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[ CDM ACCURATELY PREDICTS AT LARGE SCAI
BUT UNCERTAINTIES AT SMALLER SCALES



O HIERACHICAL STRUCTURE FORMATION
ARRAKIH PHASE 1: SATELLITE GALAXIES

Compact Satellite Galaxies

/ Dwarf satellite galaxies offer a probe to constrain baryonic

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

scales.

Simulated MW type Galaxy and its halo

Credit: ARRAKIHS Consortium



®° HIERACHICAL STRUCTURE FORMATION
PHASE 2: DISRUPTION + PHASE 3: PHASE MIXING

ARRAKIH

Low Surface Brightness Features

Low Surface Brightness Featuresind theDiffuse Stellar Halo
provide an independent avenue to refine our understanding of

baryonic physics and thenature of dark matter.

Diffuse Stellar Halo

Simulated MW type Galaxy and its halo

Credit: ARRAKIHS Consortium



HIERACHICAL STRUCTURE FORMATION
THE LOW SURFACE BRIGTHNESS UNIVERSE

Low Surface Brightness Featuresnclude stellar streams,
tidal shells, and fainbverdensitiesthat arise from the tidal

disruption of satellites.

MartinezDelgado, NASA APOD



ARRAKIH

Credit: ARRAKIHS Consortium

" HIERACHICAL STRUCTURE FORMATION
STELLAR STREAMS: STATISTICS AND SHAPES

Stellar Streamsmaintain coherent spatial and kinematic signatures, making
them a powerf ul tracer of a moahology y N
and distribution give information about pasaccretion events the shape of

the DM halg and thedynamical history of the host galaxy.
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Long stellar streamsprovide a powerful probe of the
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ESA F2 MISSION
BOUNDARY AND SELECTION

ARRAKIHS®

Call of opportunity Dec 2021 Selected in Nov 2022
Small, focusedfast-track missions with compelling science
Design-to-cost technology with TRL 6 at adoption

Scientific leadershipfrom ESA Member States

Developmentless than 8 yearsfrom selection to launch

F2 MISSION
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MISSION

SURVEY

Credit: MartineDPelgado

Surve80 MWke galaxies
Total ObservinglbMérs/gal
Single exposureltbmainutes
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ARRAKIHS 30 limiting surface brightness: mag/arcsec’, 10‘arcsec’ scale

Credit: ARRAKIHS Consortium




° MISSION

CONCEPT OF OPERATIONS

ARRAKIH
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;;QINSTRUMENT
OVERVIEW

ARRAKIH

V/VEBIIR4hannel simultaneous imager
Rassive radiators with heaters & ther
2tstage bafflisgsten

E€FRP + Aluminium Honeycomb panels
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° ONGOING WORK FOR RED BOOK
DATA PROGESSING

ARRAKIH

ARRAKS8BEmM

A VIS1 = 31.36 mag/arcsec

A VIS2 = 31.64 mag/arcsec

A NIR1 = 31.02 mag/arcset

A NIR2 =30.70 mag/arcsec

Dominguez + Marleau + Akhlagliamazon- AMC
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@° MISSION
ARRAKIHS SCHEDULE
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° THE LOW SURFACE BRIGHTNESS UNIVERSE
SATELLITE GALAXIES

ARRAKIH

CDM | | WDM

Jahn et al. (2019)



O THE LOW SURFACE BRIGHTNESS UNIVERSE
ARRAKIH SATELLITE GALAXIES

80 galaxies observed ; Mpy = 5.0keV

CDM

WDM

Nadler et al. 2018a
—— DES+PS1, weighted (Drlica-Wagner et al. 2020)
=== DES+PS1, detected (Drlica-W et al. 2020)

All known satellites (Drlica-Wagner et al. 2020) A The ga|axy lu minosity functionin different DM models offers a

sensitive test of smali scale structure formation

A Differences between models begin to emerge featellite galaxies

with L, <10° L

A High degeneracy between DM and baryonic physics

(missing a systematic comparison)
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10° 100 107

V — band Luminosity

Credit: ARRAKIHS Consortium, Yves Revaz



® THE LOW SURFACE BRIGHTNESS UNIVERSE

e arrakihs_nir_NIR1 : BPASS230_ARK_NIR1 : D=35.0 Mpc los=(0,1,( - arrakihs_nir_NIR1 : BPASS230_ARK_NIR1 : D=35.0 Mpc los=(0,1,(

=13

M, proj = 10° Mg | M, proj = 10° Mg

80 galaxies observed ; Mpy = 5.0keV

CDM

WDM

Nadler et al. 2018a

DES+PS1, weighted (Drlica-Wagner et al. 2020)
DES+PS1, detected (Drlica-Wagner et al. 2020)
All known satellites (Drlica-Wagner et al. 2020)
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Cumulative number of galaxies (D < 300kpc)

Credit: ARRAKIHS Consortium Credit: ARRAKIHS Consortium, Yves Revaz




ARRAKIH

o arrakihs_nir_NIR1 : BPASS230_ARK_NIR1 : D=35.0 Mpc los=(0,1,(

M, proj = 107 Mg,
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o arrakihs_nir_NIR1 : BPASS230_ARK_NIR1 : D=35.0 Mpc los=(0,0,]

M *,proj — 10" Mg

*O THE LOW SURFACE BRIGHTNESS UNIVERSE
STELLAR STREAMS

0 arrakihs_nir_NIR1 : BPASS230_ARK_NIR1 : D=35.0 Mpc los=(0,1,(

M, proj = 10° M,

A Visible streams at a surface brightness of 3thag/arcsec? typically

originate from progenitors with stellar masses around 10° M

100

T A High degeneracy between DM and baryonic physics

_150.2rrakihs_nir_NIR1 : BPASS230 ARK NIR1 : D=35.0 Mpc los=(0,0,]

M, proj = 109 Mg (missing a systematic comparison)

A Missing simulations withhigh enough resolutionto properly

reproduce the disruption of satellite galaxies

6.36 [Gyr]

Credit: ARRAKIHS Consortium



‘9 LSBS\ SIMULATIO
ARRAKIH WHAT IS THE GAIN DUE TQ

A In average, galaxies have2 LSB features at ARRAKIHS depth
A Scatter increases with depth.

A Similar number of features for different galaxy formation models
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Deeper images reveal more faint features, with maastrophysical

gain occurring in the detection range of 30 to 31.5 mag/arcset
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@° STELLAR STREA
ARRAKIHS®

STREAM PROPERTIES

Different stream lengths arise from variations in the galaxy
formation model, as feedback strength, star formation efficiency,

and theinternal structure of progenitor galaxies all influence how

tightly stars remain bound and how far they spread after disruption.
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O THE LOW SURFACE BRIGHTNESS UNIVERSE
ARRAKIH DIFFUSE STELLAR HALO

A Thestellar halo profile depends on both the number of disrupted

dwarf'galaxies and their susceptibility to disruption

A Again,high degeneracy between DM and baryonic physics

(missing a systematic comparison)

A Missing*simulations withhigh enough resolutionto properly

reproduce the disruption of satellite galaxies

Credit: Forouhdvloreno+ 2024



° THE LOW SURFACE BRIGHTNESS UNIVERSE
DIFFUSE STELLAR HALO

ARRAKIH

VIS2v1l: SB = 30.0 mag/arcsec?

semi-major axis (ellip. fit) axes ratio (ellip. fit)

FireBox (51)
Auriga_level4 (33)
Auriga_level3 (6)

e : ' 117 i TRk — " A Thestellar halo profile depends on both the number of disrupted
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EAGLE_sidm1 (8)

dwarf'galaxies and their susceptibility to disruption

TNG_zoom_in_lkeV
TNG~zoom_in_3keV

TNGZoomoin-30kev A Again,high degeneracy between DM and baryonic physics
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Aunga level3 (6) (missing a systematic comparison)
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Credit: AMC



@° THE LOW SURFACE BRIGHTNESS UNIVERSE
ARRAKIH DIFFUSE STELLAR HALO
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ARRAKIHS™

DIFFUSE STELLAF
RECOVERING OF HALO LIQ

Recovering®0% of stellar light @ 30 mag/arcse@

Unbiased total outer luminosity at ~31 mag/arsec

Lfit/Ldata (30-100 kpc)
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ﬂ H " ARRAKIHED

A ARRAKIHSVill deliverunprecedentedviews of low surface brightness

features t includingstellar streams, diffuse halo, andfaint satellites

A Thelow surfacebrightnessuniverse opens a&omplementaryview into

galaxy formation and the nature of dark matter
A High degeneracybetween DM andbaryonic physics

A Fast, focused and innovativeA aflagshipESA Fclassmissionled by

Spain

A Ontrackto full adoption by ESA in June 2026



ARRAKIHS®

Backup



CONSORTIUM

ARRAKIHS

ARRAKIHS Mission
NATIONAL PROJECT
MANAGER COMMITEE
PROJECT OFFICE JOINT ESAMC
ESA MANAGEMENT TEAM

SCIENCE
STUDY TEAM
ESA

SYSTEM ENGINEERING
WORKING GROUP
ESA

SCIENCE GROUND SEGMENT
WORKING GROUP

ESA

ARRAKIHS Mission Consortium (AMC)



ARRAKIHS™

° CONSORTIUM
INSTRUMENT

INST. DEPUTY COORI
F. KEHL +

PROJECT MANAGEMENT

R.GUZMAN

S.SERRANO

CONSORTIUM LEAD

INSTRUMENT COORD.

DEPUTY AMC LEAD
S.SERRANO =

INST. & CALIB SCIENTISTEE=]

A.CAMAZON. P.RENAR

S.Kogl

INDUSTRIAL PRIME PM
E.Ocerin

PRODUCT ASSURANCE
TBC e

£
—

CONFIG. MANAGEMENT
P.Kégl

SYSTEM ENGINEERING
A.RodriguezSenin

J_r

OPTICALE.Ugalde

Ii‘I

MECHANICALH. P.Groébelbauer

!

THERMALD.Tye

STRAYLIGHT.Clermont

EBOX ELECTRONIGSGiono

I’llII’lI’lI’lI’lI’I

IIMI

TCM ELECTRONHKB&Truglio

SOFTWARE & FGRB.Ottensamer

CAD MANAGERS .Errasti

%)
a)
<
w
—
o
<
x
|
w
=
o
P
w

I* I IIMI

AlV MANAGERTBC

TESTINGA. De Pedraza

‘

OMA
Satlantis

OMA / FPA SysterfBC

Thermo-Mechanical
Design
Satlantis

Optics
Satlantis

AIT
Satlantis

Thermal Analysis

UPM/IDR

INSTRUMENT SUBSYSTE

FPA
Satlantis

TSSSystem
Engineering

VIS Sensoresting HSLU

MSSL =

Me chanicalDesign&
Analysis

FHNW

VISChainCharact
IEEC :

VISFEEs
Satlantis

ThermalAnalysis

NIR Sensor Test
IFCA -

Mat. & Process
Engineering

NIR Chain Charact i

IFAE -

MLIDevelopment
FHP

FPAMDesign& MAIT
Lidax s

FPAMMechanical
HSLU

FPAMThermal

UPM/IDR

System
Engineering

CSL

OpticalEngineer
CSL

Thermo
Me chanicalExpert

CSL

Thermo-
Me chanicalEng.

CSL

TestEngineer
CSL

TCS
Satlantis

A

NIRIF
TBC
ASW & FGS
U.Vienna

Harness
IWF

eBox Housing




2° CONSORTIUM
INSTRUMENT OPERATION and SCIENCE DATA CENTER
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° INSTRUMENT
ARRAKIH

STRAYLIGHT BAFFLE ASSEH

EOROT / CHEOPS
2x external binocular baffles

2x covers wkhangibdtir contamination

4 CSL
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O THE LOW SURFACE BRIGHTNESS UNIVERSE
ARRAKIH SATELLITE GALAXIES

80 galaxies observed ; Mpy = 5.0keV

CDM

WDM

Nadler et al. 2018a
—— DES+PS1, weighted (Drlica-Wagner et al. 2020)
=== DES+PS1, detected (Drlica-Wagner et al. 2020)

All known satellites (Drlica-Wagner et al. 2020)

10° 100 107

V — band Luminosity

Credit: ARRAKIHS Consortium, Yves Revaz

The galaxy luminosity functionin WDM models offers a sensitive test of
small-scale structure formation, where the suppression of lo\mmass
haloes directly impactthe abundance of faint galaxiesand constrains

both the nature of dark matter and theefficiency of galaxy formation.
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ARRAKIH

SCIENCE PROJECT FLOW CHART

FROM THEORY TO ANALYSING MOCK IMAGES AND BACK
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Y COSMOLOGICAL SIMULATIONS AND GALAXY MODEIL
COLLECTION OF DIFFERENERS TROEMOLOGIAL SIMULATIONS

ARRAKIH

z=4 1.5 Gyr z=2 3.3 Gyr z=0 13.8 Gyr

. T

Ig X [Mo/ckpc?]

FIREbax50 MWilike Galaxies: CDM+BP AURIG/R0 MWlike Galaxies: CDM+BP EAGLEZoom, 8 MW Galaxies, CDM, WMD, SIDM + BP

RocaFabrega, Coldgieri + AMC



° COSMOLOGICAL SIMULATIONS AND GALAXY MODEL
LSB FEATURE AND STREAM ANALYSIS
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Revaz, Tortora, Jablonka + AMC PérezHerrero, Prestoirkal Revaz, Rodaabrega + AMC



