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Hierarchical Galaxy Formation

O
ARRAKIH, Milky-Way Mass halaxies L

Fundamental Questions on the Formation of Galaxies

o How do galaxies build their mass and over what timescales?

o How much stellar mass lies in the faint outskirts of
MW-mass galaxies?

o How do baryonic processes and DM regulate the formation,
survival, and disruption of the systems that shape their
outskirts?

o What is the mean and scatter of these quantities across
the galaxy population?




LOCAL GROUP DBSERVATIONS
GAIA and PAndAS as EXAMPLE
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Red Giant Branch
stellar density
Despite their similar stellar masses, MW and M31 differ in halo mass, extent, | Fe/H| = —23
Fe/H| = — 1.4
and structure content, underscoring the stochastic nature of accretion.

Placing these detailed case studies into broader context of MW-like galaxy

diversity requires systematic observations of a larger representative sample.



ESA F2 MISSION

Boundaries that shape the Mission

Call of opportunity Dec 2021 - Selected in Nov 2022

Small, focused, fast-track missions with compelling science
Design-to-cost technology with TRL 6 at adoption
Scientific leadership from ESA Member States

Development less than 8 years from selection to launch

FZ MISSION



»° Mission Timeline

ARRAKIHS

Schedule as a design constraint

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
KO
MDR
PRR SRR
PDR
CDR
QFAR



°  ARRAKIHS: Scope and Challenge
ARRAKIH Why these observations are technically demanding

Low Surface Brightness Features

Arrakihs is a space mission designed to observe extremely

Diffuse Stellar Halo

faint structures around galaxies. It measures with this
observable diagnostics of assembly history in a
representative sample of Milky Way-like galaxies, including
Compact Dwarfs

the mass and structure of stellar halos and the abundance

and properties of low surface-brightness features.

Simulated MW-type Galaxy and its halo




O Measurement implications

ARRAKIH Why these observations are technically demanding

Low Surface Brightness Features

Translate into science requirements:

Diffuse Stellar Halo

o Extremely faint signals: Targets lie orders of magnitude

below typical background levels = high signal stability

o Extended, low-contrast structures: Large angular scales,
making uniformity and control of systematics extremely

important
Compact Dwarfs

o Long integrations: Detecting these features demands

sustained observations over many hours

Simulated MW-type Galaxy and its halo
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Consortium

Instrument
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©  Instrument Concept

ARRAKIH Design under mission-class constraints

External Baffle Earth Shield

2 VIS and 2 NIR 4-channel simultaneous imager
Passive radiators with heaters & thermistors

2-stage baffling system

Instrument

CFRP + Aluminium Honeycomb panels

Electronics Box




Mission Concept of Operations

O
ARRAKIH’ Designing observations around stability

Orbit and Geometry:
o Altitude: 700 Km
o Sun-Synchronous, Bam-6pm
« Fixed spacecraft orientation

Visibillity constraints:
« Sun aspect angle: 30° < Solar Angle <1300
« 100km above Earth's surface - ZA < BOO
« Zodiacal Light > 22.4 mag arcsec™
* Avoid E(B-V) > 0.1 (Galactic cirrus)

SUN

EARTH

Observing strategy:

* Long, stable integrations
« 130 hours

« 900 x 10-min exposures
 ~80 Targets

Sun Aspect
Angle



Operational reality

O
ARRAKIH, Observing from Low Earth Orbit

« Earth-shine and albedo: Reflected and emitted light from the Earth

contributes to the background

* Time-variable thermal boundary conditions

* Restricted observing window: Sun aspect angle, earth avoidance, and

SUN

background limits constrain when and where observations are possible

 Background-dominated regime: Low surface brightness, small

Sun Aspect
background variations directly affect detectability Angle



O Structural Stability
ARRAKlH

Impact of thermal variability on alignment

* [ptical alignment must remain stable under thermal conditions
o Small deformations directly affect multi-channel alignment

e Thermal variations lead to differential expansion and contraction




O Structural &

ARRAKIHS™  thermal design

Design approach for stability

« Shielding from Earth-driven thermal variability
o [ompact opto-mechanical layout

e Radiators used for thermal control

Lucerne University
H S LU of Applied Sciences
and Arts

Radiator
Assembly
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@ NIR Detectors
ARRAKIH Cooling and stability requirements

« Stable detector response required over long integrations
* Low operating temperature to suppress thermal background
* Long-term temperature stability

e [ooling integrated into system design




ARRAKlHO On-board Processing

Data handling

. _ _ MACC (Ngroups, Nframes, Ndropped frames) = (MACC(n,m,s))
Limited power and downlink capacity

=
High-cadence NIR readout required for guiding J: |
Long integrations increase sensitivity to systematics  (h o) r
! b.;,;#

Un-board frame accumulation and averaging (NIR) 03°9 | | @i o
Fast readout cadence (~1—2 s) used for guiding et |
VIS and NIR readouts optimised for different roles 2 Read

Lo 1 -'#;uo | '\-«:I_-ll.| L
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Reduce data volume before downlink TEE = EERE
Preserve temporal information for control Fames 123456 10 Time




@O Pointing control R
ARRAKIH Why spacecraft control is insufficient 51 =" - Mg o

5.0

 Stable line-of-sight required over multi-hour integrations

* Pointing jitter directly affects image quality and background
stability

« Spacecraft-level pointing alone is not sufficient

e |nstrument-level correction required | i 3950

Mag: 8.9

] SNR: 350.0
SNR:231.1 Mag: 8.8
Mag: 9.7
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@O Fine Guiding System N
ARRAKIH Instrument-in-the loop contral 5 = : T

5.0

Luiding uses the near-infrared science detectaor
 |mages are read out on short timescales (~1—2 s)
« Stars are identified and centroided onboard

* Position information is fed back to the spacecraft control

system , SNR: 333.9

Mag: 8.9

Pointing stability beyond what the spacecraft ‘] .

alone can provide

] SNR: 350.0
SNR:231.1 Mag: 8.8
Mag: 9.7
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ARRAKIH,

TARGET 3

Observing pattern

(ftsets and dithers for robustness
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O Stray light &
ARRAK"" Contamination

Protecting faint signals

Altitude: Stray light dominates at very low surface brightness
Particle and molecular contamination migrate toward cold surfaces

External binocular baffles to suppress off-axis light
Two-stage baffling concept
Selective heating of radiator regions to limit contamination build up

Protective covers during launch and early operations
(2x covers with Frangibolt for contamination)

Based on heritage from COROT and CHEOPS




ARRAKIH’0




Summary

O
ARRAKIH, From Science baols to Instrument requirements

® ARRAKIHS will deliver unprecedented views of

the LSB Universe

®* Fast, focused, and innovative —

a flagship ESA F-class mission

® On track to full adoption by ESA on June 2026



BALKLF



@O Fine Guiding System N
ARRAKIH Instrument-in-the loop contral 5 = : T

5.0

Luiding uses the near-infrared science detectaor
 |mages are read out on short timescales (~1—2 s)
« Stars are identified and centroided onboard

* Position information is fed back to the spacecraft control

system , SNR: 333.9

Mag: 8.9

Pointing stability beyond what the spacecraft ‘] .

alone can provide

] SNR: 350.0
SNR:231.1 Mag: 8.8
Mag: 9.7
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O INSTRUMENT
ARRAKIH CONCERT

2 VIS and 2 NIR 4-channel simultaneous imager

Observe multi wavelength ranges at the same time while

keeping relative alignment fixed




O INSTRUMENT
ARRAKIH CONCERT

Passive radiators with heaters & thermistors

Detectors require stable temperatures




O INSTRUMENT
ARRAKIH FOCAL PLANE & READOUT SYSTEM

FPA MOUNT

SATLANTIS  LIDAX'  HSLUWde  [Hidr

Instituto Universitario de
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