
    
      Fig. 3. 
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        Ratio of the linear (solid lines) and non-linear (dashed lines) power spectra of several two-body DDM models to that of a pure ΛCDM model with the same cosmological parameters, parameterised by the fraction [image: equation], the decay rate Γddm, and the fraction of energy ε going into the ultra-relativistic daughter particle at each decay. The parameters ([image: equation], Ωb, h, As, ns) are kept fixed, and the spectra are computed today (z = 0). The non-linear spectra are predicted by the emulator introduced in Sect. 3.3 and plotted up to the maximum wavenumber at which this emulator is trusted.

      

    

  
    
      Fig. 5. 
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        Left: Effect of neglecting the WDM thermal velocities in CWDM simulations with fwdm = 0.2 and [image: equation]. In each panel, solid orange lines represent the suppression in the non-linear matter power spectrum when neglecting WDM thermal velocities; dashed violet lines do the same when implementing WDM as a second fluid in the simulation, with its own thermal velocity field. We plot as vertical lines the mean interparticle separation in blue and the Nyquist frequency in red. Right: Ratio of angular power spectra C(ℓ) for cosmic shear (orange), the cross-correlation of GC and galaxy lensing (red), and GC (purple), defined in Eq. (30), and computed using either the power spectra that neglect or consider thermal velocities. These C(ℓ) are computed for simplicity in a single redshift bin ranging from z = 0 to 3.5 with the galaxy distribution of Eq. (34). We show the 0.25% and 0.5% regions as dark and light shaded areas. The maximum ℓ value corresponding to the optimistic and pessimistic settings for Euclid are drawn as vertical lines for each probe (cosmic shear or equivalently WL in dotted yellow, GC and cross-correlation in dotted violet).

      

    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        Left: Ratio of the interaction rate between IDM and IDR (Γidm − dr) and comoving Hubble rate (ℋ) as a function of the dark-radiation-to-photon temperature ratio ξidr and interaction strength adark, computed at the redshift zini = 49 at which the N-body simulations used to construct the ETHOS emulator are initialised. We display the contours of equal ratio as solid white lines and highlight the threshold value of 0.1 in black. We further depict the region with adark = 10 Mpc−1 (dashed grey) and ξidr = 0.25 (dash-dotted grey). Right: Power spectrum suppression 𝒮ETHOS(k, z) predicted by the emulator for parameters chosen along each of the two grey lines of the left panel.

      

    

  
    
      Fig. 10. 
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        Left: Same as Fig. 9, but only for the 3 × 2pt dataset and with different assumptions on baryonic feedback (BF): fixed BF (magenta), BF affecting only the WL power spectrum (orange), or BF affecting both the WL and GC power spectra (grey). The “truth” is expected to lay between the latter two cases (orange and grey), which give anyway very similar results. Right: Same with optimistic assumptions.

      

    

  
    
      Fig. 11. 
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        Comparison of our Euclid forecasts for the WL-only probe with current bounds from KiDS. In this particular case, we switch to the same top-hat prior on [image: equation] and [image: equation] as in the KiDS analysis of Hervas-Peters et al. (2024). In the pessimistic case, we also adopt the same baryonic feedback recipe as Hervas-Peters et al. (2024) with a marginalisation over three baryonic feedback parameters (instead of six in our baseline treatment).

      

    

  
    
      Fig. 12. 
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        Same as Fig. 9, but for the 1b-DDM model, parameterised by the DDM fraction [image: equation] and decay rate Γddm. The forecast assumes flat priors on ([image: equation], [image: equation]) because the effect of 1b-DDM on the linear matter power spectrum scales with the product [image: equation] (see Sect. 2.2). The model is equivalent to pure ΛCDM in the small [image: equation] limit. The shaded grey area restricts the parameter space to the region where τddm = 1/Γddm ≥ 31.6 Gyr in which the emulator was trained.

      

    

  
    
      Fig. 13. 
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        Degeneracies between the 1b-DDM parameter [image: equation] and four other cosmological parameters for different data sets. Top: Optimistic case. Bottom: Pessimistic case. The addition of 3 × 2pt to WL and of Planck to 3 × 2pt leads to a better determination of all cosmological parameters and lifts degeneracies.

      

    

  
    
      Fig. 14. 
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        Same as Fig. 10, but for the parameters of the 1b-DDM model. Unlike in the case of CWDM, we find that the various assumptions on baryonic feedback have a big impact on the upper bound on [image: equation].

      

    

  
    
      Fig. 15. 
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        Comparison of bounds from Euclid WL-only (optimistic or pessimistic) and KiDS WL-only (Bucko et al. 2023) on the 1b-DDM parameters, using the same priors for all three cases (logarithmic on the DDM decay rate, linear on the DDM fraction). The shaded grey area restricts the parameter space to the region where τddm = 1/Γddm ≥ 31.6 Gyr in which the emulator was trained.

      

    

  
    
      Fig. 16. 
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        Same as Fig. 9, but for the parameters of the 2b-DDM model. The forecast assumes logarithmic priors on the DDM fraction [image: equation], on the decay rate Γddm, and on the fraction of energy ε going into the ultra-relativistic daughter at each decay. The model is equivalent to pure ΛCDM in the small [image: equation] and/or small ε and/or small Γddm limits.

      

    

  
    
      Table 6. 

      List of free parameters names, fiducial values, and top-hat prior ranges (in addition to those listed in Table 2) for the ETHOS n = 0 model.

      
        


	Parameter
	Fiducial value
	Range





	log10(adark/Mpc−1)
	−∞
	[ − 6,  5]



	log10ξidr
	−∞
	[ − 2,   − 0.4]





      

      
Notes. In our runs, we additionally impose a prior adarkξidr4 < 0.05 to exclude the region where the emulator should not be trusted (see Sect. 3.4). The fiducial values correspond to the pure ΛCDM limit.



    

  
    
      Fig. 20. 
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        Same as Fig. 9, but for the parameters of the ETHOS n = 0 model. Our forecast assumes logarithmic priors on the interaction strength adark and on the dark-radiation-to-photon temperature ratio ξidr. The model is equivalent to pure ΛCDM in the small adark and/or small ξidr limits. The grey shade excludes the region adarkξidr4 > 0.05 where the non-linear emulator cannot be trusted (see Sect. 3.4). We also show current constraints inferred from Planck, BAO, and BOSS full-shape data by Rubira et al. (2023) – although these authors use different priors.

      

    

  
    
      Table 7. 

      Dark matter parameter values used in Fig. 22.

      
        


	Model
	Parameter
	Left (right) plot value





	CWDM
	fwdm
	0.1 (0.1)



	
	[image: equation] [eV]
	50 (150)



	




	1b-DDM
	[image: equation]
	0.5 (0.5)



	
	[image: equation] [Gyr−1]
	2.5(1.5)×10−3



	




	2b-DDM
	[image: equation]
	0.3 (0.2)



	
	Γddm [Gyr−1]
	10−2 (10−2)



	
	ε
	2(1)×10−3



	




	ETHOS
	log10(adark/Mpc−1)
	0 (1.5)



	n = 0
	log10ξidr
	−0.8 (−1.2)





      

      
Notes. These values are chosen close to the boundary of the 95% credible intervals in the 3 × 2pt pessimistic case (left plot) and optimistic case (right plot).
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