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Overview

Solving the H,, tension with extended cosmological models: exhaustive review

A ton of models of interest, as seen by the talk
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Euclid Emulator vs Halofit, HMCode

Differences between HMCode and Halofit

compared to the Euclid Emulator z=10.0 z=1.0
- Disagreement of order 5%

- Depends on redshift

- Depends weakly on cosmological model

Prodel (k.25 p)
Peg(k, z; p)

Thejs Brinckmann, University of Ferrara Paris-Saclay Astroparticle Symposium — Nov 8, 2022

Rinodel(k,2; p) =



Euclid Emulator vs Halofit, HMCode

woCDM, HM, kmax = 0.4 hMpc ™!
woCDM, HF, kmax = 0.4hMpc~!

Differences lead to significant
biases In parameter estimation

Thejs Brinckmann, University of Ferrara

Similar bias for LCDM
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Euclid Emulator vs Halofit, HMCode

Unsurprisingly, much smaller bias for
aggressive non-linear cut-off
- But about ~10 for several parameters

Going to more non-linear scales results

in large biases

- Bias of order 30 to 60 in parameters

- We need to be careful

- This is where theoretical uncertainties
come In!

Thejs Brinckmann, University of Ferrara
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Theoretical uncertainty

We already used a theoretical uncertainty
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The envelope of the error increases -

S ‘ol gradually with wavenumber 0.05 £
prenger < 4. fixed to 0.33% below k = 0.01 h/Mpc -
1801.08331 . . 1% at k = 0.2 h/M —~ 0.04 |
(previous slides) Increasing to 1% at kK = 0. pPC § -
and to 10% at k = 10 h/Mpc > 0.03

(at z=0, shifted to larger k at larger z) = —

S 0.02 —

New proof-of-concept theoretical uncertainty from 001 =
Knabenhans, TB, et al. 2110.01488 T E
- Increases on BAO scales where the fast non-linear 0.00 -
approaches disagree significantly 1072

The envelope of the error increases

suddenly on BAO scales
Same as Sprenger et al. until k = 0.05 h/Mpc
increasing exponentially to 5% at k = 0.15 h/Mpc
flat at 5% above k = 0.15 h/Mpc

Knabenhans,
TB, et al.

Thejs Brinckmann, University of Ferrara

10~!
k[h Mpc™!]
— Sprenger et al., 2019

1

This work
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Theoretical uncertainty
New proof-of-concept theoretical uncertainty from Knabenhans, TB, et al. 2110.01488

- Significantly decreases bias with only a relatively small loss in sensitivity
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from Knabenhans, TB, et al. 2110.01488

Theoretical uncertainty

HALOFIT HMCode

New proof-of-concept theoretical uncertainty S

- Significantly decreases bias with only a modest

u(ow i)—fid
G(Gth 1)

loss in sensitivity 0
Next steps
- Can obviously do a lot better with a more
sophisticated uncertainty =~ 1.0
- Should repeat analysis with EFT, other emulators % Ej
on the market, new HMCode %‘g 05
- Biases are likely to be smaller and more |
manageable 0.0
- But we should be honest that our methods Wy Oy Ns h Wy 08 2 @p Oy Ns h Wy O3

are not perfect
B Oinhs Oth KB
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Summary and conclusions

We need fast methods for accounting for non-linear structure
formation in upcoming large-scale structure analyses (e.g. galaxy HALOFIT HMCode

clustering, cosmic shear, intensity mapping, CMB lensing) in SET T T T 1771 [ ] [T T 1
order to study a wide array of models — simulations approach 2. [ I _
not feasible beyond a smaller number of baseline models. e ) = I -

\% b _.-._.___ _.._____ = _——-—-_—r———-—._-—

Current non-linear estimation methods introduce a bias of up
to 6 o (in blue) in the estimation of cosmological parameters from
a galaxy clustering analysis with a Euclid-like survey unless care
Is taken to mitigate this with a theoretical uncertainty.

1.0

00||| III I|

0.5
We introduced a proof of concept theoretical uncertainty (in Y oy, @Onons h Wo O3 . On Om Js . h, W0 O3
green), which improves on this with a modest loss in sensitivity.

o (0 KB)
o(Ohs)

IIII|IIII|II|IIIII
IIII|II|I|IIIIIIII

B Owns Oth.KB

Need to improve with a more realistic theoretical uncertainty
envelope to minimize bias while maximizing sensitivity.

Check out the paper!

Also see
Martinelli et al. 2010.12382
for weak lensing analogy
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Significant differences between non-linear approaches
- Depends on redshift, but order ~5%

Rum (k,2)

TIII| IIIIIIII| IIIIIIII| | | T TIII| IIIIIIII| | 1] III|

- Depends weakly on cosmological model 102 107" 1 102 107! 1
- Worst for equation of state of dark energy k [h Mpe™ ] k [h Mpe™]
- Up to ~1% at Planck 2¢ for the Hubble parameter (less for others) Zzg-;’ Z:;g
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