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1. Induce these 
in simulations

(modify cosmology)

2. Compare with 
“normal” simulations
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Response to overdensity Response to tidal field
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Separate Universe simulations have been gravity-only, so 
add hydrodynamics and galaxy formation:

(1) Measure baryonic impact on gravity-only responses;

(2) Broadens the range of quantities we can measure the response of.
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This talk!



  

Responses and N-point functions
A motivation: we are now getting to know how 2pt functions depend on 
baryons; what's the baryonic dependence of higher-order statistics?

Chisari et al
1801.08559
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Responses and N-point functions

→  Example 1 : Lensing squeezed bispectrum (lh >> ls)

→  Example 2 :Lensing super-sample covariance term (4pt function)
(dominant non-Gaussian piece for Euclid/LSST)

Responses

Responses Responses
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A motivation: we are now getting to know how 2pt functions depend on 
baryons; what's the baryonic dependence of higher-order statistics?
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Results

5% overdensity

5% underdensity

TNG300-2 box : L = 205Mpc/h, Np = 1250^3



  

Results

5% overdensity

5% underdensity

TNG300-2 box : L = 205Mpc/h, Np = 1250^3

“Subgrid” TNG model parameters kept fixed.



  

Results: total matter responses

Growth-only responses do not 
depend on baryonic effects !



  

Results: total matter responses

Growth-only responses do not 
depend on baryonic effects !

Independent 
of baryons 

Baryonic dependence of 
responses fully specified by 
that of the power spectrum.

Depends on baryons
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Baryonic impact on lensing statistics

2pt

3pt

SSC (4pt)

3pt

Baryons have slightly 
varying impact on different 

N-point functions.

Can be used to break 
degeneracies with baryonic 
effects (Semboloni+ 1210.7303)

Different N-point functions weight time-dependence 
of the baryonic effects differently.

Higher-order statistics include also additional 
dependence from the responses. 



  

Baryonic impact on lensing covariance

Baryons reduce 
the covariance.

Negligible impact also on the goodness-of-fit.

Ignoring baryons is therefore 
conservative on errors bars!



  

Summary

s

Hydrodynamical Separate 
Universe Simulations

● Baryonic impact on responses;

● More observables to measure the response of. 

● P(k) specifies baryonic dependence of its 
● responses.

● Different N-point functions are affected differently; 
effects on lensing covariances exist, but not large.

Baryonic impact on P(k) responses 
and N-point functions



  

Extra stuff



  

Results: component responses

Gas “responds” less strongly 
because it is not conserved .



  

Results: dlnP(k)/dlnk dependence
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