SEARCHING FOR DARK MATTEF
IN THE LATE UNIVERSE

Variations on aTheme

Sarah Schsn!
McDonald Institute, QueenOs University!
EDSU 2020




MAY YOU LIVE IN INTERESTING
TIMESE
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HYDROGEN AS DM DETECTORS

heat, cool,
ionise or

Set constraints from
gas directly or look

rom evolved system
Hydrogen gas 4

(also He, metals
and dust)



EPOCHS OF INTEREST

Big Bang and
Inflation

Recombination

z=1100




EPOCHS OF INTEREST

Big Bang and
Inflation

Recombination

z=1100




DM DETECTORS IN THE
GALACTIC CENTRE
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DM DETECTORS IN THE
GALACTIC CENTRE
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COLD, ATOMIC HI CLOUDS

A souf3Z of cold, atomic gas clotids
presented as part of the ATCA HI
Galactic Centre Survey !
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ALACTIC Latitude

Likely embedded in a galactic outRowge: "= o
driven by stellar winds or similar ~ ~=°

40 by

mechanism S isaien ] [l
83.257 kmjs 3 2GAL1ACT|COLo:gTude > >
, McClure-Griffiths 2013
ArXiv:1806.06857

ArXiv:1812.10919



GAS CLOUDS AS CALORIMETEF

DM
heat/cool
cloud s
X Xlray

Stellar
. "heat cloud

and set

chemical
Temperature balance#

Cooling via 7 ] . observed via
Metal lines  — TET



SETTING BOUNDS
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Observe that for pxet
metallicity and density, thie
cooling rate is monotonically _.-!

n

decreasing with temperature! ;.|
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Use this upper limit to sét  =,.|
conservative limits on DM
heating by assuming all heating,.

due to non-standard sources

Maio et al 2007



MODELLING GAS CLOUDS

DM P radius @ Z/Z ; grains uv CR De ave. cooling
Model [K] [pc] [em™°] [s] [cm=3] [ergcm3s~Y]
Cl-22 22 8 029 1 no 0.1 1 10%% 231 10* 19! 10%
C2-22 22 8 029 01 no 19! 10°19! 1097! 10> 16! 10
C3-22 22 8 029 5 no 0.1 3 1071 56! 107% 6.2! 10°%®
C1-137 137 12 0421 1  vyes 1 5 10017 1! 103 34! 1078

C2-137 137 1D 0421 Q1 yes 3 1018 51 104 82! 102
C3-137 137 1D 0421 5  yes B! 106 62! 102 61! 10°%

C2-198 198 1B 157 Q1 yes 11! 106741 103 82! 10°%

1
1

C1-198 198 1B 157 1  vyes 1 2! 107% 12! 102 24! 10°2°
1

C3-198 198 13 157 5  vyes 1 141 107 451 1072 15! 107%°




MODELLING GAS CLOUDS
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ULTRA-LIGHT DARK PHOTON DN

Simple local U(1) extension of the Standard Model!

The additional gauge boson can be treated as a DM candidat
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Ultra light dark photons produce an oscillating electric Beld
through mixing with the SM photon!

Plasma of free electrons and ions in the gas cloud are accelér
and eventually heat the gas through subsequent scattering



ULTRA-LIGHT DARK PHOTON DM




DM NUCLEON SCATTERING

Consider strongly interacting or heavy, composite dark matter!

For massive candidates, the 3ux at Pxed radii from the galactic
centre decreases and for strongly interacting models!the
natural overburden of terrestrial experiments limits detectabillity

Our gas clouds are well suited to constrain these models due tc
their size and location
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DM NUCLEON SCATTERING
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INTERGALACTIC MEDIUM

10 million 100 million 250 million 500 million 1 billion

Time after  °,
Big Bang
[Years)

Redshift= 160 80 40

First galaxies form

Reionization begins Reionization ends
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Brightness [mK]
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-100

-150
140 160 180 200

20 40 60 80 100 120

Frequency (MHz)

Pritchard, 2012



THE FIRST STARS AND GALAXIE

Dark Matter'! Gas assembles!  The brst Poplll!
Halos Collap?e! in massive stars form!
(low mass enough"

halos prst) halos and beains!



PULLING STRINGS

Dark Matter Annihilation In and Arounc

High Redshift Halos

DM annihilates, heats!
and ionises >>>! Diffuse DM
potentially modibed Background
in Cosmic web

baryonic structure \

Drive evolution of
the IGM

DM Halos/ Structure

Circumgalactic
Medium

Nearest Neigh-
bour halo



HALOS AND IMPORTANT
UNCERTAINTIES

Halo Mass Profiles e
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ENERGY INJECTION FROM DM

10 - v v
b 5GeV - -
== 200 eV .

10-! !' S0GeV

\
|
\

o
electron  *zx= '
wee Posat poms :
= Photons |
10'2 M

- L.0GeV q

e 0GeV

10-3 f S0GeV

—

DM SM phetons  wZ<— = S

P 20GeV

10~3 r BOGeV

> i~ ve
2] I}
10*} | 1
1
|
107 :
b K3GeV W
- 110GeV
107

positrons

10

10°
107

Encrgy [eV]



ENERGY INJECTION FROM DM
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HEATING THE CGM

DM virializes, producing a potential, with gas in hydrostatic equilibrium
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SUPPRESSION OF GAS INFALL
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ALL THE STRINGS

To arrive at a self-consistent description must include bnd
propagate DM energy injection across cosmic history!

IGM heating and ionisation, as well as additional radiation peld!
Productions and dissociation of molecular hydrogen!
modiPcation of stellar evolution!

potential formation of exotic objects like Dark Stars and
direct collapse black holes



POTENTIAL AVENUES OF DETECTIO

dark matter
annihilates

radiation / \ internal heating

background of dark matter
halos

low-mass
cut-off

T~

structure of

heating/ Prst stars

ionization of
intergalactic gas
H

abundance black hole

formation
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st s : unibPed simulation
[ S | of galaxy formation
& evolution

high-redshift igh-redshift
21cm signal galaxies

Image credit: Swinburne/
ICRAR/Cambridge/ASTRON

Image credit: NASA




CONCLUSIONS

Astrophysical systems are well suited probes of non-gravitation
Dark Matter interactions!

Modibcation of the galactic and IGM gasOs thermo-chémical
properties can be used to set bounds on these interactions!

Future observations from the Cosmic Dawn may provide DM
signatures that are non-degenerate with the expected baryonic

phenomenology!

The usual dark matter-baryon physics detangling caveats apply

Thank You!



