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New directions

in search of the dark

Searching in new domains
Primordial Dark Matter Halos

Searching with new probes
Testing gravity with the 21cm line

collaboration with C. Wetterich, J. Rubio, S. Savastano,
C. Heneka, X.-W. Liu

L. Amendola, 11/2020 3



Primordial BH
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Ordinary DM (sub)halos

ﬁgfli;;np ~ T 10722 gr/cm?

Anything in the middle ?



Fundamental physics motivation
4

One can continue this logic by deducing that the corresponding scalar field responsible

for quintessence . This 1s because an extension

of the would suggest that the scalar field has to couple stronger than
gravity to some matter fields and we already know, by lack of violation of the equivalence principle
in the visible matter sector, that this should be in the dark sector. It would be interesting to

find evidence for such a picture by finding apparent in the

dark sector due to the force generated by this scalar.

Daniel Brennan, Federico Carta, Cumrun Vafa, 1711.00864



The really-dark age _—

The after recombination is not totally dark
The evolution of the Universe 1S
however !

Only two almost direct probes so far: BBN and CMB
BB spectrum
What else: B-modes, non-gaussianity,




What 1s dark matter?

“Dark matter is a floating free particle”

... well, not really...it clumps by gravitational collapse!

Different cosmological histories » Different structures

Lovell et al (2014)

Slide courtesy of Javier Rubio



When does i1t cluster?

“The formation of bound objects is restricted to small redshifts”

( )
This result is based on:

* QGravity 1s the only unscreened long-range force
* Primordial density fluctuations are scale-invariant
* Matter fluctuations do not grow during radiation era

. W,
. Inflationary initial power spectrum
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Slide courtesy of Javier Rubio
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When does i1t cluster?

“The formation of bound objects is restricted to small redshifts”

é )
This result is based on:
* QGravity 1s the only unscreened long-range force
* Matter fluctuations do not grow during radiation era
. J




0 =matter density constrast

H' 3
Sub-hor matter growth equations O "+(1+—)om'-—(R 0 +Q2 0 )=0
m H 2 m m r - r
Q =0
Perturbation do not grow because S =

mmm) O ~ constant
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Interacting fields 1 (heavy) and ¢ (light)

M3
s= [ty [—R+£R+£< )+ L6, )

L(p,) =it (WWVyu —m(9)) ¢,

| dlnm(o)
. pe +3H (pg +pg) = (py — 3py) ¢
conservation M
. ) ‘,8 y
equations py + 3H (/)1/, +p¢) = — (Pq,/z - 3])1/)) @,

Mp
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po +3H(pgs +ps) = < (py — 3py) 6.
Mp
. 5 ;
py +3H (py +py) = — 77~ (P = 3py) &,
P

after the 1 particle become non-relativistic. ..
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see also Bonometto & Mainini 2016 (?j’



H' 3
O "+(1+—)on'-=(Q 5 +25)=0
m ( H) 2( m-m rr)

N

_ " B\, 3 : _
o;,§+(1+% —ﬂfp)o;p—§(yszwaw+QRoR):0.

1

Q =—2
14 Bﬁ

Y = 14232

If 1) strongly interacts with coupling p>>1 with the field ¢, then there are two
consequences:

1) The effective gravitational force is large (Y = 14232 >> 1)

2) The amount of 1 during radiation is large (€2, >>Qw >> 0 )

/! / _ — . i i
0y — 6y — 6y =0 == Oy =dy,in (ain)

14



dlogo _ 145 ~1.618..

dloga

L. Amendola, 11/2020
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The golden number !

erpadiyim oM umQ - ofsiouuoy XejN Ag

dlog6_1+\/§
dloga

=1.618...

By Nina - Own work, wikipedia

L. Amendola, 11/2020 16



non-linear growth
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Growth as 8, ~ a'® after horizon reenter 1
during radiation:
formation of virialized primordial DM halos

density

Simple relation between PDMH mass, radius
and coupling parameter [3

—1/2p —~1/6 V TN .
|8‘ ~ 585 56 A[Pﬂ . “mp=dm
" 51/),in ]\[@

NR BHF1 BHF2 EQ time
,, 2/3

Rppmu = 100 Mepam AU,
Mg

(1 solar mass = 3 x size of Neptune’s orbit!)

L.A., C. Wetterich and J. Rubio 1711.09915 19
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* CMB constraints derive from the energy injection due to accretion
* The radiated energy changes the ionization history and distorts
the temperature and polarization spectra
* This energy injection is very large for PBHs because
it happens near the Schwarzschild radius, and scales as (R/R,)"1?
» For our PDMHs, the radius is 10° larger, so the effect is negligible

See e.g. Y. Ali-Haimoud and M. Kamionkowski, Phys. Rev.
D95, 043534 (2017), 1612.05644.

ESA



Microlensing is the closest thing we have to a direct measurement
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Savastano, S. J. Rubio, L.A., C. Wetterich, 1906.05300
Slide courtesy of Javier Rubio
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Primordial BH
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e \ ‘/ ﬁPDMH ~ 2.2 X 10_13 , © et ,
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Ordinary DM (sub)halos

Py = 7x1072% gr/cm?

PDMH are intermediate between PBH and DMH !



Primordial DM halos
2/3
Rppmu = 100 <AIPDMH) AU,

M,
Mg, gr
Mppyy /) cm3 '’

PPDMH = 2.2 X 10_13 (

Ordinary DM (sub)halos

413
RDMH =10 RPDMH
pn o~ Tx107% gr/cm?

PDMH are smaller and more compact than ordinary DM subhalos
Mass distribution is also expected to be quite different
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Bonaca et al. 1811.03631 and 1804.06854

Tidally disrupted globular clusters create very long and thin stellar streams
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GD-1 perturber
(Bonaca et al. 2019)

Outer disk molecular clouds
(Miville-Deschénes et al. 2017)

A Globular clusters
(Baumgardt & Hilker 2018)

| T IIVII\IHIII

Dwarf galaxies
~ (McConnachie 2012)

ACDM subhalos (3 o scatter)
(Moliné et al. 2017)

PDM

10t
10°

Ordinary DM (sub)halos
Bonaca et al. 1811.03631

Stellar streams seem to require more compact halos
than ordinary DM ones...



density

* Dark matter remains mostly confined into
PDMHEs: is this the reason why
no free DM particles have been detected?

* No need of special features on the
inflationary spectrum

* Is the coupling fully screened?

e Can PDMHs be distinguished from “ordinary” se| femtofiensine
DM mini-halos? |
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