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‘A- [ Top-Level Requirements Driving the ANDES Architecture ]
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High-resolution and stability
* Resolving power R = 100,000 (-10% / +30%)

* Wavelength calibration precision < 1 m/s RMS

Spectral coverage with TWO observing modes
» Seeing-limited: 350-2400 nm (simultaneous, single

allowed gap)
* |FU mode: 980-1800 nm (simultaneous)

Simultaneous object and sky capability

* Two sub-FoVs observed simultaneously

* Object—sky separation up to 2 arcmin (goal: 5)

* Minimum separation 15 arcsec (goal: 10)
Etendue and focal plane constraints

* Full slit FoV > 1 arcsec? (goal: 2)

* |FU: 7x7 spaxels, > 2 spatial scales FoV > 0.5

arcsec? at largest scale

Throughput and sensitivity
* Average transmission > 7%
e Global minimum > 4% above 400 nm

AO-driven requirements
* SCAO loop closure for guide stars
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ANDES: deployment — concept in the ELT landscape
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‘A' (Observing Mode

ANDES
as Key
Architectural
Driver

\—

S\

Two baseline observing modes
at R = 100,000
e SL-UNI: seeing-limited,
uniform illumination
e IFU-AOQ: integral-field
spectroscopy with SCAO

Modes implemented
via independent fiber groups

* Dedicated slits inside the
spectrographs for each mode

 Mode selection performed
at Front-End level

observing mode front-end fiber link spectrograph slit
input light from the 2 bundles of small 2 segments of uniformly illuminated
telescope on two, fibers uniformly fibers along each spectrograph slit

SL-UNI

[U]BV+RIZ+YJH spectrographs

two identical apertures

simultaneously illuminated by

individual large fibers | illuminated after

scrambler & splicer,
to maximize spectral
fidelity

target and sky (SL-UNI-TS), or .

target and calibration (SL-UNI-TC)
for wavelength reference; beam-
switching of the two apertures is

possible
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observing mode

front-end

fiber link spectrograph slit

IFU-AO

YJH spectrograph

IFU of maximum 61
spaxels; 4 spaxel
scales of 7, 16, 35, and
100 mas are foreseen

K spectrograph
separate IFU
module

input light from the
telescope on a
microlenses fiber
bundle

fiber bundle after | 4 segments (S1,52,S3,S4), one per each

fiber to fiber hexagonal ring around the central spaxel, and
couplers the central spaxel (S0)

| S0 S1 S2 S3 S4
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ﬁ%- [ Calibration Strategy and System Implications ]
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* Calibration strategy driven ystemimpli€ations

b}/ stability and operational e Sl o competedaiy-
e flCIEnCV calibration used-set
* Mostly off-line (day) calibrations, .
ach”'e.d When AN DES IS nOt Simultaneous . . Configsllll:ation:
ObSGfVlng reference pedicated flbers fibers W/.CGI+ . x'.i'.\11:13\\1111&1;_“;;;¢;;r;
o g o o o.b.j.v‘1x:a\lz::1HI'»'-H,‘,IS(EC-DJ‘31ﬂbor$°'°-‘“w’°'9
* on-line calibrations, simultaneous _ T o o 085" o 0ot
w/ obs. when required by the fT‘Z%k{gg °|f
science case NeIvICHd
fibers
* Multiple calibration sources:
e continuum lamps (flat-fields) Exposure For optimal for vis
* HCL and FP (wavelength calibration) S correction spectrographs
e Calibration architecture tightly Upgrades to
coupled to FE, FL, and be We have oot n
spectrograph design considered e
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ANDES

ANDES System Overview

Modular, fibre-fed instrument

Subsystems distributed across Nasmyth platform and Coudé room

Architecture driven by:

ELT
Observing environment
modes and
standards

Wavelength
coverage and
stability

Calibration
strategy

Main subsystem elements:
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Model Based Systems Engineering approach

ANDES

That was the straightforward part; for the

remaining specifications and scientific
requirements, complexity increases. We have
therefore decided to address this through a
specific systems engineering approach.

1.Based on system descriptive documents and
support material

2.Classical systems engineering methods

3.Use of various software and tools, depending
on the application context

VI U L) O 9 V A v ViLJ)

1.Based on a system model created and managed
as the single source of truth

2.Use of formal languages like SysML and Arcadia

3.Real-time collaborative work

Credits: Chiara Selmi — INAF Brera 7
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ANDES

MODEL and CAMEO tool
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CATIA | Cameo Systems Modeler Reader 2022x - ANDES_model [trunk] #957 [140.105.79.211:3579 Saved by User: azanutta] Available Offline

. 2.1.1-Receive Functional... [Read-Only] X
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Documentation

Documentation of Diagram 2.1.1-Receive Functional tree [Read-Only]
HTML

B % Q o -
B Rece

bd [Package] 2.1.1-Receive Functions | 2.1.1-Recaive Funciional tree | |

«lnstrument Activitys @

«L0 Fur

inctions s
ANDES Functional
(isExternal = false,
isNiceToHave = false}

wlnstrument Activitys (&

£ Function Receive K light (909, 447 )

Receive IFU light Receive SL light
«Function» 3 «Function»
Light reception for IFU cbservation — Light reception for SL observation
{isExternal = faise, «instrument "fct"'“"” - {isExternal = false,
isNicaToHave = falss} Receive light isNicaToHave = falsa)
[ —
——— il ] _ ] _
«Function» F «Function» «Function» <Function» [ «Function» [
IFU background light reception IFU scientific light ELT SL background light reception SL scientific light reception
{isExternal = false, {isExternal = false. {sf = false, {isExtemnal = faise, {isExtemal = false,
isNicaToHave = faise) isNiceToHave = false) isNiceToHave = faise) isNicaToHave = false} isNicaToHave = false}
.
L1
b —
h A
| 1
«Functions «Functions * [ «Function» ¥ «Function» «Functions  F
Receive YJH light Receive BV light Receive U light Receive RIZ light Receive K light
{isExternal = false, {isExternal = false, {isExternal = false, {isExternal = falsa, {isExternal = falsa,

isNiceToHave = false} isNicaToHave = false} isNiceToHave) isNicaToHave = faise} isNicaToHave}

G, ), 100% ¢ G B @BE

formalized application of modelling to support
system requirements, design, analysis,
verification, and validation activities beginning
in the conceptual design phase and continuing
throughout development and later life cycle
phases (INCOSE SE Vision 2020)

® Univocal system representation

®* Complete traceability for all system
elements

* Interrelated system representation

®* Coherent system representation

* Simple navigation among system

information



AstroMBSE

The AstroMBSE profile is a specialized implementation of the MBSE
methodology developed by INAF and based on ESO standards
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+~ Included Features
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Definition of a
comprehensive MBSE
methodology to drive
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instruments

_— e e e s e e e e s s .

Credits: Chiara Selmi — INAF Brera



«Customizations
abbreviation = "AMBSE INTRF REQ"
category = "0 - AstroMBSE Requirements”
customizationTarget = BlAstroMBSE Interface Requirement
hideMetatype = true
possibleOwners =
BiAstroMBSE Interface Requirement
[“Package
¥ Class
M AstroMBSE Requirement
EBiAstroMBSE Interface Requirement
iAstroMBSE Interface Requirement
B AstroMBSE Interface Requirement
representationText = "AstroMBSE Interface Requirement”

ottnbutes
«placeOnPaletteProperty» +BDD{place = "SysML Block D...
splaceOnPaletteProperty» +Req Diag {place = "Requirem ...
«derivedPropertySpecifications +Client Subsystem : Class...
«derivedPropertySpecification» +Host Subsystem

«derivedPropertySpecification» + Req
«derivedPropertySpecification» +associatedinterfaceCha...

+Value_String: String
+Margin_String : String
+Comment : String

+PhaseD SysTesting : Boolean

+Justification : String
+referenceValue
+isinfo : Boolean
+niceToHave : Boolean

+outdated : Boolean [1]= faise

Profile Diagram 5-Requi [ & SR ]J
«siﬁmfypm ‘-,
Justification
e a———, [Class]
«stereotype» = attributes
Requi t +involvedPeople: String
[Class] +date : date
+topic : String
«stereotype» a
AstroMBSE Requirement
[Class]
e — attnbutes
«stereotype» = +Verification Method : String «enumeration» «valueType»  [E|
AstroMBSE Interface Requirement +Phase-A verification : Verification Type [*] Compliance Type Verification Type
[Class] +Phase-B verification : Verification Type [*]
I e +Phase-C verification : Verification Type [*] SC m’ '(é?)
| sStatus : Svin SRS +Phase-D verification : Verification Type [*] PC Test (T)
| +appliedTo: P!r;oduct +Phase-E verification : Verification Type [*] NA Inspection (1)
‘::’ Iveds' be: - Block [0..* +Phase-F verification : Verification Type [*] T8D Similarity (S
| vaI% It Ubeystems : Block (0. +Compliance : Compliance Type TBC R (RS))
i+ : Integer % Ry s eview
| +Associated Interface Channel : Interface Channel :X::Z: “:3::;““""
| ierieconanxe ; Sting +Comment_Req: String
. +Document Reference
- J-Cus:omlz.wom N . BN :::nds_sstmg : _S;irfg «Customization» N
it = party_Sting - Sting Test Requirement Customization

«Customization»
category = "0 - AstroMBSE Requirements”
customizationTarget = 3 Test Requirement

+AMBSE RequirementDepth: RequirementDepth
+requi Kind : Requi Kinds
+changelog : String
L - A
«stereotype» *~
System Requirement
[Class]
«stereotype» on
Subsystem Requirement
[Class]

[

«stereotype»

o P Iy

[Class)

hideMetatype = true
«stereotype» P possibleOwners =

‘ Test Requil fPackage

‘ [Class) EfClass

¢ " | #yAstroMBSE Requirement
representationText = "Test Requirement”

atinbutes
«placeOnPaletteProperty» +Req Diag {place ...
«derivedPropertySpecification» +groups : El...
«teredtyper @b
Element Requirement
[Class]

Credits: Chiara Selmi — INAF Brera
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The
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«Instance table STEREOTYPE»
«Physical Subsystem»
FL
{Drawing/Document Reference = "AN-FL_Fiber Link.pdf",
Quantity =1,
WP = FL_WP%}

LS

bdd [Product] ANDES[ ANDES PBS light] ) 7ANDES |
L T ——
- FE J' «Physical Subsystem»
Critical item = "n", e RS
Bktyngnesse =, T T——— fcrtcaltem =1,
i o T A0 Prototyping needs = n",
{Product Number = "AN-AOQ", Quantity =1,
WP = "A0-00-00"} WP = "RS-04-00"
- 8o «Physical Subsystem» s | || ©°
sSw
«Physical Subsystem» s | e
cu WP = "SW-01-00"} «Physical Subsystem»  ss
e | B
) «Physical Subsystems rss ok Mo AN U,
{WP ="KS-04-00"} WP = "US-04-00")
g &
r ™ ~ ™
Physical structure Interfaces
management management
. y . y
r )
. Collaborative
Documentation
systems
management J . .
engineering
\ J ,
~ > 4

«Physical Subsystem»  »ss

«Physical Subsystem»  »ss cb
Ys {Product Number = "AN-CD")
{Critical item = "n", &
Product Number = "AN-YS",
Prototyping needs = "n", | Subs:
A%y «Physica < ystem»  ess
TRL level = "5,
WP ="Y$-04-00 {Product Number = "AN-ND"}
S [

INMELNVUuUIVUEY LU Ulive
the development of
future astronomical

instruments

]
| —

=

~

Credits: Chiara Selmi — INAF Brera =
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‘ ibd [Physical Subsystem] AQ [ SCAQ Internal Interfaces ]/l

AND

SCAO Electronics : Electronics RTC : RTC
TwinCAT solution : TwinCAT solution {1 : PLCACS _Electonics SRTC software : SRTC software
: E.] ’ p3 : ICS-RTC telemetry_RTC
: Coro i SCAD in lectroni 12 : ICS-RTC status_ RTC
Cabinet assembly : Cabinet assembly DEE nside cabinet_E °s f =
p1:ICS-RTC commands_ RTC
Cabling : Cabling p1 : Electronit panel_Electronics
sof : ICS-RTC telemetry_ICS Dm
p2 : ICS-RTC status_ICS [
: Coronagraph '
pd : Coro-ICS commands_Coro p1: ICS-RTC commands_ICS D
1 : Coro inside SCAQ cabinget i .

P roinsice caninp coro Electronics : Coro Electronics | p3:PLC-ICS ICS D

Y p2 : Coro-ICS status_Coro
-}

L

movable Optical Bench : Movable Optical Bench [j

1

p6 : Coro-ICE commands_ICS

01 : Dichroic+corrector/Coro_Coro D

p5 : Coro-ICS status_ICS D

Lx pd - Coro-ICS talr.mem_lcs_l:]—

SCAO WFS : SCAO WFS

p1: Coro-ICS telemetry_Coro

1 : Dichroic+corrector/Coro_SCAOWFS
p chroic+corr ora. _.—{GA ]cmmnann:cﬂm“‘“'m|

p1: Electronic panel_Mechanics

| SCAO Mech structure : SCAO Mech structure |
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ANDES . AstroMBSE

- | - - m a s SN e rel L L e 1 e 1 - ] ~ .1 n AN~ —

Criteria
Element Type: document_CIDL Scope (optional): FL_CIDL Filter: V=
Excel Import Status: [ | New [ | Updated [ | Obsolete [ | Unchanged
# Folder - Associated PBS Item Doc_ Relative- File- Path Name Doc_type Doc_Subtype  Doc_status Doc_releasing_org Doc_prime_contractor Doc_number Doc_version
1 s FL https://owncloud.ia2.ina o/ FL Hazard List LIS RELEASED  AMNDES INAF E-AND-FL-LIS-02-00-0C1
2 S FL https:/ fowncloud.ia2.ina ¢ FL Interface Control Document ICD RELEASED  ANDES INAF E-AND-FL-ICD-03-00-013
3 s Fiber Routing https:/ fowncloud.ia2.ina ¢ FL MAIT FR PLA RELEASED  ANDES INAF E-AND-FL-PLA-03-00-0 1
4 pss IFU https:/ fowncloud.ia2.ina " FL MAIT IFU PLA RELEASED  ANDES INAF E-AND-FL-PLA-03-00-0 1
5 B FL https:/ fowncloud.ia2.ina ./ FL Mechanical Thermal Cryo and Vacuum Design and AnaDER RELEASED  AMNDES INAF E-AND-FL-DER-06-00-03
6 P FL https:/ fowncloud.ia2.ina . FL Optical Design and Analysis Report DER RELEASED  ANDES INAF E-AND-FL-DER-04-00-03
7 s FL https://owncloud.ia2.ina ¢ FL Product Breakdown Structure PBS RELEASED  ANDES INAF E-AND-FL-PBS-03-00-013
8 S FL https:/ /owncloud.ia2.ina ¢/ FL Subsystem Overview DER RELEASED  AMDES INAF E-AND-FL-DER-03-00-03
9 s FL https:/ fowncloud.ia2.ina | FL Risk Register RRR DRAFT ANDES INAF E-AND-FL-RRR-01-00-01
10 pss FL https://owncloud.ia2.ina 7 FL Compliance Matrix CMX RELEASED  ANDES INAF E-AND-FL-CMX-03-00-(3
11 pss FL https:/ /owncloud.ia2.ina ¢/ FL Control Electronics Design Analysis Report DER RELEASED  ANDES INAF E-AND-FL-DER-07-00-03
12 55 Fiber Routing https://owncloud.ia2.ina ¢ Efficiency Budget SL-UNI All Bands DER RELEASED  ANDES INAF - 1
13 5 Fiber Routing https://owncloud.ia2.ina ¢/ Efficiency Budget SL-PSF All Bands DER RELEASED  ANDES INAF - 1
14 85 Fiber Routing https:/ /owncloud.ia2.ina . Efficiency Budget SIMCAL All Bands DER RELEASED  ANDES INAF - 1
15 5 Fiber Routing https://owncloud.ia2.ina ./ Efficiency Budget EXP-M UBV+RIZ DER RELEASED  ANDES INAF - 1

i L ity viiiverni ) L |||u||uu\..|||u|||.) i instruments

| |

I " Collaborative | I

' Documentation ] !

| systems I

management . :
\ _engineering ) /
\ / Credits: Chiara Selmi — INAF Brera 13
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= [&] Model Q, Search ANDES_model_CollaboratorView & E. = 0

A ~ EModeI

» [ o.nstrument Specification

*kkkkkkkkk START HERE ******%%%%

> [ 2.Functional Analysis Fhkkkkdkkk START HERE *kkkioikk Q o} H

> <> Analysis

> [] ANDES Software . *
> Blon A-
> < Interfaces Verification Introducing ANDES Model Navigation
The instrument model is composed by many browsable folders (with a colored diamond icon) as displayed in the
> [ ReqIF Files Containment part on the left.
Each folder is representalive of a specific activity performed in the model, e.q.,
> Requirements ® Analysis
<> a ® Interfaces
® Requirements
> <> STRUCTURE @ STRUCTURE
& WBS

> [ Templates
/] Tobo

WBS :

> © £

WBS

> AstroMBSE_Profile

1. Explore the WBS and the Packages of the Instrument
you can open the diagram that displays the Work Breakdown Structure of the System (Technical part)

B START HIER E ke 2. Explore the STRUCTURE of the system and its components
you can open the diagram that displays the Product Breakdown Structure of the System and also display it in the table

mmL form.
EEH Verification Instance Table

Instructions to GENERATE the PBS and BoM with new
Er_'; Ll instances are in a separate page:

ANDES PBS light ANDES_ESO_PBS

3. Requirements .
Within the 5 principal folders, that idetify the principal ESO requirements documents specifications, you can find and
expolore:
L ’ = - — o ~ ~ J
. . . 14
\ / Credits: Chiara Selmi — INAF Brera
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AstroMBSE

The AstroMBSE profile is a specialized implementation of the MBSE
methodology developed by INAF and based on ESO standards
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+~ Included Features
Design ]
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L management

management
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Documentation
management

)

)

4 N
Interfaces
management
\_ J
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Collaborative
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Definition of a
comprehensive MBSE
methodology to drive

ﬂ[ >  the development of
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instruments
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AN%. AstroMBSE - Design methodology
SO

Is structured around two i i
refines
fundamental conceptual \ i
5 .
IS

ESO Scientists

domains, the Problem

develops
Space and the Solution
A OK for science
Problem Space: Intrument Specifications
Space. . ’
Instrument objective
Science case define-» (what the system
shall provide as a
service) e i I I Validation - - - €----- .
| 1
requires 1
Scientists ]
]
1
Conceptual Operations dofinas oSS aans N (LSS ' 1
(what the system shall do H K .
to provide the service) performs dell\llers :
SE Team 1 subsystems ! i
! | 1
v v !
= Flow-d PDR resul S '
efines ]
ow-down Ss- results ; ;
configuration '
This is the downflow performed These are the parameters of the N . B . :
by the Arch. and the SE Team. compliance matrix CMX of the ?Sum{rl:mg lgp tt:e COG\:'nbul:esld .
Functional Tech. Physical Tech. The BUDGETS are the requests subsystems at the ss-PDRs. UL ﬁ.“ Sysfm- B ‘Oﬁ I
Specifications Specifications to the subsystems at ss-PDR comare this configuration wit 1
level. the ESO requirement. :
ESO-TRS Solution Space

1

These are the Tech. Req. that Budgets Parameters Configuration
ESO has delivered to us and that T
we shall be compliant to at [R-AND-nnn].0 (to all) I 1
system PDR. — — '
< o = 1
v /_._._) copy of the req. < »{ par! = xx | .

[R-AND-nnn]
summary of the requirement > system config = zz
[R-AND-nnn].1 (to SS) ss
\-__). splitting of the req. < »| par2 =yy -




‘A.' ANDES

Instrument architecture

ANDES

Scheme of main instrument

components.

Seeing

Limited

Arms

ELT focus

[ Cr. Disp. }—[ Camera ] U

_ - 55 @ 0.35-0.41 um
Calibration flgg;:o (2 g S S~ Cr. Disp. }— Camera | B

Ll | interface &l (52| |8 0.40 - 0.50 um
nelS o [Cr. Disp. ]—[ Camera ] V'

Uy 0 o light Warm Spectrograph 0.49 - 0.63 um

o 50e°

Telecom fibers tber 1o = %% g| [cr.Disp. J{ Camera | R

for science light fiber $ ES o 0.62 - 0.76 um

el = <

interface o 3¢ a Cr. Disp. |{ Camera | 1Z

© 0.75 - 0.95 um

Warm Spectrograph

. . Disp. ]—[ Camera ] Y

[SCAO WFSHIFU module]\ P - 5 % ® 0.95-1.13 um
|ﬁg; ro g C_éé g . Disp. ]—1[1 gaangréa ] J

K-IFU module interface 1 82| |& =
- © . Disp. ]—[ Camera ] H

Cold IR Spectrograph 1.41 - 1.80 um

Front end: takes the
light from the
telescope at Nasmyth
focus

Special
IR

fibers

K-fibers
module

1.95-2.45um

Collimator
and Echelle

[ Pre-slit ]

Cold IR Spectrograph

Cr. Disp. }—[ Camera ] K

Fiber links: takes the
light to the

Spectral arms
spectrographs

Modular fiber-fed cross
dispersed echelle
spectrograph

Simultaneous range (ultra-
stable UBV+RIZ+YJH+K)
Resolution ~100,000

interchangeable, observing
modes:
Seeing limited &
SCAO+IFU

17



Instrument Objectives

| «Conceptual Operation» 8¢
Aquisition in SL Mode ‘
>

«Instrument Objectives»
Seeing Limited Mode allowing
pick-up two targets

{isAssumption = false,
outdated = false}

~ ~
- \ sinclude» «Instrument Objectives» m
~
«include» ~ \ U observation
- \ {isAssumption = faise,
- - outdated = false}

«Instrument Objectives»
BVRIZYJH observations

{isAssumption = false,
outdated = false}

«Instrument Objectives»
Acquisition of simultaneous and
reduced spectra for scientif purpose
{isAssumption = false,
outdated = false}

«Instrument Objectives»

Diffraction limited observation with

YJH spectrograph
{isAssumption = false,

«include»

«Instrument Objectives» g

SCAO-IFU Mode outdated = false}
{isAssumption = false, T~ Peﬁnes»
outdated = false) I >
cDeﬁnes»/ - - ' «Conceptual Operation» Sc
- \ ~ «include»
e o T “7 . ~ SCAO-IFU Mode with YJH spectrograph
«Conceplu: » ~ «Defines» __ — 7
Acquisition in SCAO-IFU Mode Sndiuda «Instrument Objectives» -
\ Coronagraph mode
\ {isAssumption = false,
\ outdated = false)

«Instrument Objectives» ™
Diffraction limited observation with K
spectrograph
{isAssumption = false,
outdated = false}

_«Defines» | «Conceptual Operation» =
| SCAO-IFU Mode with K spectrograph




Operationally

dl

Instrument Activity

—

&
«Conceptual Operation»
Acquisition in SCAO-IFU Mode

Instrument

Instrument Scenario

Actlv‘ty in SCAD-IFU Mode in SCACIFU Mode | | — - —
ANDES ELT Telescope
«allocates «allocates «allocates «aliocates «allocates

AO IFU Fiber Routing Ys cu
®
|
"

External Activitys g
- Collect light
Js
aExchange ltems ..
: Scientific light
sinstrument Activitys g |
: Generate
calibration light
'nulpm
: jnput _(inputi e
1| '
«Instrument Activity» ja «Instrument Activity» ja ‘/
: Receive IIight : Recei;le light 1”“ ot
A T = clmla:llnem Activitys g
L‘ output ) output :T:Jmpu - ""'""'w .
l“"p”' loutput
. jnput ],m Jnput
A)_npm il alnstrument Activitys g |

[
«Instrument Activity» @J

: Create Integrated
Field

L
foutput

: PSF correction

\—B—Lutput

«Instrument Activity» ja J

Credits

Chiara Selmi — INAF Bre

alnsirument Actiitys g
: Receive IFU light ‘

: Receive

calibration light
ke output
pul
elnstrument Activitys g |
: Acquire IFU
scientific object
«Exchange tems ..

: Scientific image




The four pillars - connections

1. Structure

&

1bd [biock] Ant-LockControler
[P wragl Biock Dagram]
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2. Behavior
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4. Parametrics
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‘Ao Project timeline & milestones
ANDES

2025 32026 2027 2028 2029 2930 2031 2035 ARIAORED Sl ADIol =
| 2033 — software PDR: Q2/2026
— system PDR: Q2-Q3/2026
— internal funding review (board): Q3/2026
— ESO official funding review: Q1-Q2/2027
— COU authorization: Q3-Q4/2027
— subsystems LLI reviews: 2027 - 2028
— subsystems FDR: 2028 - 2029

— system FDR Nasmyth (FE,UBV,K,FL,CU g.4):

Phase /

Milestone

PDR (Preliminary

Design Review) L

Funding &

. .. internal
Authorization

LLI Reviews (Long
Lead Items)

FDR (Final Design

Review)
PAE (Provisional Q3/ 2029
Acceptance) — system FDR Coudé (R|Z + CURIZ): Q4/2029

— system FDR Coudé (YJH + CU,,,,): S2/2030
— PAE: Q4/2034
— shipping / commissioning: mid 2035

Shipping &
Commissioning

21
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Installed at the ELT Nasmyth focal plane

Consists of:
\ 3 e Structure
"‘@/ » Cabinets
| * Five selectable engaging/moving
modules:
* Two Seeing-Limited arms
(identical)

* One SCAO arm
* One Coronagraph arm
* OnelFU arm

Functions:
Observing mode selection
* SL-UNI: object (in axis) + sky (off
axis) observation (w/ star
avoidance)
* |FU-AO: SCAO and IFU arms
engaged
Wavelenght splitting
Injection into science and insertion of
calibration fibers




Front End w/ IFU

Integral Field Unit for AO-assisted
spectroscopy

* Coupled to SCAO module at Front-End
level

Functions:

 Derotation and Stabilization

* Zoom: reimaging the ETL focal plane in
different scales for the microlens array

* Atmospheric dispersion correction

e Send the light to YJH and K
spectrograph fibers

* Guiding and monitoring, for the
correction and field stabilization
Baseline characteristics:
e 7x7 spaxels
* Four selectable spatial scales
* FoV > 0.5 arcsec? at largest scale
IFU output reformatted into fibre

bundle {then feeding the cold
spectrographs (YJH and K)}



SN NDE - — /\ SCAO module functions:

e wavefront sensing and correction
Front End w/ ~ * interface with ELT AO

SCAO & CORO . infrastructure
- ( A : — loop closure on science or off-axis
, - — reference

—
— Coronagraph functions:

e stellar light suppression

* improved contrast for close-in
SN companions

— S

gy

\\ >~

Key subsystem requirements:

* PSF contrast goal: 103 at 3A/D
(25mas) for 1600nm, with | =8
and median seeing conditions
SR > 40% in H-band for AO ref 1=12
under median seeing conditions
reference acquisition in radius 2

a 7.

5asec

operation with reference 6 > 1 > 15
IFU diffraction-limited
performance in NIR

Compatibility with IFU spaxel
scales and FoV




A [ Fiber Link

ANDES

[U]BV, RIZ spectrographs » 9k x 9k detectors, 0.168” x 11.1” slit

CCC T T rrrrrrrrmrmmtrrrrrrrrrrrrrrrrrrrrrrrrrrrrr) SL-UNI mode
31 Fibers of 0.168” @ > 0.93” @ aperture DCCD 31 fibers of 0.168” @ » 0.93” @ aperture

YJH spectrograph » 4k x 4k detector, 0.125” x 9.4” slit

%E)\IIII\I\|\\|||\I\I\II\HJJC%:EDIIII\II\II\II\IIII\II\[ﬁSL-UNImOde
31 fibers of 0.125” 2 » 0.7” g aperture 31 fibers of 0.125” @ 3 0.7” @ aperture
[ ——— e e rrml JFU-AO mode
SO ring S1 ring S2 ring S3 ring S4

=

The total path-length
from Nasmyth to
Coude rooms is
ca.150 meters

Fibre-fed architecture

connecting Front-End to spectrographs

Independent fibre groups for:

* Seeing-Limited (SL-UNI) mode

* |IFU-AO mode

e Calibration light

Functions:

* transport of science and calibration
light

e Scrambling and uniform (pupil
slicing) the light

* Distinguish light of single fiber PSF

* preserve illumination stability

Interfaces:

* Front-End injection w/ CU

e spectrograph slits



Spectral coverage and Resolving power:
350-630 nm, R = 100,000

Installed on the Nasmyth platform (due to
low T% of fibers under 450nm)

Main functions:

* dispersion and detection of science and
calibration light

* wavelength stability for high-precision
spectroscopy

* simultaneous flux monitoring
via exposure meter

Key technical requirements:

* wavelength stability <1 m/s

* vacuum operation < 10™* mbar

* thermal stability <1 mK, 24h

* detectors operated at ~163 K

Optical architecture:

» echelle spectrograph with mosaic R4
and Xdispersers (ESPRESSO like)

e beam size 400 mm

* splitinto U, Band V arms via dichroics

e 3 CCD 9k x 9k, 10um px




C r;h,;

RIZ 3 ptog rap | |

Spectral coverage and Resolving power:
- 620-950 nm, R = 100,000
Installed on the Coudé room

Main functions:
dispersion and detection of science and
calibration light
wavelength stability for high-precision
spectroscopy
simultaneous flux monitoring
via exposure meter

Key technical requirements:

» wavelength stability <1 m/s

~ ¢ vacuum operation < 10™* mbar

e thermal stability £ 1 mK, 24h

* detectors CCD operated at ~¥163 K

Optical architecture:

~ echelle spectrograph with mosaic R4

and Xdispersers (ESPRESSO like)
beam size 400 mm

split into R, 1Z arms via dichroics
2 CCD 9k x 9k, 10um px



e
("

Coudeé - YJH-spectrograph

Spectral coverage and Resolving power:

950-1800 nm, R = 100,000

Installed on the Coudé room

Main functions:

e dispersion and detection of science and
calibration light

* wavelength stability for high-precision
spectroscopy

e simultaneous flux monitoring
via exposure meter

* Provide slit entrance

Key technical requirements:

* wavelength stability <1 m/s

e vacuum operation < 10™* mbar

e thermal stability £ 1.5 mK, 24h

Optical architecture:

» echelle spectrograph with mosaic R4
and Xdispersers 16 |/mm

* splitinto, J, H arms via dichroics

* HA4RG detectors



1950-2450 nm, R = 100,000
Installed on the Nasmyth platform
Smaller (ca. 5 tons, 3x2x3m)

K spectrograph Spectral coverage and Resolving power:

Main functions:

* dispersion and detection of science and
calibration light

* |FU connection

Key technical requirements:

* Wavelength temp stability 50 m/s

e Spectral sampling >2.5 pixel

* Spatial sampling 20pm@F/3.5 (0.031”
on sky)

* Detector 4096 x 4096 pixel (H4RG)

» Slit size and fibers: 20 x 900 micron / 9

* special infrared fibres of Zirconium ZrF4
Fluoride Glass

* Transmission ca. 20 — 24 % (w/ detector)

Optical architecture:

e echelle spectrograph

* beam size 80 mm




Dedicated Calibration Unit (CU) per spectrograph (4 independent CUs)
Fully cabinet-based architecture: ESO-compliant electrical cabinets

Calibration Unit

Light Distribution Point (LDP) fully automated and configurable

Functionality Upgrade: Upgrade: routes calibration light to:
LFC (astrocomb) IRS (FTS - t-End (via EL
Order localisation / FFS ront-End (via FL) _
o et (Halogen lamp) * spectrographs (for simultaneous reference)

Wavelength HCL + EP LEC . .
calibration Baseline calibration sources:

Drift Tracking FP * Flat Field Sources (FFS) — Halogen
FP (?) LFC * Hollow Cathode Lamps (HCL)

Calibrator * Fabry—Pérot etalon (FP)

characterization Desi d for fut d
and monitoring esignea rtor ruture upgraaes

FP

|

|

|

|

|

|

| |

| I->SL2 :
! ; |1 Fiber Link
' |
|

|

|

|

|

|

|

|

|_> DIRECT!!

ICAL 3

i > SLIFU 3




resolving power, stability, wavelength coverage, observing * daily calibration strategy

modes * Simultaneous direct calibration architecture

Modular and distributed design Designed for long-term scientific evolution (thanks to ANDES
* Front-End (+) at Nasmyth modularity)

» fibre-fed spectrographs at Nasmyth and Coudé * baseline performance fully compliant

Architecture enabling multiple observing regimes e clear path toward ultimate precision goals

* seeing-limited, IFU-AO

* simultaneous object, sky, and calibration
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A  A\INTTARGET MODE

ANDES

Spectrograph
ELT focal plane l P EeP
. Slicer/scrambler MO T I I T I T T T I I I T T I T T I T T 171
Pseudo-slit
Large fiber , uniformly illuminated
31 (small) fibres bundle R~ 100,000
Current SL Observing mode (optimized for exoplanets not for “faint’ targets)
Losses at slicer/scrambler stage
Spectral resolution higher than typically needed .
P J ypieaty New Faint Target Mode

Photons spread over entire slit
Generally READOUT LIMITED

combining medium resolution, optimal extraction, high throughput

ELT focal plane Spectrograph

;_\

)

/ No slicer/scrambler
» HEEEERT = BN

AN SN

Pseudo-slit
keeping memory of the PSF
R~ 50,000

| —

Bundle of ~15-19
larger (~ x2) fibres

(lower RON impact)

- optimal extraction of the
signal from illuminated
fibres allows for a higher
on-chip binning

- overall larger aperture =
smaller aperture losses

- skipping scrambler and
splicer = higher efficiency
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