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Non-CDM erases small scale structure

Free-streaming of DM particles
(From the time they decouple
until they become non-relativistic)

de-Broglie wavelength
of ultra-light DM scalar

Typical Apg ~ Mpc/h
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distance [Mpc/h]
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Cosmoloaical parameter inference - WDM

Parameters (p): F(z), To (TA7 TS), 'y('yA,'yS), 08, Neffs Zrei, fJUV + MWDM
A grid of simulations (3x, 3x3 + 3x4, 3x3, 3, 3, 3x4, 3, 4x3 + 4X3)
Interpolation scheme among the grid points

run (4) MCMC chains for each model we desire to test (e.g. different data-set, different
priors, adding systematic errors, etc.) — maximizing the likelihood £(p|d)

Parameter XQ-100 HIRES/MIKE Combined
mwpDM |keV] > 1.4 > 4.1 > 5.3

o3 [0.75,0.92] [0.75,1.32] [0.83,0.95]
Neff [-2.42,-2.25] [-2.53,-2.11] [-2.43,—2.32]
TA(z) [10*K]  [0.73,1.27] [0.46,1.12] [0.74, 1. 06]

T35 (2p) [~4.39,1.89] [-4.78,-1.80]  [-3. 22 —0.82]
74 (2p) [1.12,1.45] [1.08,1.52] [1.23, 1. 69]

75 (2p) [~1.89,0.17] [—1.18,1.77] [-0.07,1.81]
Zrei [6.5,15.66] [6.26,14.88) [6.25, 13.43]
fov [0.06, 0.96] [0.05, 0.96] [0.05,0.94]
x?/d.o.f. 134/124 33/40 185/173

Marginalized constraints at 95 %, obtained from the MCMC analysis. The pivot redshifts for
different data sets are: z, = 3.6 for XQ-100, z, = 4.5 for HIRES/MIKE and z, = 4.2 for
XQ-100 + HIRES/MIKE.
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WDM mass constraints
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FDM cannot solve missing satellite prorlem

T

3¢ C.L. (Lyman-« forest)

20 C. L. (Lyman-« forest)
”solution” to missing satellite
Neyp = 60 (Mpalo = 1012Me, /1)
Naub = 60 (Mpa1o = 3-1022M, /1)

with T. Koeayashi
(SISSAY
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General non-CDM models

P, y
General transfer function for DM: T(k) = 4 | —2BM — (14 (@k)?]”,
Pcom

m\VDM)_l'H
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E.a for thermal WDM: B =2.24, v = —4.46, o ox 0.049 (

—== mypym =2 keV

=== mypy =4keV

with R. Muraia
(SISSAY

k [h/Mpc]

Vid Ir8i¢ (University of Washington) Small scale structure of the IGM Intergalactic interconnections 8/12



Constraints on the shape of the N"CDM T (k)

X thermal WDM | o Mpe/h]] 8] 5 ]
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particle 0.019 25| —6.9
_2 decay 0.011 2.7 -9.8
0.16 3.2 —04
- —4 Mixed 020 |37| —0.18
-6 models 0.21 3.7 —0.1
0.21 3.4 | —0.053
-8 0054 |54] —23
4 Fuzzy 0.040 |54| —21
: DM 0.030 5.5 -1.9
__008F | 0.022 |5.6| -1.7
= I —

S 0060 | 0.0072 | L1]| —9.9
o9 1 ETHOS 0.013 [2.1| —9.3
20'04 * models 0.014 2.9 —10.0
= " ) : :

0.02 0.016 [34| —9.3

0.02 0.04 0.06 0.08

Vid Ir8i¢ (University of Washington) Small scale structure of the IGM Intergalactic interconnections



Starle limit on the scale of suppression

I To-free” analysis
B “To-power law” analysis

036 0.40 09
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Starle limit on the scale of suppression

accepted models (20)

rejected models (20)
10
k [h/Mpc]
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Conclusions

Combined data: XQ-100 + HIRES/MIKE (high resolution, high redshift)
Large redshift range and probing small scales
Constraints on WDM from combined data: mwpm > 5.3 keV at 20.

Constraints on WDM from combined data: mwpwm > 3.5 keV at 20 (conservative
thermal history)

Conservative thermal history perhaps too conservative?
The paper: Irsi¢ et al. (2017b)

Constraints on FDM from combined data: mppy > 37.5 x 10722 eV at 20.

Constraints on FDM from combined data: mppy > 20.0 x 10722 6V at 20 (conservative
thermal history) high-z temperature

FDM parameter space greatly constrained: it is hard to solve missing satellite problem and
satisfy Ly« constraints.

The papers: Ir8i¢ et al. (2017c) , Kobayashi (VI incl) et al. (2017)

Weak preference for non-thermal WDM
The paper: Murgia (VI incl) et al. (2018)
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VZW,Z=2
Hot halo

log p/p
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Proerlem of different smoothing scales

different scale dependence
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R_edshift evolution rreaks the deceneracies

MWDM; Zrei
different scale/redshift dependence
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Power spectra for fuzzy DM Fuzzy DM:
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ETHOS: Power spectra ETHOS: Transfer functions for different n
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