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European Research Council
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Outline

(1) From maps to band powers, to cosmology.

(2) T'T/TE/EE cosmological fit.

(3) Combination with SPT-3G lensing and CMB data sets.
(4) Combination with DESI DR2 BAO data.

Etienne Camphuis | mm-Universe | June 26th, 2025



SPT-3G DI maps : deepest for T'T/TE/EE analysis

220 GHz ngzC’EMB = (Coadded white noise

— 95 GHz 150 GHz

3.3uK — arcmin

5.1uK — arcmin

500 1000 1500 2000 2500 500 1000 1500 2000 2500 3000 3500 4000
Multipole £, Multipole ¢,

« SPT-3G D1 is signal-dominated in
i  polarization until £ = 2500. w
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SPT-3G D1 pipeline : highlights
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o SPT-3G DI pipeline : highlights
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o SPT-3G DI pipeline : highlights
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P2 TS covariance
> matrices

2000 QuickMock
simulations to model
the transfer function

https:/github.com/dpiras/
COSMOpPOwWer-jax

candl

https:/github.com/Lbalkenhol/ _
candl O i ’

https:/github.com/
svenguenther/OLE/
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Data set |
extends from 10°
400 to 3000 = 10
in 1T £

EJQ@ 101
From400to -

. Ho
4000inTE/ <&
EE b

10 :
10—
100
o 50
e
E
62
EQ —50
—100
—150
50

[ ‘.4.99‘.. e SPT-3G D1
TT “““"-‘“"'. ACT DR6
®enee,
““‘o.!. ‘ o Planck
) o
- ?...“*&.
!‘l‘ % s ST X ?? oo
i N Teg® "i‘?.*é""gu"l' o,
EE T o ol || oee® ey oo,
<:, ."".‘0‘
e 2 2
““‘.‘.‘ .
T ?’T‘I"HT{ t
"""""""""""""""" ".,.,,nOcn—“" At 0
P 3 » okt W5 4
| x ¢ X. ; A L -5
----------- - -------é—---- R e COT TP Qﬂ-’-------- N ra \ /’
: g =/ L
' R ;)1\ 'f tas® v% ! ~10
T > 6 !’J’
v,
® —15
Y I
500 1000 1500 2000 2500 3000 3500 4000

Multipole £

Etienne Camphuis | mm-Universe | June 26th, 2025



Data set
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Signal-to-noise ratio

Experiment

Sky fraction
[%]

Coadded noise
[uK-arcmin]

Planck

SPT-3G D1

SPT-3G D1 provides the tightest |
band powers:

,

- InTE,at# € [2200,4000],

- InEE,atZ € [1800,4000].
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—  Planck — SPT-3G D1

Signal-to-noise ratio ACT DRG

Sky fraction Coadded noise

E ' t
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Planck 100 35

SPT-3G D1 4 3.3

,\ Data sets are
complementary

SPT-3G D1 provides the tightest |
| band powers:

- InTE,at £ € [2200,4000],
|- InEE,at/ € [1800,4000].
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Pipeline validation
Blind pipeline

- We first validate band powers, using
blind null tests.

- We then validate the likelihood, with
simulations and parameter null tests.
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Pipeline validation
Blind pipeline

- We first validate band powers, using
blind null tests.

- We then validate the likelihood, with
simulations and parameter null tests.

- We unblinded when we passed all
the tests.

- After unblinding, we added two
components to our data model:

- (1) Quadrupolar beam leakage,

- (2) Polarized beams.
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Q 95 GHz Q 150 GHz Q 220 GHz

Pipeline validation |

Blind pipeline = .==

Data

- We first validate band powers, using
blind null tests.

0

Model

- We then validate the likelihood, with Distance to source fami
simulations and parameter null tests. A

- We unblinded when we passed all
the tests.

- After unblinding, we added two
components to our data model:

- (1) Quadrupolar beam leakage,

- (2) Polarized beams.
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Q 95 GHz Q 150 GHz Q 220 GHz

Pipeline validation

Blind pipeline .==

Data

We first validate band powers, using
blind null tests.

0

Model

We then validate the likelihood, with  Dintanee to source famin
simulations and parameter null tests.

We unblinded when we passed all
the tests.

95 x 150 GHz

After unblinding, we added two
components to our data model:

150 GHz

- (1) Quadrupolar beam leakage,

- (2) Polarized beams.
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Q 95 GHz Q 150 GHz Q 220 GHz

Pipeline validation

Blind pipeline .==

Data

We first validate band powers, using
blind null tests.

0

Model

We then validate the likelihood, with

. . We ﬁnd cosmology mdependent ',
simulations and parameter null tests. '

| evidence for including those in the }
We unblinded when we passed all data model. )
the tests. s oo

EE null tests

95 x 150 GHz

95 x 150 GH

After unblinding, we added two
components to our data model:

0.474

150 GHz

- (1) Quadrupolar beam leakage,

- (2) Polarized beams.

1000 2000 3000 4000 1000 2000 3000 4000
Multipole /¢ Multipole /¢
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ACDM fit

- ACDM provides a good fit to T'T,
TE and EE individually:

- TT :267(291) and PTE = 84%,
- TE : 631(633) and PTE = 51%,
- EE : 429(421) and PTE = 38%.

- TT, TE and EE ACDM parameters
agree.

= Combining with lensing yields
tighter constraints.

SPT-3G D1 T&E

66.4+1.1
P B SPT-3G D1 TE/EE
66.1 & 1.2
! SPT-3G D1 TE
_ T B SPT-3G D1 EE
66.9 + 1.8
s B SPT-3G D1 TT
63.1 +2.5
| /\
2.221 + 0.020
AN
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i
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N
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: NG
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T
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I ~ 1 | ' i o.94z1_£:_().018
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Datasets
- SPT-3G Dr:
- SPT-3G Main field T&E* data.
- OO band-powers from Ge et al, [SPT-3G], 2024.

- Planck: Planck 2018 (PR3) [high-¢ T&E + low-¢ TT] (Planck Collaboration et al., 2018) +
PR4 ®® band-powers (Carron et al, 2022).

- ACT DR6: ACT DR6 T&E (Louis et al [ACT], 2025) + ACT DR6 ®® band-powers
(Madhavacheril et al [ACT], 2023; Qu et al [ACT], 2023).

- SPT+ACT: SPT-3G D1+ ACT DR6.
- CMB-SPA: SPT-3G D1 + P-ACT T&E (Louis et al [ACT], 2025) + P-ACT ®® (Carron, 2022).

~ A(0.051,0.006): used for all the data sets above (Akrami et al [Planck], 2020).

Treio
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ACDM

t  With just 4% of the sky, SPT-3G’s |
{ constraints on /, and o3 are within
25% of Planck’s. ;

- SPT-3G D1 and Planck agree at 0.4 6.

- SPT-3G D1 agrees with ACT DR6 at
l.1o.

- Indication of the robustness of CMB
sclence.

- This is a formidable test for ACDM.
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. For the first time, the co
{ constraining power of SPT+ACT
1 reaches Planck’s precision. :

ACDM

Planck

H, = 67.41 £ 0.49 km/s/Mpc

SPT-3G D1

H, = 66.66 + 0.60 km/s/Mpc

SPT+ACT
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ACDM

t CMB-SPA yields the most precise |
determination of ACDM
i  parameters from CMB alone. |

Planck
H, = 67.41 £ 0.49 km/s/Mpc
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ACDM

i CMB-SPA yields the most precise |
determination of ACDM
i  parameters from CMB alone. |

t We do not find any statistically |
t significant deviation from ACDM }
from CMB data alone. :
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GS-QIH |2, = 0.3166£0.0051 f R —
- SPT-3G D1 alone, with 0.95
only 4% of the sky, CMB-SPA ¢¢
constrain og almost as DES 3x2pt

0.90

well as Planck. SPT cluster Bocquet et al. 2024]

- A variety of probes, CMB-SPA T&E

spanning a wide range of L 0.85 SPT.3C DI
epochs, are consistent 7\
with each other 0.80 é

(including the latest
KiDS-legacy cosmic

o~
shear results, KiDS \ \‘
0.4

collaboration, 2023). 0.2 0.3
Om

0.75
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Evaluating the consistency of CMB o

Growing discrepancy between |
and DESIDR2 data in ACDM _CMBandBAOdata.
0.36

® SPT-3G D1 vs. DESL: 250
0.34

= 0.32
P~
-

0.30

0.28

95.0 975 100.0  102.5
hrq [Mpc| 5
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i  Growing discrepancy between |

Evaluating the consistency of |

CMB and BAOdatain ACDM

0.36

® SPT-3G D1 vs. DESI: 250

0.34 © ACT DR6 vs. DESI:  3.1¢

© SPT+ACT vs. DESI:  3.70

g 0.9 ® Planck vs. DESI: 200

0 a0 & CMB-SPA vs. DESI: 280
0.28

95.0 97.5 100.0 102.5 \Q\’ qub Q&” Qc\? %Qv,
hrq [Mpc| ST Y
%Q& Nad %Q, &

- Given borderline differences, joint analyses to be performed with caution
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Differences between CMB and ¢

DESl can be accommodated by 2- 30
____deviations from ACDM. |

CMB-5SPA

Model Class Preference over ACDM
Rescaling of lensing in CMB 3.10
Light relics <1.50
Modified recombination 2.00

CMB-5SPA

Spatial curvature 2.50 -+ DESI

Spatial curvature and electron 2.16
mass

Neutrino mass 2.86

Dynamical dark energy 3.20
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Conclusions

- SPT-3G D1 is only the beginning !
More data, QE T+P lensing (see Yuuki’s talk)

SPT-3G Wide

SPT-3G Summer
—— ACT DR6

Bl SPT-3G Main (this work)
Bl Planck galactic mask

- Please checkout paper, results, and likelihood at
https:/pole.uchicago.edu/public/data/camphuis23

- Likelihood is public, please use it !

EEEEEE

l

g POLE

\__' TELESCOPE
-

Official SPT data for candl

Official SPT data for the differentiable CMB likelihood framework ca

Installation

ndl.

candlv

To install the SPT candl data library, simply navigate to where you would like to store the data and then run

git clone https://github.com/SouthPoleTelescope/spt_ca
cd spt_candl_data

pip install .

This will download the relevant data files. The installation gives you access

to initialise the likelihoods.

ndl_data.git

to handy short cuts that make it easier

Etienne Camphuis | mm-Universe | June 26th, 2025
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Back-up
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Pipeline
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Bl SPT-3G Main (this work) SPT-3G Summer
Bl Planck galactic mask —— ACT DR6

i

=
-

I SPT-3G Wide

Etienne Camphuis | mm-Universe | June 26th, 2025

24



Noise band powers

— 95 GHz 150 GHz =—— 220 GHz == Cross-ireq. Bl}502C’EMB ------ Coadded white noise

500 1000 1500 2000 2500 500 1000 1500 2000 2500 3000 3500 4000
Multipole £ Multipole £
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Data

Model

Quadrupolar beam leakage

Q 95 GH Q150GHz  Q 220 GHz
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Quadrupolar beam leakage

— 95CGHz  — 1% signal
T—Q; T—Q; LY 150 QL 1 ,150x150
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€y = (a2 0 Qg = TG /2.
TE;uv;leak 2 ~T'T;uv .
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EE;uv;leak 2 2 ~TE;uv v 2 2 ~YET;uv =
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Beams

Temperature beams

—_ _Eiy

150 GHz

Beam B,

400 1000 2000 3000
Multipole ¢

4000

Etienne Camphuis | mm-Universe | June 26th, 2025

28



Beams

Temperature beams

Bg‘ — anam 1 ledelobe

- T ___ main  ...... sidelobe
B B! BS

150 GHz

400 1000 2000 3000 4000
Multipole ¢
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Beams

Polarized beams

- Sidelobe polarization efficiency can
be lower than the main beam
polarization efficiency

Bg‘ — Bénam 1 ledelobe

BZF ( Bp()l) — Bénain 1+ 5{)01 BEidelobe

- T ___ main  ...... sidelobe
B£ BE B£

150 GHz

1.0
0.8
0.6
0.4
0.2

P - 0.0
400 1000 2000 3000 4000

Multipole ¢

BP(/Bpol)
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Beams B} = Bpain 4 pyidelobe

- Sidelobe polarization. efficiency can Bg ( 5p01) — Bénain + Brol Bzidek’be
be lower than the main beam
polarization efficiency

—_ BE Bf —_ Béna’in Bjidel(’be 43 O'ET ::O'E
95 GHz~z 150 GHz 220 GHz

400 1000 2000 3000 4000 400 1000 2000 3000 4000 400 1000 2000 3000 4000
Multipole ¢ Multipole ¢ Multipole ¢
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Real space beams

- Sidelobe polarization efficiency can
be lower than the main beam

polarization efficiency

90 GHz

—_— BT —— Bmain
150 GHz

Bsidelobe

220 GHz

0.0 2.5 5.0 7.5
Radius r (arcmin)

10.0 0.0 2.5 5.0 7.5 10.00.0
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2.5 5.0 7.5
Radius r (arcmin)

10.0

1.0

0.8

0.6
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BP (ﬁpol)
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Credit: T. Louis

In this plot it appears we are correcting the small scales.

The polarized beams model first targets the large scales.

EE null tests (SPT-3G D1)
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Unknown systematic effect, which

led to additional ell cuts in ACT DR6 -

95 x 150 GHz

150 GHz

1000

EE null tests (SPT-3G D1)

95 GHz

EE null tests (ACT DR6, Louis et al. 20235)

Spectrum Null vs. PA5 f150 x PA6 f150

? e— PA5 f090 x PA5 f150, PTE=3%
PA5 f090 x PA6 f090, PTE=57%

PA5 f090 x PA6 f150, PTE=82%
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B Baseline T&E
—— No B, T&E

B Baseline EE
—— No B, EE

70
62 o
2.4 N N
o 2.3 - “
> ACT DR6
c 2.2 ,
S 51 Baseline cuts "\, Extended cuts
2.0 PA5 f090 TE/EE PAS f090 TE¥GE
1.06
1 PA6 f090 TE/EE 1 PA6 f090 TE/EE 4
z 1-00 @ @ “1 PA6 f150 TE/EE “1 PAG6 f150 TE/EE
0.94 ACT TE/EE ACT TE/EE
0.88 Cm Planck TT/TE/EE Planck TT/TE/EE
62 66 70 2.0 2.2 24 0.9 1.0 '..
5 1.0 - 1.0 - &
H() 100Qbh Ts Q
0.9 . . . 0.9 , l . .
0.10 0.11 0.12 0.13 0.14 0.10 0.11 0.12 0.13 0.14
Q.h? Q.h?
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Dec |deg]

— 95 GHz
- 150 GHz
— 2920 GHz

Filtering artifacts

Filtering artifacts

40

20

—20

—40

400 1000

— Filtering artifacts

--= Inpainting

2000 3000 4000
Multipole ¢,
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Transfer function

Measured on 2000 QuickMock fast simulations

400 1000 2000 3000
Multipole /¢
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— Q5 GHz - =05 % 150 GHz
- 150 GHz - =05 x 220 GHz
— 290 GHz — =150 x 220 GHz

Mixing matrix

2000 3000

Multipole /¢

4000
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Best-fit CMB - == 05 x 150 GHz

— 95 GHz 95 x 220 GHz
150 GHz 150 x 220 GHz
— 220 GHz

Foregrounds

500 1000 1500 2000 2500 3000
Multipole £,
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Likelihood

https:/eithub.com/Lbalkenhol/candl Foreground and nuisance

model improved over
candlv

4 SPT-3G 2018
—In L(C|C™d(§)) o

-

T~ CLASS }’

&

- ol
2 1A CAMB 4 @
% Cb — Ogn()del (9) be} Cb/ — IPOdel (0) wuuf ‘:‘

http:/ascl.net/1102.026

http:/doi.org/10.1088/1475-7516/2011/07/034
http:/doi.org/10.21105/astro.2305.00347

o o http:/doi.org/10.1093/mnras/staco64
Seml-analytlcal http://doi.org/10.48550/arXiv.2503.13183
More details in covariance matrix from
the paper ! Camphuis et al, 2023
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https://github.com/Lbalkenhol/candl
http://doi.org/10.1103/PhysRevD.108.023510
https://arxiv.org/abs/2204.13721
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B Baseline T&E B Baseline TE I Unblinded T&E
B Baseline T&E

= No T-to-P T&E = No T-to-P TE
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Cosmology

Etienne Camphuis | mm-Universe | June 26th, 2025

48



Consistency of ACDM across scales
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All
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©
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D10

Data set consistency

P P

Spectrum| All TT TE EE

All - 040 120 0.60
TT 0.67 - 100 0.30
TE 0.22 031 - 1.00

EE 0.57 0.78 0.33 -

Etienne Camphuis | mm-Universe | June 26th, 2025 50



ACDM

Parameter Planck SPT-3G D1 ACTDR6 SPT+ACT SPT+Planck CMB-SPA
Sampled

1062 104.184 + 0.029 104.171 £ 0.060 104.157 £ 0.030 104.158 4 0.025 104.176 & 0.026 104.162 + 0.023
100 Qp k7 2.238 +£0.014 2.221 +£0.020 2.257+0.016 2.247 +£0.013 2.230 +£0.011 2.2381 £+ 0.0093
100 Q.h? 11.98 &= 0.11 12.14 £ 0.16 12.26 £0.17 12.22 + 0.12 12.050 £+ 0.089 12.009 4 0.086
Ns 0.9657 £+ 0.0040 0.951 =0.011 0.9682 4 0.0069 0.9671 4+ 0.0058 0.9636 £+ 0.0035 0.9684 + 0.0030
log(10'° Ay) 3.042 +0.011 3.054+0.015 3.038 £0.012 3.042 +0.011 3.046 =0.010 3.0479 £+ 0.0099
Treio 0.0535 £ 0.0056 0.0506 £ 0.0059 0.0513 £ 0.0060 0.0514 4 0.0059 0.0538 £ 0.0054 0.0559 £ 0.0055
Derived

Ho |km/s/Mpc||67.41 4+ 0.49 66.66 + 0.60 66.51 4 0.64 66.59 4 0.46 67.07 & 0.38 67.24 4+ 0.35
Age |Gyr] 13.797 £ 0.022 13.826 4 0.027 13.797 +£0.021 13.805+0.016 13.812 4+ 0.017 13.805 4+ 0.014
10° Age ?™eic 11.8834+0.010 1.9154+0.021 1.8844+0.013 1.8894+0.011 1.8890 + 0.0092 1.8843 + 0.0060
O 0.6854 4+ 0.0067 0.6753 £+ 0.0091 0.670 4 0.010 0.6722 £ 0.0072 0.6810 £ 0.0054 0.6833 4 0.0051
Om 0.3145 £+ 0.0067 0.3246 £+ 0.0091 0.330 £0.010 0.3277 & 0.0072 0.3189 £+ 0.0054 0.3166 £ 0.0051
ra [Mpc| 147.13 £0.25 146.924+0.47 146.20+0.46 146.43+£0.34 147.06 +£0.23  147.07 & 0.22
os 0.8099 £+ 0.0051 0.8158 £ 0.0058 0.8171 4 0.0055 0.8169 + 0.0042 0.8132 £+ 0.0042 0.8137 4 0.0038
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CMB-SPA yields the most precise | A

3

parameters from a single probe.
All three experiments agree with

each other within 1.1 o. {210

66.66 £ 0.60

67.41 + 0.49

determination of ACDM

= L Lo b sha g
- Ace B¢
~_ . -

AN

2.2381 £ 0.0093

T~

2.221 £+ 0.020

TN

2.238 £0.014

E CMB-SPA

SPT+ACT
— SPT-3G D1
—  Planck

PAAN

12.009 £ 0.086

T

12.14 £ 0.16

AN

11.98 £ 0.11

AN

0.9684 + 0.0030

/_._\

0.951 £ 0.011

/N

0.9657 £ 0.0040

66 68

220 2.25
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12.0 12.5 0.92 095 0.98
100 QA2 N

Etienne Camphuis | mm-Universe | June 26th, 2025

52



H, tension with SHOES

- Hubble tension at

SPT-3G D1

6.26 from SPT-3G

alone. ACT DRA
- SPT+ACT and SPT+ACT

CMB-SPA are at

6.8¢ and 6.40 Planck

tension,

respectively. CMB-SPA

Breuval et al., 2024

—e—|
H, = 66.66 = 0.60 km/s/Mpc

66 63 70 72

74
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Hy = 66.66 + 0.60kms~* Mpc~! for SPT-3G D1,
Hytension g, — 66.59 + 0.46 kms~! Mpc~! for SPT+ACT,
Hy =67.24+0.35kms™ ! Mpc™* for CMB-SPA.

- Hubble tension at

SPT-3G D1 —eo—

6.26 from SPT-3G H, = 66.66 £ 0.60 km/s/Mpc

alone. ACT DRA
- SPT+ACT and SPT4+ACT

CMB-SPA are at

6.8¢ and 6.40 Planck

tension,

respectively. CMB-SPA

66 08 70 72 74
Hy
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og = 0.8198 =
(0 = 0.3246 -

GS'Qm

0.0098,

og = 0.8169 =
Q= 0.3277 -

- 0.0091
0.0042,

o8 — 0.8137 +
(2 = 0.3166 -

- 0.0072
0.0038,

- (0.0001

- - > § _ — f - - L
e o ag oo e D e P o o s DA

} for CMB-SPA T&E&) |

1Q,, = 0.3166 = 0.005]

} for SPT-3G D1, U9

CMB-SPA ¢¢

DES 3X2pt

SPT' cluster Bocquet et al. 2024]
CMB-SPA T&E
SPT-3G D1

} for SPTH+ACT, 0.90

} for CMB-SPA.
. 0.85
o

0.30

0.75

0.2 0.3 0.4
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Consistency of CMB and

BAO in ACDM

100 O, hrqa [Mpc| Distance to DESI

CMB-SPA 31.66 =0.50 98.89 + 0.63 2.80
SPT+ACT 32.77+0.72 97.51 & 0.87 3.70
SPT+ Planck 31.89 4 0.54 98.63 £+ 0.67 3.00
ACT DR6 33.01x 1.0 97.2 1.2 3.10
SPT-3G D1 3247+091 979+1.1 2.00
Planck 31.45 £ 0.67 99.18 = 0.84 200
DESI 29.76 == 0.87 101.52 = 0.73

CMB-SPA
SPT+ACT
ACT DR6
SPT-3G D1
Planck
DESI

0.36
0.34
= 0.32
G
0.30
0.28
94 97 100 103 0.30 0.35
th Qm
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°
Consistency of CMB and
°
BAOIin ACDM

100 O, hrqa [Mpc| Distance to DESI
CMB-SPA 31.66 +0.50 98.89 + 0.63 2.80
SPT+ACT 32.77+0.72 97.51 £ 0.87 3.70
SPT4 Planck 31.89 +0.54 98.63 £+ 0.67 3.00
ACT DRG6 33.0 1.0 97.24+ 1.2 3.10
SPT-3G D1 3247+091 979+1.1 2.50
Planck 31.45 £+ 0.67 99.18 +0.84 2.00
DESI 29.76 £ 0.87 101.52 +0.73

Parameter SPT-3G D1 CMB-SPA
+ DESI + DESI
Sampled
10%6* 104.227 4+ 0.056 104.180 =+ 0.022
100 Qph? 2.218 £ 0.022  2.2452 + 0.0089
100 QA2 11.749 +0.079 11.813 + 0.058
g 0.949 +0.012  0.9728 + 0.0027
log(10'° Ay) 3.066 + 0.014  3.0574 £ 0.0094
Treio 0.0559 + 0.0056 0.0625 %+ 0.0050
Derived
Ho [kms™ ' Mpc™']|68.21 £0.31  68.06 £ 0.24
Age [Gyr] 13.795 4+ 0.025 13.783 +0.012
10° Age™ 2Treio 1.920 +0.021  1.8773 + 0.0055
O 0.6983 + 0.0039 0.6950 + 0.0033
Qm 0.3017 + 0.0039 0.3049 + 0.0033
ra [Mpc] 147.99+0.33  147.51 +0.17
o8 0.8079 4= 0.0059 0.8120 + 0.0038
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Lensing amplitude

SPT+ACT
L +0.078
jth = _0.326721 %?581 } for SPT-3G D1,
recon e A0 SPT-3G D1
Agpy = 1.026 % 0.048 } for SPTACT.
Arecon = 0.990 =+ 0.050 ACT DR6
Az = 1.083 + 0.037
for CMB-SPA.
Avecon = 1.048 + 0.031 } or GCMB-5 Planck
0.75  1.00 125 075 1.00  1.25
Data Set TT T&E
Ajens = 1.084 & 0.035 for SPT-3G D1 + DESI. —
Apne = 1.092 £ 0.026 for SPT+ACT + DESI,  SPTHACT| Az = 1012 = 0098 Azpt = 1.016%0 054
Aprs = 1.084 + 0.024 for CMB-SPA + DESL SPT-3G D1 | Agpe = 0.76Z0739 | A2pt = 0.9917471,
ACTDR6 |Aap = 1.067075 Azps = 1.020 £ 0.060
Planck Agpe = 1.239 4 0.095| Aope = 1.185 4 0.067
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New light particles

SPT+ACT

ACT DR6

Neg = 3.177053 for SPT-3G D1,

N.g = 2.77+ 0.17 for SPT+ACT,
N.g = 2.81 + 0.12 for CMB-SPA.

0.35

0.3

4
Neg = 2.9770%)

for SPT-3G D1,
Yp = 0.26970 050 }

N, off = 2. 85+8 Z% 0.2

for SPT+ACT,
Yp = 0.23610 053 }

O-15T wem Planck SPT+ACT
mm SPT-3G D1 | === CMB-SPA

Neg = 2.9970-22
Yp = 0.2314+0.014

} for CMB-SPA.
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Modified

Recombination
[Lynch et al., 2024]
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0.36
0.34
o 0.32
0.30

0.28

Constraints from CMB and BAO dataon

extended cosmological models

ece SPT-3G D1 memm DESI — SPT-3G D1 + DESI
2w SPT-3G D1 ACDM Best-fit v DESI ACDM Best-fit
AQPt Nefr (2
ACDM 0.9 1.0 1.1 2 3 4 —0.01 0.00 0.01

0.135 0.140 0.145 0.150

Wm (Td/’f'd,o)z

0.135 0.140 0.145 0.1500.135 0.140 0.145 0.150 0.135 0.140 0.145 0.1

wm (T4/74.0)° wm (ra/Td.0)? wm (T4 /Td.0)°
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Constraints from CMB and BAO data on
extended cosmological models

CMB-SPA

1.0 1.1 0.0 0.1 0.2
A2pt Em”
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Constraints from CMB and BAO dataon

extended cosmological models

CMB-SPA DESI CMB-SPA+DESI
Model X%MB X%)ESI X%MB X2DESI X%JMB-l—DESI
ACDM 1550.9 10.3 1556.0 14.8 1570.7
Alens 1548.9 (2.0,1.40) - 1550.4 10.9 1561.2 (9.5,3.10)
ModRec (8.9,1.10) - (12.0) (2.2) (14.2,2.0 0)
Oy 1549.5 (1.4,1.20) 10.0 (0.3,0.6 o) 1553.5 10.9 1564.4 (6.3,2.50)
Qx + me - - 1553.6 10.3 1563.9 (6.8,2.10)
2imy, 1551.0 (—0.1,0.00) - 1551.2 11.8 1562.9 (7.8,2.80)
WoWq - 5.6 (4.7,1.70) 1550.0 7.3 1557.3 (13.5,3.20)
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1009 = 0.211:5 for SPT-3G D1,
1008 = —0.0679 55 for SPT+ACT,
100 = —0.88 + 0.48 for CMB-SPA.

100€2, = 0.40 -

- 0.18 for SPT-3G D1 + DESI,

10082, = 0.51 -

— 0.17 f()r SPT+ACT

100€2, = 0.26 -

DESI,

- (0.11 for CMB-SPA + DESI.
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m_

Parameters SPT-3G D1 SPT+ACT CMB-SPA

+DESI +DESI +DESI

L2

H() [km s 1 Mpc_l] 70.1

1.2 70.5

100 Q2 29.74 -
h’l“d [(Mpc] 102.5 -
100 ( m
e,0
100 2 0.04
Qvirct. [0] 2.3

- 0.79 29.83 £ 0.78 29.20 += 0.68
- 0.8 101.4+=0.7 101.940.7

+ 1.2 70.6 = 1.1

1) 1.0+ 1.1 1.0 -

0.31 0.10
2.0

- 1.1 1.97 = 0.98

— 0.30 —0.21 ==0.25
1.9

— SPT-3G D1+DESI

SPT+ACT+DESI
I CMB-SPA+DESI
=== (CMB-SPA+SDSS
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2.

CMB only

Y“m, < 0.77eV for SPT-3G DI,
“m, < 0.58¢eV for SPT+ACT,
“m, < 0.17eV for CMB-SPA.

CMB + DESI

Ym, < 0.081eV for SPT-3G D1 + DESI,
Ym, < 0.048eV for CMB-SPA + DESI.

o SPT-3G D1 — SPT-3G D1 + DESI
w SPT-3G D1 ACDM Best-fit

NH IH
0.38 101.5
0.36 100.8
0.34 100.1
S 032 {ERe <

| 99.3

0.30
98.6

0.28
97.8

Etienne Camphuis | mm-Universe | June 26th, 2025

66



WO-Wa e DESI

v DESI ACDM Best-fit

CMB-SPA + DESI (2.9 sigma)

_0.41 + 0.20,
_1.78+0.55.

S
-
|

S
=
|

w, = 1.91 £0.57 for CMB-
SPA+DESI

0.12 0.14

Wm (Td/rd,())2

— CMB-SPA + DESI
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