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QCD Axion Direct Detection Exclusion Plot Example
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UltraLight Dark Matter Halos

UltraLight Dark Matter (ULDM):
- IS an axion-like scalar boson
- has low mass: ~ 107%? eV
- forms Bose-Einstein condensates
- described by Schrodinger-Poisson eqs:

. 2
i = ——— V20 + m®
th o P + mdy

V2O = 4tGm|)?
p = mfpl|?

Luna Zagorac | Perimeter Institute 1
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Eigenstates of Halos arXiv: 2109.01920
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Eigenstates of Halos arXiv: 2109.01920
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Dimensionless Power Spectrum of FDM

CMB/LSS Clusters Galactic Satellite galaxies/
substructures
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Fig. 2 In this figure, inspired from (Kuhlen et al. 2012), we show how the dimensionless power spectrum can be probed by many large
scale and small scale observables, which can be seen as a function of the wavenumber k. The solid line shows the linear dimensionless
power spectrum coming from a ACDM universe. To show how the small scales might reveal different behaviour for different DM
components, we show the linear power spectrum of warm DM (WDM) with mass of 10keV (red dotted line), WDM with mass of 4 keV
(green dashed line), and for fuzzy DM with mass 10-22eV (orange dash-dotted line). The gray dotted horizontal line represents the
limit from linear to non-linear regime, where A ~ 1. The power spectrum for ACDM and for WDM were generated using the Boltzmann
code ?LASS (Lesgourgues 2011; Lesgourgues and Tram 2011), and for the fuzzy DM using AxionCAMB (Lewis et al. 2000; Hlozek et al.
2015)%,

2005.03254
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Some reported mass constraints on FDM

2005.03254
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Fig. 18 Summary of most of the constraints on the mass of the FDM particle discussed in the section??, These bounds assume that
FDM makes most of the DM in the universe. In this figure, the shaded regions represent the excluded regions. The CMB and LSS
bounds come from (Hlozek et al. 2015, 2018) using Planek (2015) TT CMB auto-power and the WiggleZ galaxy-galaxy auto-power
spectrum. The Lyman-a constrains correspond different analysis made in the literature coming, from the darker to lighter, from (Nori
et al. 2019; Armengaud et al. 2017; Irsi¢ et al. 2017; Rogers and Peiris 2020), respectively. The Eridanus II constraint are both for its
existence and for the survival of its star cluster from (Marsh and Niemeyer 2019). The next line presents the constraints from black
hole superradiance (BHSR). The first constraint comes from bounds on the spin of the supermassive BH (SMBH) in M87, from the
measurments obtained by the Event Horizon Telescope (Davoudiasl and Denton 2019). The second set of bounds comes from (Stott
and Marsh 2018), which presents the stringiest bounds from BHSR of ultra-light particles from stellar BHs and from SMBHs. The
global 21-cm signal detected by the EDGES team can also be used to put bounds on the mass of FDM as shown in (Lidz and Hui
2018; Schneider 2018). The next row refers to bounds on the FDM imposed by testing the suppression of the sub-halo mass function
in comparison with the SHMF from WDM models constrained using strong gravitational lensing of quasars and from fluctuations in
stellar streams (Schutz 2020). In (Lancaster et al. 2020) they compute the different description that dynamical friction has for the FDM
and apply this to the Fornax globular cluster, The next bound comes from another dynamical effect, which is heating of the MW disk,
that can be constrained measuring the velocity dispersion of stars in the solar neighbourhood (Church et al. 2019). We also include two
constraints in the mass assuming that the measured central density of dSphs, Draco and Sextants should match maximum FDM core
size, which should be smaller then the virial radius of these galaxies (Chen et al. 2017). This row also contains the results from the
reanalysis of the bounds from dSphs from (Gonzdlez-Morales et al. 2017) starting at the lighter region, and (Safarzadeh and Spergel
2019) the darker shaded region.
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FIG. 1: Upper limits on ULDM, and namely on the dimensionless amplitude (W., left panel) and the ULDM less than the average inter-pulsar and pulsar-Earth

fraction of the local DM density (p,/ppm, right panel), at 95% credibility. The bottom horizontal axes show the separation. In this case, ¢% and ¢% will thus be
ULDM particle mass, whereas the top horizontal axes show the equivalent oscillation frequency of the scalar field. separate parameters;
The upper limits from previous searches [37, 38] are shown for comparison. As a reference, we highlight the
frequency T,,!. In the right panel, we zoom in on the excluded ULDM masses. The horizontal dotted line represents

the value of p, that would saturate the local DM density. Notice that based on our results ULDM particles with
mass —24.0 eV < log;y my < —23.4 eV can only make up at most 30 — 40 % of the total DM energy density.

o correlated if the coherence length of ULDM is larger
than the inter-pulsar and pulsar-Earth separation.
In this case, @%; = é?p for all the pulsars, and it can
bhe absorbed in a redefinition of ..
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Some reported mass constraints on FDM
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Fig. 18 Summary of most of the constraints on the mass of the FDM particle discussed in the section??, These bounds assume that
FDM makes most of the DM in the universe. In this figure, the shaded regions represent the excluded regions. The CMB and LSS
bounds come from (Hlozek et al. 2015, 2018) using Planek (2015) TT CMB auto-power and the WiggleZ galaxy-galaxy auto-power
spectrum. The Lyman-a constrains correspond different analysis made in the literature coming, from the darker to lighter, from (Nori
et al. 2019; Armengaud et al. 2017; Irsi¢ et al. 2017; Rogers and Peiris 2020), respectively. The Eridanus II constraint are both for its
existence and for the survival of its star cluster from (Marsh and Niemeyer 2019). The next line presents the constraints from black
hole superradiance (BHSR). The first constraint comes from bounds on the spin of the supermassive BH (SMBH) in M87, from the
measurments obtained by the Event Horizon Telescope (Davoudiasl and Denton 2019). The second set of bounds comes from (Stott
and Marsh 2018), which presents the stringiest bounds from BHSR of ultra-light particles from stellar BHs and from SMBHs. The
global 21-cm signal detected by the EDGES team can also be used to put bounds on the mass of FDM as shown in (Lidz and Hui
2018; Schneider 2018). The next row refers to bounds on the FDM imposed by testing the suppression of the sub-halo mass function
in comparison with the SHMF from WDM models constrained using strong gravitational lensing of quasars and from fluctuations in
stellar streams (Schutz 2020). In (Lancaster et al. 2020) they compute the different description that dynamical friction has for the FDM
and apply this to the Fornax globular cluster, The next bound comes from another dynamical effect, which is heating of the MW disk,
that can be constrained measuring the velocity dispersion of stars in the solar neighbourhood (Church et al. 2019). We also include two
constraints in the mass assuming that the measured central density of dSphs, Draco and Sextants should match maximum FDM core
size, which should be smaller then the virial radius of these galaxies (Chen et al. 2017). This row also contains the results from the
reanalysis of the bounds from dSphs from (Gonzdlez-Morales et al. 2017) starting at the lighter region, and (Safarzadeh and Spergel
2019) the darker shaded region.
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