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Insrghts from new CMB lensing measurements
':‘h-.;the Atacama Cosmology Telescope

new probe of primordial nOn Gaussiani‘ty'
monstratlons of kSZ velocrty reconstruction

Blake Sherwin
DAMTP & Kavli Institute for Cosmology, University of Cambridge
ACT Collaboration




Does large-scale structure grow as standard cosmology predicts?

“Predicted, indirect og " “Di ”
R Direct Og
1. Fit LCDM model 1. Measure matter “clumpyness”
(standard
cosmological di ' '
irectly at low-z with lensing++
;rl%cé)e(l)) to CMB at — 2/ Can compare with prediction

2. Predict structure
growth to z~0,
assumingLCDM v,
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Is something wrong with large-scale structure growth?

Direct low-z
measurements from galaxy surveys: 2-3
sigma low in several channels

\

Fluctuations, systematics, new physics?
New insights from CMB lensing power
spectrum, which probes S5 = o3 (73

og or Sg tension

—e— values

—e— Predicted

0.70 075 080 085

o, )0.25

58 = GS(Qm/O-B)O'S

0.90

™~ matter clumpyness og
[=RMS mass fluctuation on 8Mpc/h scales] 4

CMB: Planck CMB aniso.
CMB: Planck CMB aniso. (+Ajens Mmarg.)
CMB: WMAP+ACT CMB aniso.
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Lensing is important for measuring neutrino mass
(recently particularly interesting and perhaps relevant to DESI)

CMB + BAO
o - = CMB (A,) + BAO

N DESI DR2 + CMB

\ constraints without
A CMB lensing:

\\ degraded

v 2

[Jhaveri, Karwal, Hu 2025] . =
0.0 0.1 0.2 0.3

» CMB lensing probes neutrino power suppressicv)n and background matter



CMB Gravitational Lensing

Image: ESA/Planck

Distribution of mass deflects CMB light that passes through by angle ng



CMB Lensing Measurement

- Algorithm (quadratic estimator): Qg(L) ~ /d21 T(I)T* (l . L)

[+similar in polarization]

- Approximate explanation:
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How can CMB lensing look for new physics / clarify tensions?
Q )0.25

» CMB lensing power spectrum C}’fqb probes matter power spectrum + hence SgMBL = o5 (32
» (Can test z/scale dependence of any new physics

redshift
z=1100 Primary CMB
(CMB)
CMB lensing aut Ly-alpha
z=2
- “
/ N
v galaxy lensing
(Some) new CMB lensing cross-corrs.
dark energy
. z=0
physics (low-z) 5
k=0.15 k=1 wavenumber =scale

New dark matter physics (small scales)



The Atacama Cosmology Telescope (ACT
2007 - 2022

- 1 +Dongwon Han
N\, (Cambridge)
Frank Qu Mat Madhavacheril  Niall MacCrann

(Cambridge (U. Penn) (Cambridge)
—Stanford)

Recent DR6 ACT lensing maps, spectra, implications for growth
[Qu, Sherwin et al. 2024; Madhavacheril, Qu, Sherwin, et al. 2024, MacCrann, Sherwin et al. 2024]




ACT DR6 CMB lensing mass map
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K & mass density
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e Covers a quarter of the sky Mass Density
e You can see the dark High NG Lo (voids)

matter distribution by eye [Madhavacheril, Qu, Sherwin, et al. 2023, Qu, Sherwin et al. 2023;
e 2x SNR/mode c.f. Planck MacCrann, Sherwin et al. 2023] 10



Zoom-in of 900 sqg. deg. of 9400. sqg. deg. mass map

Lensing map of mass (lensing potential)
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Zoom-in of 900 sq. deg. of 9400. sq. deg. mass map:
Correlation with dusty galaxies seen by eye

(potential) + Cosmic Infrared Background (contours)

Lensing map
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Null test suite testing stability of lensing spectrum:

Consistent amplitude of —— PWV high-PWV low
lensing spectrum Alens —eo— time split 1 - time split 2
—e— TT-POL
f—eo—— TT+POL-POL only
—e—] TT+POL-TT only
—e— TT shear
e CIB deprojection
—e— TT f090-f150
—eo— TT+POL f090-f150
—e—
—e—
o
tei Aggressive ground pick up
—o— 1500 < Zcme < 3000
fof 800 < £cmg <3000
e 600 < Zcmp < 2500
—-o— 600 < Zcmp < 2000
-0.2 —(;.1 0?0 0!1 0.2
AAlens

Difference in Amplitude of lensing

at different times
in polarization

w. different foreground
cleaning

at different frequencies

on different scales

+... many more tests!
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Lensing spectrum challenge 1: Noise bias subtraction

LV2L2(L+1)2CP%/4

_—0.0000025 -

e Challenge: noise complexity causes bias

subtraction problem

e Solution: Use 4 CMB maps with independent

noise. Noise bias zeroed so immunel!

0.0000175 A
0.0000150 +
0.0000125
0.0000100 -
0.0000075 ~
0.0000050
0.0000025 H
0.0000000 +

L)

BTN S ¢ ﬁmlﬁz

Signal

Standard lensing estimator

Robust 4-cross estimator

L |
102

103

Madhavacheril, Smith, Sherwin, Naess et al 2020, JCAP
,CTOSS
CLHeos (T Ty T5Ty)

maps with independent
noise

now pass the null test with robust, new cross
estimator



Lensing spectrum challenge 2: Extragalactic foregrounds

How to mitigate SZ, CIB... foreground biases?

CMB cluster “foreground”

map B\ e Note: typically, foregrounds would lower lensing
cutout power

(3°x3°) Sailer++2020

e Geometric — modify estimator to be insensitive
to Poisson distributed sources
P OR
dusty galaxy “foreground”
‘ e Frequency-based — use data at different

*’ II frequencies to remove foregrounds (e.g. “ILC")

Both give negligible foreground bias in

Niall MacCrann sims and data tests; both consistent
(Cambridge)




Planck CMB anisotropy prediction

1.2 1

1.0 1

0.2 1
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x10~°

—— Planck 2018 CMB aniso. ACDM prediction

\

Lensing spectrum
predicted from
Planck 2018

CMB anisotropies

Unblinded after passing 200+
null tests
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Unblinded results: ACT DR6 lensing power spectrum

x10~6
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Lensing spectrum

sl predicted from

Planck 2018 CMB aniso. ACDM prediction
¢ ACTDR6 lensing data

Planck 2018
CMB anisotropies }
o NN e ——
0 0.25]
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€ 925 ] | |
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[Qu, Sherwin et al. 2024]

Unblinded after passing 200+
null tests

Agrees with the LCDM theory
predictions based on Planck
2018 CMB power spectra (PTE
of 0.17). Success for LCDM!!

SNR ~43, amplitude of lensing
(relative to theory amplitude)
determined to 2.3%

Ajens = 1.013 +0.023
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Comparison with cosmic shear: shear lower but consistent (1.7-2.10)

0.9

0.8 A

Osg

0.7

0.6 -

Il HSC-Y3 (Fourier) + BAO

S5 HSC-Y3 (Real) + BAO

B KiDS-1000 + BAO
DES-Y3 + BAO

I ACT+Planck CMB lensing + BAO

[JPlanck CMB aniso.

our direct

measurement

' ‘x lanck LCDM

0.20 0.25 0.30

Qm

0.35

0.40

0.45

ACT/Planck lensing + BAO:

= 0.812 £ 0.013

1.6% measurement for
ACT+Planck lensing
combination

 Disfavors new physics that affects structure growth at high z>1 and large scales k<O.2
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ACT
2007 - 2022

Frank Qu

(Cambridge _
—>Stanfo§i) (Cambridge) (U. Penn)

New and upcoming results: ACT+SPT / daytime / DRé6+ / SO

[Qu et al. 2025, Abril-Cabezas et al. in prep a/b, Kim et al. in prep, Qu et al. in prep]

Irene Abril-Cabezas  joshua Kim Mat I:\adhava)cheril +Niall MacCrann, Karen Perez-Sarmiento, Toshiya Namikawa,...
U. Penn




ACT+Planck+SPT lensing: combined spectrum

(SNR~61)
1.4
—— Theory
1.2 ¢ APS CMB lensing
ACT DR6
+ + Planck PR4
1.0 A

®

g
o
‘S(-Sl SPT-3G M2PM

o~ Frank Qu
= 0.81 (Cambridge
<4 —Stanford)
= 0.6

o~

~

S 0.4

-

©

8 0.2 A

0.0 Fei Ge
10! 102 103 (Stanford)

[Qu, Ge, Wu, et al. 2025]



ACT+Planck+SPT lensing: constraints on structure growth

0.90 1w
our direct .
ourdirect os = 0.829+0.009
APS lensing + DESI BAO!
0.85 -
Planck LCDM
[ prediction
00
o 0801 e Great consistency of three
different CMB lensing
measurements - notable as from
0.75 A different scales / amounts of
A APS —— S+BAO polarization
P — A+BAO Il APS+BAO
0.70 d ML e i e Consistency with LCDM

0.20 0.25 0.30 0.35 0.40 prediction at high precision
[Qu et al. 2025] Qm




ACT lensing results:
redshift-dependent growth from cross-correlations

1.0

T .
09f | CMB lensing tomography B Planck ACDM [ Farren et al. 2025
! B (ihienoes i o 20 ot 1 20 2 < 145 ¥ Miyatake et al. 2022
0.8f L X 3 ELFnWISE x Pla)nck—i—ACT 0.8 T 1.45<2<30 ¥  de Belsunce et al. 2025
arren et al. 2023
0.7F Quaia x Planck 1 2>3.0
I (Piccirilli et al. 2024)
0.6 F
~
%
o)
04r
0.2+
0.0 05 15 *' 55 3.0 0.0 ' ' ' | : :
. . 0 . . . 0 1 2 3 4 5 6
redshift z %

[Gerrit Farren et al. 2023 / 2024, Noah Sailer/Joshua Kim et al. 2024, Carmen Embil-Villagra et al. 2025]

e Combined auto/cross-analysis (3x2): structure growth generally (?) seems to follows LCDM prediction



ACT+Planck+SPT lensing+DESI: constraints on neutrino mass

—— CMB+APS+DESI DR2 BAO

-=-=- CMB+APS+BOSS BAO
CMB+APS+DESI DR2 BAO (T free)

—— CMB+APS+SNla

P/Pmax

[Qu, Ge, Wu, et al. 2025]

e

~
~
~
~
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-
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0.00 0.05 0.10 0.15 0.20
>m, [eV]

e Very tight constraints on neutrino mass  ¥m,, < 0.062 eV (95% C.L., CMB + APS + BAO).



DESI: constraints on neutrino mass

ACDM

1.02

1.01 -
>
e \
= 1.00 —
9’8 // ///_——_
£0.991 ==

>
A
= 0.98 —— CMB (5 mye = —0.116V)
£ o —— COMB (. m, = 0.00eV)
Q> 0.7 CMB (3. m, = 0.06eV)
" —— CMB (}_m, = 0.10eV)
DESI DR2 BAO + CMB
0.96 - DESI DR2 BAO
0.5 1.0 1.5 2.0

Redshift z

e Preference for unphysical negative neutrino mass — due to combination of background and growth



Can changing CMB lensing help?

ece SPT-3G D1 s DESI — SPT-3G D1 + DESI
% SPT-3G D1 ACDM Best-fit % DESI ACDM Best-fit
Alens Negr Qe
ACDM 0.9 1.0 1.1 2 3 4 —0.01 0.00 0.01
0.36 F
0.34
=032}
G
0.30 f
0.28

0.135 0.140 0.145 0.150 0.135 0.140 0.145 0.1500.135 0.140 0.145 0.1500.135 0.140 0.145 0.150

wm(ra/rd,0)? wm(ra/ra,0) wm(ra/Ta,0) wm(ra/rd,0)>

e Changing lensing amplitude can help improve consistency, but hard to do...



Is CMB lensing actually a bit high?

PlanckT&E+BAO

+Planck
I +Ag{']q(>:¢?-%PT¢¢

O m— +ACTG®
B +SPTod
I +Planckdd
—— ACDM + Agy; + Arecon
—-— ACDM + Ay
-==- ACDM + Arecon

1.2¢
/& \
21.1} /
S
?H
1.0
\\
[Ge et al 2024] 0.9t AZpt = Arecon
1.0 12 1.4
A2pt

e Note: this is “worst case scenario”, uses Planck PR3 not PR4, and ACT+SPT Alens not high



CMB + DESI inconsistency:
Are lensing-related issues/new-physics likely?

Lensing generally quite clean. Foregrounds typically
lower lensing.

Consistency of three different experiments ACT, Planck,
SPT — notable as from different scales, amounts of

polarization (so e.g. foregrounds matter differently)

Consistency of T and polarization — speaks against CMB
modulation new physics explanations

Consistency of 2pt and 4pt despite near-independence

Maybe fluctuation that contributes to several issues?

le—6
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& .
I Irene Abril-

' Ghems  COmMiNg soon: DRé6+ lensing analysis

Irene Abril-Cabezas ++ / Joshua Kim ++ / Frank Qu ++ in prep.

le-7

o Signal Current Noise e Inclusion of the daytime data: ~ 1.7x amount
of data

Optimal Filtering (10-15% improvement)
Increase the number of splits used for the

cross-estimator (~10% improvement)

Improve sky-cuts (~10% improvement)

e Map-level combination with Planck

50 100 150 200 250 300 350 400 ~
Multipole L (1/angular scale)

Potential for SNR 60-70 instead of 43, in next year.



Daytime data: background

e Data taken during the day (11lam-
1lpm); 6 observing seasons (2016-22)

e Challenging: Sun’s heat distorts the
telescope mirror, causing pointing
offsets and beam deformations. Not
used for CMB power spectra.

e However, nearly a factor 2 in data if
we can use it!

Irene Abril-
Cabezas

Depth (uK arcmin)

Total intensity

| I ] I I |
night+day =— -~

nightonly === 7

: YVhite ?oise rlange f(l)r SO tlo CMBI-S4

|

|

2000 4000 6000 8000

10000 12000 14000 16000 18000
Cumulative area (square degrees)



Daytime lensing: improving the maps

Although likely only mimics lensing on
largest scales, several steps to
improve data quality:

Fit pointing and effective beams
based mostly on sources, comparing
to night

Then additionally scale, so that day-
spectra match night-spectra on the
exact sky areas analyzed

Depth (uK arcmin)
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Daytime lensing: stringent null tests vs. night

% 107" Lensing from day-night map difference

Irene Abril-
. Cabezas

— e Suite of 60+ day vs. night nulls
ol s 2] theory give confidence in results
¢ MV, PTE = 0.6467
e Powerful due to sample variance
" 11 cancellation: some errors 100 x
D below signal
CS) g
~ 0 iiiii*{i*fT*}§§§§ 0 Day lensing spectrum — night lensing spec.
3 l & PIE-= 0.7976
S
PRELIMINARY O 0
: : <1 [PRELIMINARY |
10! 107 10° ~ 1o 102 10°

L

L



Daytime-only lensing spectrum and DRé+ outlook

daydeep |
N 1B
| i
= H}H{
PRELIMINARY
10! 162 163

[Abril-Cabezas et al. in prep.]

Expect SNR of 20-30 from daytime
alone (c.f. 43 for last DR6 lensing)

Contributes to significant boost in
precision along with more area, better
filtering etc. Methods will carry

forward to SO.

Stay tuned for upcoming DR6+
analysis out soon — SNR 60—70!

Cabezas




LIL(L + 1)1PCP?/(2m)

2.0

15

1.0

SO lensing: Daytime and other improvements may give further boost

le-5

¢ ACT DR6, SNR=43
I SO goal (+day data), SNR=194

Caveat:
unofficial, approximate forecast

500 1000 1500 2000 2500
L

Basic SO lensing forecasts: already
impressive, SNR~130

But daytime lensing and other
new methods may allow further
improvements with further SNR
boosts

Also, Advanced SO detectors now
to be deployed early...



Simons Observatory
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Preview: first look at Simons Observatory lensing

Lensing map from just 144 hours of observations [A. Kusiak (Cambridge), K. Perez-Sarmiento++]

-130 -135 -140 -145 -150 -155 -160 -165 -170 -175 -180 175 170
15 15
10 10
5 5
-130 -135 -140 -145 -150 -155 -160 -165 -170 -175 -180 175 170
Ola
Kusiak

(Cambridge)

35




Preview: first look at Simons Observatory lensing

Lensing map from just 144 hours of observations [A. Kusiak (Cambridge), K. Perez-Sarmiento++]
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Lensing-CIB cross-correlation at
SNR >10, already more powerful

; \
: than 1year of recent experiment
(ACTPol)!
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II A new probe of prlmordlal non- Gau55|an|ty
flrst ..diemonstratlons of kSZ veloaty reconstruction

[McCarthy et al. 2025]




The kinetic Sunyaev-Zel'dovich (kSZ) effect

e e- Elastically scattered
Doppler-boosted
/ CMB photon

[

CMB photon wonon

Low-energy
electron gas with
bulk velocity




The kinetic Sunyaev-Zel'dovich (kSZ) effect

. P B Elastically scattered
b et P _en / Doppler-boosted
R CMB photon
By
b
e
AN
CMB photon [ —
Low-energy
electron gas with
bulk velocity
ar velocity
0T I e Ver"

e Due to scattering, CMB temperature probes the momentum of electrons T TN dl Re0 T —

~ -
______



kSZ velocity reconstruction using CMB and galaxy density
Reconstruct by measuring v-induced T-g mode coupling (L) ~ /dl T(1)g*(1—L)

[Muenchmeyer et al. 2019]
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kSZ velocity reconstruction using CMB and galaxy density

Reconstruct by measuring v-induced T-g mode coupling ¢ (L)~ [ dl T(1)g*(1-L)
Intuition: v-dependent T-g correlation

Cosmic
velocity
mode

CMB
temperature

T ~ vn,

Galaxy
positions

Y - R
B I R L LT 7 3ot g 42
KT TR SR Ot 3 &

[Image. M. Madhavacheril]



kSZ velocity reconstruction using CMB and galaxy density

Reconstruct by measuring v-induced T-g mode coupling ¢ (L)~ [ dl T(1)g*(1-L)
Intuition: v-dependent T-g correlation

Cosmic
velocity
mode

CMB
temperature

T ~ vn,

8
s %o,

o83
5

Galaxy
positions

* g a L3
"'."'.""'15 Fuct gudees

0 0.5 %50
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kSZ velocity reconstruction using CMB and galaxy density

Reconstruct by measuring v-induced T-g mode coupling (L) ~ / dl T()g*(1— L)
Intuition: v-dependent T-g correlation

Key point: all astrophysical complications (relating electrons to g) absorbed in overall
constant bias factor

—ikfaH
12

Easily convert to density v <> 0y, — great probe of largest-scale modes
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Primordial non-Gaussianity:
Challenges in measuring scale dependent bias

SNL
b(k‘) X bl + C?
e Scale dependent galaxy bias is a key
signature for local non-Gaussianity, but

two challenges:

Power spectrum

1085

—— Matter P(k)
—— Galaxy P(k),
—— Galaxy P(k),

102

70
k Mpc™!]




Primordial non-Gaussianity:

Challenges in measuring scale dependent bias
SNL

bk) oc by + €5  Powerspoctrm
Scale dependent galaxy bias is a key 10%¢ | — Matlter P(k) _
signature for local non-Gaussianity, but —— Galaxy P(k), fxr =0
two challenges: 1075- —— Galaxy P(k),
Large-scale systematics B 10°F
A 2
P (k) = P, (k) + Pyy(k) = 10
I
4L
Large-scale sample variance 10
P, (k) 1 i
88 10°F
o(P, (k) +
&8 k kit -

02z 107
k [Mpc™]



Primordial non-Gaussianity:
Solution: add a new, clean tracer of density field

Power spectrum

10% —— Matter P(k) ;
e Large-scale systematics: 75 —— Galaxy P(K), fxr =0 |
ng =P, k) 10 —— Galaxy P(k), fnr >0
A S 100
P (k) = Pyy(k) =
overcome via cross-correlation! S 10°
e Large-scale sample variance - 1045_
P, (k) 1
(P (k) o ——+ - il
reduce via sample variance cancellation! 0 T

k Mpc™!]



CMB lensing cross-correlations work to some extent

353 GHz

best fit (fyz = -34 £40) ]

¢ Data points

— fnp=-500 —— fyr=-50 - fyr = 100
1f —— fyp=-200 —— fyz=0 fvr = 200
— fnr =-100 fnr =50 fnz = 500
£, 1 . X X . 1 . . . . 1 X N . X 1 . . . ]
0 100 200 300 400 500
¢/

Cleans up even very contaminated tracer, CIB! At least x2 improvements possible, see Thornton++ in prep.

Although limited by redshift overlap for cross-correlation-only information — hard to reach errors ~1?



Primordial non-Gaussianity:
Solution: add large scale velocity from kSZ

e Say we have a clean velocity tracer of Power spectrum
large-scale modes, insensitive to fNL 1085 Matter P(k) 5
e Large-scale systematics: : CGalaxy P(k), fyr =0 |
107k
_ E —— Galaxy P(k),
P gg\"/ — " g8 k) o
A m& 1065"
P (k) = Pyy(k) =
overcome via cross-correlation! g 10°
e Large-scale sample variance - 43
10%E
b o Lu® 1 ;
reduce via sample variance cancellation! 0 T

k Mpc™!]



kSZ velocity reconstruction:
More reliable fy, from cross-correlations alone (SO x LSST forecast)

Constraints on local non-Gaussianity

B constraints with kSZ
10+ without kSZ
8 1
= 97
=
‘S ...............................................................................................................................
44
2 -
0 -_-_-
conservative optimistic all scales

galactic scale cuts
Great potential to reach fy ~1-2 from cross-correlations alone! But, until recently, no significant
measurement of velocity with kSZ 50



New: kSZ velocity reconstruction —
first demonstration with ACT CMB + DESI LRG galaxies

kSZ velocity reconstruction 9527 Bin i = 1 (L < 20)

z ~ 0.45 . A 45

-599.584 km/s 599.584

kSZ velocity reconstruction 9*5%¢, Bin 5 = 3 (L < 20)

2z~ 0.6 ¢ ¢
"
i

[ ]
[McCarthy et al. 2024] 599584 /e 599,554

kSZ velocity reconstruction 9%%% Bin i = 2 (L < 20)

& A U
* Te

43

-599.584 km/s 599.584

kSZ velocity reconstruction 9*5%¢ Bin i = 4 (L < 20)

-599.584 km/s 599.584

&

z ~ 0.9

z ~ 0.65
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kSZ velocity reconstruction x galaxies:
first demonstration with ACT + DESI LRGs

Best- ﬁt A from Ce pmiprempite g om 6800 simulations
: e

—— Measurement: A 0623

5 - Histogram from sims

[ - Gaussian distribution, A =0, o = 0.166
4:— ------ Gaussian distribution, A = 623, o = 0.166
3f

LLLLL

00 =075 —050 —025 000 025 050 075  L00
A

[McCarthy et al. 2024]

- Correlate with BOSS galaxies (velocity template), measure amplitude — seen at 3.8 sigma _



kSZ velocity reconstruction x galaxies:
first demonstration with ACT + DESI LRGs (3.8 sigma)

Combined measurement: ACT DR6 + DESI LRGs X BOSS

x10~7 : .
—— Reweighted theory
3r ¢ Co-added datapoints T
2 -
5
8
CIRY,
A
9} [ ]
o0
S 3 0
;() : I [ ]
N
~
1t
—9}
[McCarthy et al. 2024; 0 10 20 30 40 50
See also Lague et al. 2024] L
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kSZ velocity reconstruction x galaxies:
rapid progress

Combined C}" measurement

. [ — Re-weighted theory ]
| ¢ co-added datapoints |
0.008 .
S 0.006} ]
==0.004f ]
O 0.004 4
~ ]
0.002 B
0000 | U U U NSRS NS S NS S U S S U RS S —

5 2 25 : 35 5

[McCarthy et al. in prep.] it o “ 0 EO = 40 =)

With larger galaxy sample already have SNR~10 [preliminary]
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kSZ velocity reconstruction x galaxies:
rapid progress

BN 90 GHz
B 150 GHz
Il Joint
0.7
0.6 -
< 0.5
04
[Hotinli et al. 2025; o
See also Lai et al. 2025]
—200 0 200 03 04 05 06 0.7
NL by

«  With kSZ velocity reconstruction, un-measured until last year, fy, constraint has already
reached +/-40 — rapid progress



Challenges and Open Questions

To reach such constraints:

«  What is the impact of foreground systematics?
«  What higher-order effects are important?
«  What is the impact of galaxy systematics?

Ongoing research!

ol fur)

Constraints on local non-Gaussianity

I constraints with kSZ

without kSZ

conservative optimistic
galactic scale cuts

all scales
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Summary

To test cosmic structure growth and neutrino masses: high-
fidelity lensing mass maps over % sky, CMB lensing power
spectra from ACT with state-of-art precision.

Most recent constraints from ACT+SPT CMB lensing
spectrum (+BAO): structure growth seems to agree with
LCDM on large scales, og = 0.82940.009

neutrino mass bounds remain (strangely?) tight ¥m, < 0.062 eV

Coming soon: DRé+ lensing analysis with improved SNR of

mass

60-70; one key source of improvement: first analysis of ACT

daytime observations, as shown here. Then SO!

Also: first demonstration of kSZ velocity reconstruction —
promising technique for robustly constraining primordial
non-Gaussianity with cross-correlations

velocity © * u A &
'\ y

Qu, Sherwin, Madhavacheril, Han, Crowley et al. 2023
Madhavacheril, Qu, Sherwin, MacCrann, Li et al. 2023
MacCrann, Sherwin, Qu, Namikawa, Madhavacheril et al. 2023
Farren et al. 2023

Qu et al. 2025

McCarthy et al. 2024
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