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Galaxy Simulations and what they can 

tell us about Dark Matter (or not)



LAMBDA COLD DARK MATTER

SCIENCE CASE 

11 Gyr



BUT UNCERTAINTIES AT SMALLER SCALES

ɽCDM ACCURATELY PREDICTS AT LARGE SCALES



PHASE 1: SATELLITE GALAXIES

HIERACHICAL STRUCTURE FORMATION

Credit: ARRAKIHS Consortium

Simulated MW-type Galaxy and its halo

Dwarf satellite galaxies offer a probe to constrain baryonic 

physics and the nature of dark matter on small, high-density 

scales.

Compact Satellite Galaxies



PHASE 2: DISRUPTION + PHASE 3: PHASE MIXING

Credit: ARRAKIHS Consortium

Simulated MW-type Galaxy and its halo

Low Surface Brightness Featuresand the Diffuse Stellar Halo 

provide an independent avenue to refine our understanding of 

baryonic physics, and the nature of dark matter.

HIERACHICAL STRUCTURE FORMATION

Low Surface Brightness Features

Diffuse Stellar Halo



THE LOW SURFACE BRIGTHNESS UNIVERSE

Martinez-Delgado, NASA APOD

Low Surface Brightness Featuresinclude stellar streams, 

tidal shells, and faint overdensitiesthat arise from the tidal 

disruption of satellites.  

HIERACHICAL STRUCTURE FORMATION



STELLAR STREAMS: STATISTICS AND SHAPES

Credit: ARRAKIHS Consortium
Simulated MW-type Galaxy and its halo

Stellar Streams maintain coherent spatial and kinematic signatures, making 

them a powerful tracer of a galaxyƝs gravitational potential. Their morphology 

and distribution give information about past accretion events, the shape of 

the DM halo, and the dynamical history of the host galaxy.  

HIERACHICAL STRUCTURE FORMATION



DO WE REALLY SEE WHAT CDM PREDICTS?

Credit: Nibauer+ 2023

Long stellar streams provide a powerful probe of the 
radial profile and shape of a galaxyƝs gravitational potential

Credit: Denis Erkal

HIERACHICAL STRUCTURE FORMATION



MISSION



BOUNDARY AND SELECTION

ESA F2 MISSION

F2 MISSION

Å Call of opportunity Dec 2021 - Selected in Nov 2022

Å Small, focused, fast-track missions with compelling science

Å Design-to-cost technology with TRL 6 at adoption

Å Scientific leadership from ESA Member States

Å Development less than 8 years from selection to launch



SURVEY

MISSION

11

Survey: 80 MW-like galaxies

Total Observing time: 150 hrs/gal

Single exposure time: 10 minutes

SBlimÒ 31 mag arcsec-2

Credit: Martinez-Delgado



TARGET SAMPLE

MISSION

12

Credit: ARRAKIHS Consortium



CONCEPT OF OPERATIONS

MISSION

SUN

EARTH

Sun Aspect 
Angle

Height: 650 - 800 Km

Orbit: Sun-Synchronous, 6am-6pm  

Visibillity:

Å90O< Solar Angle < 130O

Å100km above Earthõs surface ðZA < 60O

ÅZodiacal Light > 22.4 mag arcsec-2

ÅAvoid E(B-V) > 0.1 (galactic cirrus)
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OVERVIEW

INSTRUMENT

Optics: UV/VIS-NIR 4-channel simultaneous imager

Thermal Control: Passive radiators with heaters & thermistors

Straylight: 2-stage baffling system

Structure: CFRP + Aluminium Honeycomb panels



FILTER SYSTEM

INSTRUMENT

VIS2 PSF

NIR2 PSF



DATA PROGESSING

ONGOING WORK FOR RED BOOK

Å VIS1 = 31.36 mag/arcsec2

Å VIS2 = 31.64 mag/arcsec2

Å NIR1 = 31.02 mag/arcsec2

Å NIR2 = 30.70  mag/arcsec2     

ARRAKIHS SBlim

Domínguez + Marleau + Akhlaghi + Camazón+ AMC
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SCHEDULE

MISSION

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
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CDM WDM
Jahn et al. (2019)

SATELLITE GALAXIES

THE LOW SURFACE BRIGHTNESS UNIVERSE



SATELLITE GALAXIES

THE LOW SURFACE BRIGHTNESS UNIVERSE

Å The galaxy luminosity function in different DM models offers a 

sensitive test of small-scale structure formation

ÅDifferences between models begin to emerge for satellite galaxies 

with LV<105 Lṩ

ÅHigh degeneracy between DM and baryonic physics 

(missing a systematic comparison)

Credit: ARRAKIHS Consortium, Yves Revaz



STELLAR STREAMS

THE LOW SURFACE BRIGHTNESS UNIVERSE

Credit: ARRAKIHS Consortium, Yves RevazCredit: ARRAKIHS Consortium



STELLAR STREAMS

THE LOW SURFACE BRIGHTNESS UNIVERSE

Å Visible streams at a surface brightness of 31mag/arcsec² typically 

originate from progenitors with stellar masses around 108 Mṩ

ÅHigh degeneracy between DM and baryonic physics 

(missing a systematic comparison)

ÅMissing simulations with high enough resolution to properly 

reproduce the disruption of satellite galaxies 

Credit: ARRAKIHS Consortium



LSBS IN SIMULATIONS

FireBOX

Auriga

Å In average, galaxies have ~2 LSB features at ARRAKIHS depth.

Å Scatter increases with depth.

Å Similar number of features for different galaxy formation models

Jablonka, Riley, Revaz+ AMC

WHAT IS THE GAIN DUE TO DEPTH?



WHAT IS THE GAIN DUE TO DEPTH?

LSBS IN SIMULATIONS

Deeper images reveal more faint features, with main astrophysical 

gain occurring in the detection range of 30 to 31.5 mag/arcsec2
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Increasing SB detection limit Jablonka, Riley, Revaz+ AMC



WHAT IS THE GAIN DUE TO DEPTH?

LSBS IN SIMULATIONS

Deeper images reveal more faint features, with main astrophysical 

gain occurring in the detection range of 30 to 31.5 mag/arcsec2
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Jablonka, Riley, Revaz+ AMC



STREAM PROPERTIES

STELLAR STREAM

Credit: Alex Riley

Different stream lengths arise from variations in the galaxy 

formation model, as feedback strength, star formation efficiency, 

and the internal structure of progenitor galaxies all influence how 

tightly stars remain bound and how far they spread after disruption.

Roca-Fabrega + AMC



DIFFUSE STELLAR HALO

THE LOW SURFACE BRIGHTNESS UNIVERSE

Credit: Forouhar-Moreno+ 2024

Å The stellar halo profile depends on both the number of disrupted 

dwarf galaxies and their susceptibility to disruption

Å Again,high degeneracy between DM and baryonic physics 

(missing a systematic comparison)

ÅMissing simulations with high enough resolution to properly 

reproduce the disruption of satellite galaxies 



DIFFUSE STELLAR HALO

THE LOW SURFACE BRIGHTNESS UNIVERSE

Å The stellar halo profile depends on both the number of disrupted 

dwarf galaxies and their susceptibility to disruption

Å Again,high degeneracy between DM and baryonic physics 

(missing a systematic comparison)

ÅMissing simulations with high enough resolution to properly 

reproduce the disruption of satellite galaxies 

Credit: AMC



DIFFUSE STELLAR HALO

THE LOW SURFACE BRIGHTNESS UNIVERSE

Credit: DREAMS+ARTEMIS+ARRAKIHS Collaboration2024



RECOVERING OF HALO LIGHT

DIFFUSE STELLAR HALO

Recovering 90% of stellar light at 30 mag/arcsec2

Unbiased total outer luminosity at ~31 mag/arsec2

Liao, Cooper + AMC



ÅARRAKIHS will deliverunprecedentedviews of low surface brightness
featuresƚincludingstellar streams, diffuse halo, and faint satellites

ÅThelow surfacebrightnessuniverse opens a complementaryview into
galaxy formation and the nature of dark matter

ÅHigh degeneracybetween DM and baryonic physics

ÅFast, focused, and innovative ƛ a flagshipESA F-classmissionled by
Spain

ÅOntrack to full adoption by ESA in June 2026
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STRAYLIGHT BAFFLE ASSEMBLY

INSTRUMENT

Heritage: COROT / CHEOPS

Overview: 2x external binocular baffles

Cover: 2x covers with Frangiboltfor contamination



SATELLITE GALAXIES

THE LOW SURFACE BRIGHTNESS UNIVERSE

The galaxy luminosity function in WDM models offers a sensitive test of 

small-scale structure formation, where the suppression of low-mass 

haloes directly impacts the abundance of faint galaxies and constrains 

both the nature of dark matter and the efficiency of galaxy formation.

Credit: ARRAKIHS Consortium, Yves Revaz



FROM THEORY TO ANALYSING MOCK IMAGES AND BACK

SCIENCE PROJECT FLOW CHART

Guzmán, Gaztanga, Coles-Bieri + AMC (2024)



COLLECTION OF DIFFERENT STATE-OF-THE-ART COSMOLOGIAL SIMULATIONS

COSMOLOGICAL SIMULATIONS AND GALAXY MODELS

FIREbox, 50 MW-like Galaxies: CDM+BP 

Roca-Fabrega, Coles-Bieri + AMC 

EAGLE-Zoom, 8 MW Galaxies, CDM, WMD, SIDM + BPAURIGA, 30 MW-like Galaxies: CDM+BP 



LSB FEATURE AND STREAM ANALYSIS

COSMOLOGICAL SIMULATIONS AND GALAXY MODELS

Revaz, Tortora, Jablonka + AMC Pérez-Herrero, Preston, Erkal, Revaz, Roca-Fabrega + AMC


