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Small-scale Problems

LCDM astonishing success on cosmic scales — not so impressive on galactic scales:

1. Missing satellites? 2. Cusps or cores? 3. Too big to fail?

l i o
log(r, /kpc)

Moore et al.,Ap) '99 Blok et al., ApJ 01 Boylan-Kolchin, Bullock & Kaplinghat, '11

25™ of September 2014 Jasper Hasenkamp (NYU): Tight Bonds between Sterile Neutrinos and Dark Matter 2/8



New Life for Sterile Neutrinos ?

between cosmic and galactic scales — galaxy clusters... and more! e.g. Sunyaev's talk

. =(0.41+£0.13) e
Signal data-dependent:

e galaxy cluster — mass
|- HO — dark radiation
« WL — both

« CMB sensitivity (very) limited:
physically(!) not statistically —
new era of precision on HDM

1D posteriors: A

JH & Hamann, JCAP ’13
see also Wayne Hu et al. and Battaye & Moss, both PRL'14

lIPrecision era:
m T [eV] = (ANefflcmb)%le new HDM

What could/should it be? Can we ever tell? — JH, JCAP'14
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Self-Interacting Dark Matters

. Klnetlc_decoupllng

Bringmann, PRL ’12

* temperatures

e charges

° Self—scatte '

caxc il ALL small-scale problems
55 § - Yukawa-interacting CDM SIMULTANEOUSLY

Loeb & Weiner, PRL 11
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Hot Dark Matter Admixture

Sterile neutrinos
form deserved
HDM naturally

AND

may explain the
rorposme | observed neutrino
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Cosmology overview

- my = TeV: thermalization of L' 1)y sector
T ey 205 CDN frover-put v i prts more features
' ' wnfe SiMplest case — No necessity

el = 10 Qe 1)y sector decoupling

S particles heat S bath

- neutrino mixing angles FREE to fit

makter elfects prevent Ny overproslact o

Dasgupta & Kopp PRL '14
'|'".IIII - MeV: active pertring dis :.-'.I||||I||.' anomaly data Hannestad, Hansen & Tram PRL "14
' see also Ninetta Saviano's talk!
U7(1)y partiches heat N wuj- iNCrease in radiation denSIty

':":' s 100 eV O Kinetic deconpling AFTER BBN — promISIng
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COM-CDM seattering vin Yukawa poteniial

o~ (L2 eV tosday «pp- unstable sterile neutrino
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Conclusion & Outlook

All small-scale and an intermediate-scale
structure formation problem solved by solution to
neutrino anomalies!

Bottom up approach — cover minimal(!?)
phenomenology

| — CMB,
supernovae,...

e better dark sector? — dark sector-SM connections!?
— different phenomenology

e ... — better ideas wanted ;-)
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Conclusion & Outlook

All small-scale and an intermediate-scale
structure formation problem solved by solution to
neutrino anomalies!

Thank you for your attention!

Questions/Comments
are welcome
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