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Project Facts

• Acronym: OCEANS

• Full title: Overcoming Challenges in the Evolution and
Nature of Massive Stars

• Number of institutes: 16

• Number of countries: 9

• Programme: Marie Skłodowska-Curie Staff Exchanges

• Duration: 4 years

• Project Number: 101183150

• Coordinator: Astronomical Institute, Czech Academy
of Sciences, Ondřejov, Czech Republic, Dr. Michaela
Kraus

For more information, visit the project webpage:

https://stel.asu.cas.cz/OCEANS/

Contact
Dr. Michaela Kraus
Project Coordinator
Astronomical Institute
Czech Academy of Sciences
Fričova 298
CZ-251 65 Ondřejov

Disclaimer

Funded by the European Union. Views and opinions expressed
are however those of the author(s) only and do not necessarily
reflect those of the European Union or the European Research
Executive Agency (REA). Neither the European Union nor
REA can be held responsible for them.
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Overcoming Challenges in
the Evolution and Nature of
Massive Stars (OCEANS)

1 Jan 2025 – 31 Dec 2028

Overview

OCEANS (Overcoming Challenges in the Evolution And
Nature of Massive Stars) is a project that was top-ranked
for receiving funding from the European Union. This
project investigates a variety of physical aspects that con-
tribute to understanding of the life and death of massive
stars that were born either as single objects or with one
or more siblings.

For this, scientists from the Stellar Department of the
Astronomical Institute in Ondřejov established an interna-
tional network by bringing together researchers in various
states of their scientific career from Europe and North and
South America and with expertise in various disciplines.
The tight collaboration leads to efficient knowledge trans-
fer and creates synergies between theorists and observers.



OCEANS
Motivation

Massivestarsarebornwithmassesgreaterthaneight
timesthemassoftheSun.Theseshort-livingobjectsare
thecornerstoneofthedynamicandchemicalevolutionof
thecosmos,enrichingitastheyevolvewithchemically
processedmaterialthatisblownawayfromtheirsurface
byenergeticwindsanderuptionprocesses.Despitethe
importanceofmassivestars,theirevolutionfromcradleto
deathasspectacularsupernovaexplosionsstillposesmany
mysteriesduetocrucialknowledgegapsinthephysical
processestakingplaceintheirinteriorandatmosphereand
themutualinfluencebyclose-bysiblings.Withtheproject
OCEANS,weaimtoelucidatethephysicalpropertiesand
evolutionofmassivestarsimpactedbycompanionsand
theircontributiontothegenerationofgravitationalwaves.

MassiveStarsandtheirSiblings
Themajorityofmassivestarsareborninmultiplesystems
andtheirevolutioncanbesignificantlyinfluencedbythe
interactionwithclosecompanions.Studyingmassive
binarysystemshelpsustounderstandhowstarsinteract,

Figure1:Illustrationof
masstransferinaninter-
actingmassivebinarysys-
tem.Credit:ESO/M.Ko-
rnmesser/S.E.deMink.

exchangematter,andinthe
endoftheirlifeexplodeas
supernovae.Thesesystems
canalsomerge,creating
gravitationalwavesthatal-
lowusto“listen”tothedy-
ingofstars.Massivebina-
riesalsoofferustheunique
opportunitytoextractfun-
damentalparametersofthe
stars,providingimportant
constraintsonstellarevolu-
tionmodels.

Todiscovernewcompanions,wecollectopticallong-
baselineandspeckleinterferometricobservationsofmas-
sivestars.Thesemoderntechniquesallowustodirectly
resolvesiblings.Thecompanionsareclassifiedusingspec-
troscopicobservations(forexamplefromthePerek2-m
telescope).Moreover,radialvelocitymeasurementsreveal
orbitalelementsandmassratiosofthesystems,whichcan
beverifiedusingmodelsofstellardynamicsandevolution.

Mass-lossProcessesandtheFormationof
CircumstellarDiscs,Jets,andOutflows.

Figure2:Artist’sviewof
arotatingBestarwitha
circumstellardiscandpolar
wind.Credit:A.Meilland.

Massivestarsareknownfor
theirpowerfulwindsandout-
flows,whichcauseenormous
masslossandleadtothe
formationofnebulae,shells,
discsandrings.However,the
physicsofmasslossstillre-
mainsenigmaticasexisting
quantitativedescriptionsof-
tenyieldpredictionsthatare
inconflictwithobservational
constraints.Oneexample
isthediscsaroundBestars,

whoseformationanddisappearancearehighlydebated.

Weemployobservationaldiagnosticsofthewindsand
eruptionsandexplorethepowerofinstabilitiesinsidethe
startotriggermassejectionsthatcanleadtotheformation
ofcharacteristiccircumstellarstructures.Wealsostudy
collidingwindsinmassivebinariesandtheinteractionof
windsandoutflowswiththeinterstellarmedium.

StellarVariability
Stellarpulsations,windsandcompanionscancausebright-
nessvariationsofstars.Thelightcurvesofmassivebina-
riesconsistingofpulsating,interactingstarswithwinds

Time

Brightness

Figure3:Lightcurvesof
massivestarsaffectedbypul-
sations(top),outbursts(mid-
dle)andsiblings(bottom).

andoutbursts,hencepose
challengesontheirinterpre-
tation.Toseparatetheindi-
vidualcontributions,wede-
velopprogressivemethods
forsignalprocessing.We
alsoconstructdetailedmod-
elsforstellaratmospheres
andinternalstructuresof
massivestarsalongtheir
evolutionarypathstopre-
ciselydescribetheirwind
andpulsationpropertiesandtheirimprintonthetem-
poralevolutionofthestellarbrightness.Thesemodel
resultsarethenconfrontedwithobservationaldataob-
tainedcontinuouslybythemonitoringskysurveys.

BigData&Astrostatistics
Wearelivinginanerawhereall-skysurveysdelivervast
amountsofobservationsandweneedtoprovidetheframe-
workandtoolstomanage,analyseandderivevaluable
insightsfromthisdata.Forthistask,machinelearningis
fundamentalandindispensable.

Weexploittheavalancheofpublicdataarchivesand
developadvancedalgorithmsforthedetectionandclassifi-
cationofmassivestarsandbinaries,forbuildingstatistical

Figure4:Neuralnet-
worksillustration,cre-
atedbyAI.

ensemblesofobjectsinvarious
evolutionaryphases,andtocope
withchallengingtasksinthe
processingofastronomicaldata
suchastheperioddetectionin
complexlightcurves.Ouralgo-
rithmswillbeparticularlysuit-
ableforhandlingthelargeinflow
ofdatafromthenextgeneration
ofbreakthroughsurveys,suchas
theLargeSynopticSurveyTele-
scope.

TrainingandCommunicationofResults
TheOCEANSphilosophyiscentredontrainingandex-
changeofexpertise,whichprovidesearly-careerscientists
andstudentstheopportunitytodevelopskillsfortheir
futurecareersinacademiaandindustry.Toachievethis,
•weorganizeschoolsondiversetopicswiththeaim

ofteachingandtrainingstudentsinrelevantresearch
toolsandhigh-performancecomputingundertheguid-
anceofexpertsfromtheOCEANSconsortium,and

•offermentoringduringexchangevisitstothedifferent
participatinginstitutes.

Forcommunicationanddisseminationofourongoing
researchandtheachievedresults,we
•organizescientificworkshopsandconferences,
•publishourresultsinopenaccessjournalsandpromote
themthroughpressreleases,and

•developplanetariumshowsonvariousscientifictopics.
Inaddition,wereachouttothegeneralpublicthrough
eventssuchasDaysofOpenDoorsandResearchersNights
organizedattheparticipatinginstitutes.


