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Abstract: Atomic hydrogen gas clouds originating from the Galactic Center offer a novel way to test dark matter phenomenology. By exploiting the
inefficient gas cooling rates at low temperatures, bounds for various interactions between dark and baryonic matter can be set. We demonstrate this
new method and present limits for a number of dark matter models including ultra-light dark photons and super-heavy candidates.
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Gas Clouds as
Dark Matter Detectors




Direct DM Detection
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Direct DM Detection
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Strongly Interacting DM Searches
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Astrophysical DM Searches

Advantages

- large scales/objects

- long exposure
times

- high densities,
energies,
temperatures etc

Disadvantages

- uncontrolled, not

fully understood
environments

- strong

backgrounds

- observational

limitations
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Galactic DM
Detectors




Constraints from the ISM

VOLUME 65, NUMBER 8 PHYSICAL REVIEW LETTERS 20 AuGUSsT 1990

Bounds on Halo-Particle Interactions from Interstellar Calorimetry

R. Sekhar Chivukula, Andrew G. Cohen, and Savas Dimupoulos'”
Department of Physics, Boston University. Boston, Massachusetts 02215

Terry P. Walker
Harvard-Smithsonian Center for Astrophysics, Cambridge, Massachusetts 02138
(Received 20 October 1989)

Assume thermal equilibrium

Halo DM at greater
temperature than gas

T~30-80, 10 -200 cmA-3

Cooling via deexcitation of
C*+
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Galactic Center
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Galactic Center
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Galactic Center

Even Messier DM Halo
Astrophysics
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HIl Surveys

Hydrogen hyperfine Nuclear Electror
structure spin
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HIl Surveys
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HIl Surveys
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HIl Surveys

Gas Temp
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ATCA HI Galactic Center Survey

Sensitivity map
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GC Gas Clouds
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Gastrophysics

Gas accretes onto the halo, cools to form
stars and is expelled through AGN feedback
and stellar winds

Shocked CGM
shocked cooling wind
Cooled Wind
Cooling Redius
gas
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A Soufflé of Gas Clouds

Mass [M_sol] r[pc] | nemA_3] T[K]| v [km/s]
G1.4-1.8487 17 8.2 03 | 22* | 872
G357.8-4755 237 | 129 @ 04 | 137
G1.5+2.9+105 123 1 | 198

Pirsa: 19060035 Page 24/47




Gas Clouds as
Calorimeters
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Gas Cloud Calorimeters: A How To

Cooling
(gas physics)

- /—‘-‘

Observations
il cm)

Heating
(Canonical Astrophysics)
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Cooling

Cooling dependent on
the temperature,
density and chemical
composition of gas

Metals dominate below
1074 K, though
molecules are also
iImportant at extremely I,
| ow temperatur es and m-{ { . |i; e |:)u . Iﬁn Hl} S
high densities T (K]

Maio et al 2007
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Metallicity

For cold gas, metals are the primary
cooling mechanism

Uncertainty comes from observational
challenges, gas mixing within the Milky
Way and depletion due to dust/grains

NASA/ESA

Perez et al 201/
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Heating

photoelectric heating TrrT T
by grains and
ionisation

UV background
X-rays

Cosmic Rays
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Wolfire et al 1995
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Chemical Network
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different species
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gas cooling rat

CLOUDY Models
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Dark Matter Halo Models
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Class | Bound

DM interaction with either or

DM heating < radiative cooling

irsa: 19060035 Page 33/47




Class 1 Bound

DM interaction with either

solar metallicity

Monotonic
decreasing
with T

cooling [ergem™3 5]

DM heating < radiative cooling
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Class 1 Bound

DM interaction with either electr or

H solar metallicity —

Monotonic / - \
- . J//

decreasing .

with T - bound

e

o independent
of [Fe/H]

cooling [ergcm™3 57|]

DM heating < radiative cooling

Pirsa: 19060035 Page 35/47




Class |l Bound

DM interaction with

DM heating < radiative cooling
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Conservative Bounds

- High metallicity -> Efficient heating

- DM only heat source -> really other sources such as UV
background, cosmic rays, photo-heating off of grains
(some not well constrained, shielding from dust)

uv DM heatin
s Metal line cooling

Molecular cooling
grains
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Class Ill Bound

DM interaction with either

Challenging

/

DM cooling + radiative cooling = astro-heating
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DM Bounds




Ultra Light Dark Photon DM
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ultra light dark photon produces an oscillating electric field

through mixing with the SM photon > Dubovsky 2015!

free electrons and ions in the gas are accelerated by this field
and eventually scatter and heat the gas
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Ultra Light Dark Photon DM

10-®% 107" 1072 107°
m (eV)
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Vector Portal DM
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dark photon acts as a mediator between the SM and dark sector

consider sub-MeV mass dark photons with intermediate
strength coupling (generally too slow for terrestrial detectors)
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Light Mediator
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Heavy Mediator
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DM Nucleon Scattering
(strongly interacting, composite and super
heavy)
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for effective heating of entire cloud we require DM to retain at
least half its kinetic energy after reaching its centre
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DM Nucleon Scattering
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Summary

- Astrophysical objects provide valuable new

settings to test DM models, avoiding some of
the limitations of terrestrial detectors

- Careful modelling and understanding of

astrophysical backgrounds/environments
remains crucial

-+ Cold Galactic Center gas clouds act as useful
detectors of | : | M

Page 47/47




