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Cosmic Microwave Background

e . - e ’. > lemperature anisotropies: caused by
- | *' iInhomogeneities of the primordial plasma
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(through Thomson scattering).
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iInhomogeneities of the primordial plasma
(through Thomson scattering).

> Polarisation anisotropies: caused by local
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> Temperature anisotropies: caused by
iInhomogeneities of the primordial plasma
(through Thomson scattering).
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> Temperature anisotropies: caused by
iInhomogeneities of the primordial plasma
(through Thomson scattering).
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Cosmic Microwave Background
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Cosmic Microwave Background

107 seconds 1 second 100 seconds 380 000 years 300-500 million years Billions of years 13.8 billion years

Beginning
of the
Universe

Inflation CMB phojcons Structure formation
decoupling and galaxy evolution

Radiation

_' -2m,, (via lensing potential)

{- Large scale B-modes |

S | - Ga|axy evolution
i Properties of reionisation: {

- Duration (via kSZ)
- Mean free path of ?
(viakSz) |

— Primordial power
| spectrum (via TT,TE,EE)
{ - Primordial bispectrum

- cluster properties (via tSZ)

|- Y, and N (via |

: - feedback efficiency (via tS2)
) |

- damping tail |

'/ - Properties of Dark energy:

A

i - 0y (via lensing and tS2) ",
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Outline

* The Simons Observatory

Design: Eve Barlier & Josquin Errard,
funded by ERC Scipol N0.~101044073,
CNRS, 2025. All rights reserved.



How to build a sensitive CMB experiment ?

E\I_'_——_o_l_—_j F?azti;n gfpthe
fﬁzgez_fsﬂgr sky observed

NET([uK .4/s] X 1 /fy,[arcmin?]

Ndet X Y X At[S]
5 )

-

Number of ' Integration
—— |

] detectﬂﬁ] [Efficiency | L time l

s|luK . arcmin] =




Noise improvements
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e space-based experiments

= 1071 stage-1 - ©(100) detectors

GE) stage-2 - O(1, 000) detectors

.q:) C stage-3 = (10, 000) detectors

%3 102 stage-4 - O(500, 000) detectors

;’ &

© 3

QD

*é § 10-3

P

= CMB-54

S 104 ~—
2000 2005 2010 2015 2020 2025 2030 2035 2040

years

[Credit : J. Errard]



Simons Observatory

| SO Small Apeﬁuj;e
| Telescopes (SATs)
|
|

> Nominally 3 telescopes
»30.000 TES detectors
> 6 frequency bands

> Focusing on large scale
polarisation modes

|
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Simons Observatory

| SO Small Apeﬁuj;e
| Telescopes (SATs)
|
|

> Nominally 3 telescopes
»30.000 TES detectors
> 6 frequency bands

> Focusing on large scale
polarisation modes

|

EO L:\rgei ApLert;rLe
Telescope (LAT) |

»6m cross-Dragone telescope
»30.000 TES detectors
> 6 frequency bands

> Observing small scale

anisotropies over a large
| fractionofthesky |
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Simons Observatory

N SIMONS

- OBSERVATORY

S —
SO Small Aperture

| Telescopes (SATSs)
|

| » Nominally 3 telescopes
»30.000 TES detectors
E 6 frequency bands

| > Focusing on large scale
polarisation modes

SO Largc-; Aperture
Telescope (LAT)

r: R — R _ R S ———————

SO:UK + SO:JP

»6m cross-Dragone telescope
»30.000 TES detectors
> 6 frequency bands

> Observing small scale

anisotropies over a large
| fractionofthesky |

R

» 3 additional telescopes
»30.000 TES detectors

> Extended frequency
| range to LF

—— R e R R

e
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Simons Observatory

—
SO Small Aperture

| Telescopes (SATs)
|

| » Nominally 3 telescopes
»30.000 TES detectors
> 6 frequency bands

| > Focusing on large scale
polarisation modes

|

e e

SO:UK + SO:JP +
KAIROS (?)
» 3 additional telescopes
»30.000 TES detectors

> Extended frequency

range to LF and UHF

Benjamin Beringue, APC - Seminar@LPNHE

SIMONS

- OBSERVATORY

Telescope (LAT)

»30.000 TES detectors

‘y *6 frequency bands
7| » Observing small scale

anisotropies over a large
L fraction of the sky

SO Largc-; Aperture

»6m cross-Dragone telescope

I




Simons Observatory

SO Sm;ﬁ jA—;eﬁuj;e

| Telescopes (SATs)
|

| » Nominally 3 telescopes
»30.000 TES detectors
E 6 frequency bands

| > Focusing on large scale
polarisation modes

SO PV array

>»-70% diesel consumption
> +9% efficiency

———— e S ———————— R ——————— -

'

]
-t
~—1 |

SO Large Aperture
Telescope (LAT)

e e

[ SO:UK + SO:-JP +
“

»6m cross-Dragone telescope

KAIROS (?) | »30.000 TES detectors
» 3 additional telescopes . »6 frequency bands

| » 30.000 TES detectors
|

[ 477> Observing small scale
> Extended frequency anisotropies over a large
ange to LF and UHF

r N & .
R L fractlojr_w of the sky B B
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Simons Observatory

| SAT5 || SAT 4
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Simons Observatory

SIMONS

OBSERVATORY

D 704 7' w
& -uvr\a'\?‘

UK Research

i QML NS

HEISING-SIMONS FOUNDAT
FOUNDATION

-More than 450 collaborators worldwide

\\
Sk

-Unique partnership between private and
public funding.

) EIZR —:s'-me}& 2 '%-

T

UNIVERSITY
PRIFYSCOI

BERKELEY LAB

TELAVIV DI TN -
URIVERSITY 20N TOHOKU

RO LimsT UNIVEREITY
e OF SUSSEX
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Outline

» Status and (couple of) science goals.

Design: Eve Barlier & Josquin Errard,
funded by ERC Scipol N0.~101044073,
CNRS, 2025. All rights reserved.



SAT Status

| T T T
100 - Prellmlnpry SATp3: 90 QHz 80 - Preliminary SATp3: 150 §Hz
| - == Baseline - == Baseline
| - = (Goal 70 1 - = Goal
7 30 - ] | c I
.g | I .g 60 - I
g | l g I
@ : ' @ 50 - '
2 60 - | 1 v I
'®) | | e I
Y— ] 1 « 40 - l
B | | o |
L 40 - I L 30 - |
- | - !
-1 | 3 I
20 m | |
I 10 - ]
l I
0 | ] 0 | | +_-_
175 200 225 250 275 300 325 200 250 300 350 400 450
Detector noise level (uKcug - V's) Detector noise level (uKcug - V's)
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SAT Status
y SIMONS ¥
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SAT Status

102 - ACDM +
SO 90
¢ SO 150 -
Y, s
5:‘,_ 101 - ¢
=
N
5 .
) {
—~  10°- L »
A ‘oo
=
<
10714
5 -=E Dust at 150 g,
1 -l— ____________ e
100 200 400
Multipole /
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SAT Status

2.0 - SO (10yr forecast, SAT, no delensing)
SO (9yr forecast, LAT)
_ ACT DR6 (2025)
Y 15 BICEP/Keck (2021)
= SPTpol (2020)
. POLARBEAR (2017)
o ‘
—
— 1.0- "
m
0 PR
G | g
—
+ 0.5 :
= .
r=0.03
0.0 -
10?2 ©10°
/
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LAT Status

SO LAT at 90 GHz (144 hours)

Preliminary
Pointing corrections not fully b x
|mpleme nted |

S o9 | k el e P e
LAY Lot AR ﬁ“&

300
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LAT Status

PR SO LAT
"\ | —o— {1 90 GHz X ACT 90 GHz
13 R R\ —+— i3 90 GHz x ACT 90 GHz
¥ ¥ \ —o— {4 90 GHz X ACT 90 GHz
103- \Va >~ 16 90 GHz x ACT 90 GHz
g ' . -‘_;: /:’r'.i".
N .,
¥ ¥ R
= be
ey \
Q 102 - —\s
: N
..;
PRELIMINARY
\ — e v
~60 hours of data i i
101 P 1 1 ] 1
1000 2000 3000 4000 5000
4
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LAT Status

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

-130 -135 -140 -145 -150 -1585 -160 -165 -170 -175 -180 175 170

CMB lensing map from 144hrs of observations, CIB overlaid
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LAT Status

(3}
‘S NojLyna

?§ OBSERVATORY
@\%%); b K
10 = Lo L— T??:?i L —_———_11 | 4 39?3933‘i —————— 1 L——— L ——— Lo
[ | ] — Boson (g=1)
I : —— Boson (g=2)
| | — Fermion (g=2)
i i Fermion (g=4) » Light relativistic species affect the
[ | "
1| ; R phase and amplitude of small scale
" | ' SO Baseline 20 CMB (temperature and polarisation).
3 : .
q | | I l " " " "
| ; = - SO will rule out any particle with spin
Tr=Taqcp for particle with spin .
I8 ommmoen  EEpR — 3/2 back to reheating.
i Te=Tqcp for spinless particle | -, 0095
Te<Tg for pT‘articIe with spin : \; Y
Tr<Tg for spinless particle ' ' Sy, T
| | | 10,027
: : : -
ki d il i d dedidiia ] el ol P P | FEEPEEETETY MU PRy
105010 10° 10? 10° 10° 10* 10° 10°

32



LAT Status

Y6
%
0.20 - e
g . .
L LN SO 4+ DESl{current T 7 [ / ______ ° NeUtran maSS aﬁeCt eXpanS|On rate
> e é and delay growth of structure. This
E 0O P e e I . leaves an imprint in the lensing signal.
0.08 -
N

....................................................................................................................

archy

Normal Hier

0.06 ===""___S0 + DESI (future T) - ~ °G(Zmy) ~ 30 meV for SO + DESI.
0.04 -
104 10 102 107! 100

Miightest [€V]
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B-modes
E-modes

Intensity
anisotropies

Dipole

Monopole

Gravitational
lensing

Galactic and
extra-galactic
foregrounds

Atmosphere

Systematics

Ground
emissions

Noise

Design: Eve Barlier & Josquin Errard,
funded by ERC Scipol N0.~101044073,
CNRS, 2025. All rights reserved.



B-modes
E-modes

Intensity
anisotropies

Dipole

Monopole

Gravitational
lensing

Galactic and

extra-galactic
foregrounds

Atmosphere

Systematics

Ground
emissions

Noise

Design: Eve Barlier & Josquin Errard,
funded by ERC Scipol N0.~101044073,
CNRS, 2025. All rights reserved.



Galactic
foregrounds

Component separation

Extragalactic
foregrounds
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Outline

» Modelling of extragalactic foregrounds : the ACT-DR6 example

Design: Eve Barlier & Josquin Errard,
funded by ERC Scipol N0.~101044073,
CNRS, 2025. All rights reserved.



ACT-DR6 foreground modelling

>90x220 A% 150%220
@f @f

5590%x90 590150
@f @f

% 150%150
@f



ACT-DR6 foreground modelling

th. _ xCMB foregrounds



ACT-DR6 foreground modelling

fgs., TT tSZ kSZ CIB—- CIB— tSZxCIB dio, TT dust, TT
D, =D+ D+ D+ D, P+ DT 4 G,
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ACT-DR6 foreground modelling

fos.. TT tSZ kSZ CIB-— CIB—- tSZxCIB dio, TT dust, TT
D, =P+ D+ D, T+ D, TP @ PR L g AT L gy S

2.5

mm tS7 (Battaglia et al. 2010)
kSZ late time + reionization (Battaglia et al. 2013)
904 === CIB clustered (Choi et al. 2021)

Thermal Sunyaev-Zel’dovich effect

* Inverse Compton Scattering of CMB photons by hot

15 Ao ................ ............. ..................................................... ....................................................
electrons in clusters e

Dy ()

7 | € - JiszWihsz (V)

%o 2o ftzsz(VO)

T.T: o
l J I
sz

‘@f,tsz o

0.07

0 2600 4dOO GObO SObO 10000
f BB etal 2506.06274]
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ACT-DR6 foreground modelling

fos.. TT tSZ kSZ CIB-— CIB—- tSZxCIB dio, TT dust, TT
D, =P+ D+ D, T+ D, TP @ PR L g AT L gy S

= tS7 x CIB (Addison et al. 2012)

4_... tSZ v ClB (AGDRA) ..................................................................................................................................
== = tS7 x Radio (AGORA)
Jm e SR — CIBxtSZ correlation

tSZ and clustered CIB are sourced by the same clusters

I,

_ tSZxCIB
=z £ SZXCIB e&yc\/ a.as72 £.6,

v ftSZ(I/i)/’t(y‘; ﬁm Td) +ﬁSZ(Dj)//t(Ui; ﬂm Td)
Jisz(Wo)u(o; Pes Ty)

0 2000 1000 6000 3000 10000
[BB et al. 2506.06274] 4
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ACT-DR6 foreground modelling

fgs., TT tSZ kSZ CIB— CIB— tSZxCIB dio, TT dust, TT
D, =D+ D+ D, T+ D, TP DT+ 0T g S

fgs..EE __ radio,EE dust,.EE
D, =9, + 9,

fgs., TE __ radio, TE dust, TE
D, =9, + 9,

14 parameters

.3 [BB et al. 2506.06274]



ACT-DR6 foreground modelling

PA5 fO90xPA5 f090

104 ;

PA5 fO90xPA5 f150

PA5 f150xPA5 f150

104 ;

PA5 f090xPA4 220

PA5 f150xPA4 220

CMB

CMB + fg
CIB-Poisson
CIB-Clustered
|tSZxCIB|

tSZ

kSZ

radio
Galactic dust
data

PA4 f220xPA4 220

104 ;

N
N

I

100 . . . — . —_—
2000 4000 6000 2000 4000 6000 2000 4000 6000
[ [ /4
44
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ACT-DR6 foreground modelling

¢ 1™ JiszWihsz(v)

1T tS7Z.
1] — _
=% £1SZ aszDyy,

0 f tzsz(VO)

1.2

-Introduced new parameter : a,q, that

empirically captures the scale dependence
of the tSZ signal.

* Proxy for AGN temperature (in AGORA
simulations). [Omori 2023].

! —— Template SPT (Reichardt et al.) [aysz = —0.2]

! —— Agora (Bahamas Tygy = 10°K) [aysy = —0.5]
Agora (Bahamas Tyqn = 107.8K) [aysy = —0.3]

---- Template ACT DR4 (Battaglia et al.) [atsz = 0]

0.21/ //1

2000 4000 6000 3000 10000
¢/
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ACT-DR6 foreground modelling

B P-ACT ACDM Baseline
B P-ACT ACDM aygy = 0
+ > (.50 shift in cosmological parameters
_ 0.0228
when a,q, = 0. .
<
@)
< 0.0224
0.0F
Parameter | ACT ACDM | ACT ACDM + Netg P-ACT ACDM | P-ACT ACDM 4+ Neg
H, —0.1 —0.3 0.3 —0.4 g
Quh’ 0.3 0.0 —0.2 %3 —0.071
Q.h? 0.2 —0.3
In 10*° A, 0.2 0.0 _ 19t
Ng 0.2 —0.2 . : . . .
- 0.1 0.2 0.960 0.975 0.0224 0.0228 —1.2 —0.6 0.0
Ao — ns O h? (s,
46 [BB et al. 2506.06274]
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ACT-DR6 foreground modelling

» Tested ~20 fg model
extensions and assessed
the impact on
cosmological parameters.

-All changes below 0.10.

*No preference for any
other model with ACT-DR6

data.

Baseline 4 |

sz = 01l

Marginalize over oy

CIB Decorrelation -

Radio Decorrelation A

Be 7 Bp

Ty = 25

Be # Bp, Ta = 25 1

By # By -

a.=111|

a. =067 |

Marginalize over o, |

AGORA tSZ x CIB 1 |

Broad ¢, prior q |

AGORA tSZ x CIB, Broad &, prior 1 |
AGORA CIB x Radioq |
AGORA CIB x Radio, {,c =04 |
AGORA tSZ x Radio 1 |

AGORA tSZ x Radio, {,. =01 |

TE/EE |

° ° ° ° ° °
o © © o o
o o o o o o
o o o o o o
o o o o o o
o o o o o o
o o o o o o
o o o o o o
° o o o o o

o o o o o o

o o o o o o

o o o o o o
6I6 0.02I250 0.02I275 0.1I225 O.1I250 3.b4 3.I06 O.I96 O.I97 0.655 0.660

H Qph? Q.h? In 1010 A, Ny T
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Outline

-Component separation for SO-SATs

Design: Eve Barlier & Josquin Errard,
funded by ERC Scipol N0.~101044073,
CNRS, 2025. All rights reserved.



omponent separation for SO-SATs
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Component separation

d=A-s+n



Component separation

Mixin matrix] >r1 -
2 [ S [Components mapsl

F?ea:ency
_maps
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CO m pO n e nt Se pa rati O n Parametric component separation in pixel space

d=A-s+n



CO m pO n e nt Se pa rati O n Parametric component separation in pixel space

d=A-Ss+n
d, = A(O) - Sp + I,




CO m pO n e nt Se pa rati O n Parametric component separation in pixel space

Full data likelihood:

—2InZy..(s,0) = cst — (d — As)IN~1(d — As)



CO m pO n e nt Se pa rati O n Parametric component separation in pixel space

Full data likelihood:

—2InZy..(s,0) = cst — (d — As)IN~1(d — As)
“Spectral” or ridge likelihood

2InZ._ (0 =cst — (AN ATNTA) (AN )

spec

Does not depend on sky signal !!



5 SIMONS

g OBSERVATORY

e, e Inputs .
f = Code '
‘( Q\ , = m External code
3 m Intermediate outputs

Anul a vma sbia Mazdy Bapuiste

Morihed o losquin m Final outputs

MEGRTDP .

Provided input Observation
matrix

Atomic
maps

Simulations
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] OBSERVATORY |E

C O m pO n e nt Se pa rati O n Parametric component separation in pixel space

Pipeline A + moments ® opt. noise
—— Pipeline B X  pess. noise
PipelineC  =— 4 dust marg.
7.5 -
M
O 5.0-
—
X 25- l
< !
~ 0.0 -
0
H 5
o 2.5
—5.0 -
—7.5 - :
Gaussuan dOsO dlsl dmsm
—————————— Wolz et al. 2023
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CO m pO nent Se pa ratl O n Parametric component separation in pixel space : SIMONS

- p
:; OBSERVATORY |5

Real-life issue: ground-based data are filtered ! Baseline (filter+bin) map-
making produce biased frequency maps.

Filtering can be represented by a linear operator in pixel space.

d' = O6d™ = OA - s+ n
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CO m pO nent Se pa ratl O n Parametric component separation in pixel space SIMON

- P
| OBSERVATORY |

Real-life issue: ground-based data are filtered ! Baseline (filter+bin) map-
making produce biased frequency maps.

Filtering can be represented by a linear operator in pixel space.

1] Q- - | U . . -Verylarge

. S S (600000x600000)
P By e pixels, but very
om0 w sparse (0.4%).

- » Can be efficiently
THETE constructed from
O instrument
model and
preprocessing
scheme.
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C O m pO n e nt Se pa ratl O n Parametric component separation in pixel space ‘?JS'Z.!QT'E'

.l' . y"' 2
O v“""' ) -‘{JJ \(4}7
o I"‘.,A- ©

111171, | Z:‘::f?-:::.:;.. (Q
'S/',h a‘o(\)'

—2InZ..(0) = cst — (ATO'N"'d) (ATO'N"'0A) (AT O'N~'d)

Solved through preconditioned gradient descent (PCQG):

-Pre-conditioner from the SVD of mixing matrix A

-Pre-computation of the inner term (€ independent)
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C O m pO n e nt Se pa rati O n Parametric component separation in pixel space f IMONS

- OBSERVATORY

v
0
~
(o]
n
‘:S;‘ ‘
3

Y oy
I"'°"Sobser\' ak®

2InZ... (0 =cst— (ATO'N 1" ATO'N1OA) L ATO'N1A)

Spec
Retrieved CMB spectrum EE Retrieved CMB spectrum BB
10-3
Dust.beta d = 1.5433 +/- 0.013184
1075 - 107 7
1077 1
1077 1
— |nput CMB
N _ ——- Output CMB with correction
W o —— OQutput CMB no correction
o1 —— Difference correction-CMB (abs)
10711
10-13-
10-13.
10-15 .
151 152 153 154 155 156 157 158
, ; . , , , , . , Dust.beta d
0 50 100 150 0 50 100 150 200 250
[ /
Magdy 61
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B-modes
E-modes

Intensity
anisotropies

Dipole

Monopole

Gravitational
lensing

Galactic and
extra-galactic
foregrounds

Atmosphere

Systematics

Ground
emissions

Noise

Design: Eve Barlier & Josquin Errard,

funded by ERC Scipol N0.~101044073,

CNRS, 2025. All rights reserved.
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CO m pO n e Q:t Se pa rati O n \Séparation of atmosphere signal in time domain

34

t= 1464749400.0s,r = 0.0 m

0.06

0.04

0.02

el [deq]

0.00

—-0.02

-0.04

—-0.06

Atmosphere simulation. Credit: R. Keskitalo & J. Borrill
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CO m pOnent Se pa rati On Separation of atmosphere signal in time domain

d = APWYV). P (v, vy) - s, +1,

1e10
1el0 . 25 -4.50
—-6.500 - ?' +  West =(0.925019:922, 1.042018833) m/s
oo +  Vem=(2.0906, 0.0446)m/s -4.75
— .
—~ —06.525 4
> ~5.00
< -6.550 - kil =
a — -5.25 §
. —6.575 - o o + 2
I W -5.50 %
Y -6.600 & :
E w 037 I -5.75 2
5 —6.625 - > g
8 o + ~6.00 2
v —6.650 - :
i/), - —6.25
—-6.675 4 —== PWVim=0.5mm =B
| — == PWVest = 0.473*2:20% mm o
—-6.700 A i est 0.005 6.50
L 1 1 1 1 1 1 1 L _1'0 .| T T - r T
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 -1.0 -05 00 05 10 15 20 25
-1
PWV (mm) Ww [Mms™*].

Amalia Villarrubia
Aguilar
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CO m pOnent Se pa rati On Separation of atmosphere signal in time domain

d, = A(PWV) P, (v,,v,)-s,+n,

1el0 lel0

-4.75
.o.............. .o o 5.00
.0:00'0o;
O C o
-' C ~5.25 %
>
CI O -
:-, A ~5.50
.
=
L -5.75 =
¢
4

Science from the large scale cosmic ||
mlcrowave background polarization structure | —=*

0.0 0.5 1.0 i e 2.0 2:2 3.0 s 4.0 -1.0 -0.5 0.0 05 1.0 1 i 2.0 2.5

RN AN PWV (mm) Ww Ims=1 :
'\m;*tlua\nllarruoa gl,se GOUtaUdler
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Outline

» Two SATs have ~1 year of early science data and continue to take
data with sensitivity better than baseline.

» LAT is taking early science data and already reaching ACT
sensitivities on small patches.

» 3 more SATs in construction: observing 2027
» LAT detector count nearly doubled now, filling the focal plane

» Active preparation of science pipelines !!

Design: Eve Barlie 0 n Errara,
funded by ERC Scipol N0.~1010440
CNRS, 2025. All rights reserved.
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Constraints on tSZ spectrum

-, detected at 36 in P-ACT:

*Higher AGN temperature than
expected from AGORA/BAHAMAS
simulations.

'ShOW SenS|t|V|ty Of mUIt|— : Template SPT (Reichardt et al.) [atgz = —0.2]

frequencies CMB data to tSZ 77— Agora (Bahamas Ty = 10°K) [owsy = —0.9]
mOdelllng : Agora (Bahamas Tyoy = 107.8K) [oisz = —0.3]

'==-- Template ACT DR4 (Battaglia et al.) [atsz = 0]

Benjamin BERINGUE, APC
October 13th 2025
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Constraints on tSZ spectrum

-, detected at 36 in P-ACT:

*Higher AGN temperature than
expected from AGORA/BAHAMAS
simulations.

ACT-DR6 best-fit

'ShOW SenS|t|V|ty Of mUIt|— : Template SPT (Reichardt et al.) [atgz = —0.2]

frequencies CMB data to tSZ Agora (Bahamas Ty = 10°K) [eusz = 0]
m()dellmg : Agora (Bahamas Tyoy = 107.8K) [oisz = —0.3]

Template ACT DR4 (Battaglia et al.) [azsz = 0]

Benjamin BERINGUE, APC

October 13th 2025 59



Constraints on reionisation

gy = 1.48700 uK?

|

Benjamin BERINGUE, APC
October 13th 2025
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)

[Battaglia et al. 2013]
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(ACT, zmig = 8, no low-z kSZ)

— ' Zpig =10

, = P-ACT

Prior only

[BB et al. 2506.06274]



Constraints on reionisation

Baseline rkSZ

I +0.71 9 | | = (ACT, zmig =8, no low-z kSZ)
aksz — 1 -48_110 //tK — |oW-z KSZ: log(Tagn) = 8.0

low-z kSZ: log(Tagn) = 7.6
Prior only
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©
=
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O
=

1+ <mid AZ1‘ei >
akSZ = 2.03 [T — 012] ( " 05 )

[Battaglia et al. 2013]
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Constraints on reionisation

Baseline rkSZ
(ACT, B13 param.,

Zmid = 8, no low-z kSZ)

«Constraints on duration of reionisation for
two different scaling relations.

low-z KSZ: log(Tacn) = 5.0
low-z kSZ: log(Tacy) = 7.6

AMBER param. Azreig0 < 7.7
AMBER param., 2miq = 10 AZreigo < 5.2

Benjamin BERINGUE, APC

October 13th 2025 [BB et al. 2506.06274]
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