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Non-relativistic particle? Plenty of candidates in BSM physics:

@ sterile neutrinos: neutrino masses
@ supersymmetric partners of SM particles: hierarchy problem

@ axions: CP-problem
A(W)CDM-strongly supported by
WMAP and Planck missions.

Flat Galaxy rotation curves.

Bullet cluster observations.
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Small scale crisis: Missing satellites

CDM overproduces dwarf galaxies  Klypin et al.’99 Moore et al."99

Sagittarius

S. Ramazanov (GSSI) Alternatives to particle Dark Matter 5 November 3/13



Small scale crisis: Missing satellites

CDM overproduces dwarf galaxies  Klypin et al.’99 Moore et al."99

Sagittarius

Star formation could be suppressed. Sawala et al.'14 Weinberg et al.'13
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Small scale crisis: Cusp Vs. core

V (km s7)

CDM = ppm x 1/rt=15  NFW'06.
Observations = pppy ~ const.

Supernovae feedback? Governato et al.'12.
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Governato et al.’12.

In the dark sector:

Warm DM m ~ 1 keV

Self-Interacting DM
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G—T = ppm Ppom =0 Dark matter?
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@ P=0= px —0v — oo at finite time.
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@ P=0= px —0v — oo at finite time.

@ P =0 = faces small scale problems.

@ How to set initial conditions? p = a—(‘;, — 0 during inflation.

Analogue of 'reheating+freeze-out mechanism'?
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Higher derivative extension

+7(2<p) (Op)?

HD terms: Chamseddine, Mukhanov, Vikman'14
F. Capela, S. R.'14 / L. Mirzagholi and A. Vikman'14
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Higher derivative extension

HD terms: Chamseddine, Mukhanov, Vikman'14

F. Capela, S. R.'14 / L. Mirzagholi and A. Vikman'14

Non-zero sound speed c2 ~ v = promising for caustic problem
and small scale crisis.

Possibility to set natural initial conditions.

S. Ramazanov (GSSI) Alternatives to particle Dark Matter 5 November 7/13



Background level
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Background level

3
Pom = E'thot : Pom = Pror = Ppm =0

ppm o 1/a°

cf. Haghani et al."14

Mimetic matter behaves as CDM independently of !
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DEGENERACY IS BROKEN AT THE LEVEL OF LINEAR
PERTURBATIONS

~-terms lead to non-zero sound speed Chamseddine et al.'14

Cs 5PDM = CSZCSpDM

~

2 7
2
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DEGENERACY IS BROKEN AT THE LEVEL OF LINEAR
PERTURBATIONS

~-terms lead to non-zero sound speed Chamseddine et al.'14
gl
;= 2 §Ppm = c20ppm

Beyond sound horizon, perturbations grow as in CDM: 5,0”;"” x a(t).

After crossing sound horizon, their growth stops: ‘if’;”” x e'csk,

Picture is promising in a sense of missing satellites problem.
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Figure: Linear power spectrum of DM perturbations, z = 3, v ~ 107°

Novelty compared to WDM: oscillations at large momenta w ~ csk.
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Relic concentration of Dark Matter
DM energy density redshifts away during inflation,

C
pDMOCE%O.
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Relic concentration of Dark Matter
DM energy density redshifts away during inflation,

C
pDM(X;%O.

Break shift-symmetry! v — y(¢) Mirzagholi and Vikman'14
Instantaneous transition y(¢) = vi + (7 — vi)o (¢ — ¢«)

d DM * 33 3
(pdt) x0(t—t)  pou= EA’YZ(f*)PQad

Ay <y <107° = z(t,) > 1012713

Initial conditions for perturbations are adiabatic!
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-
Ghost instability?

after discussions with
S. Matarrese, L. Pilo, F. Arroja, M. Celoria, N. Bartolo, P. Karmakar

@ |s there a way to handle a ghost?
@ How to construct a ghost free fluid with large sound speed?

@ Behaviour in the non-linear regime = stable DM haloes, flat Galaxy
rotation curves etc.
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GRAZZIE!
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