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Gravitational lensing
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Cosmic shear

• correlation between galaxy shapes 

• probes the distribution of all matter  
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Kilo-Degree Survey

Optimised for weak lensing 

• 1000 deg2 analysed  

• Full survey: 1350 deg2 

• 21 million galaxies 

Overlap with VIKING

• 9 photometric bands

8ESO/G. Lombardi



Tomography
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KiDS-1000 core papers

Cosmic Shear Cosmology

• Asgari, Lin, Joachimi et al. (arXiv: 2007.15633) 

Combined Probe Cosmology

• Heymans, Tröster et al. (arXiv: 2007.15632) 

Beyond flat ΛCDM 

• Tröster et al. (arXiv:2010.16416) 

Methodology

• Joachimi, Lin, Asgari, Tröster, Heymans et al. (arXiv: 2007.01844) 

Photometric Redshifts

• Hildebrandt, van den Busch, Wright et al. (arXiv: 2007.15635) 

Shear Measurements

• Giblin, Heymans, Asgari et al. (arXiv: 2007.01845)
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Cosmic shear

• correlation between galaxy shapes 

• probes the distribution of all matter  

15

dark matter + baryons!
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FIG. 3: Fractional impact of baryons on the matter power spectrum
at z = 0 for all the simulations described in Section II A from which
this quantity is available. The curves are collected from [17], [20]
and Marcel van Daalen (private communication). The small scale
upturn is representative of star formation and gas cooling, while the
suppression at scale of a few h Mpc�1 is due to feedback redistribut-
ing gas and dark matter in the simulation.

• The Illustris simulation2 [63–65] was the first cosmo-
logical simulation run using the moving-mesh code
AREPO [66]. It consists of a set of cosmological boxes
of 75h�1Mpc on a side run to z = 0. Three of the
simulations share the same and most complete sub-grid
physics model [67] at different resolutions, and addi-
tional runs in a dark-matter-only and non-radiative (adi-
abatic) scenarios are provided for comparison.

• The Next Generation Illustris simulation (Illus-
trisTNG)3, similarly run with AREPO, comprises three
tiers of simulations boxes (of 300, 100 and 50h�1Mpc
on each side) at different resolutions. Compared to Il-
lustris, it has seen developments in the sub-grid model
[68, 69], specifically in the treatment of kinetic AGN
feedback, galactic winds and magnetic fields, as well
as improvements in numerical implementation towards
flexibility and better hydrodynamical convergence.

A comparison of the impact of baryons on the matter power
spectrum from the different simulations was performed by
[17] and [20]. At z = 0, the simulation predictions differ on
the amplitude and scale-dependence of the impact of baryons
on the power spectrum, oscillating between a 10 � 30% sup-
pression of power at wavenumbers between a few and ⇠ 20h
Mpc�1, as shown in Figure 3. Such differences can be at-
tributed to multiple factors. The choice of sub-grid model, res-

2 http://www.illustris-project.org
3 http://www.tng-project.org

olution and the calibration strategy play a decisive role. The
results concerning the impact of baryons on the matter power
spectra for the simulations suites shown in Figure 3 were first
presented in [10, OWLS], [63, Illustris], [70, EAGLE], [71, Il-
lustrisTNG], [17, Horizon-AGN] and [20, MassiveBlack-II].

On the other hand, the hydrodynamical scheme (particle vs.
grid) can also have an impact in the results. Reference [17]
found evidence of a difference in the distribution of matter at
high redshift between OWLS and Horizon. At z ' 5, the im-
pact of AGN and supernova feedback is negligible, and this
difference was thus attributed to the numerical scheme. Most
simulations neglect the impact of neutrinos in the large-scale
distribution of matter. The exception is BAHAMAS, where
a subset of runs now includes massive neutrinos [72]. Using
these runs, reference [47] find that the impact of AGN and
massive neutrinos in the matter power spectrum is separable
to ⇡1-2 per cent accuracy in various statistics, including P(k).
They caution, however, that they have only verified this con-
clusion for a relatively small range of cosmologies and feed-
back models. Furthermore, this separability may not hold for
other extensions of the standard model, such as modified grav-
ity and dynamical dark energy.

We note that while all simulations shown in Figure 3 in-
clude feedback from SNe, this process by itself did not have
a strong impact on the matter power spectrum. It is possible
to adapt the implementation of SN feedback such that a sup-
pression similar to that of AGN feedback can be achieved, e.g.
by increasing the strength of SN feedback in high-density en-
vironments [see 10]. However, only simulations that include
AGN feedback have thus far been able to reproduce the ob-
served properties of groups and clusters.

Other simulations that have achieved similar volumes and
resolutions, which have not to this date been used to ex-
plore the impact of baryons on the matter power spectrum are
MUFASA [73], Simba [74], Romulus [75] and Magneticum
Pathfinder4.

• MUFASA is a simulation suite run using the GIZMO
meshless finite mass hydrodynamics code [76]. Its
fiducial run, evolved until z = 0, spans a cosmologi-
cal volume of (50 h�1 Mpc)3. The simulation shows
good agreement with the galaxy stellar mass function
(GSMF) in the range 0 < z < 4 and with the cosmic
star formation history. Reference [74] caution that the
GSMF is sensitive to the hydrodynamics methodology
within a factor of 2, but that this is sub-dominant com-
pared to the impact of different choices in parame-
terising stellar feedback. MUFASA does not include
AGN feedback in its sub-grid model but implemented
a heuristic quenching prescription to mimic its effect
[77].

• The Simba simulation suite follows on the MUFASA
prescription but adopts an updated sub-grid model that
explicitly includes AGN feedback [78, 79]. Only the

4 www.magneticum.org

Chisari+2019



Thermal Sunyaev-Zel’dovich (tSZ) effect
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Hot gas

CMB

Observer



Gravitational lensing
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Shear-tSZ cross-correlation

• correlation between galaxy shapes and tSZ effect 

• probes distribution of matter and gas

20



tSZ data

Planck

• Full-sky  

• MILCA, NILC, custom CIB-subtracted maps 

• Beam: 10' 

ACT

• Partial overlap with KiDS-N 

• Combined ACT and Planck data, different components 
deprojected 

• Beam: 1.6'
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HMx (Mead, Tröster et al. 2020, arXiv:2005.00009)

• Models dark matter, gas, stars components 

• Calibrated on BAHAMAS hydrosims 

• Reaction formalism for accurate power spectra 

• Matter and pressure fields modelled consistently

23
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shear-tSZ signal scales as ∝ σ5
8Ωm



A joint analysis of KiDS-1000 
gravitational lensing and the tSZ effect



Measurements
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Summary

• Shear-tSZ cross-correlations can give information on both 
cosmology and baryon feedback 

• Joint analysis of shear-tSZ and cosmic shear breaks 
degeneracies and gives tight constraints on cosmology  

• Modelling needs more work for future data
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