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FIG. 1.  Constraints on f(M) for a monochromatic mass function, from evaporations (red), lensing (blue),
gravitational waves (GW) (gray), dynamical effects (green), accretion (light blue), CMB distortions (orange)
and large-scale structure (purple). Evaporation limits come from the extragalactic y-ray background (EGB), the
Voyager positron flux (V) and annihilation-line radiation from the Galactic centre (GC). Lensing limits come from
microlensing of supernovae (SN) and of stars in M31 by Subaru (HSC), the Magellanic Clouds by EROS and MA-
CHO (EM) and the Galactic bulge by OGLE (O). Dynamical limits come from wide binaries (WB), star clusters
in Eridanus II (E), halo dynamical friction (DF), galaxy tidal distortions (G), heating of stars in the Galactic disk
(DH) and the CMB dipole (CMB). Large-scale structure constraints derive from the requirement that various cos-
mological structures do not form earlier than observed (LSS). Accretion limits come from X-ray binaries (XB) and
Planck measurements of CMB distortions (PA). The incredulity limits (IL) correspond to one PBH per relevant
environment (galaxy, cluster, Universe). There are four mass windows (A, B, C, D) in which PBHs could have
an appreciable density. Possible constraints in window D are discussed in Section VI but not in the past literature.
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Figure 2. Microlensing event lightcurves (magnification versus
time) for six values of the impact parameter

Umin = 0.0,0.2, ..., 1.0 as labelled. Time is in units of the
Einstein radius crossing time rg /v . The inset illustrates the
Einstein ring (dotted circle) and the source paths relative to the
lens (dot) for the six curves.
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Figure 3. The first LMC microlensing candidate from the
MACHO project. (Expanded view: 6 yr of constant data are
outside the plot). Upper and middle panels show brightness
versus time in blue and red passbands respectively, in units of
the baseline value. Points with error bars are observations, the
curve is the best microlensing fit. The lower panel shows the
ratio of red /blue flux, illustrating the lack of color change.



