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Abstract:

Multiprobe techniques are at the forefront of modern cosmological analysis. In this talk,
multiprobe approach for assessing internal consistency, mitigating systematic effects,
across datasets spanning different scales and redshifts. I will showcase these benef
pipeline, developed over a series of analyses, that combines cosmic microwave backgr
(LSS) observations, including all possible cross-correlations between probes. In the set¢
results from the pipeline demonstrating how multiprobe analysis can address fundament:
energy and the sum of neutrino masses. Finally, | will look forward to applications witt
highlight how the multiprobe pipeline, combined with modular tools | have developed f.
structure (EFTofLSS) modelling and beyond-Limber angular power spectrum computat
extension to next-generation (Stage-1V) datasets.
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Our Universe

Baryonic Matter
Neutrinos

v.k Matter
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Dark Energy
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Our Universe

o What is the nature of dark
energy? Is this really a
cosmological constant?

o What is the Neutrino mass?
What constraint can we put on
this from cosmology?

e Are these questions linked...?
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The cosmic microwave background (CMB)
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Galaxy clustering

Sg = f[0m]~bdm

Image credits: Claire
Lamman/ DESI
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Baryon acoustic oscillations

Image credits: Gabriela
Secara, Perimeter Institute
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Galaxy (and CMB) weak lensing

CMB lensing first
detected in Smith
et al., 2007!

Image credit:
NASA, ESA & L.
Calgada
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Image credits:
Planck

Our past lightcone: a multiprobe view

Weak lensing
unbiased probe of DM
field between source
galaxy and observer

CMB
(Gaussian)
perturbations in early
Universe
BAO
Standard ruler tracer of
background evolution
. Clustering
(L)ISW probe of time biased tracer of DM
evolution of field at source
potential
E'H Z ﬁ.-" I.C h Perimeter Institute 8
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Combined probes: motivations

—— Planck CMB lensing
— KiDS-1000
1. ldentify and mitigate systematic effects
2. Test consistency between probes
3. Strong constraints due to degeneracy
breaking
1.0
o 0.8
o)
0.6
0.2 0.3 0.4 0.5 0.6 08 1.0
Qm Os
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Combined probes: key challenges
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Combined probes: motivations

—— Planck CMB lensing
—— KiDS-1000
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Combined probes: key challenges

« Large data vectors/covariance

matrix
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Combined probes: key challenges

Ho and Sg Measurements over Time
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Combined probes: our approach

* Restrict to scales where simple
modelling can be applied

« Compression

* Quantify tensions, check
goodness of fit

» Use Neural-Network emulators

 All likelihoods in JAX for JIT +
GPU acceleration when
sampling

E'HZUHCh Perimeter Institute
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100%| | 19/10 [00:80<80:80, 24.82it/s]

100%| | 5250/6250 [88:22<00:88, 275.51it/s]

autocorr time [119.32179863 115.803867@7 104.66154781 75.95553714 97.95871893]
tau [119.32179063 115.80386707 104.66154781 75.95553714 97.95871893]

Removed no burn in

s. I [c] meme_jax_newos | Idle Mem: 3.73 GB

GPU-accelerated MCMC sampling
for KiDS-1000
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The comblned probes plpellne
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] https://cosmology.ethz.ch/research/
UFalcon (Ultra Fast nghtcone) software-lab/UFalcon.html

[ Acme J [ Aweak lensing ]

A
.-’/'
-2.0e-02 -1.0e-02 0.0e4+00 1.0e-02 2.0e-02 -1.0e-03 0.0e+-00 1.0e-03 20003 3.0e-03
ST/ Msw | -
r's
Cosmogrid
(PkDGraV N-body
simulations)
-2.0;-05 -1.0e-05 0.0e+00 1.0e-05 2.0e-05 -20e-01  -1.0e-01  0.0c+00 1.0¢-01 20e-01  3.0e-01
ATISW T 4
Used in several SBI projects: Fluri et al., 2022, Zurcher et al.
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The multiprobe covariance matrix

« Simulation-based covariance
 Forward-modelling approach
captures:

 Connected trispectrum
contribution

 Impact of survey mask
* Inter-probe covariance

E'HZU."'ICh Perimeter Institute
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Pipeline validation
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Pipeline validation
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Pipeline validation

12x2pt combined probes:

« CMB primary

« CMB lensing

« ISW

« Weak lensing

 Galaxy clustering
ETHzirich Perimeler Instituts
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CMB Primary

Robustness to systematics
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Robustness to systematics

A, is a phenomenological re-scaling

parameter whereby (calabrese et al., 2008):
C;bqb N ALCE’"’

Expected to be A; = 1.0 in ACDM

Planck 2018 finds 4A; > 1.0 at ~30

Excess lensing is anti-correlated with
neutrino mass!

ETHz(rich

Perimeter Institute
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Robustness to systematics

A, is a phenomenological re-scaling

parameter whereby (calabrese et al., 2008):
C{fbtb 5 ALCEM’

Expected to be A; = 1.0 in ACDM

Planck 2018 finds 4A; > 1.0 at ~30

Excess lensing is anti-correlated with
neutrino mass!
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Application to survey data

« 9x2pt LSS data:

« Planck PR3 CMB lensing

* Planck PR3 ISW

« KiDS-1000 weak lensing

« BOSS DR12 galaxy clustering
» CMB primary added at likelihood

level:

* Planck PR3

* Planck PR4

« ACT DR4

E'" Z [J:;" f Ch Perimeter Institute
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LOWZ s LOWZ
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Using mu
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tiprobes for testing internal consistency
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Using mu
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tiprobes for testing internal consistency
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tiprobes for testing internal consistency
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End of Part |

Next up: using combined probes for probing
fundamental physics
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Application to survey data (ll)

« Updated datasets

« DESI LS galaxy clustering
« ACT DR6 CMB lensing
* Planck PR3 ISW

* CMB primary from ACT
DR6*

« BAO from DESI DR2*

* Added at likelihood level

E'H Z [jr f Ch Perimeter Institute
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Application to survey data (ll)

» Updated datasets

* Added at likelihood level
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The preference for DDE
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The preference for DDE

» Could other models explain the
BAO-CMB discrepancy?

 What do other complementary
data reveal about this scenario?

E'HZU."'ICh Perimeter Institute
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