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THREE CHALLENGES TO BASIC ACDM PREDICTIONS

There are three classic problems associated with the small-scale predictions for DM in the ACDM framework.
Other anomalies exist, including some that we discuss in this review, but these three are important because (#) they

concern basic predictions about DM that are fundamental to the hierarchical nature of the theory and (#) they have

received significant attention in the literature.

%ﬁssing Satellites and Dwarfs
e observed stellar mass functions of field galaxies and satellite galaxies in the Local Group are much flatter at
low masses than predicted DM halo mass functions; dn/dM, o« M,* with @, >~ —1.5 (versus « ~ —1.9 for DM).
The issue is most acute for Galactic satellites, where completeness issues are less of a concern. There are only ~50
known galaxies with M, > 300 M within 300 kpc of the MW compared with as many as ~1,000 dark subhalos
(with M., > 107 M) that could conceivably host galaxies. One solution to this problem is to posit that galaxy
formation becomes increasingly inefficient as the halo mass drops. The smallest DM halos have simply failed to
form stars altogether. See Figures 3-8.

%w-l)ensit}r Cores Versus High-Density Cusps
e central regions of DM-dominated galaxies as inferred from rotation curves tend to be both less dense (in
normalization) and less cuspy (in inferred density profile slope) than predicted for standard ACDM halos (such as
those plotted in Figure 4). An important question is whether baryonic feedback alters the structure of DM halos.
See Figure 9.

Too-Big-to-Fail
The local Universe contains too few galaxies with central densities indicative of M ,;; ~ 10! M, halos. Halos of
this mass are generally believed to be too massive to have failed to form stars, so the fact that they are missing is
hard to understand. The stellar mass associated with this halo mass scale (M, ~ 10 M, Figure 6) may be too
small for baryonic processes to alter their halo structure (see Figure 13). See Figure 10.
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Other solution: Modifying nonlinear predictions
WDM/SIDM/FDM €.
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A solution of small-scale problem : FDM
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W Profile of FDM
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Lensing: a good probe of density profile >
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low-mass: Micro-lensing
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high-mass inner: Strong-lensing
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/ Main halo+ subhalo: HST data 5
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Keck Data
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Keck Data: 3-sigma clip of bad pixels
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Keck Data : 3-sigma clip of bad pixels /&
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B Keck data: Flux & SNR ‘
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; B1938 Arc fitting with LensCharm
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LensCharm SysError: mock subhalo
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SysError of Arc fitting with LensCharm
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B1938+666 result with sysErr A&
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