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Small-scale problems in ACDM

. a lot ACDM Tensions with Dwarf Galaxies|. . .
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need for worrying about baryon physics

Ildentifying predictions that are robust to baryon physics crucial to discovery

d ”O”f tory] (star formation, stellar/AGN feedback, reionization, etc.)
iscovery territory




The experiment
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A golden era for cosmology with galaxies

Next-generation observatories data deluge:

* Euclid: deep + wide field high-res imaging ( ~ 10° galaxies) Wide-field high-res HI surveys + NIR maps:

 Roman: very deep + wide NIR imaging ( ~ 10” galaxies) mass models of thousands of isolated galaxies
(volume-limited)

. SKA: deep + wide high-res HI surveys ( > 5 X 10° rotation curves)

Solve for the density directly from the cold gas kinematics
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A golden era for cosmology with galaxies

WALLABY Survey (Australian SKA Pathfinder)

(a) WALLBY J123244+000656 (b) WALLBY J165901+601241 (c) WALLBY J123317-003149 350

— R

ell_maj = 9.8 beams, log(S/N) = 2.4 ell _maj = 11.7 beams, log(S/N) = 2.2 ell_maj = 16.0 beams , log(S/N) = 2.4

(d) WALLBY j104142-284653 (e) WALLBY j100903-290239 (f) WALLBY j123424+062511
‘ J »
£ - ik
rFs l .
2 €t
ell maj = 10.0 beams , log(S/N) = 1.6 ell maj = 17.3 beams , log(S/N) = 2.3 ell maj = 17.5 beams, log(S/N) = 1.8
Low resolution, low S/N -- Success

(9) WALLBY j103655-265412 (h) WALLBY j164508-611614 (i) WALLBY j123955-000822

O
ell maj = 1.8 beams, log(S/N) = 1.3 ell maj = 1.8 beams, log(S/N) = 1.3 ell maj = 2.0 beams, log(S/N) = 1.4

() WALLBY j122946-011745 (k) WALLBY j124002-033623 () WALLBY j102019-285220

- B

ell maj = 1.4 beams, log(S/N) = 1.3 ell maj = 2.2 beams, log(S/N) = 1.1 ell maj = 2.3 beams, log(S/N) = 1.0

Publications of the Astronomical Society of Australia (2022), 39, €059, 17 pages
doi:10.1017/pasa.2022.43
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Can we do this experiment with current data?

1.

Pick your favorite cosmological simulation and make testable predictions

~0.5 million halos in observed mass range

Bolshoi

(Klypin, STG, Primack 2010)

10° synthetic experiments:

1. randomly select N halos

3. Inject noise according to
uncertainties in (M, C)

5.fit C — M, slope

observed
slope

precision [%]

detection
probability [%]

detectable at ~40% precision
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Can we do this experiment with current data?

2. Compile all available galaxy mass models from the past ~50 years

212 AU

Spitzer Photometry & Accurate Rotation Curves @

=

data accessibility is far from ideal

THINGS
The HI Nearby Galaxy Survey .
WebPlotDigitizer - Copyright 2010-2024 Ankit Rohatgi
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Can we do this experiment with current data?

3. Model effects of baryons on DM: need to solve galaxy formation first @

Most simulations with dense ISM produce cores, but no agreement on extent
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baryons DM total
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D631-7 - M,=9.8¢+07 M,
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assume DM core
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Can we do this experiment with current data?

Robust statistical comparison of inferred C — M, to model predictions: reject CDM hypothesis?

halo concentration log C
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Can we do this experiment with current data?

Robust statistical comparison of inferred C — M), to model predictions: test SIDM hypothesis

our experiment SIDM (Yang+ 2024 parametric model)
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Can we do this experiment with current data?

Galaxy formation physics: infer the galaxy - halo structure connection

robust prediction of all models our experiment
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Using single objects to test CDM
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Do dense dark strong lensing perturbers break CDM?

tNFW, elliptical main lens

tNFW, w/ multipoles
CDM halo ¢c(M), +/- 20

(Dutton 2014)
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Using single objects to test CDM

Do DM-deficient galaxies break CDM? @j
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Conclusions

 Need more clean tests of CDM that avoid baryon physics

* Next-gen kinematics surveys of > 10° galaxies ideal for testing DM models

 Feedback-independent constraints from current data:

1. halo concentration correlates with mass, but slope > 30 steeper than CDM

2. SIDM fits high concentration dwarfs but not low concentration massive spirals

3. signs of strong connection between galaxies and halo structure



