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Summary

ÅWho are we? What we do?

ÅOur Capella-basedsystems engineering
workflow

ÅWhich softwares are we integrating with
Capella? 
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Context



Synchrotron Laboratories

Å 1 т Linear Accelerator (LINAC)

Å 2 т Injecting Accelerator (Booster)

Å 3 т Main Accelerator (Storage Ring)

Å 4 т Experim. Stations (Beamlines)

In essence, giant and powerful  microscopes!

Å Large scientific infrastructure that produces a broad-spectrum light, used to 

investigate the structure of materials and their interactions in high resolution

Å Recently upgraded to 4th generation, granting better imaging capabilities at its 

beamlines
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4th Generation Synchrotron Labs
Recent greenfield or upgraded facilities

Å Upgraded magnet arrangement for granting better light properties through better electron 

focalization and trajectory stability (~100-1000x gain from previous generations!!)

Campinas

SIRIUS
Energy 3.0 GeV
Circunference 518 m

ESRF-EBS
Energy 6.0 GeV
Circumference 844 m

MAX IV
Energy 3.0 GeV
Circumference 528 m

APS-U
Energy 6.0 GeV
Circumference 1103 m

HEPS(construction)
Energy 6.0 GeV
Circumference 1360 m

SLS2(construction)
Energy 2.4 GeV
Circumference 290 m
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Sirius/LNLS Mission

Make use of new 
experimental 
techniques

Employingnew technologies

Understand/unravel 
the structure of 

diverse materials

Understand diverse 
mechanisms and processes

Validate and create 
new technologies
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CNPEM/Sirius

ÅNot the Obeo Eclipse tool, but a particle
accelerator instead! J

Å2nd Synchrotron Laboratory in Brazil, 
replacing the 1st one (UVX: 1989-2019)

ÅOne of the brightest lightsources in the
world, having only 3 other comparable at
the moment (all in Northern Hemisphere)

ÅResearchfacility open to users worldwide
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ÅCNPEM
Å #³JÊ ӃŻ´National Center for Researchin 

Energy and MaterialsƉCNPEM

Å4+1 National Labs
Å LNLS/Sirius ƉSynchrotron Lightsource

Å LNBR ƉBio-renewables

Å LNBioƉBiosciences

Å LNNanoƉNanotechnology

Å LNPP/Orion ƉMax. Biosafety (construction )

ÅBeamline Eng. Division (DEL)
Å MArÉ GroupƉModeling and Architecture of

Experimental Systems

CNPEM
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Sirius/LNLS People
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CNPEM
José Roque

Divisions and Groups

Tech. Infrastructure 
and Operations

Fernando Cardoso

Op. Sup. & Mainten.
Igor Santos

Elect. Engineering
Maurício Pereira

Autom & Motion Sys.
Filipe Del Nero

Beaml. & Labs Infra.
Diogo Peixoto

RIXS & NAP-XPS
Tulio Rocha

XMCD & PEEM
Julio Cezar

ARPES
Wendell Simões

Extreme Conditions
Ricardo Reis 

Components Installation
Camili Ambrosio

Optical Systems
Bernd Meyer

Embedded Controls
Telles Soares

Condensed Matter 
and Material Science 

Narcizo Souza

m and nano - CT
Nathaly Archilha

XAFS
Amélie Rochet

XPD 
Cristiane Rodella

Tender X-Ray Nanoprobe
Carlos Pérez

Heterogeneous 
and Hierarchical Matter

Hélio Tolentino

m and nano - FTIR
Raul Freitas

CDI & XPCS
Florian Meneau

SRCD
Juliana Yoneda

SAXS
Leandro Barbosa

m-MX
Andrey Nascimento

Soft and 
Biological Matter 

Mateus Cardoso

Accelerators Operations
Walter Marchesini

Accelerator Physics
Ximenes Resende

Accelerators

Liu Lin

Beamline 
Engineering 

Lucas Sanfelici

Chemistry & Bio Labs
Simone Betim

Extreme Therm. Cond. Labs
Danusa do Carmo

Components Design
Gustavo Lorencini

Microsc . Samples Labs
Ingrid Barcelos

Data Acquisition 
and Processing 

Daniel Tavares

Electronic Instrument .
Fernando Cardoso

Scientific Computing
Eduardo Miqueles

Detectors
Jean Polli

Data Science & Management
Allan Pinto

Precision Mechatronics
Renan Geraldes

Model-Based Architect.
of Experim. Systems

Gabriel Moreno

Pulsed Magnets
Fábio Arroyo

Radiofrequency
André Lima

Control Software
Ana Oliveira

Computing Platforms
Eduardo Coelho

IDs and Photon Diags
Sergio Lordano

LNLS
Harry Westfahl Jr.

Soil Sciences Advisor
Dean Hesterberg

PM & BI
Marcelo Xavier

Executive Assist.
Priscila Alves

3 Scientific Divisions
(~150 ppl)

4 EngineeringDivisions
(~210ppl)



Beamline Design
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ÅScientific groups work together to create
experiments that meet industry and
scientific comunity needs

ÅEngineering groups work together to
create instruments that meet
scientific /experimental needs

ÅSynchrotron Beamlines are custom-built to
addressa specific group of techniques, 
designed to extract specific information
from the analyzed materials

ÅA synchrotron lab may host dozens of
Beamlines, all working simultaneously



Sirius Beamlines 

Picture taken in january/2022



Phase I beamlines (2019 Ɖ 2023)
Sirius Beamlines 
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Å 15 beamlines built  in ~4 years!
Å 11 currently open to users

Å 2 in commissioning phase

Å 2 in assembly and installation phase

CARNAÚBA

CATERETÊ

EMAMANACÁ

IPÊ

IMBUIA

CARCARÁ-X

Status em: 01/08/23

EXTERNAL USERS

COMMISSIONING

ASSEMBLY

DESIGN

SAPÉ

JATOBÁ

QUATI

SAPUCAIA

CEDRO

PAINEIRA

SABIÁ

MOGNO



ARIRANHA
(Instrumentation)

Phase II beamlines (2024 Ɖ 2028)
Sirius Beamlines 
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Å 13 new beamlines in next 4 years!
Å 3 deriving to Orion BSL-4 Lab

Å 10 from Sirius

HIBISCO
(uCT)

SIBIPIRUNA
(nCT)

TIMBÓ
(nCT)

CARNAÚBA
(nanoprobe)

CATERETÊ
(CDI/XPCS)

EMA
(Extreme)

MANACÁ
(uMX)

SABIÁ
(XMCD/PEEM)

MOGNO
(uCT)

IPÊ
(RIXS/XPS)

SAPÊ
(ARPES)

QUATI
(XAFS)

PAINEIRA
(XPD)

JATOBÁ
(PDF)

SAPUCAIA
(SAXS)

CEDRO
(SRCD)

TATU
(THz)

TEIU
(mprobe)

SERIEMA
(Extreme)

PITANGA
(AP-XPS) MANATI

uCT

SAGUI
(XRD)

QUIRIQUIRI
(XRD)

INGÁ
(IXS)

SUSSUARANA
(XRD)

Orion beamlines

Sirius Phase I

Sirius Phase II



Beamline concept and complexity



Common System decomposition
What is a beamline?
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Parts

Components

Modules

Systems

SoS Beamline

Source Front-End Optics Experimental 
Station

Detectors Sample 
Enviroment

Cryogenics Microfluidics Heat

Sensors Heaters

Sample 
Loader Sample Stage Bench

Infrastructure



What is a 
beamline?

Fluorescence

Luminescence
Transmitted

Scattered

M1

M2
SSA

4CM
KB

27 m

54 m

0 m
SIRIUS: 3GeV, 4th gen
BrazilianSynchrotron

(E = 2-14 keV)

X-ray mirror system

Mirrors

130 m
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What is a 
beamline?

Fluorescence

Luminescence
Transmitted

Scattered

M1

M2
SSA

4CM
KB

27 m

54 m

0 m
SIRIUS: 3GeV, 4th gen
BrazilianSynchrotron

(E = 2-14 keV)

X-ray monochromator 
sys.

Monochromator
s

Monochromator 
crystals

In-vacuum rotary 
stages

X-ray 
masks

cryocoole
r

Granite 
bench

Ion pump

130 m
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What is a 
beamline?

Fluorescence

Luminescence
Transmitted

Scattered

M1

M2
SSA

4CM
KB

27 m

54 m

0 m
SIRIUS: 3GeV, 4th gen
BrazilianSynchrotron

(E = 2-14 keV)

Experimental Station

130 m

TARUMÃ: 135 m
res. = 500 to 120 nm2

In-situ nanoprobe

SAPOTI: 143 m
Res. = 140 to 35 nm2

Cryogenicnanoprobe
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What is a 
beamline?

Fluorescence

Luminescence
Transmitted

Scattered

M1

M2
SSA

4CM
KB

27 m

54 m

0 m
SIRIUS: 3GeV, 4th gen
BrazilianSynchrotron

(E = 2-14 keV)

Nanofocusing optics system

Experimental Station

130 m
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What is a 
beamline?

Fluorescence

Luminescence
Transmitted

Scattered

M1

M2
SSA

4CM
KB

27 m

54 m

0 m
SIRIUS: 3GeV, 4th gen
BrazilianSynchrotron

(E = 2-14 keV)

Experimental Station

130 m

Sample manipulation System
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What is a 
beamline?

Fluorescence

Luminescence
Transmitted

Scattered

M1

M2
SSA

4CM
KB

27 m

54 m

0 m
SIRIUS: 3GeV, 4th gen
BrazilianSynchrotron

(E = 2-14 keV)

Experimental Station

130 m

X-ray Detector System
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TARUMÃ Station

Samples  
(Biological, agro, minerals, 

batteries...)

ÅMulti-technique ï experiments in situ, in operando, in vivo Various 
sample 

holders and 
environments

GripperMicroscopes 

Luminescence

Transmission 
(ptychography)X-ray fluorescence 

(x2)

TARUMÃ 

Diffraction 

20 mm
KB
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TARUMÃ Station
Cryogenic Setup
Å ?Jª°ӃX ºXª°X³JºÄ³X ºJ³zXºŷ ǎǏǏ1ᴒ
Å Thermal variations must cause minimal 
´Jª°ӃX T ´°ӃJNXªX«º ƎǸǐǍ«ª >5?Əᴒ

Å Must insulate internal dry N2 from 
Jºª­´°|X³ N J ³ᴒ

Å Must actively avoid water 
condensation/icing

Thermal drift measurement in 
perovskite sample: 1µm in 7.5h
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Nano-focus
120 (H) x 120 (V) nm2

Secondary Source
0.3 (H) x 800 (V) mm2

MOGNO beamline
Micro and Nano tomography
Å Zoom from 50 to 0.1 ɛm resolution

Å In-situ experiments with rocks in pre-
salt reservoir conditions

Å Various tomography experiments

~1 mm ~20 mm

Courtesy: Steffen Berg
(Shell/IC London)

Courtesy: Talita Ferreira (MOGNO/LNLS)
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Why Systems 
Engineering for 
Synchrotrons?

ÅBeamlines are Complex Systems: 
Å Highlyconnected;
Å Performance is highlysensitive to more than one module;
Å Often present competing requirements (i.e. temporal 

resolution vs. Spatial resolution vs. Environment
conditions);

ÅMany different stakeholders often involved
Å Different languages;
Å Different points of view;
Å Different restrictions and needs;

Å#XJªӃ «XŻ´life -cycle often includes upgrades 
to keep up with scientific community demands

ÅMany Beamlines are yet to be built (~25)
Å Reusabilityopportunities;
Å Technologicalheritageopportunities;
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First steps in SE and 
MBSE implementation!

ÅFirst institutional application of formal SE 
and MBSE started in 2023

ÅBetter capabilities demandsbetter
performance, and pushesfor technological
advancement

ÅMany collaborations starting inside and
outside Brazil

ÅGoal: to start showing value in improving
future projects with quick-and-easy
application of SE and MBSE concepts
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Systems engineering workflow for 
Sirius



Ref: www.ppi-int.com

According to INCOSE
Motivation

Å Fast Growing

Å Experience

Å Complexity

Systems engineering 
promotes structured 
processes and 
interdisciplinary 
collaboration, leading to 
more efficient  project 
execution and clearer 
communication across 
teams.
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Overview

We propose an (ideal) 
Systems Engineering 
workflow  for  CNPEM, 
to gather and manage 
requirements and 
architect our systems. 
The proposal is a fusion 
of our current design 
workflow  and the 
traditional  one 
proposed in ES. Each 
step is described in the 
following  slides.

System Engineering Workflow

System Interfaces 
& Capabilities

Raw requirements & 
Stakeholder needs

Refined Scenarios diagrams

Functional Analysis + 
Solution Generation

Trade-off analysis
Modularization Concept documentation + 

requirements

29



Problem Domain Ɖ System Interfaces & Capabilities
System Engineering Workflow

Å Stakeholders

Å Interfaces

Å Benchmark

Define Use Case 
Scenarios (how our 
system interacts with  
external actors). The 
definition  of interactions 
between users and 
systems could be done 
here to clarify roles and 
responsibilities. Identify  
technology gaps to 
explore

30



Problem Domain Ɖ Requirements Engineering
System Engineering Workflow

Å Rewording

Å Rationals

Gather raw requirements 
from stakeholders and 
refine them into  more 
descriptive and detailed 
ones. If needed, break 
down raw requirements 
into  more than one 
refined requirement.
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Problem Domain Ɖ Requirements Engineering
System Engineering Workflow

Å Functional vs Non-functional

Å Traceability

Å ReqIF

Gather raw requirements 
from stakeholders and 
refine them into  more 
descriptive and detailed 
ones. If needed, break 
down raw requirements 
into  more than one 
refined requirement.
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System Engineering Workflow
Problem Domain Ɖ Experiment Structure

Å Mission and capabilities

Å Actors and Entities

Å Abstractions

Map the possible uses 
of the system, 
experiments, safety 
procedures, and 
maintenance. In-depth 
understanding of what 
the system should 
accomplish. Try to keep 
the problem solution 
neutral and identify  the 
critical steps and 
interfaces in the 
expected workflow . 
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Solution Domain Ɖ Solution Proposal
Identify  solutions for  
system functions. 
Propose different  
solutions set to explore 
interfaces between 
components. Define 
possible spin-offs of sub-
systems for  internal P&D.

System Engineering Workflow

Å Creativity

Å Risk Management

Å Experience
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Confront  different  
solutions for  the 
expected functions and 
different  sets of 
solutions to compose 
the system. Model the 
solutions to perform a 
trade-off  analysis.

System Engineering Workflow
Solution Domain Ɖ Trade-off Analysis

Å Performance

Å Cost  

Å Schedule

Å  Low-fidelity models
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Identify  Subsystems and 
their  related 
requirements and 
functions. Minimize 
interfaces between 
subsystems. Aggregate 
similar functions and 
consider LNLS 
organizational structure 
and workgroups.

System Engineering Workflow
Solution Domain Ɖ Modularization

Å DSM

Å Interfaces 

Å LNLS teams 
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Create documentation 
and models from 
requirements, 
subsystems, and physical 
modules and share them 
with  other teams (DEL 
and/or  MArE). 

System Engineering Workflow
Solution Domain Ɖ Sub-system Consolidation

Å Model x Document

Å Interfaces

Å Solution Concept
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Systems engineering software workflow
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Solution Domain - Model Federation Integration

System Engineering Workflow

üRaw requirements compilation
ü1st rewording
üUnderstanding of rationales 

ü Translation from .csv to .reqif

üFunctional analysis, Documentation
üFunction and requirement connection
üSolutions alternatives 
üConceptual design 

Requirements.xlsx

ü Documentation
üGroups interface
ü Agreements  

üPhysical Models connections
üTrade-off, sensitive and robustness
üSolutions results vs requirements

Info

üRequirements rewording and 
management
üFunctional vs non-functional
üRequirement parameters target values
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PVMT

M2Doc
Req. Viewpoint

Py4Capella

Ansys MC т Capella Connector



Excel



Spec Collection
AFTER (implementation objectives)
Å Documentation of Design Rationales (Requirement Tracking)

Å Impact analysis for design changes or sub-components

Å Repurposing common requirements in similar projects

BEFORE (and currently)
Å Brainstorming meetings

Å Alignment between different groups

Å Cycles of checking and reviewing projects 
based on predictive modeling

Spreadsheets for requirements and restrictions management (MArE group)
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