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type of constraint
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Whatdowe know about Dark Matter?

cQuite a lotofit out there e
o/Zero,or very limited, o

interactions with the

standard model

o Clusters gravitationally, at

least on large scales
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Our example scenario and 1ts constraints

cOQur analysisismainly based on a

model with interactions between a

: — Mosbech etal.
heavy DM particle and the Planck +SDSS ~3x107% NS s

standard modelneutrinos Planck + 10=5 Hooper &Lucca

SDSS+Lya arXiv:2110.04024
o Interaction strength

parameterised through

-1

o = (1(;7;])(1;{31/)

OTh

Markus R.Mosbech:Probingdark matter with next-gen observatories @M Mosbech



Firststeps:Linear evolution

. . . —— ACDM
o Linear Boltzmann equations are 1031 oy =34 10°F
. . . Mwdm = 0.4 keV
useful for describingearly = Ps = 3+ 10-2 0V
evolution (z = 50),and large £ KO
Elofiﬁ_ Mydm = L. €
scales (e.g. BAO) = May = 3102 6V
% ) Uy = 3.4-1078
10777 o Mydm = 3 keV
oSuper good forCMB | | 10 oY Q
. . N—9 . . ‘ \
predictions 00— 101 100 10! 102
k [h/Mpc]

o Produces initial conditions for

nonlinear simulations
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Distinguishingmodels (or not)I:linear results

100 .
13 . 99 1072 2 keV
o“Canonical”’warm dark matter 7 | ey
S0 4 keV
suppresses small-scale P
structure due to free-streaming g |
<| &
: . : S T i
c Models with early interactions 2
-1 ; .
o« . . 10! 102
between DM and relativistic £ /o
species suppresses small-scale
- - -7
structure through collisions. ek 8.5x10
; S 2 keV 1.75 x 1077
Contains oscillations. .
3keV 7 X 10™
4keV 3.6 x 1078
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Distinguishingmodels (or not)II: The “late”

°cWe find thatinteractingmodels | oy e o
are indistinguishable from j; 10"
warm dark matter atz < 10 %m |
cThe upside of which: y
constraints on warm dark s
matter can be directly mapped .,
tointeractingmodels 041 — W) W)+
] W T ] i
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Forecasting SKA constraints

o SKAwillbe able to map the

density ofneutral hydrogen at

. . . . Planck+SDSS  ~3x107*  Mgbechetal
high redshift with the 21 cm line arXivi201104206
; . : ; Planck + — Hooper &Lucca
through line intensity mapping. gpssiryq ~107 arXiv2110.04024
. . . : Mosbech, Boehm, &
o SKA2lcm intensity mapping sk 2 o Hine ~4 x1078%  Wong
Intensity map arXiv.2207.03107

forecasts have already been

*:Forecast—constraintassumingnon-detection

done for warm dark matter, so

we can adapttointeracting.
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o Atearly times,nonlinear
evolution hasnotyeterased
oscillations

o High-precision, high redshift
measurements athigh kneeded

to distinguish

o SKAcan in principle measure

21cm line atthese redshifts.

Distinguishingmodels (or not) II: The “early”
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From suppressed structure to gravitational
waves

1. Suppressed structure

2. Less/delayed

DM-v interaction strength, u,,

) i [ CLASS ]
galaxy/p rogenltor formation / \ linear DM power spectrum, P(k)
3. Less/delayed star formation { GADGEMT-‘J[‘{ALFORM]
4 Few er/delayed black hole halo mass function star formation; metallicities
binaries formed (compas ]
5. Fewer binary black hole BBH merger rate, Rppm (2)

mergers detected
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oLess structure means fewer
galaxies,significantifthe

suppression affects large

Impacton galaxy formation

11
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The gravitational wave merger rate

ocThe effectof suppressed {/Cy
. . 13 7 4 2 1 0.5
structure formation is clear on '
the merger rate B
| ]
o Effecti1s stronger at early times T
ja}
O
cThe base cold dark matter 2101 oom =510 O\
. . . & ] =—- CDM (hr) Uy = 3.4-10 O
modelis only just compatible | — =410 LVK 03 (== 0) \
| T uex =34-10 % (hr) ‘
: 10 . - ! '
with current data (for our ; ; . . : 0

choice ofastroparameters)
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Next generation GW observatories

o The next gen can see almostevery

—— (DM
s, ---- CDM (hr)

event

500

200

12 14 16 18 20 22
loglo(]\/[/]\/lo)

o Next generation can set powerful

constraints
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Conclusions

o SKAwillbe able greatly
constrain DM models with

suppressed structure

o Next generation GW
observatories can be used
for complementary

constraints

14

Max i

- —4 Mosbech etal.
Planck +SDSS 3x10 arXiv:201104206
~10-5 Hooper &Lucca
Planck + SDSS+Lya 10 arXiv:2110.04024
SKA21lcm line A 10-8%  wen iochm&
: - = ong
Intensity map arXiv.2207.03107
- -6 —7  Mosbechetal.
2dF galaxy counts 3x107°-10 X 550714106
Ein in Tel Mosbech et al.
stein lelescope ~4 X 10~8* ar Xiv:2207.14126

+ Cosmic Explorer

*:Forecast—constraintassumingnon-detection
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