Probing the nature of Dark Matter with Stellar Streams
Some evidence implying DM models beyond CDM (arXiv 2005.12919)
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Probing the nature of Dark Matter with Stellar Streams
Some evidence implying DM models beyond CDM (arXiv 2005.12919)
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Cusp/core Problem
A challenge to the standard CDM model

CDM simulations Prediction:
Hypothesis: DM is non-relativistic (“cold”), * Dark halos are triaxial (all physical scales)
collisionless, massive. * Central density profiles are “universally” cuspy

P(r) « r=Y(withy = 1) JeNARNTHE

z =47.2 T= 0.05Gyr

observable

Steeply rising
rotation curve

Log radius/ry,

log r/r200




Cusp/core Problem

A challenge to the standard CDM model

NGC3I09
- Tenthermal:
—=-~ Hermnquisk:

ULl Observations:
DM densities in galaxies (M~10° — 10”MO) is:

0 (I’) - r0.0

ie., “core” not “cusp”.

DDO10S
-~ Isothermal:

Moore (1994), Flores & Primack (1994), de Blok & McGaugh (1997), Salucci & Burkert (2000)




Cusp/core Problem
A challenge to the standard CDM model

Alternate DM simulations
Hypothesis:
DM is self-interacting (not collisionless)

Prediction:
* Density profiles are centrally-cored (all physical scales)

Alternate DM models
* warm DM (

ultra-light DM ( m_, ~107 ev, ).
* super-fluid DM ( )
* self-interacting DM (

)




Galaxy=Baryons (~10%)+Dark Matter (~90%)

Baryonic feedback (fluctuating gravitational potential)
is very high in the central regions of galaxies.
Sufficient star formation processes can transform
central DM density profiles.
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Satellite galaxies of the Local group

But, baryonic feedback is not very effective in low-
mass galaxies (e.g., satellite galaxies, M~10%°MO).

Satellite galaxies must maintain their pristine DM
density profiles (whether cusp or core).
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Satellite galaxies hosting Globular cluster(s) in the LOCAL GROUP

Fornax
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* D~ 140 kpC Late type dwarves
S s Dl e Mh | ~10°M O UDG Galaxies
e 1 3 a0 LG galaxies wihtout GCs
e e * 5-6 GCs El Badry et al (2018)
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Accreted GC streams: Natural consequence of Hierarchical formation scenario

Galactic halo in
g0 . Sagittarius coordinates

z=1.2

.Wh{tlnm

NGCSE34 NGC4147

GCs associated with the stream of the
accreted Sagittarius galaxy
(Bellazzini et al. 2020)

GCs accreting onto a host galaxy
(simulation, Renaud et al. 2017)





Accreted GC streams: Natural consequence of Hierarchical formation scenario

Accreted Globular cluster streams (simulation)

Milky Way streams (observations)

Globular cluster streams Dark matter

-,
e,
Jhelum "'r“"-_eh y
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Can the present day structural and dynamical =~ i b
properties of such accreted GC streams be ol o
useful in probing the DM density profiles =,
(e.g., cusp or core) of their parent satellite -

galaxies? 9




Evolution of Globular cluster inside satellite galaxies (isolated)

Cuspy satellite Cored satellite
(large dynamical friction) (oscillator=>resonances=>No dyn. fric.)
(large tidal forces) (Compressive forces=>low tidal disruption)

nbody : 400000

small cusp (SCu)
=== small core (SCo)
= |arge cusp (LCu)

== = largecore (LCo)

Dynamical evolution of a Globular cluster, orbiting a satellite galaxy,
1s very sensitive to the underlying DM distribution (cusp/core).




N-body simulations of accreted Globular Cluster streams

dark halo

Examine if we get different

GC streams in different subhalo
(cusp/cored) scenario under the
accretion framework!!!

GC streamunderaccretion scenario




N-body simulations of accreted Globular Cluster streams

Four subhalo models:
e Cuspy (10°M© and 10°MO)
* Cored (10MO and 10°MO)

dark halo

GC streamunderaccretion scenario Host galaxy (static potential)
thin disk, a thick disk, interstellar medium,
bulge and DM halo (Dehnen & Binney 1998)




N-body simulations of accreted Globular Cluster streams

Four subhalo models:
e Cuspy (10°M© and 10°MO)
* Cored (10MO and 10°MO)

dark halo

Cluster
e M=5x10*MO

GC streamunderaccretion scenario Host galaxy (static potential)
thin disk, a thick disk, interstellar medium,
bulge and DM halo (Dehnen & Binney 1998)




N-body simulations of accreted Globular Cluster streams

Four subhalo models:
e Cuspy (10°M© and 10°MO)
* Cored (10°MO and 10°MO)

dark halo

Cluster
e M=5x10*MO

In total we run >100 N-body simulations

Host galaxy (static potential)
thin disk, a thick disk, interstellar medium,
bulge and DM halo (Dehnen & Binney 1998)

GC streamunderaccretion scenario
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GC 1inside parent satellite (subhalo)
Initialisation, COM frame



s B time : 0.0303 t_core_movie_MassiveCore.snap Nemo

Satelllte s orbit | ey ) 103898
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Zoom : -175.0725
Rot : 0.00 0.00 0.00
Center : 0.00 0.00 0.00 Perspective

GC 1inside parent satellite (subhalo)
Initialisation, COM frame Evolution of GC+Satellite inside the Milky Way like host




Morphologies of Stellar streams

time : 0.0303 t_core_movie_MassiveCore.snap Nemo
nbody : 143332

Accreted GC streams are complex structures
(cocoon, neighbouring structures)

GCstreams accreted withincuspy subhalos L, [kms~Lkpc]

diffuse cocoon component secandary

(lowsurface brightness)
microgalaxy\ 7N /stream *
" I3 3 v 7 - ‘q..- ; -
GC ’

M, = 108 Mg, rp, =0.5kpc, vy = — 19.6 kms ™! primary stream
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GCstreams accreted within cored subhalos

primarystream
cocoon

component l

T |
\secnndary . Zoom -175.0725

components Rot : 0.00 0.00 0.00 ,
Center : 0.00 0.00 0.00 Perspective

) Mo =10% Mg, r, =0.5kpc, v =11.7kms™?

Evolution of GC+ inside the Milky Way like host




Narrow stream

700
¢1 [deg]

Tidal disruption of simple
(in situ) GC forms simple, narrow,
dynamically cold streams

time : 0.0103 try.snap Nemo
nbody : 10000

Zoom : -136.7362
Rot : 0.00 0.00 0.00
Center : 0.00 0.00 0.00 Perspective

N-body simulation of a
simple (in situ) GC stream
(Dehnen et al. 2004, Sanders & Binney 2013)




Physical properties of Streams in different scenarios

Each point represents a GC stream

Dispersion in Dispersion in
z-component of L los velocities

Physical width

Simulation
Simulation
Simulation
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wpc] o, [kms™'kpc]

w <90 pc
o, <15 kms kpc'! Tidal disruption of

N 1 simple GCs forms
o, <~1 kms
PR narrow and

¢1 [deg] dynamically cold streams

Narrow stream




Physical properties of Streams in different scenarios

Each point represents a GC stream

L
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o incoredsubhalos
® incuspysubhalos

=y
o

w
o

Simulation
mJ
(=]
Simulation
Simulation

=
o

o

400 800 1200 1600 2000 200 300 400
wpc] o, [kms~tkpc]

| Gcf”eat'“sac,”emdw'tf“"°°r°'d subhalos i e w ~ 90-500 pc
- 1 B M o ~15-95kms kpc™! Tidal disruption of GCs
Pttt e J | o.<tkms' ] evolved in cored subhalos
. . | ponents ., " forms streams that are

L
140 160 180 200 220

1 [deg] broader and hotter




Physical properties of Streams in different scenarios

Simulation

Each point represents a GC stream

Simulation

GCstreamaccreted
+ asin situsystem
o incoredsubhalos
#® incuspysubhalos

Simulation
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Probing dark matter with accreted GC streams

Each point represents a GC stream

Simulation

Cuspy

800 1200 1600 200 200 300

w[pc] o, [kms™tkpc]

RESULT 1: The measurable physical properties of accreted GC streams (w, 6, , 6, )

are sensitive to the central DM density profiles of the parent satellite,
and can be used to directly probe the cusp/core scenarios.
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Probing dark matter with accreted GC streams (arXiv 2005.12919)

Each point represents a GC stream
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RESULT 2: A first comparison of Milky Way streams and Jhelum (likely of
accreted GC origin) with the simulations favours scenario where parent satellite
galaxies of these streams possessed cored DM density profiles (M, ~10°°MO).



1. Accreted GC streams are extremely sensitive to the inner DM density profiles (e.g., cusp or core)
of their parent satellite galaxies, and therefore provide a new way to probe the nature of DM.

2. A first comparison of Milky Way streams GID-1 and_ Jhelum with the simulations favours

scenario where parent satellite galaxies of these streams possessed cored DM density profiles.
This measurement at some level implies DM models beyond CDM (e.g. SIDM, etc).



Each point represents a GC stream

T
Observations
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If the analysis of stellar populations of these stellar
streams indicate that their parent galaxies were ultra
faint/classical dwarfs with DM masses ~ < 10" M©®
(and M /Mhalo ~ <107 ), then we are driven to

consider physics beyond CDM.
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