Dark Matter in our galaxy and beyond

New frontiers for DM
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DARK MATTER ISSUES

No direct or indirect detection of DM

Beyond SUSY, CDM: sub-GeV, axions...

Primordial black holes: known physics

Dwarf galaxy “anomalies” as dark matter probes
Customized dark matter options: SIDM, scalar DM. ..
Distant luminous quasars and massive galaxies

The Milky Way galaxy as a DM probe



DARK MATTER 2
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Dwarf galaxies: latest y-ray bound on annihilation
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DARK MATTER: plan B

v-rays (GC, M31, dwarfs...) - not ruled out : >100GeV WIMPs

more options: theory, 3.5 keV xray line - subGeV, axions, sterile nus ...

known physics, tuned initial conditions 2>  primordial black holes
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— CDM: NFW profiles
= Observed ‘ — WDM: NFW profiles
== (DM 4 § 1 Selected galaxies

== (DM + feedback
CDM + feedback + photoevap.
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New physics motivated by dwarf issues

warm dark matter eg sterile neutrino of 7 keV
scalar field dark matter: A 4. g0 ~ dwarf core size
self-interacting dark matter: o~ 1 cm?/gm

Can solve some but rarely all of the problems

Complex baryonic physics explains all?
Diversity inevitable with:

Supernova feedback

Environment: ram pressure stripping/tidal heating

Star formation prescriptions

Massive black hole feedback

Resort to numerical simulations

But resolution is limited



how robust are simulations?
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if you don’t trust simulations

try semi-analytic modelling?

Parameter

Parameter

Value

x
L]
m
I

[H_0]
[Omega_0]

[Omega_DE]

[Omega_b]

[T_CMB]

[accretionDisksMethod]
[adafAdiabaticIndex]

[adafEnergyOption]
[adafRadiativeEfficiency]
[adafViscosityOption]
[adiabaticContractionGnedind]
[adiabaticContractionGnedinOmega]
[barInstabilityMethod]
[blackHoleSeedMass]
[blackHoleWindEfficiency]
[bondiHoyleAccretionEnhancementHotHalo]
[bondiHoyleAccretionEnhancementSpheroid]
[bondiHoyleAccretionTemperatureSpheroid]
[coolingFunctionMethod]
[coolingTimeAvailableAgeFactor]
[coolingTimeSimpleDegrees0fFreedon]
[darkMatterProfileMethod]
[darkMatterProfileMinimumConcentration]
[disk(utflowExponent]
[diskOutflowVelocity]
[effectiveNumberNeutrinos]
[galacticStructureRadiusSolverMethod]
[haloMassFunctionMethod]
[haloSpinDistributionMethod]
[hotHaloOutflowReturnRate]
[imfSalpeterRecycledInstantaneous]
[imfSalpeterYieldInstantaneous]
[imfSelectionFixed]
[isothermalCoreRadiusOverVirialRadius]

70.2 kmy's
0.2725
07275
0.0455
272548 K
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GALACTICUS
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Referer

[majorMergerMaszsRatio]
[mergerRemnantSizelrbitalEnergy]
[mergerTreeBuildCole2000Accretionlimit]
[mergerTreeBuildCole2000MassResolution]
[mergerTreeBuildCole2000MergeProbability]
[mergerTreeConstructMethod]
[minorMergerGazsMovesTo]
[modifiedPressSchechterFirstOrderAccuracy]
[modifiedPressSchechterG0]
[modifiedPressSchechterGammal]
[modifiedPressSchechterGamma?]
[powerSpectrumIndex]

[powerSpectrunRef erenceWavenumber]
[powerSpectrusRunning]
[randomSpinResetMassFactor]
[reionizationSuppressionRedshift]
[reionizationSuppressionVelocity]
[satelliteMergingMethod]

[sigma_8]
[spheroidEnergeticOutflowMassRate]
[spheroidOutflowExponent]
[spheroidOutflowVelocity]
[spinDistributionBett2007Alpha]
[spinDistributionBett2007Larbda0]
[stabilityThresholdGaseous]
[stabilityThresholdStellar]
[starFormationDiskEfficiency]
[starFormationDiskMinimmTimescale]
[starFormationDiskVelocityExponent]
[starFormationSpheroidEfficiency]
[starFormationSpheroidMinimumTimescale]
[starveSatellites]
[stellarPopulationPropertiesMethod]
[summedNeutrinoMasses]
[transferFunctionMethod]
[virialDensityContrastMethod]
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Parameter

suggested value range

variable/equation

halo properties and angular momentum

halo_profile
lambda_random
size_model

gas cooling
lambdamodel
model

gas accretion
pre_enrich_z

chemical enrichment
recycle

yield

zsun

stellar feedback
model

v_sn
beta_disc
redshift_power
eps_halo
eps_disc

star formation

model

nu_sf

boost_starburst
sigma_hi_crit

po

beta_press
gas_velocity_dispersion

clump_factor_kmt09

reincorporation

tau_reinc
mhalo_norm
halo_mass_power

reionization
model
zcut
vcut
alpha_v

AGN feedback & BH growth
model

mseed

mhalo_seed

f_smbh

v_smbh

tau_fold

alpha_cool

accretion_eff_cooling
kappa_agn

f_edd

nfw
0 (equation 2) or 1 (random distribution) (1)
Mo9s

cloudy or sutherland (cloudy)
Croton06 or BensonlO (Croton06)

>0— 1077 (1077)

0.4588 for a Chabrier IMF
0.02908 for a Chabrier IMF
0.018

Muratovl5, Lagosl3, Lagosl1l3Trunc,
Laceylé6,
Laceyl6RedDep or Guoll (Lagosl3)
50 — 500kms~! (110kms™!)

0.5 —5(4.5)
—0.5t0 1.5 (0.12)
0.1 — 10 (2)
1—10(1)

BRO6, GD14, KMTO09 or K13 (BRO6)
0.25 — 1.25Gyr ! (1Gyr 1)
1—10(10)

0.01 — 0.1 Mg pc—2 (0.1 Mg pc—2)

10, 000 — 45,000 K cm—3 (34, 673, Kcm™3)
0.7 — 1 (0.92)

7 —10kms~! (10kms™1)

svmmse avemse
1—-10(5)
1 — 30 Gyr (25 Gyr)

10° — 10! Mg (101 Mg)
—2t00(=1)

Laceyl6 or Sobacchil3 (Sobacchil3)

7—1110)
20 — 50kms~! (35kms~1)
—1t00(—0.2)

Bower06 or Crotonlé (Crotonlé)
0 — 105 Mg /h (10* Mg /h)
0 — 10! Mg /h (10'° Mg /h)
1075 — 1072 (8 x 1073)
100 — 1000kms~—! (400kms~!)

0.5 — 10 (1)
0.3 —3(0.5)
0.07 — 0.4 (0.1)

1075 — 10 (3 x 1073)

0.0001 — 0.1 (0.01)

equation (1)

Size calculation

A in equation (4)
Described in Section 4.4.1

Zmin in Section 4.3

SHARK
semi-analytical

R in equation (31)
p in equation (32)
adopted solar metallicity

Section 4.4.4

Vhot in equations (25)—(28)
B in equations (25)—(28)
zp in equations (27) and (29)
Ehalo 1N equation (23)
Edisc in equation (26)

Lagos et al. 2018

in Section 4.4.2
vsF in equation (7)
Nburst in Section 4.4.3
Y ihresh 1D Section 4.4.2
Py in equation (8); only relevant for BRO6
ap in equation (8); only relevant for BRO6
0 gas in equation (9); only relevant for BRO6 a
K13
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K13
only relevant for KMT09 and K13

Treinc 1N equation (30)
Mhorm in equation (30)
y in equation (30)

in Section 4.4.9

in Section 4.4.9

in Section 4.4.9
only relevant for Sobacchil3 model,
equation (36)

AGN feedback model Section 4.4.10
Mgeeq in Section 4.4.10
Mpalo,seed in Section 4.4.10
fsmbh in equation (37)

VUsmbh 1N equation (37)
eg, in Section 4.4.10
used in both Bower06 and Crotonlé;
Section 4.4.10
n in Section 4.4.10; only relevant for
Crotonlé
K¢ in equation (40); only relevant for
Crotonleé
Section 4.4.10; only relevant for Bower06
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New physics?

Perhaps just a minibullet clustar?

»
Gas atoms collide, DM particles do not '

Star formation is at low efficiency

High density massive clumps form in cloud coilisigns: bri.gh't glb.bular stag
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critical density of >10 M, ,PBHs destroys
ultradiffuse dwarf galaxies
but can they survive with fewer PBHs?
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Baryonic solutions
involving 1% PBH |REeE

LIGO —compatible PBH fraction | TE nor

Boldrini + 2019




Baryonic solutions involving
DM substructure mergers
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Black hole seeds are needed: eg massive PBH

11 Habouzit 2016
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Is there a high z crisis?
galaxy seeds may be needed
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Dark shards
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FERMI galactic center y excess

~ 1037 ergs/s

Macias + 2018

~ 10% faint MSPs?
Or ~ 100 GeV WIMP annihilations?

INTEGRAL 511 keV line excess
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There is an unknown source of low energy cosmic rays [l Cummings +2016
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it gets worse!

Low energy cosmic rays do not
penetrate dense molecular clouds

rotons
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Three alternatives

dense molecular gas ~10%ionizations s 2 ~1038erg s1vs 103’ erg s* for FERMI GCE/ 511 keV

Need 10% GeV hadrons and MeV leptons + 90% soft hadrons or leptons

A: weakly annihilating dark matter clumps
motivated by GC concentration + ultracompact DM minihalos
Need ~10° sources in inner 300 pc for few M ., UCMHs per GMC

B: hadronic jets from LMXRBs (WDs—=>MSP)

motivated by lepton jet interpretation of 511 keV line
and MSP interpretation of FERMI GCE (Bartels + 2018)

C: Local acceleration eg via turbulence in GMCs

dark matter or astrophysical sources!



ISSUES, to be continued

No direct or indirect detection of DM

Beyond SUSY, CDM: sub-GeV, axions...

Primordial black holes: known physics

Dwarf galaxy “anomalies” as dark matter probes
Customized dark matter options: SIDM, scalar DM...
Distant luminous quasars and massive galaxies

The Milky Way galaxy as a DM probe: GCE ys, 511keV, C,,,



