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DM Constraints from the ISM
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- Assume thermal equilibrium

Halo DM at greater temperature than
gas

*. L
. T~30-80 , 10 -200 cmA-3
AR\
- Cooling via de-excitation of C*+ R\'ﬁ!&:&&&&&&
10°? 103 10* 103 10°
M(GeV)




i)
&
=
>
QL
~,
=
n
c
@
©

The Galactic Center and ISM

NFW — halo
Burkert — halo
NFW — Nesti
Burkert — Nesti

109
radius [kpc]




The Galactic Center and ISM

Name Sotfa It_le n-?é?:f\a;] T(K) Heating | Cooling
Mg Ce)fjg'fr 2 | >1000 | 10-80 Cfasgc CO
HI Clouds H ~30 100 PE dust ClI
Warm Hl H 0.1 8000 PE dust CllI
Warm Hil| H+ 0.03 10°N4 | H photoion | Oll, Sl

HIl regions | H+ >100 10”4 | H photoion Ol
Hot ISM H+ 10N-3 | 10”M6.5 | shocks X-rays




Background



HI Survey - Gas Cloud Souffle

GALACTIC Latitude

4° 3°  2° 1° 0° 359° 357°
83.237 km/s GALACTIC Longitude

Mass {M_sol}

G1.4-1.8+87

G357.8-4.7-55

GI.5+2.9+105




Heating and Cooling

- photoelectric heating by grains and
lonisation

- UV background

- X-rays

- Cosmic Rays

- magneto/hydrodynamic heating

- Interstellar shocks




Cold, Neutral Hydrogen (and Helium)

Reactions References for the rate coefficients

H+e™ — HT +2e™ A97 /Y06
HT +e~ - H+~ A97 /Y06
He + e~ — He™ +2e~ A97 /Y06
Het +e~ — He + 7 A97 /Y06
Het +e~ — Hett +2e~ A97 /Y06
HetT +e~ — He™ 4+~ A97 /Y06
H+e™ - H +7v A97/Y06
H +H—Hs +e™ A97 /Y06
H+HT — HoT + 7 A97 /Y06
Hot +H — Hy + HT A97 /Y06
Hs +H — 3H A97
Ho, + HFY — Hot +H S04 / Y06
Ho +e= —2H +e~ ST99 / GB03 / Y06
H +e= —H+2e™ A97 /Y06
H +H—>2H+e™ A97 /Y06
H- +HT —2H P71/ GP98 /Y06
H- +HtT — Hot +e~ SK87 /Y06
Hot +e~ —2H GP98 / Y06
H2++H_—>H+H2 A97 /Y06
D+H —HD+H WSO02
Dt +Ho - HD+H™ WSO02
HD+H — D + H» SLP98
HD + H" — DT + Hy SLP98
H™+D - H+DT S02

H+DT™ —-H" +D S02
He + H™ — HeH™ + ~ RDS82, GP98
HeHT +H — He + H KAH79, GP98
HeH™ +~v — He+HT RDS82, GP98
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Metallicity and the Chemical Network
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log n (cm™) NASA/ESA

Wolfire et al 1995




Gas Cloud Modelling

Model [K] [pc] [em™] 57 [cm™3]  [ergem ™35!
C2-22 22 82 029 01 no 1.9x107°1.9x10719.7x107° 1.6 x 1073
C3-22 22 82 029 5  no 0.1 5x 10718 5.6 x107* 6.2x 1078
C2-137 137 12.9 0421 0.1  yes 3x 1071 5x107% 82x107%
C3-137 137 129 0.421 yes 1.9 x 10710 6.2 x 1073 6.1 x 10727
C1-198 198 12.3  1.57 yes 29x 10716 1.2 x 1072 2.4 x 107%¢
C2-198 198 12.3 1.57 0.1  yes 1.1 x 10716 74 x 1073 8.2 x 107%

1
1
1
1
1
C3-198 198 12.3  1.57 yes 1 1.4 x 1071° 4.5 x 1072 1.5 x 1072

G 357-4.7-55 G 357-4.7-55 G 357-4.7-55
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Setting Bounds

| D \Y |
heat/cool
cloud Uv
X X-ray
Stellar
< (heat cloud
and set
chemical
balance)
Cooling via | \ observed via

Metal lines ,I | \ Srem



Dark Matter Bounds



Ultra Light Dark Photon DM

(1+¢€)°

| 1
L=Lsy— ~F, F*" — ZFL’WF’W +m* A A"

] (AM+6AL) Jears

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

4m™n n 1/2
= x5 x 1071 eV -
“p M, ° (2 x 10—4 Cm—3)

14 144 2 2
=13 2 (w_) AU
vV (Wp 2 €2 Q — 2|7/h|/0£l?
2 (E) 1+e2> T > Wp,




Ultra Light Dark Photon DM

1018 10-° 10712 107°
m (eV)




Composite Asymetric DM

- due to their size, gas clouds are well suited to test super heavy dark matter,

also
avoid the problem of overburden

- consider a model consisting of asymmetric dark matter bound together by a

scalar field

parameterise the model via the reduced constituent mass m, and the total
nugget mass ],

- assume long range interaction with SM via dark photon mediator 171 4



Perturbativity

10° 10 10" 10* 10* 10 10%

Perturbativity

S
C
/o(/O,

m, = 10 GeV

m, = 10 MeV .

1010 1620 | 1630 | 10I40'-ﬁ 1650 | 1060 | 1610 | 1620 | 1630 | 10I4O | 10'50 | 1060
Mx(GeV) My (GeV)




Future Designs

- Consider more involved heating mechanisms
- Develop the gastro-physics
- Look for signatures in the chemical network

- Quantify systematics of setting gas cloud bounds
(paper coming soon!)
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