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1 parsec (pc) = 3.26 light-years

~250 kpc

~30 kpc



NASA





• Dark matter around galaxies 
induces tangential distortion 
of background galaxies: 
extremely small, 0.1%

• Signal as a function of 
galaxy luminosity, type…

DES Y1 (Dark Energy Survey)



k convergence

Okamoto and Hu 2002
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Lensing effect on CMB power spectra

Smoothing and 
power transfer
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40 sigma in Planck 2015

Future CMB experiments (stage 3 and 4): 400+ sigma



WISE galaxies x Planck CMB lensing 
(Krolewski, SF, Schlafly, White, in prep)
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Planck satellite



Planck 2018

See https://map.gsfc.nasa.gov/resources/camb_tool/index.html
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Planck 2018Ωm = 0.3147 +/- 0.0074





Ma C H O



“Micro”lensing





Current bounds on MACHOs

Zumalacarregui, Seljak (2018)





Baur et al arXiv:1512.01981



Ly-alpha forest: basics



Best bound to date: mDM > 3 keV



RED: hot gas (X-ray),
BLUE: total mass (lensing)

Bullet cluster argues against it:

also, bound on DM self-interaction



See also: S. Dodelson “The Real Problem with MOND” (2011)




