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Small-Scale CDM Problems?

* CDM works well on scales larger than 10 kpc,
but seems to fail on smaller scales (maybe):

 Missing Dark Matter Satellites?
e Cores vs cusps?
e Too-big to fail?

 Too much diversity?

 Data on the properties of structure on scales
below 10 kpc is not conclusive

Key Question: What do matter fluctuations look like on small-scales?

A technique that relies on lensing avoids complications of baryonic tracers.

Neelima Sehgal, Stony Brook
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e CMB Lensing is when
light from the primordial

CMB is bent by
intervening matter

e Traditionally measured to
probe large-scale
structure

e Recently, it has been
used to measure halo-
sized objects

First Measurement of CMB Lensing on Halo Scales
Madhavacheril, NS, for the ACT Collaboration
PRL, 114, 2015
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Advantage of CMB Lensing to
Probe Small-Scale Structure

1. Directly sensitive to dark matter via gravitational lensing
2. Source light is at well-defined redshift
3. Properties of primordial CMB are well understood

4. Sensitive to structure at higher redshifts than other
gravitational lensing probes; this makes it more sensitive
to FDM/WDM-type models
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Contrast between CDM and DM models that wash
out small-scale structure is larger at higher redshifts
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Small-scale matter power spectrum may also be
measured by galaxy shear from optical surveys

Some advantages of CMB:
* Well defined redshift of background light source

* Properties of background light source well understood
(Cyr-Racine, Keeton, Moustakas, 2018 -1806.07897)

e Easier to remove correlated modes on small scales?
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* Foregrounds need to be dealt with since most of signal is from CMB temperature
maps: extragalactic radio and infrared galaxies, thermal SZ from galaxy clusters,
kinetic SZ, Galactic dust and synchrotron

e Handles on foregrounds:
e Multi-frequency observations (lensing is not freq dependent but foregrounds are)

* Filter out all scales larger than 1 arcmin (L<5000) - removes 2pt clustering of
extragalactic halos and most emission from the Galaxy

e Remove resolved point sources above some flux by filtering with the beam
profile

* kSZ has no freq dependence and is on small scales - but lensing signal is
correlated with the background gradient and kSZ is not

e Use “source-hardened” lensing estimators (Osborne, Hanson, Dore - 1310.7547)

e Use shear-only estimator which is insensitive to foregrounds with isotropic 2D
power spectra (Schaan and Ferraro - 1804.06403)
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The Green Bank Telescope (GBT) - Atacama Large Aperture Submm/mm
60 meters (~10” res) Telescope (AtLAST) - 40 meters (~15” res)

Need CMB-S4-type camera or better on dish \}

Traditional CMB science also gains from better camera ,'
and higher resolution (e.g. r and Nes) -——T—

A A - New regime of CMB: tons of astrophysics, tSZ and kSZ
\ .ﬂ% . science, and excellent synergy with optical surveys
Location of Green Bank Telescope
Map of tre Alacama Desert:
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Summary

Key question: what do matter fluctuations look like on small
scales?

A complementary, potentially powerful technique is to use high-
resolution CMB lensing to measure the matter power spectrum

Requires CMB-S4-type camera or better on a 30 to 50-ish
meter dish

Traditional CMB science would also gain from this (r and Nef);
plus high-res/low noise kSZ and tSZ, synergy with optical
surveys, identification of lensed submm and radio galaxies

Organizing workshop this fall at CCA to explore science case
and instrumental feasibility for ultra high-res, low-noise CMB
lensing survey - email me if you are interested



