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e The missing satellites problem [267,268]: CDM predicts more small Milky Way satellites than are observed.
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pressure against gravity. Here we apply Jeans analysis assuming a soliton core pro-
file to the kinematic data of eight classical dSphs so as to constrain m,,, and obtain

= 1.18733; x 107*eV and my = 1.7973353 x 10%2eV (20) using the observa-
tmnal data sets of Walker et al. {2[][]{] and Walker et al. (2009b), respectively. We
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We present a new bound on the ultra-light axion (ULA) dark matter mass ma, using the Lyman-
alpha forest to look for suppressed cosmic structure growth: a 95% lower limit mas > 2 x 107%%eV.
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Ultralight scalars as cosmological dark matter

Lam Huf]
Department of Physics, Columbia University, New York, NY 10027

Jeremiah P. Ostrikerfl]
Department of Astronomy, Columbia University, New York, NY 10027 and
Department of Astrophysical Sciences, Princeton University, Princeton, NJ 08544

Scott Tremaindf] and Edward Wittenf]
Institute for Advanced Study, Princeton, NJ 08540

In summary, the hvpothesis that the principal component of the ubiguitous dark matter is an ultra-licht axion
1s an attractive and testable alternative to CDM, having no serious inconsistencies with current data if the particle
mass m = 10-2ZeV. There are significant and attractive observational consequences if the mass is in the range
1-10 x 10722 eV _There is tension with observations of the Lvman-a forest, which favor masses 10-20 x 10-2%2eV or_
higher. More sophisticated calculations of reionization and of structure formation in FDM are required to determine

whether this variety of constraints is consistent with observations.
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TABLE I: SMBHs with masses and spins measured with various method.

Object My, (10°M,) Spin Refs.
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