Dark Matt*’interactions
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DM IS everywhere!



Dark Matter is (more or less) everywhere/at all scales

but is it related to Particle Physics?



The Cosmic Microwaue Background as seen by Planck and WMAP

10%

" : Prlanc:k
Pl P WMAPS
'.0 " .*':‘M ’:' '{ fCT
" —?{6+2k26—R1<(6—6) ? YR . SPT
b — “|I b C b 'Y c'\l_‘103 j L\f‘l".w
< g
eDMZkz\If—?{GDM .................................... \n’“f,,
102} e
The CMB cannot be explained
with baryonic DM only 1 x 1 N
2 100 500 1000 1500 2000 2500 3000
!/

A consequence of Silk damping (Nature, 1966)



Bekenstein astro-ph/0403694
C. Skordis, D. Mota, P. Ferreira, C.Boehm : astro-ph/0505519
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Not compatible with Planck 2015!


http://arxiv.org/abs/astro-ph/0403694
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But we still need some sort of dark matter

(atleast ~ a collisionless fluid)


http://arxiv.org/abs/arXiv:1612.05644
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“Intensity” & energy frontiers in the DM world
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Going lower/higher DM masses






weakly interacting massive particle

how do we know?
from structures!
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WIMPs Particle of a 3 keV

CDM . WDM

100 kpe

C.B, J. Schewtschenko et al, MNRAS

DM particles need to be massive (there are exceptions)

but we can’t distinguish WDM from CGDM vyet.

"This assumes no DM interaction!




weakly interacting massive particle

how do we know?
from structures!
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astro-ph/0012504; astro-ph/0410591

DM Collisionsg DM free-streaming

Fluctuations first erased by collisional damping : then free-streaming

primordial _
fluctuations decoiupling
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http://arxiv.org/abs/astro-ph/0410591
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(astro-ph/0012504, astro-ph/0410591)
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(astro-ph/0012504, astro-ph/0410591)
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(astro-ph/0012504, astro-ph/0410591)
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Many more DM scenarios than has been explored already
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(astro-ph/0012504, astro-ph/0410591)
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DM can be light, interacting and behave almost like WDM






Hut, Leed&rWeinberg 77 can DM he lighter than GeV?
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Damping

Collisional Damping I

tdec(DM)
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Collisional (Silk) damping in modern Gosmology
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Translation in terms of Cosmological perturbations

without DM interactions with DM interactions
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http://arxiv.org/abs/astro-ph/0012504
http://arxiv.org/abs/astro-ph/0410591
http://arxiv.org/abs/astro-ph/0112522
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e.g. DM-photon interactions
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Dark Oscillations astro-ph/0406355

Structure formation 1s sensitive to DM interactions!
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same evolution as for WDM



R. Wilkinson, CB, J. Lesgourgues arXiv:1401.7597

astro-ph/0606190, arXiv:0911.4411,ar Xiv:astro-ph/0406353, arXiv:1310.2376, arXiv:astro-ph/0202496 {astro-phl, arXiv:1311.2937
[astro-ph.COl, arXiv:1207.3124 {astro-ph.CO}, arXiv:1209.5752 {astro-ph.CO}, arXiv:1212.6007
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DM-nu interactions arXiv:1401.7597

CMB alone
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Higher HO (shorter lifetime of the Universe)
because of the additional source of damping!



The Milky Way for interacting DM

C.B.,]J. Schewtschenko et al

http://www.,youtLi be.com/watch?v=Yh|HN6z 0Oek



http://www.youtube.com/watch?v=YhJHN6z_0ek

 CDM . ’ . WDM

.
. -
- > ’
100 kpc .
+ C.B., J. Schewtschenko et al
arXiv}1404.7012
vyCDM . yCDM'




arXiv:1412.4905
arXiv:1512.06774

MmpM . .
opMm ~ S 10 33 ( ) ecm?  (same with neutrinos)

GeV
(factor 100 better than CMB)

The local Universe constrains Particle Physics interactions!!!
100 QA2 Qpmh® 100 1 109 A, ng Zreio N
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http://arxiv.org/abs/arXiv:1412.4905
http://arxiv.org/abs/arXiv:1512.06774

C.B, J. Schewtschenko, R. Wilkinson, C. Baugh, S. Pascoli,
arXiv:1404.7012

CDM prediction is Interacting DM agrees
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Solve the MW satellite problem! Sterilise the MW!

small satellites
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http://arxiv.org/pdf/1412.4905.pdf

1512.06774

Figure 1. The centre pancl shows a projection of the DM distribution in the full (100 Mpc)® DOVE simulation box, where the circles
denote the four regions (with radii 1 i " Mpe) thal are used for the “200m™ resimulalions. To the lefl and right, each of the four Loeal
Group candidates is rendered with the projected density encoded as brightness, where the colour scheme represents the local velocity
dispersion from low (violet) o high (yellow /white). lLach of these four panels is split in half with the upper and lower halves corresponding

to CDM and vCDM with opy - — 2 X 10 ¥ oy (mpan/GeV) respectively. T'he MW-like host halees are labelled with the identifiers
listed in Tab. 1.



1512.06774

ABSTRACT

In the thermal dark matter (DM) paradigm, primordial interactions between DM and
Standard Model particles are responsible for the observed DM relic density. In Bochm
et al. (2014), we showed that weak-strength interactions between DM and radiation
(photons or neutrinos) can erase small-scale density fluctuations, leading Lo a sup-
pression of the matter power spectrum compared to the collisionless cold DM (CDM)
model. This results in fewer DM subhaloes within Milky Way-like DM haloes, imply-
ing a reduction in the abundance of satellite galaxies. Here we use very high resolu-
tion N-body simulations to measure the dynamics of these subhaloes. We find that
when interactions are included, the largest subhaloes are less concentrated than their
counterparts in the collisionless CDM model and have rotation curves that match
observational data, providing a new solution to the “too big to fail” problem.

Key words: astroparticle physics — dark matter — galaxies: haloes — large-scale
structure of Universe.
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Table 1. Key properties of the MW-like halces in the zoom res-
imulations (Section 2). The [irst column specilies Lhe APOSTLE
identifier (ID) for cach MW-like halo, whilc the sccond and third
columns list The virial mass, M,;,, and maximum circular veloc-
ity, Vmex. respectively (for CDM). T'he fourth column lists the
dillerent. DM photon inleraction eross sections, opni—+, used in
the zoom resimulations for each LG candidate, where a1}, is the
Thomson cross section and o311 = 0 corresponds to CDM.

Figure 2. Top: the circular velocity, V..., versus radius, r, for
the eleven most massive subhaloes in AP-7-IIR for CDM (grey
lines) and for yCDM with opai_ = 2 X 1077 o1 (mpa/GeV)
(red lines). The dashed lines indicate where Viirc can still be mea-
sured from the simulation but convergence cannot be guarantesd,
according to the criteria set out by Power et al. (2003). The data
points correspond to the observed MW satellizes with le¢ error
bars (Wclf et al. 2010). Bottom: the Vinax versus Rmax results for
all eight MW-l1ke haloes, with the same scattering cross seciions
as in the top panel. The hatched region marks the 2¢ confidencs
interval for the observed MW satellizes. Vin:x 18 cerived from the
observed stellar line-of-sight velocizy dispersicn, ¢, using the as-
sumption that Vimax = V30« (Klypin et al. 1999).



arXiv:1404.7012
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It will be amazing to see what

LSST brings ...


http://arxiv.org/abs/arXiv:1505.06735
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1406.0527

[ '= 40 Gyr, Vi= 100 km/s F'E 10 Gyr, V=20 km/s

Figure 2. Small-scale structure in a Milky Way mass halo (Z12) in CDM (left) and DDM models with ' =1 = 40 Gyr and V3, = 100 km/s (middle) and '~ !
= 10 Gyr and Vi = 20 km/s (right) within 260 kpc of the halo centers at z = 0. The color scheme indicates the line-of-sight projected square of the density in
order to emphasize the dense structures such as the host halo interiors and the associated subhalos. The DDM halos have slightly more diffuse central regions.
The abundance and structure of subhalos are altered significantly compared to CDM in both of the DDM simulations presented.



“Astrometric” Science with Theia



THEIA

Microarcsecond Astrometric Observatory

=%
®

Relative Astrometry ; point and stare
sub-Micro arcsecond precision + photometry (optical, 350-1000nm)

More than 200 participants

22 countries: UK, France, Germany, Italy, Spain, Switzerland, Poland,

Portugal,Sweden, The Netherlands, Hungary, Greece, Denmark, Austria,
Finland, USA, Brazil, China, Canada, India, Israel, Japan.

Open observatory (15 %0) complementary science

fields of observations fixed by a call prior to the mission



=
(©)

) THEIA

Microarcsecond Astrometric Observatory

Medium-size successor of Gaia
Historically motivated by exoplanets

Dark Matter (70% of observational time)
Exoplanets

Neutron stars



THEIA Principle

Microarcsecond Astrometric Observatory
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THEIA

Microarcsecond Astrometric Observatory
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THEIA

Microarcsecond Astrometric Observatory

Pessimistic case (CCDs)
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Fig. 2.1: Number of dwarf spheroidal galaxy stars within
the Theia field with expected plane-of-sky errors lower than
half the galaxy’s velocity dispersion as a function of the
galaxy’s estimaled mass-to-light ratio within the effective
(half-projected-light) radius of the galaxy. Luminosities
and total masses within the halt-light radii are mainly from
Walker et al. (2009).

Degeneracy between the radial
DM profile and orbital anisotropy
quantifies whether stellar orbits
are more radial or more tangen-
tial in the Jeans equation (Binney
& Mamon 1982).

Adding proper motions
can help removing these
degeneracies!
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Dark Matter

Microarcsecond Astrometric Observatory in dSphS

CDM halos can be heated by bursty star
formation inside the stellar halflight radius
Ry/2, if star formation proceeds for long enough.

Some dSphs like Fornax have formed stars for
almost a Hubble time and so should have large
central dark matter cores, while others, like
Draco and Ursa Major2 should retain their
steep central dark matter cusp.

We can tell how DM is distributed

and discriminate between cusp/core
distributions

Theia can probe self-interactions
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Fig. 2.2: Reconstruction of the DM halo profile of the Draco dSph without (blue) and with (red) proper motions using
the mass-orbit modeling algorithm of Watkins et al. (2013). Four mocks of Draco were used, with cored (left) and cuspy
(right) DM halos, and with isotropic velocities everywhere (fop) or only in the inner regions with increasingly radial
motions in the outer regions (bottom). The effective (half-projected light) radii of each mock is shown with the arrows.
The stellar proper motions in the mocks were given errors, function of apparent magnitude, as expected with 1000 hours
of observations spread over 4 years. Only with proper motions can the DM density profile be accurately reconstructed,

properly recovering its cuspy or cored nature.
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THEIA Dark Matter
Microarcsecond Astrometric Observatory Tr iaXiality Of hal()s

Hypervelocity stars

® V> Vesc ™ 500 km/S
« > 20 known today
Too far/too faint to be seen by Gaia

* Likely originate from Galactic Center
= trajectories (transverse motions) measure shape of MW potential

oblate prolate
(ACDM)

10 pas/yr accuracy required Gnedin+05
Theia — axis ratios to A(c/a) = 0.05




THEIA Dark Matter
Microarcsecond Astrometric Observatory MaSSCS Of sub halos
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Largest effect when subhalo passes through disk“ still visible after 1st passage
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Colorbar: mean displacement

contours amplitude of bending modes in velocity space
plain line = +; dashed lines = -

triangle = actual location of sub halos



docm primary mirror

Mission duration : 4yr (built for 8 yrs)
Optics: Zerodur, ULE or Sitall
Structures: SiC or Si3N4 4 rnirrors



weakly interacting massive particle

how do we know?
from structures!
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Not necessarily.

Data should tell!




DM can have interactions

DM interactions do change the local properties
(even when primordial)

DM interactions can change Ho
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