvjDwMd/zuHM+b1IcA22/W2trK6tb2xmtrLbO7t7+7mDw4YOY0VZnYYiVC2PaCa4ZHXgIFgrUowEnmBNb3gzqTcfmNI8lHcwilg3IH3JfU4JGMvNFZWr8RXucAluMnZVem/QhxHu+IrQhKZJtTAuprg3dnN5u2RPhZfBmUMezVVzc1+dXkjjgEmggmjdduwIuglRwKlgabYTaxYROiR91jYoScB0N5melOJT4/SwHyrzJOCp+3siIYHWo8AznQGBgV6sTcz/au0Y/ItuwmUUA5N0tsiPBYYQT/LBPa4YBTEyQKji5q+YDojJAkyKWROCs3jyMjTOSk65dHlbzleu53Fk0DE6QQXkoHNUQVVUQ3VE0SN6Rq/ozXqyXqx362PWumLNZ47QH1mfPwtCnbs=</latexit>

rs
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�[H0]
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�[H0] ⇠ rs/✓s
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Measuring Hubble with CMB: 
Sound Horizon Importance
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• Compute (calibr.) 
sound horizon rs

• Measure angle 
and infer distance

• Distance[H0] 
=> H0 !

• Same for BAO in 
galaxy clustering

rs =

Z 1

zr

c

H(z)
dz
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sknown
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angle from 
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derived
distance / H0 sound speed

expansion rate

Idea for resolving tension: is new physics changing rs ?



Possible explanation for tension:
Changing sound horizon via early expansion

62

z contribution 
to sound
horizon

zrecombination

change H(z) 
here?

[Knox + Millea 2019]

d ln rs
d lnH(z)
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e.g. early dark 
energy…



Possible explanation for tension:
Changing sound horizon via early expansion
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z contribution 
to sound
horizon

zrecombination

change H(z) 
here?

[Knox + Millea 2019]

d ln rs
d lnH(z)

<latexit sha1_base64="/+vhnBS1rObiSMPLtogZ2anQ2+8=">AAACBnicbZDLSsNAFIYn9VbrLepShMEi1E1JpKDuim66rGAv0IQwmUzaoZNJmJkINWTlxldx40IRtz6DO9/GaZuFtv4w8PGfczhzfj9hVCrL+jZKK6tr6xvlzcrW9s7unrl/0JVxKjDp4JjFou8jSRjlpKOoYqSfCIIin5GeP76Z1nv3REga8zs1SYgboSGnIcVIacszj51QIJwF0GEcCk/mGZxzq/Zwlntm1apbM8FlsAuogkJtz/xyghinEeEKMyTlwLYS5WZIKIoZyStOKkmC8BgNyUAjRxGRbjY7I4en2glgGAv9uIIz9/dEhiIpJ5GvOyOkRnKxNjX/qw1SFV66GeVJqgjH80VhyqCK4TQTGFBBsGITDQgLqv8K8QjpXJROrqJDsBdPXobued1u1K9uG9XmdRFHGRyBE1ADNrgATdACbdABGDyCZ/AK3own48V4Nz7mrSWjmDkEf2R8/gCTNZfs</latexit>

z

<latexit sha1_base64="Wud7Tk1lAE0TofbfdXT/CfC5Fa0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+0hjQo=</latexit>

e.g. early dark 
energy… 
problem: many 
models

Q: how to test 
these kinds of 
modifications 
generically?



Idea: Use keq to get H0 without the sound horizon

64

• Matter radiation equality scale keq: alternate standard 
ruler to get H0. Different redshift/new physics sensitivity!

• Details: get keq / H0 ~ Ωm H0. Then just need a probe of Ωm
and solve for H0. Different z + sensitivity to new physics?

rs =

Z 1

zr

c

H(z)
dz

<latexit sha1_base64="6Xi5NGJEKT/RgVqnU0qrZpKr92s=">AAACEnicbZC7SgNBFIZnvcZ4i1raDAYhacKuBNRCCNqkjGAukMRldjKbDJmdXWbOCsmyz2Djq9hYKGJrZefbOLkUmvjDwMd/zuHM+b1IcA22/W2trK6tb2xmtrLbO7t7+7mDw4YOY0VZnYYiVC2PaCa4ZHXgIFgrUowEnmBNb3gzqTcfmNI8lHcwilg3IH3JfU4JGMvNFZWr8RXucAluMnZVem/QhxHu+IrQhKZJtTAuprg3dnN5u2RPhZfBmUMezVVzc1+dXkjjgEmggmjdduwIuglRwKlgabYTaxYROiR91jYoScB0N5melOJT4/SwHyrzJOCp+3siIYHWo8AznQGBgV6sTcz/au0Y/ItuwmUUA5N0tsiPBYYQT/LBPa4YBTEyQKji5q+YDojJAkyKWROCs3jyMjTOSk65dHlbzleu53Fk0DE6QQXkoHNUQVVUQ3VE0SN6Rq/ozXqyXqx362PWumLNZ47QH1mfPwtCnbs=</latexit>

BAO /

Peak 
+ but main signal
shape at higher k
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Galaxy power, marginalizing over rs

• How to avoid rs information? Idea: marginalize sound horizon 
value to isolate keq information.

• Can only be approximate (rs not fundamental) but new way of 
measuring H0 + consistency test. Marginalization procedure:

• + broadband rs marginalization; + lots of tests that rs info killed!

Rescale “wiggle” 
part of power 
spectrum by ⍺rs

[Farren, Philcox, Sherwin 2021]
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• New measurement without 
sound horizon info! (Prelim.)

• Now in 3 sigma tension with 
SH0ES distance ladder H0.

• Any new physics must give 
same “wrong answer” for 
both scales – difficult? 
Differences in early tests.

• For future surveys, great 
performance: Euclid H0
within +/- 0.72 km/s/Mpc!

New results – BOSS galaxy power with rs
marginalization + CMB lensing

New combined constraints!

CMB Lensing
(+new SNae) BOSS galaxy survey

[Philcox, Farren, Sherwin++ 2022]



Summary

• With AdvACT we have powerful new lensing maps, giving state-of-the-
art S8 + neutrino masses this year!

• Lensing and galaxy surveys can measure Hubble constant without 
relying on sound horizon: a consistency test for new physics. New 
measurement with BOSS/Planck!

Approx. simulation: final CMB-S4 CMB lensing map 


