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OUTLINE

= Motivation: cosmological tensions

= The Interacting Dark Energy model

= Constraints from CMB and DESI datasets
= N-body simulations: method and results
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Assuming a ACDM
cosmological model:
HO = 67.27 + 0.60
km/s/Mpc

SHOES collaboration, directly
measuring the distance ladder:
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INTERACTING DARK ENERGY MODEL

= Energy-momentum conservation: = & <0 corresponds to energy transfer:
Q(Wpm)v D
V”TDMMU — .|.T ark matter == dark energy
0o _ Q(Wpm)y
VLLTDE v —T

with energy density transfer rate:
Q = SHppg

Gavela et al. J. Cosmol. Astropart. Phys. 07 (2009) 034



A consistent view across all CMB probes

:
o
=
0.0
-0.2
-0.4
-0.6
=081 act
ACT+WMAP
—1.01 planck
ACT+Planck
-1.21— - e
65 70 75

Ho [Km/s/Mpc]

Y Zhai et al. JCAP 07 (2023) 032

[P/Pmax]

[P/Pmax]

ACT+SHOES i
—1.01 ACT+WMAP+SHOES

ACT+Planck+SHQES

68 70 72 74
Ho [Km/s/Mpc]

76

— & @

X @

Credit: NASA / LAMBDA Archive Team

Credit: ACT Collaboration/Debra Kellner

[P/Pmax]



CONSTRAINTS FROM DIFFERENT DATASETS

CMB CMB+DESI
Parameter Planck ACT ACT+WMAP ACT-+Planck Parameter Planck-2018+DESI
Qph? 0.02237 £0.00015  0.02153 +0.00032  0.02238 0.00020  0.02238 = 0.00013 Quh? 0.02243 + 0.00014 (0.0224310:09028
Qch? 0.06775:042 (< 0.115) < 0.0754 (< 0.111)  0.07073:949 (< 0.117)  0.067F3:932 (< 0.115) Quh? 0.07910.925 (0 (790037
Ho T16+21 72,6535 713153 L4553 1000, 1.04198 - 0.00029 (1.04198+0:00056
Treio 0.0534 = 0.0079 0.063 % 0.015 0.061 =+ 0.014 0.0533 = 0.0073 oo 0.0555 + 0.0074 (0.05573:91%
log (1010 A) 3.042 £0.016 3.046 + 0.030 3.064 + 0.028 3.047 £ 0.014 n 0.9672 - 0.0037 (0967270073
ns 0.9655 =+ 0.0045 1.010 £ 0.016 0.97411390%8 0.9699 + 0.0038 o +0.029
¢ 0401233 0467020 038103 040407 log(10'° A,) 3.045 4 0.014 (3.04519:029)
Sy 1.107532 118102 1087039 109701 ¢ —0.32751 (-0-32%559)
In By ~0.17 ~0.07 0.06 —0.25 Ho [km/s/Mpc] 70.8%17 (70.8157)
Oum 0.20670935 (0.20613:099)
Y Zhai et al. JCAP 07 (2023) 032 os 1.23+0-14 (1 93+0.74y
Tdrag [MpC] 147.28 £ 0.23 (147.2815-13)

Ax? —1.02
ln Bij —0.10 6

Negative Bayes factor: IDE is preferred over ACDM W Giaré etal. Phys. Rev. Lett. 133,251003




Move forward to non-linear scales



DATA & METHOD

ithub.com/ramses-organisation/ramses.qi

= Developed based on its predecessor ART

= Tree-based Adaptive Mesh Refinement technique

initial
conditions,
cosmological

parameters simulation Preliminary | Production
runs (A) runs (B)

dark-matter
— N-body RAMSES N-body runs with two settings:

Periodicbox 2563(Mpc/h)® 5123(Mpc/h)3
Particles 2563 512°



What can be simplified in the N-body simulation pipeline?

, 14F i
= Dark energy clustering can be safely neglected o |
since: S 4 33 ; ]
~5 - === Best fit ({ = —0.27, Planck+DESI+SHOES) 1
_ PpE OpE g -— £=-01 ]
,B(k,Z):—5— «1 ~ 19} — =04 ]
Ppm Opm < . £=01 ]
. = i —— ACDM
= This allows us to treat DE as a smooth S 11 o .
component and only simulate DM particles. |/
1.0} 1
B We simulate the DM Particles by rescaling 0.9:‘ ............................................................................ :
mass of each particle at redshift z by: — : : : :
E 150 r = N IR A sy R P p——— p —p————  E—————— ]
me(z) 9 7
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Y Zhai et al. arXiv: 2606.1 1368
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MATTER POWER SPECTRUM

The IDE matter power spectrum is enhanced
on large scales (~10%) but suppressed on
quasi-linear and non-linear scales (up to
~50%);

HMCode predictions deviate from N-body
results, with the deviation growing toward
small scales.




z=0 snapshots

DARK MATTER
DENSITY MAP
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With significantly lower Q,,,
IDE model forms the same
filamentary structure but is less : b
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IDE predicts fewer halos at all
resolved masses;

ACDM peak density ~3.5 times
larger than IDE peak density.
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Halo Mass Function at z=0.0
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HALO MASS FUNCTION

The suppression is much stronger at the high-
mass end;

The suppression is consistent across the high-
mass range of halos (~40%);

This is the result of the ~27% cumulative mass
transfer from DM to DE.




CONCLUSIONS

®  We performed N-body simulations for the IDE model with interaction rate
Q = é¢Hppg , with best-fit parameters from Planck 2018, DESI DR2 and SHOES
prior.

®  We adapted full IDE modifications to the pipeline from initial conditions to the
RAMSES code.

®  The large-scale matter clustering is enhanced in the IDE scenario but suppressed
on quasi-linear and non-linear scales.

® The S8 constraints on IDE depend sensitively on the non-linear modelling.
Model-consistent treatments are needed.

Y Zhai et al. arXiv: 2606.11368 Thank )’OU for your attent|on
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COSMOLOGICAL SETTINGS FOR IDEAND ACDM RUNS

Model IDE ACDM
[setup]

starting redshift 49 49
Lmin (coarse level) 8 8
Lmax (fine level) 16 14 to 16
[cosmology]

Qm 0.2191 0.3158
Qa 0.7809 0.6842
In10'° A, 3.0395 3.0448
N 0.9701 0.9661
'3 -0.27 -
Ho(km s~ 'Mpc™1) 70.63 67.32
os 1.0674 0.8120

While reported for completeness, gg is not directly used as an input
parameter in the N-body simulations. 17
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