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5ExecutiveSummary

Executive Summary

BESSY III willbeaworld-leadingsynchrotronradiation
facility for soft-to-tender X-rays, operated by Helm-
holtz-Zentrum Berlin (HZB). It will offer the German,
Europeanandinternationalusercommunityfromaca-
demiaandindustrypowerfulexperimentalcapabilities
formaterialsresearch,andtherebydrivematerialsdis-
coverytoaddressmajorsocietalchallenges,inparticu-
lar the quest for a climate-neutral society.BESSY  III,
integrated inthematerialssciencecampusBerlin-Ad-
lershof,willprovideuniquecapabilitiesforthemateri-
alsandenergysciencecommunity.

BESSY  IIIwillbeafourth-generationsynchrotronlight
source based on amulti bend achromat lattice, pro-
vidingsynchrotronradiationofhighestbrightnessand
coherence in the soft-to-tender X-ray region for spec-
troscopy andmicroscopy at the nanoscale. The elec-
tron energy and ring circumferencewill be increased
compared to BESSY  II (2.5 GeV and 350 m, resp.) to
meet the demand for a higher flux of tender X-rays,
whilemaintainingthecomplementaritytothehard-X-
raysourcesPETRA III / IVandESRF-EBS.Incombination
withadvancedundulatorsandhighlyautomatedbeam-
lines,photonbeamsofunprecedentedqualitywillbe
availableforbothhigh-resolutionandhigh-throughput
studies, includingdynamicinvestigationsdowntothe
picosecondtimescale.

The capabilities of a bright photon sourcewill unfold
theirfullpotentialforunveilingmaterialspropertiesby
anefficientlinktocomplementarytechniques.There-
fore,BESSY  IIIwillbeembeddedintheresearchcam-
pusBerlin-Adlershofandfacilitatemultimodalstudies
withlaboratoriesoperatedbyHZBandpartners.Apar-
ticularemphasiswilllieonthedevelopmentofspecial-
izedequipmentandsampleenvironmentforoperando
investigationstostudy“materialsatwork”.

AkeypartnerofHZB in thedevelopmentofBESSY  III
is the Physikalisch-Technische Bundesanstalt (PTB)

thatwilloperateasectorofthenewfacility.Theirglob-
ally unique expertise in metrology and quantitative
materialssciencewillnotonlyenhancetheeconomic
impactofBESSY  III,butalsoenabletheinstallationof
quantitativemeasurementcapabilitiesat instruments
beyondthePTBsector,whichwillpermitotherwiseun-
attainableinsightsintomaterialsproperties.

The combination of (i) the extremely bright soft X-ray 
source, (ii) the integrated research campus and (iii) 
the quantitative measurement capabilities will make 
BESSY  III a world-leading facility for materials discov-
ery used by universities, non-university research in-
stitutes and industry. 

Thescientificfocuswill lieonfieldsthatcontributeto
achieving a climate-neutral, sustainable society (i.e.
green energy production and storage, catalysis and
greeninformationtechnology)aswellaslifesciences.
Soft-to-tenderX-raysare indispensable in these fields
forthestudyofelectronicproperties,whichdetermine
the functionality of materials. Dedicated operando
equipmentandanearly involvementof industrialcol-
laborators will ensure high economic relevance and
innovationpotentialoftheresearch.Theoptimisation
oftheBESSY  IIIfacilitywithrespecttothefocusfields
willbedrivenbyHZB'sresearchgroups,itskeypartners
andtheinvolvementoftheusercommunity.

BESSY  III willmake full use of the digital capabilities
available at the time of operation, along the whole
chain from photon generation to data collection and
analysis.HZBiscommittedtoplan,tobuildandtoop-
eratetheBESSY  IIIfacilityasagoldstandardforlarge
scale research facilities, and to make BESSY  III the
placetobeforaninternationalanddiversecommunity
ofscientistsandtechnologists.
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8 1.MaterialsDiscoveryatBESSY

1. Materials Discovery at BESSY

HZB Photon Facility Strategy and the 
HZB Research Campus 

Climatechangemitigationandagrowingworldpopu-
lationurgently requirea transition towardsaglobally
sustainable,resilient,andclimate-neutralsociety.Sci-
entificandtechnologicalbreakthroughswillbekeyto
improving energy efficiency, ensuring a sustainable
energy supply, and ultimately achieving carbon neu-
tralityacrossallsocietaldomains.Aslaiddowninthe
recentlypublishedkeyissuespaperforthepromotion
ofmaterialsresearchoftheGermanFederalMinistryof
EducationandResearch [1],materialsareaprerequisite
foranytechnologicalprogressandthusadecisiveeco-
nomic factor. Solving this challenge thus requires re-
searchanddevelopmentofnewmaterialsandradical
newtechnologiesforrenewable,carbon-neutralener-
gyconversionandenergystorageprocessesaswellas
systemicgreenhydrogensolutions.

Formaterialsdiscoveryanddeveloping tailored func-
tional materials, understanding the electronic struc-
tureandultimatelycontrollingreactionpathwaysand
processesarevital.Forawiderangeofapplications,in
particularforenergyandquantummaterials,theelec-
tronicstructureisthekeypropertythatdeterminesthe
functionality.Duetotheirabilitytoprobetheelectron-
ic, chemical and spin structure, modernmicroscopic
andspectroscopicmethodsusingsoft-to-tenderX-rays
thatallowin-situandoperandoinvestigationsareanin-
dispensabletoolformaterialsresearch.

The BESSY  II synchrotron radiation source at Helm-
holtz-ZentrumBerlin(HZB)isaninternationallyleading
facilityplayingtoitsstrengthsinthesoftX-rayregime,
withthemissiontoenlightenandenablematerialsdis-
covery,developsolutionstothesocietalchallengesof
thiscentury, likeEnergy, InformationandHealth,and
enable research and innovation along the entire val-
ue chain. BESSY  II’s long-term strategic development

is guided by the center’s programmatic research, the
involvementofHZB’sstrategicpartners, thescientific
environment as well as the BESSY  II user community
asawhole.Within this framework, theareasofcatal-
ysis / electrochemistry, energy materials, as well as
quantumandcorrelatedmaterialsdiscoveries,butalso
newbridgesbetweenbasicresearchandindustry.

BESSY  II hasnowbeen inoperation formore than20
yearsandwillbeoperateduntil2035.Witha recently
formulatedupgradeprogramBESSY  II+competitiveness
onhighestinternationallevelwillbemaintained.Forthe
yearsafter2035,itssuccessorsource,BESSY  III, needsto
bereadyforoperation.MaintainingBESSY  IIcompetitive
while bridging to BESSY  III requires maintenance and
modernizationmeasuresaswellastheprovisionofnew
researchopportunitieswithintheguidelines

 •  Expanding capabilities in the field of electro-
chemistry and catalysis with the ambition to 
provide worldwide leading, industry relevant 
experimental possibilities; here, CatLab serves 
as a blueprint for the further development, 

 •  Leadership in quantum and correlated materials 
by upgrading instrumentation, 

 •  Keeping competitiveness in Life Sciences 
by implementing fast and efficient high-
throughput methods, 

 •  Continuously developing and implementing 
novel accelerator operation and instrumen-
tation concepts as well as access modes, and 

 •  Maintaining the facility’s leadership as a 
key enabler of metrology with synchrotron 
radiation and strongly develop and roll out 
materials metrology capabilities together  
with PTB and BAM. 
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HZBhas committed itself to become greenhouse gas
neutralby2035.BESSYII,asanylarge-scaleinfrastruc-
ture, consumes a significant amount of electrical en-
ergy.Dwindlingresources,togetherwithrisingenergy
costsandclimatechangeareallrequiringmid-tolong-
termstrategiesforreliable,affordableandcarbon-neu-
tralenergysupplies. Importantsteps towardsamore
energy-efficientoperationof the facilityare therefore
essentialpartsofBESSY II+andwillpave theway to-
wardsasustainableBESSY  III.

TheBESSYII+upgradeprogram–whichhasbeeneval-
uatedbyanexternalpanelofinternationalrenewedex-
pertsandleadersinsynchrotronscienceinOctober2022
–will notonly enable continuedoutstanding scientific
researchandinnovationatBESSY  II,butalsoinitiatede-
velopmentsthatareofgreatimportanceforthedesign
ofBESSY III.BESSY III, integrated in thematerials sci-
encecampusBerlin-Adlershof,willprovideuniquecapa-
bilities forthenationalandinternationalmaterialsand
energysciencecommunitybysynergeticallycombining

 •  a state-of-the-art 4th generation synchrotron 
radiation source,

 •  an integrated facility approach embedded 
in the materials research campus at Berlin-
Adlershof, and

 •  quantitative and metrological materials science 
capabilities, which are leveraged by the world-
leading expertise of Physikalisch-Technische 
Bundesanstalt (PTB).

The interlocking plans for the BESSY II+ upgrade pro-
gramandthesuccessorsourceBESSY III,whichareco-
ordinatedintermsofscientificfociandmethodological
developments, reflect the strategic relevance for HZB
oftheavailabilityofmodernsoft-to-tenderX-raymicro-
scopicandspectroscopicmethodsatitsAdlershofcam-
pus.   Figure1.1showstheroadmapforthefurtherde-
velopmentofthesynchrotronradiationsourcesatHZB.

This roadmap, aligned with the national Helmholtz-
Photon Science roadmap and the European LEAPS
Strategy for the futuredevelopmentof large-scalere-
search facilities in the field of synchrotron radiation,
fits seamlessly into HZB’s strategic campus develop-
mentwhich aims at concentrating all research activi-
tiesandinfrastructuresononesite–inAdlershof.Inthe
medium term, additional laboratory and office space
willbecreatedthere,withafocusoninternalandexter-
nalnetworkingandthecreationof transferand inno-
vationspaces.Bothwillcontributedirectlyalreadyfor
BESSY  IIandareindispensableforBESSY  III.BESSY  III
willbethekeypillarfornewmaterialsandtechnologies
for the entire science and technologyparkAdlershof.
TherealizationofBESSYII+,followedbyBESSY  III,will
bealighthouseandanattractorforbrightmindsfrom
scienceandindustrytokeepBerlinandGermanywith-
inaleadingEuropeanposition.

Inallcampusdevelopmentprojects,HZBiscommitted
to findingor creating sustainable solutionswhichare
ontheforefrontofinternationaldevelopments.

Figure 1.1:RoadmapforthefurtherdevelopmentofthesynchrotronradiationsourcesatHZBwhichincludesthetransferofbeamlines
andinstrumentationfromBESSYII+toBESSY III
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BESSY  IIIwillbecomeaworld-leadingfacility forsoft-
to-tender X-rays enlightening the way for materials
discoveryanddevelopmentofdisruptivetechnologies.
BESSY  III, integrated in the material science campus
Berlin-Adlershof, will provide unique capabilities for
the national and international materials and energy
sciencecommunitybysynergeticallycombining

• astate-of-the-art4thgeneration
synchrotronradiationsource,

• anintegratedfacilityapproach
embeddedinthematerialsresearch
campusatBerlin-Adlershof,and

• quantitativeandmetrological
materialssciencecapabilities,
whichareleveragedbytheworld-
leadingexpertiseofPhysikalisch-
TechnischeBundesanstalt(PTB).


Climatechangemitigationandagrowingworldpopu-
lationurgently requirea transition towardsaglobally
sustainable,resilient,andclimate-neutralsociety.Sci-
entificandtechnologicalbreakthroughswillbekeyto
improving energy efficiency, ensuring a sustainable
energy supply, and ultimately achieving carbon neu-
tralityacrossallsocietaldomains.Aslaiddowninthe
recentlypublishedkeyissuespaperforthepromotion
ofmaterials research of the German FederalMinistry
ofEducationandResearch [1],materialsareaprerequi-
siteforanytechnologicalprogressandthusadecisive
economic factor. Solving this challenge thus requires
researchanddevelopmentofnewmaterials and rad-
ical new technologies for renewable, carbon-neutral

energy conversion and energy storage processes as
wellassystemicgreenhydrogensolutions.

Materials discovery requires dedicated synthesis ca-
pabilities, sophisticated analytical tools and theory
supportthatenabletheunderstandingandtailoringof
theelectronic structureand itsdynamicson relevant
lengthandtimescales,oftenunder realisticchemical
andphysicalconditionsfortheprocessingofthemate-
rials(in-situ)orwhileinoperation(operando).Theavail-
ability of soft X-ray synchrotron radiation (SR) is key
tothis investigation.WhilecomplementaryhardX-ray
sources suchasPETRA III / IVand theESRF-EBS focus
ontheatomicstructureofthematerial,soft-X-raysare
indispensabletoprovidedeepinsightsinthefunction-
alityofamaterialbyprobingelectronicstructuresand
properties.AlreadyatBESSY  II,HZBispursuinganin-
tegrated approach where investments into beamline
andendstationinfrastructureaswellassynthesisand
complementary off-line characterization capabilities
will create opportunities for new materials discover-
ies. However, as functionalmaterials are increasingly
heterogeneousonnanometerlengthscales,theinves-
tigationofsuchmaterialsisoftenhampered.BESSY  III
will overcome this limitation and provide previously
unavailable analytical capabilities for the efficient in-
vestigation of very small or inhomogeneous samples
bymeansofnanoscalestudieswithhighspectralsen-
sitivity. The4th generation soft-to-tenderX-ray source
will surpass theperformanceofBESSY  II byordersof
magnitude,especially in termsofspectralbrightness,
coherence,andsmallestspotsize.Thenewfacilitywill
allow time-resolved, in-situ and operando studies of
materialsanddeviceswithfullpolarizationcontrolun-
derrealoperationconditions,focusingonspectroscop-
icandmicroscopicmethodsmatchedtothedesiredap-
plications.Basedonthesefeatures,BESSY IIIwillserve
abroadusercommunityfromappliedtocuriositydriv-
enresearch.

2. Mission and Motivation
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Alreadytoday,andincreasinglyinthefuture,morethan
justastate-of-the-artphotonbeamisrequiredforsci-
entific investigationstohavereal impact.Oursurveys
withexpertsfromdifferentusercommunities,partner
institutions, and among the HZB scientists showed
that the successof the research reliesonmultimodal
experimental approaches, consisting of state-of-the-
art, science-driven SR-instrumentation and sample
environments combinedwith correlative off-line (lab)
methods, complex material synthesis, and (near) re-
al-timedataprocessinginanintegratedresearchenvi-
ronmentatamaterialssciencecampus.

Consequently, BESSY  III will be integral part of the
HZB's Wilhelm-Röntgen Campus Adlershof (WCRC)
andembeddedintheScienceandTechnologyParkin
Berlin-Adlershof.AtBESSY  III,usersanduserconsortia
willnotonlybeabletoapplyforbeamtimeattheSR
source,butalsoforaccesstothelaboratoryinfrastruc-
turelinkedtoBESSY IIIontheintegratedcampus,thus
significantlyacceleratingthedevelopmentofnewma-
terials.BESSY IIIwillcometolifewitharigorousdigiti-
zationoftheentirescientificworkflow,optimizeddata
acquisitionandanalysissystemsandsustainabledata
curation. It will benefit from IT infrastructure coordi-
nation,undertakenonmultiple,largescalelevels,e.g.
nationalNFDI,DAPHNE,FAIRmat,ErUM-Data,Europe-
anEOSC,ExPaNDSandglobalRDA.Activeparticipation
in these coordinated activities will add FAIR value to
scientificdataacquiredatBESSY  III.Thisresearchenvi-
ronmentontheWCRCasembeddedintheScienceand
TechnologyParkAdlershofwillmakeBESSY  IIIaunique
and powerful analytical tool formaterials research –
amaterialsdiscoveryfacility.

TheBESSY  III concept is leveraged by the long-stand-
ing strategic partnership of HZB and the Physikalisch-
Technische Bundesanstalt (PTB). In co-operation with
the Bundesanstalt für Materialforschung und -prüfung
(BAM),PTBwillfurtherexpanditsactivities.Metrological
measurements as conducted by the PTB for quantita-
tivematerialssciencewillbeimplementedatBESSY  III,
tailoredtothestructuralcomplexityofadvancedmate-
rialsdowntonanometer lengthscales forapplications
in optics, semiconductor electronics, quantum tech-

nology,photovoltaics,energystorage,catalysis,orbio-
technology.This includes themaintenanceofaquality
managementsystemaswellasmeasurementstandards
traceabletotheinternationalsystemsofunitsSI.Imple-
mentingmetrologicalmethods at theBESSY  III instru-
mentsallows fora traceablequantitativesamplechar-
acterization, thus adding unique value for academia,
non-academicresearchinstitutionsandindustry.

BerlinisoneofEurope’sleadingcentersofscienceand
research,oneofthemainfocusareasbeingmedicine,
medicaltechnologyandbiotechnology.Throughitsco-
operation, especially the Joint Berlin MX-Laboratory,
HZB is embedded in the Life Science Campus Berlin.
Targeting the needs of this community,BESSY  III will
provideopportunitiestobetterunderstandfundamen-
tal biological processesby examiningorganismsover
multiplespatialscalestobridgehierarchicallevelsfrom
molecules to cells to organs. Examples are the struc-
tureofproteins,thebiologyofdiseases,thestructure
andfunctionofthenervoussystem,anddrugandther-
apydevelopment.Nanometrologyopensupthewayto
measurethesize,shapeandstructureofnanoparticles
indispersion,e.g.,forbiomedicalapplications.

TheScienceandTechnologyParkBerlin-Adlershofop-
erated byWISTA is the chosen location forBESSY  III.
Theprofile-definingcouplingofBESSY  IIItotheHZBre-
searchprogram,thefurtherexpansionofthelong-term
collaborationwithMPG,PTBandBAM,andtheembed-
mentintotheAdlershofScienceandTechnologyPark,
Germany’s largest and most successful science and
technologyparkguaranteesthesuccessofthisendeav-
or.InBerlin-Adlershof,variousresearchinstitutes,the
naturalsciencesdepartmentsoftheHumboldt-Univer-
sitätzuBerlin(HUB)aswellasmanyhigh-techcompa-
niesbenefitfromtheinspiringneighborhoodanddrive
innovationprocesses.Inthisstimulatingenvironment,
surroundedbythevibrantsettingofBerlinasacityof
science, theBESSY  III facilitywillbecomeadriver for
thedevelopmentofnewtechnologiesandforenabling
world-leading technology companies. This ensures
worldwidevisibilityand impactandwillstimulatethe
furtherdevelopmentofBerlinandGermanyasalead-
ingplaceforhightechnologyandinnovation.
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The BESSY  III facility needs excellent and dedicated
peopleonalllevelsinadministration,intechnicaland
engineeringsupport, foruseroperationandscientific
leadership, to guarantee a a worldwide leading posi-
tion.TheBESSY  IIIprojectinitsdevelopmentandim-
plementationphaseoffersgreatperspectivestoattract
anddeveloptheneededtalentsonalltheselevels.Al-
readytodayHZBisveryactiveandforwardlookingin
the fieldofdevelopingandattractingadiversework-
forceandtopromotewomenandminoritiesonalllev-
elsofqualifications.This is laiddown inHZB'scenter
strategyanddemonstratedbythefactthatHZB,asthe
firstnon-universityresearchorganizationinGermany,

HZB VISION AND MISSION

OUR VISION 
TOWARDS A BRIGHT FUTURE: HZB 2030+

OurvisionofHZB2030+isshapingasustainable
futurebydevelopingtechnologicalsolutions

basedonnovelmaterials.

OUR MISSION  
WE DRIVE MATERIALS DISCOVERY

Westrivetoachieveaclimateneutralsociety
throughscienceandinnovation.Thisiswhy
wedrivematerialsdiscovery,createnew

sustainabletechnologiesandempowertheresearch
communityinrealisingthisgoal.

successfully passed an auditing process and is now
“VIELFALTGESTALTEN”(ShapingDiversity)certified.All
the gained know-how and the established processes
willallowtodevelopBESSY  IIIinthebestpossibleway.

TheBESSY IIIfacilitywillbebuiltandoperatedinasus-
tainablemanner.Toachievethis,allfeasibleoptionsfor
energyefficientandsustainableconstructionandop-
eration, energy recuperation andon-site energy gen-
erationmustbeusedtokeepthecarbon footprintas
smallaspossible.Inparticular,westrivefortheGerman
SustainableBuildingCouncil(DGNB)orratherBNBcer-
tificationfortheconstructionoftheBESSY  IIIfacility.

https://www.stifterverband.org/diversity-audit
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MaterialsandEnergyaretheDNAofHZB.Withafocuson
energyapplications,weresearchnewmaterials–from
the exploration of fundamental properties of matter
tothediscoveryoffunctionalmaterialsandconcepts.
Wedevelop thesematerials intodevicesandscalable
technological solutions. All these steps are based on
thedevelopmentandoperationofstate-of-the-artfa-
cilities forourresearch,ourpartnersandthe interna-
tionalusercommunity fromacademia,non-academic
research institutionsand industry.Understanding the
electronic structure of materials and ultimately con-
trollingtheevolutionofreactionsandprocessesiskey
to tailoring functionalmaterialsanddevices.For this,
in-situ and operando microscopic and spectroscopic
methods,asprovidedbyastate-of-the-artsoft-to-ten-
derX-raylightsourcefacility,arekeyenabler.Further-
more,quantitativemeasurements(“materialsmetrolo-
gy”)permitareliablecomparisonofdatafromdifferent
techniquesandthusstronglyincreasetheinformative
value of multimodal approaches if non-simultaneous
(includingnon-synchrotron)methodsareused.

Uptonow,HZB’sBESSYIIsynchrotronradiationsource,
withitsfocusonthesoftX-rayrange,isideallysuitedto
providethesecapabilitiestoa largeandmultidiscipli-
nary user community, including the life science com-
munity.More than 1200 user proposal are submitted
peryear, resulting inabout800beamtimecampaigns
atthe40beamlinesinuseroperation,andapprox.500
verified publications per year. The interconnection of
HZB research with user operation provides the basis
forstrongscientificsupportforBESSY  IIusers,ranging
from the development of special accelerator opera-
tionschemes,undulators,beamlines,instrumentsand
dedicatedsampleenvironments,totheevaluationand
interpretationofthedata.BESSY  IIistheEuropeanra-
diation standard for synchrotron radiationmetrology
andisusedbyPTBforafastvarietyofmetrologyap-
plications,especially for industrialusersat7dedicat-
edbeamlines.BESSY  IIhasnowbeen inoperationfor

3. Strategic Relevance

morethan20yearsandwill remain inoperationuntil
at least2035,overlappingwiththefriendlyuseroper-
ation phase ofBESSY  III. The further development of
BESSY  II requiresanambitiousstrategicupgradepro-
gram, forwhich theareasof catalysis / electrochemis-
try andquantumand correlatedmaterials havebeen
identifiedasstrategicprioritieswhereinvestmentswill
notonlycreatenewopportunitiesformaterialsdiscov-
eries,butalsonewbridgesbetweenbasicresearchand
industry.Theprogramwillenablecontinuedoutstand-
ingscientificworkandinnovationatBESSY  II,aswellas
initiatedevelopmentsthatareofgreatimportancefor
therealizationofBESSY  III. Itwillthereforeserveasa
scientificandmethodologicalbridgebetweenBESSY  II
andBESSY  III. Italsoseamlesslyfits intothestrategic
development of HZB’s Adlershof Campus WCRC with
itsaimtofurtherdevelopit intoan inspiringresearch
site,anintegratedresearchcampus,hostingHZB’sin-
houseresearch.Additionallaboratoryandofficespac-
esarebeingcreatedinthemid-termhere,withafocus
on internalandexternalnetworkingand thecreation
of transfer and innovation spaces. On the long term,
thenewBESSY  III isakeyelementforthesustainable
development not only for theWCRC, but for the Sci-
enceandTechnologyParkasawhole,whereitwillact,
as BESSY  II has done, as a flagship and attractor for
smartminds fromscienceandbusiness. In summary,
BESSY  III, embedded in the Science and Technology
ParkAdlershof,ispivotaltosecureHZB’sleadingposi-
tioninthesciencesystem,i.e.,to

 •  drive materials discovery and development by 
building and operating unique research facilities 
for in-house and user community research

 •  create technologies by completely novel thin-
film approaches for a carbon-neutral society

 •  continuously innovate and aspire to reach the 
next Technology Readiness Level
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 •  empower the research community by  
leveraging synergies in the Berlin-Brandenburg 
scientific ecosystem and with the most 
innovative partners worldwide.

BESSY  III ispartof the“NationalStrategy for theFur-
therDevelopmentofAccelerator-basedUserFacilities
forResearchwithPhotonsandinHighElectromagnetic
Fields(HelmholtzPhotonScienceRoadmap)”[2],which
setsoutthestrategicplanningforthedevelopmentof
theHelmholtzAssociation’saccelerator-baseduserfa-
cilitiesofthesefields.ThisNationalStrategyisembed-
ded in theplanningofotherEuropean lightsources[3]
throughtheframeworkoftheLeagueofEuropeanAc-
celerator-basedPhotonSources(LEAPS),withtheaim
ofachievingstrongsynergiesandoptimizingnecessary
complementarity between Europe’s facilities. Within
this framework, the synergetical combination of a 4th
generationsoftX-raysource,embeddedintheintegrat-
ed research campus Berlin-Adlershof, and leveraged
by theexpertiseofPTB in the fieldofmetrology sets

BESSY  III apartfromotherlightsourceprojects inEu-
rope, and thus fulfills the strategically relevant smart
specialization of the facility. In particular, it ideally
complements the proposed future hard X-ray photon
sourcePETRA  IV,asdetailed in theHelmholtzPhoton
Science Roadmap, and the ESRF-EBS upgrade of the
ESRFonEuropeanlevel[3].

The continuous development of these user facilities
is essential for the international competitiveness of
boththesefacilitiesandthescientificcommunityusing
them. This has been emphasized in a strategy paper
published in 2020 by the Committee for Synchrotron
Radiation(KFS)–thebodyelectedbytheGermanuser
community to represent user interests and being a
partnerforstrategydevelopmentswiththeBMBF.The
KFSstated:“Germanresearchatsynchrotronradiation
sourcesisworld-leading.Inordertomaintainthisposi-
tion, theKFS recommends investments in the further
development of the sources. The KFS therefore sup-
portsthePETRA  IVandBESSY  IIIprojects.”
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4. Scientific Motivation

4.1 From Materials Discovery to 
Innovation

HZBstrivestoachieveaclimateneutralsocietythrough
science and innovation. We therefore drivematerials
discovery, create new sustainable technologies, and
empowertheresearchcommunityinrealizingthisgoal.
FullyinlinewiththekeyissuespaperofBMBF[1],HZBis
developingmodels foran improvedcollaborationbe-
tween academia, non-academic research institutions
and industryandfor theacceleratedtransferof ideas
into technologies and products.BESSY  III will enable
materialsdiscoverywithakeyfocusonmaterials,de-
vicesandsystemsthatpromiseinnovationsforefficient
energy conversion, use, and storage, as well as new
paradigms for information technology. Importantly, it
willcoverthewholespanfromfundamentaltoapplied
investigationstoachievebothahighinnovationpoten-
tialandanefficienttransferintoeconomyandsociety.
Therefore,astrongemphasiswillbeonoperandoinves-
tigationsandapplication-(andthusindustry-)relevant
sampleenvironmentsandprocesses.

ThemajorbenefitsoftheBESSY  IIIlightsourcearein-
troducedin  Section4.2,beforethescientificmotiva-
tionofBESSY  IIIwithrespecttothefocusareasenergy,
quantum and information technologies aswell as life
science isdiscussed in  Section4.3.Therelevanceof
BESSY  IIIformetrologyasperformedbyGermany’sNa-
tionalMetrologyInstitutePTBissetoutin  Section4.4.

4.2 Scientific Opportunities by Bright 
Soft X-rays

ExperimentswithsoftX-raysareanindispensabletool
formaterialsresearchduetotheirabilitytoprobethe
electronic,chemicalandspinstructurebyspectroscop-
ictechniquesorspectral imaging.Forawiderangeof
applications,inparticularforenergyandquantumma-

terials,theelectronicstructureisthekeypropertythat
determines the functionality. Using 4th generation SR
sources,extremelybrightcoherentX-raybeamsareob-
tainedthatenablefastexperimentswithveryhighspa-
tial, temporalandenergy resolutionaswellaschem-
ical, magnetic or even orbital angular momentum [4, 5]
statespecificity, relyingon fullpolarizationcontrolof
theX-rays.Atthesametime,brighterX-raybeamsoffer
a largerflexibilityregardingthesampletype,sizeand
environmentthanmanylab-basedtechniques,thereby
enabling operando and in-situ studies under a broad
rangeof experimental conditions. Apart frommateri-
alsscience,softX-raySRisalsoverywellsuitedforthe
studiesinlifescience,wherehighspatialresolutionand
chemicalsensitivityareequallyimportant.

The structural complexity ofmodernmaterials, often
containinginherentortailorednanoscalestructuralel-
ements,aswellastheneedtoexpandthecapabilities
ofoperandoand in-situstudies,requiresexperimental
possibilitiesbeyondthoseoftoday’sSRsources.Incol-
laborationwithitsusersandpartners,HZBhasdevel-
opedaconceptforasuccessorsourcethatmatchesthe
requirements of themission-oriented scientific focus
fields.Thefollowingparagraphsgiveanoverviewofkey
technicalgainsofBESSY  III.

 #high-res-spectro (high-resolution spectroscopy) 
BESSY  III willcontinueBESSYII’straditionofproviding
world-class spectroscopic techniquesbasedonvari-
able, even circular polarization, and further develop
thesecapabilitiesbycombiningthemwithnanometer
spatial resolution,basedon the capabilityof 4th gen-
erationlightsourcestofocustheprobingbeamdown
to thediffraction limit of the respectiveX-rayphoton
energy (  Section 6.1.1). Using nano-focussing optics
(  Section  6.1.3),establishedspectroscopictechniques
suchasabsorption,photoemission(incl.  ARPES)orflu-
orescence spectroscopywill be offered in a scanning
mode,withspotsizesof roughly10nm, i.e.,a factor
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1000 smaller, and a brightness that is at least 100
timeshigherthanatBESSY  II.

Complementingthesecapabilitiesforhighspatialreso-
lution,BESSY  IIIwillofferResonantInelasticX-rayScat-
tering(RIXS)withveryhighenergyresolution(1 – 3meV
at1keV),anorderofmagnitudebetterthanthehigh-
est-resolutionRIXSbeamlinestoday(  Section6.1.3).

 #high-res-imag (high-resolution imaging) 
Beyond spectroscopy as described above,microsco-
py and spectro-microscopy with nano-focusing will
be enabled atBESSY  III, e.g., scanning transmission
X-ray microscopy with variable linear and circularly
polarized X-rays (STXM).Drivenby life science appli-
cations,ascanningmicroscopethatdetectsbackscat-
teredelectronsandemploysFocused IonBeammill-
ing (FIB-STXM) is indevelopmentalreadyatBESSY II.
UsingBESSY  III’s high brightness and coherence, 3D
images with isotropic 10 nm resolution will be rou-
tinely attainable, also for thick tissue specimens.
These high-resolution imaging capabilities will be
embeddedinahierarchicalimagingpipelinewhichis
described in  Section4.3.3 for life science (seealso
 Figure 4.4), but have many potential applications

alsoinotherfields.

Furthermore, coherent imaging techniques such
as soft X-ray holography, ptychography and
Bragg coherent diffractive imaging (Bragg-CDI)
will be enabled, relying on the increase in co-
herence of roughly two orders of magnitude (at
1keV) compared toBESSY II (  seeFigure6.2).Using
dedicatedoptics,thetotalgainincoherenceatthefi-
nal focuscanbepushed tomore than fourordersof
magnitude. These coherence-based techniques will
enableimagingwithveryhighspatial(sub-3nmin2D,
sub-10nmin3D)andhightemporal(ps-ns)resolution
atmagneticsensitivitybasedonpolarizedlight.

 #dynamics and processes 
Dynamic experiments in a wide range of time scales
will be possible atBESSY  III. In particular, the possi-
bility to perform dynamic studies (even in operando)
withtimescalesoforderofmagnitudefromµstoswill

bestronglyimprovedduetotheenhancedbrightness
andcoherenceofthesource.Also,stochasticdynamics
downtotheµsrangewillbecomeaccessiblebytheco-
herence-basedtechniques.

Experimentsatfastertimescalesandadjustablerepeti-
tionrateswillprofitfromHZB’sexpertiseindeveloping
advancedschemesofacceleratoroperation(  Section
6.1.1)whichwillenabledynamicexperimentsdownto
afew10psorpotentiallyafewps(rms)inspecialopera-
tionmodes,complementarytoFELandtable-topX-ray
sources. The “Transverse Resonance Island Buckets”
(TRIBs)operatingmode[6],recentlydevelopedatHZB,
generatesa secondorbit foranadditional fillpattern
whichopensup,e.g.,thepossibilityofMHzalternation
of thehelicityof thephotonbeam [7] (  Section  6.1.1).
ItcouldbeenvisionedtocoupleTRIBsoperationwith
abunchlengthmanipulationschemebasedonthede-
velopmentofnormalconductinghigherharmoniccav-
ities.Suchaschemecouldprovidesimultaneouslytwo
different bunch lengths,maintaining the needed life-
timeforthe lowemittancebeamincombinationwith
someshortpulsesinthesub-10psregime.

 #tender X-ray range 
BESSY  III will offer up to 5 orders of magnitude in-
creased flux in the tender X-ray range based on the
largerelectronenergyof2.5GeV(  Section6.1.1),spe-
cializedundulators (  Section6.1.2)andthedevelop-
mentofmultilayergratingmonochromators(  Section
6.1.3). Thus, all resonant techniques will be able to
accessabsorptionedges(alsoatcircularpolarization)
that are difficult or impossible to access at BESSY  II.
ThisincludesL-edgesof4delementsorM-edgesofLan-
thanidesand the technologically relevant5delement
Hafnium,theK-edgesofSi,PandSaswellasmanybio-
logicallyrelevantionssuchasCa,K,MgandNa.There-
by,therangeofinterestingmaterialsthatwillbestud-
ied at BESSY  III expands significantly. The increased
fluxinthetenderrangewillalsoenablebetteraccessto
buriedinterfaces,necessaryforlayeredmaterials.

 #quantitative material science 
AtBESSY  III,quantitativematerialsciencewillbeena-
bledbythepartnershipofPTBandHZB,yieldinghighly
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reliabledataofmaterialsproperties.Apartfromusing
calibrated instruments, metrological standards also
imply the reproducibility of the sample preparation
process and careful metadata acquisition, elevating
thequalityofdatamadeavailableinFAIRdataarchives.
Quantitativedatasetspermitareliablecomparisonof
data from different techniques and thus strongly in-
crease the information content of the #multimodal
approachdescribedbelow.Moreover,adirectcompar-
isonofexperimentaldatatodatafromsimulationsor
digitaltwinsispossible,therebyleveragingthepoten-
tialofcomputationalmaterialsdesignforfuturemate-
rialsdevelopment.

Themachine design ofBESSY  III incorporates the re-
quirementforafullycalculablesource(  Section  6.1.1),
allowingtrulymetrologicalstandardsatthePTBbeam-
lines.Additionally, theclosecollaborationofHZBand
PTBwill facilitate the implementation of quantitative
measurementconditionsalsoatother instrumentsat
BESSY  IIIwhichwillhaveadecisiveimpactontheim-
portanceofBESSY  III forabroadcommunity fromin-
dustry,academiaandnon-academicinstitutions.

 #high throughput, #automation, autonomous 
experimentation 
Higher photon flux, a much higher coherence, ad-
vanced undulators and faster detectors at BESSY  III
(see  Chapter 6) allow for many orders of magni-
tude fasterdataacquisition thanatBESSY  II.E.g., full
NEXAFS spectra will be measured within less than a
secondratherthanseveralminutes.Additionally,com-
prehensiveautomationoftheentireworkflowwillren-
der high-throughput approaches feasible, which are
capabletomeetthedemandsimposedbyvastparam-
eter spacesof sample compositions and sizes aswell
as operational and sample preparation conditions.
Thus, itwillbepossibletomeasurehundredsoreven
thousandsofsamplesperdaywithautomatedspotad-
justment,areliablequalityofdataandminimallossof
beamtime.Inaddition,AImethodswillsupportsample
preparationandparameterselection,decisionmaking
duringtheexperiment(  seeSection6.3)andreal-time
data analysis during data acquisition. As outlined in
 Chapter 7, autonomousexperimentation, combined

withrapidaccessmodes, iscrucial tomakeSR-based
measurementsattractiveforindustry.

 #multimodal experimentation 
Multimodalexperiments,yieldingathoroughmaterial
andprocessunderstanding,willbeprovidedinvarious
forms:

(i) The combination of multiple techniques at the
samebeamline,requiringspecializedendstations
and/orbeamlinedesigns.

(ii) Subsequentmeasurementsatdifferent
beamlinesandendstationsrequiringstandard-
izedconceptsforsamplehandlingandmanip-
ulationaswellasexperimentalmoduleswith
specificenvironments(e.g.highpressure,liquids,
cryogenictemperatures).

(iii) ThecombinationofSR-basedandlab-based
techniques,extendingtheconceptoftransfera-
blemodulestocomplementarytechniques.

(iv) Thecombinationofexperimentalandsimulation
dataenablingquantitativeresults.

 #operando and in-situ studies 
The facilitywill focusstronglyonprovidingdedicated
infrastructures foroperando and in-situ studies.Sam-
plesanddevicesinoperation,mimickingrealisticman-
ufacturing and operating conditions observed with
spectroscopic and microscopic measurements reveal
deviceperformanceparameters. Static in-situ studies
ofmaterials under relevant conditions give access to
theroleofcompositions,arrangements,andeffectsof
theexternalforces.Thefocuson in-situandoperando
measurements will use specialized instrumentation
and sampleenvironmentsat theendstation,butalso
requiresanefficient linkoftheSR-basedexperiments
withfacilitiesforsynthesisandcomplementaryanalyt-
ictechniquesasdiscussedindetail  inSection6.2.
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4.3 Scientific Focus Areas

ThefocusofBESSY IIIistoprovideoptimalexperimen-
talcapabilitiesforthekeyresearchfields:

 •  Energy, in particular energy conversion and 
storage as well as catalytic processes for 
chemical energy conversion;

 •  Quantum and Information Technologies;

 •  Life Science.

Motivated by examples from current research, the
following subsections illustrate how experiments at
BESSY  III candriveprogress in these fields.However,
manyscientificareasbeyondthosedescribedherewill
equallyprofitfromthecapabilitiesofferedbyBESSY  III
– includingtopicswhicharenotyetonthehorizonof
today’sresearch.Thisisduetotheoverarchingnature
ofmanyof thediscussedaspects.E.g., catalysis isan
ubiquitous principle in (bio-)chemistry, and research
oncatalysisthuscoversalargewealthoftopics.Simi-
larly,materialsmetrology(asdetailedin  Section4.4)
maybeappliedtoverydiversescientificfields,andna-
no-structuresarerelevantforvariousclassesofmateri-
alsaswellasforbiologicaltissue,asmentionedabove
 inSection4.2.

4.3.1 Energy

Energy Conversion and Storage

 Motivation: Formanyyearstocome,transforminginto
andmaintainingasustainableenergyeconomywillbe
one of themost urgent global challenges. The press-
ingneed toaccelerate this transformationwillnotbe
copedwithby simply relyingon scaling-upof today’s
technologiesbutcruciallyrequiresnew,moreefficient
concepts for the production and storage of electrici-
tyaswellasthecarbon-neutraloperationofvehicles:
e.g.,batteryconceptswithsignificantlyenhanceden-
ergy densities, improved long-term stability andhigh
sustainabilitywillbeneeded,aswellassolarcellswith
performancessurpassingcurrentstate-of-the-artpho-

tovoltaic technologies. Solar fuel generating devices
whichdirectlyconvertsolarenergyintochemicalfuels
areanadditionalpromisingenergy storage technolo-
gythatcanaddresstheintermittenceofsolar irradia-
tion and related energy production. Exploring novel
concepts for such applications, based on abundant,
non-toxic,easilymanufacturable,andstablematerials,
requiresadetailedmicroscopicunderstanding:Which
physiochemical processes occur within the complex
devicestructures,e.g.,atinterfaces?Aretheseprocess-
esfavorableordisfavorabletothedevice’sefficiency?
Which mechanisms limit the long-term stability, and
whichdevicestructuresfacilitaterecycling?Answering
thesequestionsrequirespowerful,fastanalyticaltools
thatcanobserveprocessesduringoperationandrapid
feedbackloopsconnectingtheanalyticalexperiments
withthesynthesisofmaterialsanddevices.

 Approach: Synchrotronfacilitiesprovideoptimalcon-
ditions for experiments that aim at an atomic-scale
understanding of processes under actual operating
conditions,astheyyieldinformationonvariouslength
andtimescalesinvolvedintheseprocesses.Thesoftto
 #tenderX-ray range is ideally suited toobtainhigh-

resolution data on electronic structure and chemical
statesthatareessentialforthedevice’sperformance.
Forexample,SR-basedstudiesofsolarcellsatBESSY  II
have revealed the origin of interface-related perfor-
mance limitations [8, 9], the absorber doping mecha-
nism [10], as well as dynamic and hydrogen bonding
effectson theelectronicabsorberstructure [11],gener-
atingcrucial insights toproposemitigation strategies
aswell asmaterial and/ordevicedesignoptimization
routes.Thisknowledgeadvantagehasplayedasignif-
icantrole inachievingrecord-breakingefficiencies for
perovskite tandem solar cells [12]. In case of batteries,
spectroscopicstudiesatBESSY  IIhave,e.g.,shedlight
on the importanceof a solid interlayeronelectrolyte
stability [13]andidentifiedsulfidemovementasakeyor-
iginofcapacityfading[14](comp.  Figure4.1).

The study of energy devices demands a strong fo-
cus on providing dedicated sample environments for
static in-situ and dynamic     #operando studies,  suit-
able for thesoft-to-tenderX-rayrangeandbeingable
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to simultaneously monitor device performance. For
example, reusablegenericbattery cells thatallow for
decent current-voltage curves and an excellent inter-
faceforSRexperimentswillbeprovided.  #Multimod-
alapproachescombiningmultipletechniques,suchas
spectroscopy, scattering, and imaging, either at one
beamline,atdifferentbeamlines,orcombiningSRand
offlinemethods,willplayacentral role ina thorough
processunderstanding.Enablingsuchexperimentswill
beacentralguidingprincipleforBESSY III.

The capabilities of a high spectral brightness X-ray
sourcewillextendtheaccessiblelengthandtimescales
oftheprocessesthatmaybestudiedbytheavailability
of nanometer-sized beams and the decreased meas-
urementtime,respectively( #high-res-spectro,  #dy-
namics). Thus, processes such as dendrite formation
inbatteries,theeffectoflocalinhomogeneityonelec-
tro-catalyticefficiencyofsolar fueldevices,orcharge
carrier dynamics in solar cells can be studied. These
experiments will also strongly profit from the better
access to the  #tender X-ray range, which permits

more significant penetration depth through the sam-
pleenvironmentor intothedevice,e.g., for thestudy
ofburiedinterfaces.Furthermore,  #operandoexperi-
mentsthatprovide  #quantitativedata,asenvisioned
forBESSY  III,willlaythefoundationforhighlyreliable
androbustdigitaltwins,whichareexpectedtoplaya
majorroleinacceleratedtechnologydevelopmente.g.
ofbatteries,andwilltherebyattract industrialcollab-
orations.

Indevice-drivenresearch,thespeedoftheoverallcy-
clicprocess–encompassingdesign,synthesis,analyt-
icalmeasurement,anddataanalysis-iscrucialtoun-
fold significant impact in technological development.
Combinatorial approaches, where the composition is
systematically varied over the sample area, will tre-
mendouslyacceleratetheidentificationandoptimiza-
tionofnewfunctionalmaterials,e.g.,forphotovoltaic
devices(  #highthroughput,  #automation).However,
speedinguptheoverallprocessfordevicedevelopment
alsorequiresfastaccessmodes,muchmoreaccelerat-
eddataanalysisutilizingAI,andfastfeedbackloopsto

Figure 4.1:LiSbatteryinvestigatedatBESSYII:OperandoNEXAFSmeasurementsinfluorescenceyieldattheSulfurK-edge(right)using
theSulfurKαsignalnormalizedtoaradiometricstandard(denotedasnorm.S-KαInt.)onmodifiedrealbatterycoincells(left). The
additionalR1andR2peaksquantitativelyrevealelectrochemicaltemporalchangesofSulfurintheLithiumanodeuponchargecycles
(redandgreenlines) [14].BESSY  IIIwillenablesuch  #quantitativemeasurementswithenhancedacquisitionspeed,particularlyfor
experimentsinthe  #tenderX-rayrange.
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materialsynthesis.Thelatterwillbeachievedbyavi-
tal linkbetween theX-raybeamlinesandendstations
with on-campus facilities for fabrication, processing,
characterization, andperformance testingofdevices,
including transfer under UHV conditions if required
(see  Figure6.10).Thiswillalsoenablemeasurements
of layered devices such as solar cells at intermediate
stepsofdevicefabrication.

Devicesforenergyproductionorstoragemustbesta-
ble over longer time scales, i.e., years to decades, to
beeconomicallyfeasibleandenvironmentallysustain-
able. Thus, SR facilities must provide capabilities to
investigate the long-term performance and possible
degradationmechanisms.Thiswillbeachievedbyac-
celeratedagingtestsandnewaccessmodesthatallow
theperiodicanalysisofsamplesatregularintervalsus-
inganautomatedcyclingsystem.

 Impact :  BESSY  III will combine dedicated measure-
ment and sample environment capabilities with ad-
vancedbeamproperties to enable  #operando stud-
iesofprocessesinenergydevicesonawidevarietyof
lengthandtimescales,embeddedinassociatedfacil-
ities for synthesis and characterization. Thiswill per-
mitfastyetknowledge-baseddevicestructureoptimi-
zation,e.g.,by identifyingessential lossmechanisms,
scanning largeparameter spaces for theoptimalma-
terialcomposition,andevaluatingdegradationmech-
anisms.Thus,novelapproachesforenergyproduction
or storage devices, including ideas that are yet to be
proposed,canbeefficientlyprobedfortheirpotential
tobedevelopedintoapplications.

Catalytic Processes

 Motivation: Catalystsareubiquitous inmanyfieldsof
economy, and it is estimated that they contribute di-
rectlyorindirectlytoapproximately35 %oftheworld’s
GDP [15]. Since they lower the energy required for an
industrial process, ensure selectivity, and regenerate
theiroriginal stateafter the reaction, theyhaveenor-
mous potential for saving both energy and material
resources.Moreover,efficientcatalystsareurgentlyre-
quiredfortheproductionofgreenhydrogenanditscon-

versionintochemicalsandsyntheticfuels,andthereby
constituteafundamentalcomponentforachievingthe
global energy transformation (see also  Figure 4.2).
Thequestforfindingnovelcatalysts,tailoredtowards
highefficiencyand selectivity, is thereforeoneof the
key research questions of the coming decades. Spe-
cific researchquestionsare: canweachieveadeeper
understanding of reaction mechanisms and the key
properties of amaterial that define its functionality?
Whatisthenatureoftheactivephase?Howcanresults
fromthelabandanSRfacilitybetranslatedintoindus-
trialapplications? Importantly,thecatalyticallyactive
states form only under reaction conditions, making
 #operandoexperimentsindispensableforanswering

suchquestionsincatalysisresearch.

 Approach : The application of soft X-ray  #operando
spectroscopywilldeliveressentialinsightsintothecat-
alyticactivesitesinteractingwithreactantsandprod-
ucts moieties as well as their embedding scaffolds,
interfacesorsolutionenvironments,duetothecapabil-
itytoprobetotheelectronicstructureof(sub)surface
states.Challengesarethegenerallycomplexstructures
oftheactiveentitiesandthedynamicandmetastable
characteroftheactivesites,requiringexperimentalac-
cess toahugevarietyof scales, fromnanometerand
picoseconds relevant forprocessesat theactive sites
tomillimeterandminutes/hours forprocesses involv-
ingcatalystparticles(  #high-res-spectro  #high-res-
imag  #dynamics).  #Operando investigations using
SR-basedmethodsarewellsuitedtoaddresssuchchal-
lengesandhavethereforeledtomanyimportantfind-
ingsincatalysisresearchinrecentyears[16],oneexam-
plebeingtheidentificationoftheactivesiteinethylene
epoxidationoversilvercatalystsatBESSYII[17].

TofullyexploitthepotentialofSR-basedexperiments
for catalysis research, dedicated instrumentation is
required with respect to catalyst synthesis and sam-
pleenvironmentusingcomplementaryfacilities.Such
instrumentation is currently being set-up at BESSY  II
and complementary laboratories on HZB’s Adlershof
campusWCRC as part of the CatLab project, operat-
edjointlybyMPGandHZBandaimingforinnovations
incatalystdesignbyusingthinfilmtechnology.Thus,
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BESSY  IIIwillbeabletobuildontheexperiencegained
over the comingdecade tooptimize experimental in-
frastructures for catalysis research. The investigation
of electrocatalytic reactions, e.g., the hydrogenation
ofCO2

[18],requiresthedevelopmentofdedicatedelec-
trochemicalreactioncells(seealso  Figure4.2).Such
cellshavebeenusedinanumberofstudiesthateluci-
datereactionmechanismsofcatalyticreactions[18–23].

The combination of various complementary tech-
niques,i.e.,a  #multimodalapproach,isessentialfor
adetailedatomisticunderstandingofthecomplexpro-
cesses in catalysis. BESSY  III will provide instruments
whichcombinemultipletechniques,e.g.ambientpres-
sure X-ray and absorption spectroscopy to determine
the electronic structure of the outermost surface (soft
X-rayrange)andtheinfluenceofthenearsurfaceregion
ortheinterfacebetweenactivelayerandthesubstrate
(  #tenderX-rayrange)combinedwithstructure-deter-
mining methodologies like X-ray diffraction. Addition-
ally,  #multimodal experiments usingdifferent instru-
ments,includingnon-SRtechniquessuchasTEMorSEM,
willalsobeenabledbymodularreactioncellsthatcan
beemployedforbothSRandofflinemeasurements.The
combinationofX-rayspectroscopyandmicroscopypro-
vides complementary information with respect to the
electronicandgeometricstructure,respectively,which

enablestheelucidationofthereactionmechanism.X-ray
diffractionandX-raybasedmicroscopytechniqueswill
stronglyprofitfromtheenhancedcoherenceoftheX-ray
radiationprovidedbyBESSY  III.

Studyingthematerialsunderreactionconditionsisan
indispensable prerequisite to obtain insights into the
reaction mechanism. Therefore, novel  #operando
reaction cells providing the required reaction condi-
tions in terms of feed composition, temperature and
pressurewillbefurtherdeveloped.Thesereactioncells
will enable the investigationof the activemetastable
surfacestatesofthecatalyst.Theircorrelationwiththe
catalytic performance,measured simultaneously,will
deliver insights intotheheterogeneouscatalyticreac-
tion.Allinstrumentswillpermitasensitivedetermina-
tionofthefunctionalityofthematerials,bymeasuring
theconversionoftheeductsandtheselectivityofthe
products.Alsothesurroundingsupportinglaboratories
andinfrastructurewillbewellsetupforthesetypesof
experiments, e.g., for high gas pressures, and a cou-
plingtothesynthesistoolsisneededparticularlyinthe
caseofthinfilmsamples,whereUHVtransfersystems
willpreventairexposure.

 Impact: BESSY IIIwillprovidededicatedinstrumenta-
tiontostudythechemicalstatesinparticularof(sub-)

Figure 4.2: RelevanceofcatalysisinaCO2neutralenergysystem(left;illustrationfromtheCatLabproject);cellsdevelopedfor
#multimodaland#operandocatalysisresearch,designedtobeusedforsoftX-rayphotoemission(bottomright)andfluorescence

spectroscopy(topright)[18].
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surface species which are involved in catalytic reac-
tions, and thereby yield an atomistic understanding
of the reactionsmechanismswhich isonlyaccessible
in  #operando investigations.Thisunderstandingwill
formthebasisfordevelopingandvalidatingnovelcon-
ceptsandmaterialsforabroadrangeofcatalyticappli-
cations.Duetotheimmenseimportanceofcatalysisfor
variousfieldsofeconomy,suchresearchquestionswill
remainhighlyrelevantfordecadestocome.Collabora-
tionswithindustrialpartnersatanearlystage,ase.g.
establishedintheCatLabproject,willensureafocuson
thelarge-scalepracticabilityofnewconcepts.

4.3.2 Quantum and Information Technologies

 Motivation:  Thedigital transformation,whichaffects
nearly all areas of economic and everyday life, is an
indispensable tool to tackle grand societal challeng-
essuchasthequestforasustainable,carbon-neutral
future. At the same time, the rapidly increasing elec-
tricity consumption of information and communica-
tion technology is in itself posing a challenge to the
achievement of carbon neutrality, which implies an
urgent need for disruptive energy-efficient concepts
and the respectivematerials for computinganddata
storage.Canwefindmaterialsthatenablespin-based,
low-powerelectronics?Whichmaterialclassesprovide
chancesforbreakthroughsinquantumandneuromor-
phiccomputing?

  Approach:  Thekey toanswering thesequestions lies
in the understanding of the electronic properties of
candidatematerials.Synchrotron-basedspectroscopy
thereforeplaysan important role in the investigation
of theunderlyingquantumphenomena.Forexample,
measurementsatBESSY  II firstdemonstrated3Dtop-
ological semimetals [24] as well as topological surface
stateshostedbyamagneticenergygap [25].Inthefuture,
spatialresolutioninthenanometerrangewillbeanes-
sentialelementofsuchinvestigationsfortworeasons:
Toinvestigatenotonlymaterialsbut(prototype)devic-
es inoperation, localaccess to theelectronicproper-
ties is required to captureeffectsof electronicgating
andvoltagegradientsoverthedevice[26].Furthermore,

the relevant effects in quantum materials typically
occuronverysmalllengthscales.

Promising candidates for electronics based on quan-
tum materials are 2D materials and materials based
on artificial heterostructures, since they may display
high robustness (topological protection) and/or high
sensitivitytoexternalstimuli.Theirpropertiescanbe
tailored, e.g. by strain, magnetic order or ferroelec-
tricityofthesubstrateorthevariouslayers.Exploring
thepotentialofsuchpropertieswillrelyonthemeas-
urementofelectronicsurface(ornear-surface)states,
where effects such as topological protection become
manifest. Particularly interesting are 1D stateswhich
allowfor losslesschargeandspintransport.Theyap-
pearnearedges,e.g.betweenferromagneticdomains,
which are only experimentally accessiblewith spatial
resolution in the lownanometer range. These effects
can be measured by angle-resolved photoemission
spectroscopy with nano-focus (nano-ARPES,  #high-
res-spectro);anexampleisshownin  Figure4.3.The
measurementoftheirdispersionbyscanningtunneling
spectroscopy is not possible because they are inher-
ently protected from backscattering, making angle-
resolvedphotoemissiontheonlyinvestigationmethod,
withnanometerspatialresolutionasaprerequisiteto
besensitivetoedgestates.Whilephotoemissiontech-
niques are inherently surface-sensitive, penetration
throughafewlayersisfeasibleathigherX-rayenergies,
eveninanelement-specificway.

Inherent spatial heterogeneity may also arise in sys-
tems that are chemically and stochiometrically ho-
mogeneous, ifcompetingphasessuchasmagneticor
chargeorderandsuperconductivityexist.This insight
isakeycontributionofsoftX-rayresearchtotheprob-
lemofhigh-Tcsuperconductivityincupratecompounds
andothersystemswithstrongelectroniccorrelations.
Roomtemperaturesuperconductivityatambientpres-
sure is considered one of the potential achievements
withutmost technological impact. Tomeasureexcita-
tionsassociatedwiththevariousgroundstateswillre-
quireveryhighenergyresolution:RIXSwith106energy
resolution at the Cu L-edge, combined with the spin
sensitivityofpolarizedsoftX-rays,willpermitthestudy
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of meV-size spin gaps in such systems (  #high-res-
spectro).Thiswillfinallyfulfillthelong-standingdream
tousesoftX-rayRIXSasacomplementarymethodto
inelastic neutron scattering for the detection of spin
excitations on relevant energy scales. Thus, interfac-
es and heterostructures with small sample volumes
wouldbecomemeasurableforthefirsttime.

Recently,thepossibilitytorealizeneuromorphiccom-
puting via nanometer-sized topological textures has
comeintothefocusofquantummaterialsresearch.One
possible concept is based on 2-dimensional skyrmi-
ons,thedynamicsofwhichcanbestudiedusingX-ray
imagingwithnmspatialandnstopstemporalresolu-
tion [28, 29].Thechallenge is inmovingaway from2Dto-
wards 3D textures which would hugely increase the
levelofconnectivity thatcanbe realized,and thereby
theachievablecomputationalpoweroftheneuralnet-
work.Anextensivewealthoftopologicaltexturesisex-
pectedin3D,oneexamplebeinghopfions,whosestudy
will require imagingcapabilitiesof3D inhomogeneous
samples.Tobeabletomanipulatesuchstructures,their
dynamicresponsetoexternalstimulisuchaselectrical
fieldpulses, spin injectionand laserexcitationsneeds
to be investigated. In addition, topological structures

based on ferroelectric rather than spin textures have
been discovered, which are more compact and thus
requireimagingcapabilitieswithaspatialresolutionin
thefewnanometerrange [30].Suchtexturesandtheirre-
sponsetostimuliwillbecomeexperimentallyaccessible
atBESSY  IIIusingcoherence-basedimagingtechniques
whichprovideveryhighspatial(sub-3nmin2D,sub-10
nmin3D)andhightemporal(ps-ns)resolution(  #high-
res-imag,  #dynamics).Fullpolarizationcontrolandes-
peciallycircularpolarizationareabsolutelymandatory
forallofthesestudies.Theinvestigationoflayeredsam-
plesaswellasprototypedeviceswillrequireanefficient
linkofsamplepreparationandcharacterizationtothe
synchrotron-basedexperiments.

 Impact: Byprovidingspectroscopicandimagingtech-
niques with high spatial and spectral resolution as
well as linear and circular polarization of soft-to-ten-
derX-rays,BESSY  IIIwill identifypromisingcandidate
materials for novel computing applications based on
quantumeffects.Thehighbrightnessofthesourcewill
permittodevelopsuchinvestigationstowards  #oper-
andostudiesofprototypedevices,therebytakingafur-
thersteptowardsthetechnicalimplementationofthe
materialsandassociatedphenomena.

Figure 4.3: Nano-ARPESforquantumdevices(left):Thistechniquewouldpermittostudy,e.g.,one-dimensionalquantumspinHalledge
states,whichcannotbeinvestigatedbyARPESsofar.SuchstatesappearinthelayeredtopologicalinsulatorBi14Rh3I9atpositionswhere
thesamplehasbeenscratchedwithacantilever(seeAFMand,ascloseup,STMimages,from[27]).Right:Topologicalsurfacestatesseenby
spinresolvedARPES[25]inalayeredspintroniccandidatematerial.Spectrafordifferentspinpolarizationsareshowninredandgreen,and
theDiracconeisdisplayedintheinset.
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4.3.3 Life Science

 Motivation:  Life science aims to unravel the complex
processes that determine (human) physiology, start-
ing at themolecular level and going up to thewhole
organism. Obtaining a sufficiently deep and detailed
knowledge of these processes will enable a precise
understanding of diseases and lead to finely tuned
treatmentsthatresult inminimalsideeffects.Forthe
exampleofaviraldisease,wemightask:Howdoesthe
virusenteracell?Whichmoleculesareinvolved,what
aretheirthree-dimensionalstructuresandwhatistheir
roleintheprocess?Ifwecananswerthesequestions,
wecanaimatblockingthisstepwithadrugthatspecif-
icallytargetsthesemolecules,withoutaffectingother
cellularprocesses.

As the SARS-CoV-2 pandemic has demonstrated
forcefully, humankind is constantly being exposed to
new threats coming from thebacterialor viralworld,
whereinfluenzaandcoronavirusesareseenasoneof
themost likely causes for future pandemics. Climate
changewillfurthermoreexpandthehabitatofshuttle
animalswhich arepresently confined to (sub)tropical
regions into Central Europe. Thus, researchwill need
toolsreadyathandthatrevealthemostimportantpro-
cessesinvolvedinthediseasesandquicklyidentifyac-
tivesubstancestoblockthem.Beyondviralinfections,

many diseases such as cancer, heart disease and de-
mentiaremainpoorlyunderstoodduetothecomplex-
ity of human physiology. A key biomedical challenge
for the future is to connect the underlyingmolecules
responsibleforthesedifferentdiseaseswiththehigh-
er-levelfunctionsofthedisruptedorganism.

  Approach: Theinvestigationoftheemergenceofhigh-
er-orderphysiologicalfunctionswilloccupybiomedical
researchersformanydecades.Itwillrequirenotonlya
catalogoftheinteractingcomponents,butalsoknowl-
edgeof theirspatialdistributionwithinthecellor tis-
sue,combinedwithintegrativecomputationalmodels
oftheprocessunderstudy.Thisunderlinesalong-term
needforabroadpaletteofdifferentimagingtechniques
that are important forbiomedical research [35, 36]. They
allowdetectionof different structures andmolecules
overarangeofspatialscalesandpenetrationdepths.
Nosinglemethodprovidesalltheinformationrequired
to understand biological function, and so correlated
 #multimodal imagingwill be critical for decades to

come [35].

Synchrotron radiation will play an important role in
enabling thismulti-scale spatial analysis of biological
function,sinceitprovidesuniqueimagingcapabilities
acrossabroadrangeof resolutions.Forexample,mi-
cro-computed tomography is used to examine organ

Figure 4.4:Hierarchicalimagingpipelineforlifescience,illustratedbythestudyofavirallungdisease[31–34].
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structure, X-ray microscopy with 10 nm spatial res-
olution to examine cellular ultrastructure (  #high-
res-imag) and high-resolution X-ray crystallography
toexamine themolecular structuresof the individual
componentsdowntotheatomiclevel.  Figure4.4pro-
videsanexamplehowthesecapabilitiescanbecom-
binedandcomplementedbyTEM,availableatpartner
laboratoriesoncampus,toformahierarchicalimaging
pipelinethatcanbeusedforthestudyofviraldiseases.
Thisexamplecaneasilybegeneralizedtoothertypes
ofdiseases, and similar experimental capabilities can
beemployedforthestudyofhealthytissue,e.g.ofneu-
ralconnectionsthatgiverisetobrainfunctionssuchas
memory.

Importantly,SRofferstheabilitytoexaminespecimens
in their native (or at least near-native) state, that is
withincryo-preservedtissuesamplesnotsubjectedto
anyformofchemicalfixation,stainingordehydration.
This isakeyadvantage,sincesuchprocedures,which
are a prerequisite formost other imagingmodalities,
are well known to induce significant ultrastructural
defects.Furthermore,thenaturalcontrastaffordedby
softX-rayradiationeliminatestheneedforanyapriori
knowledge aboutwhich structures of interest should
be stained. An illustration is the identification of ear-
lystagesofcoronavirusentry:Here,transmissionsoft
X-ray microscopy enabled detection of dark-rimmed
vesicleswhichformedinsideoflateendosomeswithin
minutes of coronavirus infection, therebydrawing at-
tentiontothelateendosomesasakeyorganelleinviral
uptake [32].

Macromolecularcrystallography(MX)enablesresearch-
ers todetermine three-dimensional structuresofbio-
logicalmacromoleculesandtheirinteractionpartners
toatomicresolution.Withtheadventofthecomputer
programAlphaFold [37], the focus inMX isshifting from
the determination of structures of individual macro-
moleculestothedeterminationofcomplexstructures.
This can be either protein-protein complexes or pro-
tein-small molecule complexes, such as metabolites
ofpotentialdrugcandidates.Large-scalescreeningex-
perimentssuchastheonepioneeredattheHZBfrag-
ment screening facilitywill play an evermore impor-

tantrole [38].Afurtherincreaseofsamplethroughputto
aboutonesampleperminute(  #highthroughput)will
allowscreeningoflargechemicallibrarieswithinshort
timeperiods,e.g.,upto5000compoundswithinafew
days(afactorof50 – 100morethanatBESSY  II).Com-
binedwithautomatedanalysisofthehugeexperimen-
tal data content (  #automation) such experiments
willsignificantlyreducethetimeittakesfromaninitial
bindinghittothedevelopmentofafirstinhibitor,which
may thenbe furtheranalyzed for itspharmacological
properties.

While recent developments in cryo electron micros-
copyhaveessentially takenupmostof thestructural
work on large macromolecular assemblies and com-
plexes, high resolution experimental structures of in-
dividualcomponentswillstillonlybeavailableviaMX.
Inparticular,itwillbenecessarytoinvestigatesamples
whichcanonlybeproducedinverysmallamountsand
whichcanonlybecrystallizedintoverysmallcrystals.
Being able to routinely obtain diffraction data from
crystalswithanedgelengthof5µmorlesswillenlarge
thespaceofviablesamplesforMXandcontributetoa
more complete catalogue of protein structures to be
determined.Suchexperimentswillbeperformed ina
largevarietyofsampleenvironments.

Furthermore,whileallof thecurrentstructuralmeth-
ods providemore or less static pictures of themole-
culesstudied,evolutionofbiologicalprocessesmatter.
Adding relevant time resolution to macromolecular
structuresmeansbeingabletoobservethemolecular
 #dynamics inordertocreatemolecularmovies,e.g.

of certain enzymatic reactions. Thiswill undoubtedly
deepen the understanding in enzymology and be of
highbiotechnologicalrelevance.Theseapproaches,pi-
oneeredatXFELsources,relyonindividualdiffraction
patternsfromverysmallcrystalsandrequireveryhigh
intensitybeams.

 Impact:  At BESSY  III, high-resolution X-ray imaging
andhigh-throughputmacromolecularcrystallography
will constitute essential elements of a versatile tool-
box for life science and thereby also strengthen the
highly active local life science community (e.g. MDC,
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Charité, BerlinUniversity Alliance).Using this toolbox
willdeepenourunderstandingofbiologicalprocesses,
inparticularalsomolecularprocesses involvedindis-
eases,suchthatfasterandmoretargeteddrugsearch
becomesfeasible.Basedonathoroughgeneralunder-
standing of such processes and the establishment of
substancelibraries,thiswillalsoenablenotonlyavery
quickresponsetotheemergenceofnewpathogensbut
alsodevelopmentofdrugtherapiestotreatmajordis-
easessuchascanceranddementia.

4.4 Metrology for Innovation

 Motivation: MetrologicalmeasurementsusingSRoffer
uniquecharacterizationtoolsintheX-rayrange,yielding
 #quantitative data with known uncertainty [39]. Such

accuratedatasetsformanindispensablebasisformany
industrialapplicationsandhavebeengainingrelevance
inresearchsincetheyenableadeepermaterialsunder-
standingand leverage  #multimodalapproaches.The
Physikalisch-TechnischeBundesanstalt(PTB)hasestab-
lished,overthecourseofseveraldecades,agloballead-
ershipposition formetrologywithSR,offeringexperi-
mentalcapabilitiesspecificallytailoredtotheincreasing
demandsof industry,academiaandnon-academic re-
search institutions. Primary source standards for this
endeavorarecurrentlytheBESSY  IIstoragering(EUVto
X-rayrange),wherePTBoperateseightbeamlines,and
theMetrology Light Source (MLS, THz to EUV regime).
Both sources are operated by HZB in a long-standing
andhighly fruitfulcollaborationwhichshallbecontin-
uedforthesuccessorsourcesofbothfacilities.

 Approach:  The first pillar of PTB’s current and future
activitieswithSRisradiometry,i.e.metrologyofelec-
tromagnetic radiation [39]. This requires the accurate
measurement of the storage ringparameters such as
theelectronenergy,polarization,theelectroncurrent
andthebendingmagneticfield,andthusneedstobe
anelementalpartoftheplanningforthenewsource.
Besidessource-basedradiometry,detector-basedradi-
ometrywithcryogenicelectrical-substitutionradiome-
tersasprimarydetectorstandardshasalsobeenestab-

lishedbyPTB [39],allowingtheoutputsignalofanykind
ofphotodetectionsystemtobeaccuratelycalibrated.
Radiometryformsthebasisforcalibrationservicesand
scientificco-operationswithexternalpartners.Exam-
plesrefertothecharacterizationofspaceinstruments
forsolarandatmosphericresearchortophotondiag-
nosticsoffreeelectronlasers.

Basedonitscapabilitiesinradiometry,PTBoffers,sec-
ondly, variousmeasurements for industry at theMLS
and itsBESSY  II beamlines. Industrialprojects are re-
latedtothedevelopmentandcharacterizationofX-ray
detectors,e.g.withDECTRISAG,oropticsforX-rayas-
tronomy, in particular with the company cosine and
the European Space Agency ESA, up tomeasurement
techniquesforEUV-lithography.After20yearsofdevel-
opment, optical lithography in the extreme-UV (EUV)
at thewavelengthof13.5nmtoday forms the techno-
logicalbasisworldwide for theproductionof themost
sensitiveareasofhigh-performancecomponentsinthe
semiconductor industry. PTB accompanies this devel-
opment,whichwas awarded the German Future Prize
forTechnologyandInnovationin2020,withmorethan
6000beamtimehoursandafundingvolumeofcurrent-
lymorethan1.5millionEuroperyear.WhileattheMLS
the at-wavelengthmetrologyof optical components is
in the foreground, thework at BESSY  IImainly relates
to the development of new metrological methods for
the characterization of semiconductor nanostructures
intheEUVandsoftX-rayrange(see  Figure4.5).When
working with industrial customers and collaborators,
state-of-the-artmeasurementcapabilitiesareindispen-
sablepremises.Therefore,tomaintainPTB’sleadingpo-
sitioninmetrologyforindustryinthecomingdecades,
upgradesofbothSRsourcesusedarecruciallyrequired.

Materialsmetrology,thethirdpillarofPTB’sactivities
at MLS and BESSY  II, refers to themetrological char-
acterizationofmaterialsandisbecomingincreasingly
important,notonly forapplications inopticsor sem-
iconductor electronics but also for quantum tech-
nology, photovoltaics, energy storage, catalysis, or
biotechnology.MethodsusedatMLSareIRspectrom-
etry (SNOM) and photoemission tomography and at
BESSY  IIandprospectivelyatBESSY  IIIXRR, (GI)SAXS,
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andreference-freeXRF.ApartfromPTB,alsotheBun-
desanstaltfürMaterialforschungund-prüfung(BAM)is
strongly involved inmaterialsmetrologywith itsown
beamline at BESSY  II, which offers X-ray fluorescence
analysis,microcomputedtomography(MicroCT),X-ray
topography, detector calibration as well as reflecto-
metry,andiscloselylinkedtoindustrialservices.Driv-
enby the structural complexity ofmodernmaterials,
PTBandBAMadvancetheirmethodologytowardsthe
characterizationofmaterialsat thenanoscaleand in-
creasingly investigate materials under realistic con-
ditions, i.e.,  #operando, in-situ or even in-synthesis.
Therefore,theappliedmethodologieswillgreatlyprof-
itfromtheavailabilityofsmallerfocalsizesaswellas
higher brightness and coherence of a 4th generation
lightsource(  #high-res-spectro  #high-res-imag).

Materials metrology relies not only on  #quantita-
tive data from analyticalmeasurements, but also on
a thorough quality management for sample synthe-
sis and characterization including careful metadata
acquisition.Establishingthenecessarycomplementary
techniquesandanoverarchingFAIRdatamanagement
system will have high priority for PTB, BAM and the

general user community atBESSY  III. Such data sets
are ideally suited for the comparison withmodelling
approaches,whichalso formakeycomponentof the
materialsmetrologystrategy.Anexampleofnanome-
trology, combiningSRdatawithmachine learning al-
gorithms,isshownin  Figure4.5,thespecificexample
beingofhighrelevanceforthedevelopmentofthenext
generationofintegratedelectroniccircuits.

 Impact: UsingBESSY  IIIasprimarysourcestandard,PTB
willbeable toexpand itsglobal leadershipposition in
metrologywithSRradiation.Theavailabilityoftheseex-
perimentalcapabilitiesisurgentlyneededinmanyfields
ofhighrelevanceforthefutureeconomyofEurope,in-
cludingsemiconductorindustryandsustainableenergy
technologies.Makinguseoftheadvancedsourceprop-
erties,  #quantitativemeasurementsofferedto indus-
try,academia,andnon-academic research institutions
will be extended towards investigating complex struc-
turesonthenanoscaleaswellasmaterialsanddevices
underrealoperatingconditions.Accurateexperiments,
offeredbyPTB,BAMandalsoHZB,willunleashthefull
potentialof  #multimodalapproachesatBESSY III.

Figure 4.5:Materialsmetrologyforperiodicnanostructures:Thehigh-precisionreconstructionofaSi3N4gratingstructure,including
uncertaintyanalysis,isderivedfromGIXRFdatafromBESSYIIandmachinelearning[40].Betterbeamproperties(photonflux,brightness,
coherence)wouldpermitdetailedinvestigationsofmorecomplexstructures.
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 Goal:  As stated in  Chapter 2, BESSY III strives to
achieveuniquenessthroughthetriadofcombining(i)a
4thgenerationlightsource,(ii)inanintegratedresearch
campuswith(iii)capabilities formetrologyandquan-
titativemeasurements. The first part of the triad is a
worldleading4thgenerationsoft-to-tendervariablepo-
larizationX-raysourceofhighestphotonbeamquality
thatcoverstherequirementsofthefocusfields:Energy,
Quantum and Information Technologies, Life Science
and–asoverarchingprinciple–Metrology.Thechoice
of the target spectral range and polarization result
fromtheimportanceofelectronandspinstructurefor
thescientificfocusfieldsandprovidescomplementari-
tytotheotherlarge-scaleresearchfacilitiesinEurope
(LEAPS)andoftheHelmholtzPhotonScienceRoadm-
ap [2],PETRAIV–focusonstructureandcrystallography
–andDALI–focusonlowenergyelectrodynamicswith
THzrays.

5. The BESSY  III Approach

 Approach:  Themain requirement for the accelerator
and undulator design is to increase spectral bright-
nessandcoherenceinthesoftX-rayregiontosupport
 #high-res-spectro,  #high-res-imaging,  #dynam-

ics and to improve the performance in the  #tender
rangecomparedtoBESSY  II,whereHZB,PTB,BAM,and
collaborative research groups are currently operating
47beamlines(38ofthemfullyparallel).Toextendthe
beamline offer into the tender regime, an increase of
the ringenergycompared toBESSY  II is indicated.Al-
thoughhigher ringenergywouldbebetter for coher-
ence and brightness, the investigation of electronic
structures requiresmethods like angle-resolved pho-
toemission (ARPES) in theVUV rangeandXASone.g.
Li,B,C,N,OinthesoftX-rayrange,whichareindispen-
sableelements forall focus fieldsas is theEUVrange
forthePTB.Hence,asrevealedbythe  Figures5.1and
5.2,thecoreenergyrangeofBESSY IIImustbearound
1keVreflectinganincreaseddemandforexperiments

Figure 5.1:Histogramsof
experimentalbranchesfor
BESSY  IIIasderivedfromthe
sciencecaseandasurvey
amongusers(redbars)including
therequestsfromPTB/BAM
(shaded).Samenumbersat
PETRAIV(asof3/2022,courtesy
K.Bagschik(DESY))revealsthe
complementarityofthetwo
leadinglightsourceupgradesin
Germany.
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in the  #tender range compared to BESSY II. Com-
prehensive design studies for the accelerator system
(  seeSection6.1.1)suggestanenergyof2.5GeVforthe
BESSY  IIIstorageringtotakeaccountoftheconflicting
requirements.Wehavedevelopedatentativescenario
onthebasisofexpertworkshopsandinternalsurveys
whichalsoincludestherequirementsofPTBandBAM
aswellasacertainnumberofopenportsreflectingthe
needforcuriositydrivenresearchand industryneeds
withmovableuserendstations.

Forthispurpose,requestedbeamlineswiththeirenergy
rangesweresortedintoenergybinsandcomparedwith
the PETRA  IV beamline portfolio treated in the same
way,and  Figure5.1showstheclearcomplementarity
of thePETRA IVand the tentativeBESSY III beamline
portfolio.Indispensableapplicationsatphotonenergies
downtotheVUVrangebutalsoaccesstohardX-raysas
requiredbyourpartnersPTBandBAMwillbeprovided
byspecial insertiondevices.Bendingmagnets (SR-di-
poles)willbedesignedasprimary radiationstandard
for  #quantitativepurposesofthePTBbute.g.alsoas
broadbandsourcesfor  #multimodalapproachesfor
catalysis [41]. In the core photon energy range around
1keV,BESSY  IIIwillprovidehighestbrightnessandco-
herence likeothermodern4th generationSR facilities
worldwide(see  Chapter6)basedonmultibendachro-
mat (MBA) technologyasproposed in  Section6.1.1.
Using this design, 2 – 3 orders ofmagnitude (depend-
ingonenergy)gain incoherenceandbrightnessfrom
the source for themajority of applications is predict-
ed.Togetherwithinnovativeopticsanddetectorsthis
will leadtouptoeven4 – 5ordersofmagnitudemore
X-ray photons on the sample compared to BESSY II.
To realize the demanded in-situ and  #operando ap-
proaches, new concepts of endstations, detectors
(  Section 6.2.1) and sample environment (  Section
6.2.2) are being developed. Because the overarch-
ing need for  #multimodal approaches is based on
the combination of SR methods and complemen-
tary lab experiments, the embedment of BESSY  III 
into a laboratory environment within an integrat-
ed research campus is mandatory. Digitization as
an inseparable component of BESSY  III will cover
the whole scientific workflow, smart and fast data

acquisition, automated and remote operation aswell
as AI guided autonomous research as described in
 Section6.3.

 Impact: BESSY  IIIwillenablescientificbreakthroughs
intheaforementionedfocusfields,inmaterialsscience
and beyond. TherebyBESSY  III will continue the suc-
cessstoryofsciencewithphotons inBerlin-Adlershof
overfuturedecadesandmeetthedemandsoftheuser
community for soft-to-tender X-rays clearly comple-
menting the rangesofferedbyPETRA  IV (see  Figure
5.1),DALIandEUXFELontheHelmholtzPhotonScience
Roadmap [2]. Added value, especially for the German
industry,comesfromactivitiesofthePTBatBESSY  III
andtheplannedupgradeoftheMLS.Their  #quanti-
tativemethodswill establishmaterialsmetrology for
ground-breakingnewtechnologies.
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# Name Photon Energy Main Methods Main Applications

1
VUVtoHard 5eV–20keV XPS,HAXPES,NEXAFS,STXM

XPS,HAXPES,NEXAFS,STXM
 Catalysis,  Energy 
(Storage,Batteries,SolarFuels)

DIP 20eV–1.5keV UPS/XPS,NEXAFS,EXAFS,XPS,
UPS,ARPES

 Energy,  Catalysis 

2
Soft&Tender 100eV–4keV PES,HAXPES,TXM,XAS,XPCS

ResonantScattering,CDI
 Energy (Batteries), Quantum 
 Energy,  Quantum 

DIP 2–14keV Diffraction/EXAFS/XRF,NEXAFS  Energy, Quantum, Catalysis 

3

XUVtoSoft 60eV – 1.5keV BElChem,XPS
BElChem,XPS

 Catalysis,Chemistry
 Catalysis,Chemistry

DIP 2 – 14keV XRD/EXAFS,WAXS,SAXS,HAXPES  Quantum, Energy 
 Quantum, Energy 

4

MagneticImaging 150eV – 2keV LenslessImaging,X-ray
holography,XPCS
STXM,ResonantScattering,
3Dmag.tomogr.

 Quantum, Energy 

DIP 100eV – 1.5keV XMCD,XASwithmagneticvector
fields

 Quantum,  Energy,  Catalysis 
 Quantum,  Energy,  Catalysis 

5
XUVSpectroscopy 5 – 200eV ARPES

nano-ARPES
 Quantum,  Energy,  Catalysis 
 Quantum,  Energy,  Catalysis 

DIP 80eV – 4keV NEXAFS,XPS  Catalysis,  Energy,  Quantum 

6
Soft&TenderImaging 180eV – 8keV TXM,FIB-TXM

TenderTXM,Tomography
LifeSciences, Energy 
LifeSciences, Energy 

DIP 20eV – 1.5keV SoftX-rayDynamics  Catalysis, Energy,  Quantum 

7
InelasticScattering 180eV – 3keV RIXS

meV@1keVRIXS
 Quantum,  Energy,  Catalysis 
 Quantum,  Energy,  Catalysis 

DIP 20eV – 1.5keV SoftX-rayDynamics openport

8

SpectroMicroscopy 100eV – 1.8keV (S)PEEM,PEEM,Ptychography
nano-ARPES

 Quantum,  Energy, Catalysis
 Quantum,  Energy, Catalysis

DIP 100eV – 4keV Broadbandsoft+tenderX-ray
spectroscopy

openport

9
Macromol.Crystallography 5 – 20keV X-rayDiffraction

X-rayDiffraction
LifeSciences
LifeSciences

DIP 80eV – 2keV SoftX-rayspectroscopy openport

10

MultimodalSpectroscopy 20eV – 8keV MultimodalSpectroscopy
Time-resolvedspectroscopy

openport
openport

DIP 20eV – 3keV Declinedbeamline,Multimodal
spectroscopy

 Catalysis 

11

PTB:PGM/EUV 60eV – 1.85keV Reflectometry / Scatterometry
Reflectometry / Scatterometry

 Metrology forIndustry
 Metrology forIndustry

DIPPTB:FCM 1.7keV – 11keV X-rayradiometry /
X-rayreflectometry

 Metrology 

12

PTB:PGM/RFA 80eV – 2keV X-rayspectometry
X-rayspectometry

Materials Metrology 
Materials Metrology 

DIPPTB:whitelight 40eV – 20keV Primarysourcestandard
BESSY III

 Metrology 

13

PTB:TenderX-ray 1keV – 10keV µ-XRF / (Gl)SAXS / Ptychography
µ-XRF / (Gl)SAXS / Ptychography

Materials Metrology,  Energy 
Materials Metrology,  Energy 

DIPPTB:XPBF/ESA 1keV – 3keV X-rayopticsforastrophysics in-line Metrology for
Manufacturing

14
BAMline 5keV – 120keV Diffraction,XRF,µCT

Diffraction,XRF,µC
Materials Metrology 
Materials Metrology 

Figure 5.2:AtentativebutyetincompletebeamlineandmethodportfolioforBESSY IIIreflectingthescientificfocusfields( Section4.3)which
aremainlybasedonmethodsfromthesoft-to-tenderX-rayrange.SuccessorsofBElChem(XUVtoSoft)andEMIL(VUVtoHard)areexpressly
aspired.ThebeamlinerequestsfromthePTBandBAMareshadedinlightblue.AcronymsofmethodsseeGlossary,(DIP)–dipolebeamlines.
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To realize BESSY  III as the world leading facility for
materials discovery, we aim to fulfill the triad of

• astate-of-the-art4thgeneration
synchrotronradiationsource,

• anintegratedfacilityapproach
embeddedinthematerialsresearch
campusatBerlin-Adlershof,and

• quantitativeandmetrological
materialssciencecapabilities,
whichareleveragedbytheworld-
leadingexpertiseofPhysikalisch-
TechnischeBundesanstalt(PTB).

6. Technical Realization and Readiness

Athoroughanalysisofthepossibilitiesofanin-tunnel
upgradeofBESSY  II toa4thgenerationSRsourcehas
shown, that neither the required beam parameters
in termsofenergyandelectronbeamemittance,nor
the capacity request in terms of number of available
straightsectionsfortheintegrationofinsertiondevic-
es,canbefulfilled.Inaddition,astheradiationshield-
ing of BESSY II is a monolithic concrete block being
integralpartoftheBESSY IIslab,anynecessarymod-
ification of the radiation shielding to gain flexibility
in themachine designwould result in unacceptable
long shutdown timeswithout anyusablephotonsof
minimum 3 years. This is especially unacceptable in
viewofPTB’sobligationswithregardtoitslegalman-
date of providing metrology applications to support
industry.

Figure 6.1:Emittance
landscapeofexistinglight
sourcesandupgradeplans
worldwide.Darkblue:
3rdgenerationsourcesin
operation;Orange:existing
4thgenerationfacilities;
Red:upgradeproposals
basedonMBAtechnology.
Lightblue:upgradesbased
onlatestMBAdesigns;big
diamond:BESSY III.
(adaptedfromR.Bartolini,
2022).
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Thisnewlightsourcemustsupportthescientificfocus
fieldsdescribedin  Chapter4andmustbewithinthe
parameter ballpark ofworldwide discussed upgrades
ofSR-facilitiesdepictedin  Figure6.1.Suchaglobally
competitivesoft-to-tenderX-raylarge-scalefacilitycan
onlyberealizedasagreen-fieldfacilitycomplementing
thesurroundingWCRCcampusenvironmentoftheHZB
inBerlin-Adlershof.

Therequirednewqualityofsuchaflagshipprojectcan
onlybeachievedifthreetechnicalareasareoptimized
tostate-of-the-arttechnologies:photonbeamgenera-
tion,experimental instrumentationandinfrastructure
aswellasdigitaltoolsfordatamanagementandauto-
mation.

Generating photon beams of 
unprecedented quality

Thescientificmotivationspresentedin  Chapter4,but
especially  #high-res-spectro,  #high-res-imag and
 #dynamicsaskforunprecedentedphotonbeamqual-

ities, which can only be provided by a 4th generation
lightsourcetailoredforthesoft-to-tenderX-rayrange.
Furtherdesigncriteriaare(i)diffractionlimitedradia-
tionataphotonenergyof1keVand(ii)highestspectral
brightnessat1keVonthefirstharmonicoftheundula-
torsbecausethismatchesthephotonbeamemittance
tothelowelectronbeamemittanceandpromiseshigh-
estpolarizationdegreeforellipticalinsertiondevices.

Whenitcomestotheacceleratorparameters,ourap-
proach is based on a contemporary MBA design and
innovativemagnettechnologythatlaysthefoundation
forBESSY  III toapproachorevenexceedtheparame-
terballparkofcurrentandfutureupgradesworldwide
(  seeFigure6.1)keepingourlightsourcecompetitive
for thenextdecadesand further scientific challenges
tocome.Detailsofthelatticedesigndevelopmentand
itstechnicalsubsystemsaswellasintriguingnewaccel-
eratorphysicsconceptswillbediscussedindetail  in
Section6.1.1.

Basedontheverylowemittanceoftheelectronbeam,
we will generate the photon beam with innovative

Figure 6.2:Targetenergy
ranges,spectralbrightness
andcoherentfluxproperties
ofafutureBESSY  IIISR
sourceasaflagshipprojectin
Berlin-Adlershof.Blackarrows
indicateapredictedgainin
spectralbrightnessofone(in
theVUV),two(softX-rayrange)
andthree(tenderX-rayrange)
ordersofmagnitude.UE–
ellipticalundulators,CPMU,
IVUE–invacuumundulators,
 seeSection6.1.2.Inset:The

arrowmarksatwoordersgain
incoherentfluxexpectedat
the(diffractionlimited)design
energyof1keV.*Coherence
curvesfromBESSYII / BESSY  III 
andothermediumenergy
upgradeprojects(MAXIV,ALS,
SOLEILetc.).
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undulator concepts described in  Section 6.1.2, like
doubleperioddevices(DOPU)aswellasin-vacuumun-
dulatorsCPMU,IVUEthatfullycovertheenergyrange
demanded in  Figure5.1athighestpossiblespectral
brightnessandcoherentflux,see  Figure6.2.Howev-
er,inallfocusfieldstherequirementforvariablelinear
andcircularpolarizationismandatory,sothatthema-
jorityofIDsmustbeelliptic.Arrowsin  Figure6.2con-
necting spectra from elliptical undulators of BESSY II
andBESSY IIIindicatehereupto2ordersofmagnitude
gainintransversecoherenceat1keVandupto3orders
spectralbrightnessenhancementinthe  #tenderX-ray
range.Thisregimehasbeenwidelyunchartedterritory
so faratBESSY  II e.g. for4d (L-edges)and5d (M-edg-
es,e.g.Hf)elementspectroscopyforquantumdevices
(  seeSection4.3.2)aswellasSulfurK-edgespectros-
copytounderstandbatteriesin  #operandoasshown
 inFigure4.1.

Onlyaproper transportandfinalshapingof thepho-
tonbeamsbytailoredsoft-to-tenderbeamlinesbased
on innovative monochromators and optic concepts,
that preserve the polarisation state, enables users to
benefit from a next generation electron storage ring.
Ourapproachtoachievethat,supportedbyfull  #au-
tomationofcontrols,diagnostics,AIandmoderndata
management, is described in  Section 6.1.3 by a se-
lected example (  #high-res-spectro). A glimpse into
state-of-the-artX-rayopticsforevenfurtherordersof
magnitudehighertransmissioninthe  #tenderregime
isalsoshownthere.State-of-the-artbeamlinestailored
forsuchhighperformancewillliftparticularlyhighend
imagingwith coherent beams (  #high-res-imag) to a
newlevelbutwillalsoboost,bymorephotons,  #op-
erandotechniquesaswellas  #highthroughputmate-
rialsdiscovery.

Experimental instrumentation and 
infrastructure

Experiments at a future large-scale research facility
such asBESSY  III will differ significantly from today’s
status. Even in the early years ofBESSY  II (1999) user
groups arrived with trucks loaded with endstations

whichwere prepared at the home institute and then
used for 1 – 2weeks at abeamline. Ever since the sit-
uation has completely changed and will continue to
changeevenmoredramatic in thenextdecades.The
reason is theenhancedcomplexityof theexperimen-
tal questions, the setups and its technical challenges
aswellasthegenerallyrequiredmuchhigherdataac-
quisitionspeed.Thishassignificant impactonthe in-
strumentationitself,whiche.g.fornano-foci,includes
highlystablecomponentscontrollableinUHVatthena-
noscale(e.g.diffractive,refractiveorcapillaryfocusing)
togetherwithactivefeedbacksystemstostabilizethe
X-ray (or laser beams –  #dynamics) and automated
samplepositioningonthenanoscale(  #automation).
Insum,allthisrequireshighlyspecializedfixedendsta-
tions and high-enddetectors, a tailored but versatile
sample environment and also surrounding – beam-
line-near–aswellascomplementary laboratories for
the preparation or the execution of  #multimodal
studies(  seeSection6.2).Allthiswillliftboth,thede-
signoftheexperimentalinfrastructureandtheseismic,
acoustic and thermal stability requirements toanew
technical level compared to thirdgenerationsources.
Such challenging issues beyond the machine will be
best addressed in the context of the construction of
an integratedresearchcampusembeddedintheever
growinghigh-techenvironmentofthesciencecampus
Berlin-Adlershof(WISTA)asdiscussed  inSection6.2.

Data and Automation

The digitization pillar ofBESSY  III endorses three as-
pectsofexperimentation

(1)  Automated and remote: coversITenvironment
forbasicdevicecontrol,dataacquisitionand
handling,scientificcomputing.Highstandards
ofavailability,reliability,easeofuse,fundamental
totheseoperationmodesaremandatoryforall
componentstobeintegratedoradapted.
Experimentingremotelywillhardlymeanany
disadvantage.
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(2)  Smart and autonomous: manual,simpleraster
scansarenomoreadequatetovastparameter
spaces,faintsignalsorrareevents.Intelligentdata
acquisitionwillutilizevariousknowledgesources
todetectregionsofinterestrapidlyandsafely.Ro-
bustdataanalysisand-evaluationwilljustifytrust
incomplexautomatedsequencesanddecisions
nomoresupervisedbyhumans.

(3)  Data quality and quantity: Samplecomplexityand
tinystructurespushpredictionsofsimulations
andmachinelearningbeyondvaliditylimits.For
decisivehypothesesverificationthe4thgeneration
lightsourcebeamisrequired.Detailed,preciseand
 #quantitativequalitydatahavetobeacquiredto

providetheurgentlyneededunambiguousground
truth,inlargeanddenseFAIRdatabases.

For implications of (1)–(3) on data management and
automation  seeSection6.3.On thegeneral levelof
digitalHZB,materialresearchatBESSY  IIIcanleverage
the achievements of the ubiquitous digital transfor-
mationprocessofthesociety.Formaterialdesignand
characterization, relevantdatapools arealreadywell
orchestrated [42 – 44],availabletoresearch institutesand
industry.Toanalysisandplanningtheyadddata-driv-
en models and guidance by physical understanding.
ForBESSY  IIIitisrelevant,thatHZBiswellembedded
into this rapidly growing global digital infrastructure,
see  Figure 6.9 (overarching red text). Distinction of
thedomainspecificITinfrastructure,asdescribed  in
Section6.3,fromthehostinggeneralIThelpstodefine
projectscopeandphases.

6.1 Generating Photon Beams of 
Unprecedented Quality

6.1.1 Accelerator Systems

 Goal:  The primary objective for the accelerator sys-
tems is in firstorder todevelopaconceptofanelec-
tronstorageringanditsradiationsources,i.e.,bending
magnets and insertiondevices,whichwill deliver the
SRparametersrequestedbythescientificmotivation,

summarized in  Chapter 4 and 5. Absolutelymanda-
tory is the request toprovidehighest brightness at 1
keV photon energy with diffraction limited radiation
and freechoiceofpolarizationstate (see   Figure5.1
 #high-res-spectro,  #high-res-imag,  #tender) and

tokeeptherequestedbeamlinecapacity,listedinde-
tailinthebeamlineportfolio( see  Figure5.2).Anover-
archinggoal,butalso limitingboundarycondition for
ourgreenfieldconcept,istokeepthefootprint,i.e.the
circumference, of the accelerator systems reasonable
smallinordertomakeitfitontheonlyaccessibleand
suitablefreesiteinBerlin-Adlershoftostayembedded
in Germany’smost successful Science and Technolo-
gyParkAdlershof.Secondarygoalof thestorage ring
design is to keep to some extent BESSY’s flexibility,
basedoftenonnon-linear beamdynamics, and com-
bineitwiththemorerestrictiveMBAstructure,toallow
for proof-of-principle experiments and / or advanced
operation modes to support  #dynamics studies as
itisdoneatBESSY  IIandMLS.DifferentfromotherSR
facilityupgradesistheessentialaimtoprovideradia-
tion sources usable as a primary radiation standard
for  #quantitativemetrologypurposes,satisfyingthe
needsof thePTB. In timesofclimatechangeandpri-
mary energy shortagedue to geopolitical tensions, it
goeswithoutsaying,thatsustainabilityandanenergy
efficientlayoutareoverallobjectivesforthedesignof
theacceleratorsystems.

 Expertise:  HZB’sexpertisefordesign,constructionand
reliableandefficientoperationoflarge-scaleresearch
facilities is successfully proven by BESSY  I, BESSY  II
andtheMLS.Moreover,theeagernessofimprovingthe
running facility as a whole, but also individual hard-
ware components as well as exploring the facility’s
beamphysics limits set the base for quite a few pio-
neeringdevelopmentswithin the fieldof storage ring
basedSR-sources.Thislaysthefoundation,notonlyfor
HZB’sworldwidereputation,butalsofortheconceptof
BESSY III.

For example, HZB developed in the 2000ies in an EU
widecollaborationthe500MHzEU-HOM-dampedcavi-
ty [45],nowcommercialavailablefromfromRIResearch
Instruments(RI)underlicensefromHZB,whichisused
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bymany3rdgenerationlightsourcesandalsoforeseen
atmanyMBAupgrades.WithinSEAlab&Supralab,see
 Figure6.11,thefruitfulcollaboration,especiallywith

RI,continuesalsoonsuperconductingRFsystems.

The introduction of top-up injection, not initially
planned for BESSY  II, lead to the development of a
very robust radiationprotectionconcept [46] andhigh-
estinjectionefficienciesof95 %andabove [47].Firstex-
perimental studies of a non-linear kicker injection [48]

pushedtheideaoftransparentoff-axisinjection,which
wasrealizedatMAXIVandSIRIUSandwillbecomean
often chosen injection concept at 4th generation light
sources.

Operation and development of BESSY  II and MLS al-
ways supported integration of timing capabilities [49]
byexploringnon-linearoperationregimesaslow-αor
TRIBsoperation.Shortpulseshavebeenmadeacces-
sible by femtoslicing [50] down to 100 fs (FWHM) pho-
tonpulselengthorlow-αoperationwith1psto15ps
electronbunchlength[rms],pioneeredatBESSY II [51].The
MLS[52],developedbyHZB,isthefirstelectronstorage
ring optimized for low-α operation and its flexibility
allowed, just recently, a firstproofofprincipal exper-
iment of steady-state micro-bunching (SSMB) [53]. The
VSRconcept[54,55]aimsforsimultaneousgenerationof
shortandlongelectronbunchesbyintroducingabeat-
ing scheme with higher harmonic RF systems, which
arecurrentlyunderdevelopmentintwohardwarepro-
jects, oneasnormal conducting cavity system [56] and
theotherashigh-gradientcwsuperconductingone [57].

For timing experiments, the pulse repetition rate is
a crucial parameter. At BESSY  II different separation

schemes have been developed to provide different
repetition rates, e.g., a fast rotating photon beam
chopper [58] or the pulse picking resonant excitation
scheme [59].Thelatestandmostpromisingdevelopment
istheTRIBsoperation,whichgeneratesasecondstable
orbitforstoringanadditional,flexibleandadjustable,
fillpattern[6, 60, 61].Pioneeringproof-of-principleexperi-
mentshaveshownthatTRIBsallowforcompletelynew
experimental capabilities, as MHz helicity flipping of
X-rays fromanundulator [7], openingnewpossibilities
forXMCDexperiments.Afirstsuccessfulproof-of-prin-
cipletest[61, 62]atthe330pmrad7-MBA3GeVMAXIVring
motivates to investigate TRIBs as an operationmode
forBESSY  III [63].

 Approach: ThemaintargetparametersfortheBESSY  III
storageringare listed in Table6.1andcomparedto
BESSY  II.

Inorderto fulfill therequest forhighestbrightnessat
1keV,deliveredbythe1stundulatorharmonics,anda
broaderspanofphotonenergiesintothetenderX-ray
region,thebeamenergymustrisefrom1.7GeVto2.5
GeV (see  Figure 6.2). This increase in energy is also
beneficialforourstrategicpartnersBAMandPTBwhich
requires access to hard X-ray beams. In addition, the
emittancemustdecreasefrom5nmradto100pmrad
toprovidediffractionlimitedradiationupto1keVpho-
tonenergy,whichcanonlybefulfilledwithastate-of-
the-artMBAmagneticlattice.Duetotheavailablespace
ontheenvisagedsite,only350mofcircumference,i.e.
22mlengthforonesection,isavailable,whichmakes
thedesignachallenging task.Due to thecapacity re-
questforIDs,seebeamline-portfolioin  Figure5.2,a
16-foldperiodicityisneededandinadditioneachsec-

Parameter BESSY  III BESSY II

Energy 2.5GeV 1.7GeV

Emittance 100pmrad 5nmrad

Circumference ~350m 240m

#ofstraights 16with5.6m 16with5.0m

Storedcurrent 300mA(500mA) 300mA

Table 6.1: Main objectives of BESSY III and main parameters of BESSY II.
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Magnet type Max. Value

homogeneousdipolemagnet <1.3T

combinedfct.bend(2pole) <0.8Tand15T/m

combinedfct.bend(4pole) <0.8Tand30T/m

quadrupole <80T/m

sextupole <4000T/m

minimumspacing(yoketoyoke) 0.1m

borediameter 25mm

innervacuumpipediameter 18mm

Table 6.2: Technical limits for magnets used in the magnet 
optics design.

tion should provide at least one additional bending
magnetsourceupto20keV.Twoofthe16straightswill
beusedforinjectionandtheRFsystem,sothat14are
leftforinsertiondevices.Astraightlengthof5.6misde-
finedtoenableinstallationoflongundulatorstopush
thefluxandthebrightnessatdedicatedbeamlinesand
fordoubleundulators anddouble cantedundulators,
asimplementedwiththeEMILsetupatBESSYII,topro-
videmultiplesourcepointsfor  #multimodalstudies.
Astoredaveragecurrentof300mAisthebaselinede-
sign, but within detailing on radiation safety, imped-
ance budget, vacuum system and RF system dimen-
sionsanincreaseto500mAcouldbeenvisaged.

Firstattempts in latticedesign, likea16-period9MBA
basedontheALS-Udesignora18-period5MBAresult-
ed in very ambitious magnetic specifications, which
have triggered a discussion about the hardware lim-
its and technical realization. Within the conceptual
designphaseCDR,thedecisionhasbeenmadetofol-
lowamoreconservativeansatzforthewholeacceler-
atorcomplexandrelyonalreadyexistingorreliableto
scale accelerator technology and concepts. It will be
upon the subsequent CDR / TDR phase to assess the
technical risks and redefine the technical ambitions,
whichcouldenablelatticeimprovements.

ForBESSY  III,thefundamentalRFsystemwillbereal-
izedwithuptosix500MHzEU-HOM-dampedcavities,
providing2MVto3MVtotalvoltagecompensatingthe
energylossperturnofabout0.350MeVinbends,giving
anenergyspreadof0.9x10−3.Itwillprovidesufficient
overheadforenergyacceptance,redundancyforrelia-
bleoperationandfortheadditionalIDlosses,expect-
edtobeuptoa factor twohigher thanwith thebare
lattice.DefinedbythefundamentalRFsystemandthe
momentumcompaction factorαof the lattice,which
was chosennot tobe less than1.0 x 10-4 for stability
reasons, thezerocurrentbunch length isexpectedto
bearound10ps(rms).Usinganormalconductingac-
tiveHHCsystemat1.5GHz,currentlyunderdevelop-
mentbyacollaborationofALBA,DESYandHZB[56],itis
foreseentolengthenthebunchesbyafactorof3–5to
increaseTouscheklifetimeandtomitigateimpedance
issues.Allcavitieswillbedrivenbyreliable individual

solidstateamplifierswithanintegrateddigital-low-lev-
elRFsystem.

Awellmatureoff-axisTopUp injectionscheme,based
on a 4-kicker or non-linear kicker injection scheme,
is foreseen for BESSY  III, setting strict demands on
the dynamic aperture of the lattice. The injector sys-
temwillbecomposedofatriode-gunat100keVwith
pulsedgridmodulationforflexiblebunchpatterngen-
eration,a100MeVto150MeVpre-acceleratorinjector
LINACwithindividuallypowered3GHzLINACsections
forredundancyandalowemittance,fastramped1Hz
boostersynchrotron,placedinthesametunnelasthe
storagering.

Forthemagnetopticsdesignofthemainstoragering
themagnetspecifications,listedin  Table6.2,havenot
beendriventotechnicallimitsandarebasedonstate-
of-the-artconventionalironyokeelectromagnettech-
nology formultipoles.Wherever possible, permanent
magnetsorhybridmagnetswillbeused,whicharecur-
rentlyunderinvestigation [64],e.g.,withinthePerMaLIC
collaborationofLEAPS.Theinnervacuumpipediame-
terof18mm,inordertohavegoodpumpingcapabil-

ities, the integration of in-situ bake-out capabilities,
thethermalloaddistribution,andareasonableimped-
ance budget, defines theminimum bore diameter of
25  mm of the multipole magnets, allowing for suffi-
cientlystronggradients.Thevacuumsystemingeneral
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willbebasedonNEGcoatedvacuumchamberswithlo-
calion-getterpumpsathighestgasloads,i.e.,mainlyat
thesynchrotronradiationabsorbers.

Stickingtothetechnicallimitsandkeepingthecircum-
ferenceof ~ 350ma 6-MBA compared to 7- or 8-MBA
seemstobethebestsolutionwithrespecttoemittance
andthemomentumcompactionfactor.Inordertode-
liver a robust design with good control of non-linear
beamdynamics,alsowithregardstoapossibleTRIBs
operationclosetoa3rdresonance,wechosetheHigh-
erOrderAchromat (HOA)approach, strictly fixing the
phaseadvancebetweenthetwochromaticsextupole
familieswithintheMBAunitcell [65].

Aspecial request for theopticsdesign forBESSY  III is
theintegrationofradiationsources,usableasprimary
radiationstandardforthePTB,i.e.,anabsolutecalcu-
lable, predictable and traceable radiation source for
metrology purposes  #quantitative. For that the de-
flectingmagnetic field around the source pointmust
be known to highest precision and be accessible for
NMRprobemeasurements.Asthemeasurementsen-
sor itself requires spatial dimensions of (10 x 10 x 10)
mm3 volume, apurelyhomogeneousmagnet field is
requiredforthisvolumeandatthesourcepointalong
theorbitoftheelectronbeam.Thisisbestrealizedwith
apurelyhomogeneousdipolemagnet,whichmustbe
included in the lattice. Due to symmetry reasons,we
decidedtoincludethehomogeneousmetrologybend
rightfromthebeginningintheMBAstructuretohave
16 completely symmetric cells as starting point. In
principle,thentherearetwoconfigurations,shownin

 Figure 6.3, how themetrology bend can be imple-
mentedinaMBAstructure.

Intheupperconfigurationtheseparatedfunction(ho-
mogeneous)bend (SF) isplacedat thebeginningand
endoftheMBAstructureasmatchingbend.Theinner
unitcellsoftheMBAstructurearesetupwithcombined
function bends (CF) with vertical focusing as mainly
used inmostMBAunitcells. Inthe lowerdrawingthe
configuration is swapped. The inner unit cell bends
are homogeneous SF bends, and here an additional
quadrupoleisusedforverticalfocusingandtheouter
matchingbendisrealizedasCFbend.Thethreebasic
blocksof aMBA lattice, theMBAunit cell, thedisper-
sionsuppressioncellandthematchingcell,havebeen
studiedcarefullyandsetupunderthesameboundary
conditionsforbothlatticetypesandthenfinallycom-
binedtoarobustsectorcellwithreversebendsrealized
as transversedisplacedquadrupoles [66, 67].An interest-
ingresultisthattheintegratedsextupolestrengthfor
theSFlattice,andsothesextupolelength,isreduced
by50 %comparedtotheCFlatticeduetomorefavora-
bleβfunctionsanddispersionatthesextupoles.Both
latticevariantsarenearlyequalintotalsectionlength
andfulfillthedemands,statedin  Table6.1.

First evidences indicate that the SF lattice, shown in
 Figure 6.4, with homogeneous bends in the MBA

unitcell ismorerobust inrespecttonon-linearbeam
dynamicsandthereforeprovidehigher lifetime,allow
forbetterinjectionandeasestheintegrationoftheme-
trologybendandthebendingmagnetsources.Witha
fieldstrengthof0.65Tthecriticalenergyofthehomo-

Figure 6.3: Combinedfunction(CF–royal-blue–top)andseparatedfunction(SF–light-blue–bottom)MBAunitcelllattice.
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geneousbendswillbeat2.7keV,whichsuits thePTB
verywell,becauseitissimilartothemetrologybend-
ingsourcesatBESSY  IIwith2.5keV.Anotheroptioncur-
rentlyunderdiscussionistoreplacesomeofthehomo-
geneousbendsby longitudinalgradientbends,which
couldpush the critical energy tohigherphotonener-
gies.Forexample,afieldstrengthof2.2Twillresultin
acriticalenergyof9keV,bettermatchingthecatalysis
&energyscientificneeds.However,theimpactoflongi-
tudinalgradientbendsonthebeamdynamicsandthe
overalllatticeparametersneedtobestudiedcarefully.

Basedontheherepresentedmagnetparametersand
technical specifications,weareconvinced thatwithin
thedetailingtechnicaldesignprocessoftheCDRphase
of the project, we will be able to maintain the com-
petitiveperformanceparameterof our lattice. All the
overheadwhichwill remain available in this process,
wethancaneitherusetotargetaevenhigherperfor-
manceortouseitforthemostsustainableandenergy
efficientmachinedesign.

Wedecidedtosetequalandlowβx,βy -functionsinthe
straightstoguaranteephasespacematchingbetween
photonandelectronbeamemittanceandkeeptheop-

tionforroundbeamoperation,whichwillreducefurther
thezerocurrentequilibriumemittanceby2/3downto
ca.70pmradwithsmallestspotsizesof15µm.Next
plannedstepsare theanalysisof collectiveeffectsas
for example, intra-beam scattering,which could limit
thereachableemittance,anadaptionofthelatticefor
injection and a tolerance analysis including magnet
andgirdermisalignmentandmagneticfieldtolerances.
Theaimistosetupaframeworkforsimulatedcommis-
sioning.Thereforecurrentlyanonlinemodelanddigi-
taltwindevelopmentisongoingatHZBtoimprovethe
datahandlingandconvertprocesses [68,69]towardsfull
 #automation).

 Impact:  Theconcept for theacceleratorcomplex,es-
peciallyforthestorageringwithitsradiationsources,
fulfills the demands raised by the scientific motiva-
tiondescribedin  Chapter4.Asshownin  Figure6.1,
BESSY  IIIwillbe in the forefrontof4thgeneration low
emittance light sources in the soft-to-tender spectral
range. Itwill deliver up to three orders ofmagnitude
morebrightnessandallowfor10nmfocionthesample
–3ordersofmagnitudesmallercomparedtoBESSY  II.
In addition,BESSY  III will comewith special features
like the metrology sources for the PTB or bending

Figure 6.4:Firstbaseline
latticesforBESSY  IIIbased
onaMBAunitcellwith
homogeneousbends–the
SFlattice.
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sourcesfrom~ 10eVtothe20keVregime.Ifdesireda
2ndstableorbitoptionbyTRIBsfortimingandotherex-
perimentscanbeintegrated.

6.1.2 Undulators and Photon Sources

 Goal: BESSY  III aspires tomake a broad spectrumof
photonenergiesavailable tousers,witha core range
from soft-to-tender X-ray energies. Furthermore, full
polarizationcontrolisbeingrequestedforeverhigher
photonenergies.Thegoalistodesignandbuildinser-
tiondevices(IDs)thatwillprovideeachbeamlinewith
ahighflux,highspectralbrightnessandcoherencetai-
loredtotheirexperimentalrequirements.

 Expertise:  HZB has a long and successful history in
designing and developing innovative ID solutions, in-
cludingAPPLE-IIdevices,andtheCryogenicPermanent
Magnet Undulator (CPMU) for the EMIL beamline [70].
ThepresentculminationofexpertiseintheUndulator
Group is the successful construction and measure-
mentofcryogenicinvacuumdevices,bringingcutting
edge mechanical, electrical and cryogenic engineer-
ing together with state-of-the-art magnetic materi-
al science and magnetic measurement techniques

(  Figure 6.5) [71 – 76]. This drive for innovation continues
with thedevelopmentofan in-vacuumellipticalundu-
lator(IVUE32),currentlyunderconstructionforBESSY II
[77–80].Thesuccessfuldevelopmentofthistechnologywill
release the potential forBESSY  III to offer polarization
controlacrossabroaderenergyrange.Activeresearch
anddevelopmentactivitiessuchasfortheIVUE32,often
undertaken in collaborationwithpartners fromacross
industry,academiaandnon-academicinstitutions,illus-
tratethattheUndulatorgroupiswellplacedtocontrib-
utetothesuccessofthenextincarnationofBESSY.

 Approach: Thetentativebeamlineportfoliopresented
in the previous chapter, needs a corresponding like-
wise tentative ID portfolio, illustrated in  Figure 6.6,
thatcoversaverywidephotonspectrum,rangingfrom
photonsofafeweVto120keV.Thisenergyrange,even
atthechallengingmargins,willbecoveredatBESSY  III
throughtheuseofawidevarietyofestablishedandde-
velopingIDtechnologies:

 • CPMUs for the tender X-ray range;

 • APPLE-II devices for the soft X-ray range;

Figure 6.5: Viewinsidethe
CPMU17duringthemagnet
fieldmeasurements.The
magnetstructureonthe
leftsideandthein-vacuum
measurementbenchonthe
rightsideareshown.
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No. Name Photon Energy ID or ID combination

1 VUVtoHard 5eV–20keV UE80+CPMU21

2 SoftandTender 100eV–4keV IVUE42-24(DOPU)

3 XUVtoSoft 60eV–1.5keV U70

4 MagneticImaging 150eV–2keV IVUE42

5 VUVSpectroscopy 5eV–200eV UE140orUE150

6 SoftandTenderImaging 180eV–8keV IVUE38

7 InelasticScattering 180eV–3keV IVUE42

8 Spectro-Microscopy 100eV–1.8keV UE56

9 MacromolecularCrystallography 5keV–20keV CPMU18

10 MultimodalSpectroscopy 20eV–8keV UE80+IVUE24

Figure 6.6:ExampleoftentativeIDsforBESSY  IIIbeamlinesandexpectedspectralbrightness:Uareplanardevices,UEareAPPLE-II
devices,CPMUarecryogenicplanarin-vacuumdevicesandIVUEarein-vacuumAPPLE-IIdevices.Theperiodlengthisspecifiedin
thenameofthedeviceinmm.Theminimumgapforallin-vacuumdevices(IVUEsandCPMUs)is6mm.Theactualminimumgapsand
lengthsofBESSY  II-IDsareused.Aminimumgapof13mmisassumedforUE80.CPMU21is3.5mlong.AllotherIDsofBESSY IIIare
assumedtobe5mlong
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 •  APPLE-KNOT or APPLE-LEAF type undulators  
for the VUV and soft X-ray;

 •  Novel Multi-Period Undulators for beamlines 
that require access to the very broadest 
spectrum BESSY  III is able to offer.

Photon energies from a few tens of eV up to the soft
X-rayrangecanbecoveredbyplanarandAPPLE-IIun-
dulators, suchasU70andUE56orUE80. In-vacuum
APPLE-IIundulators,suchasIVUE42andIVUE38,with
aminimumgapof6mmcanprovidephotonenergies
from the soft X-ray up to the tender X-ray range. The
core tender X-ray range can be accessed via CPMUs,
suchasCPMU21,CPMU17orCPMU18.Detailingof the
needed solutions to extract the high radiationpower
will take placewithin the CDR and TDR phase of the
project,whentherespectivebeamlinedesignandthe
needsonphotonenergyrangeismoremature.

Extremely lowenergiesevenbelow10eVatBESSY  III 
willrequirehigh-Kundulators,whichwillradiateagreat
dealofpower.APPLE-KNOTorAPPLE-LEAFundulators
directthemajorityofthispowerawayfromtheundu-
latoraxis,eveninlinearoperatingmodes.Thisallows
themajorityoftheheatloadfromthesedevicestobe
absorbedbyaperturesaroundtheundulatoraxis [81–83].

Multi-PeriodUndulatorscancovertheenergyrangefrom
100 eV to several 1000 eVwith a variable polarization.
Multi-Period Undulators refer to undulator structures
thatcontainmultipleundulatormagnetarraysarranged
side-by-side.Thesearrayscanbemovedside-to-side,so
thattheappropriateperiodlengthcanbechosen[84,85].
ForthepurposesofBESSY  III,aDoublePeriodUndulator
DOPUshouldsuffice.Forexample,aDOPUwithperiod
length42mmand24mmcancovertheenergyrangere-
quiredfor  #multimodalenergyresearch.

In  Chapter4astrongcaseformultimodalbeamlines
islaidout.Thisdemandcanbefulfilledwithtwoundu-
latorsinstalledconsecutivelyintothesamestraight,in
asimilarfashiontotheEMILstraightatBESSY  II,which
requirescorrespondingly longstraight sections.Cool-
ing and interlock concepts to protect small vacuum

chambersandbeamlinecomponentswillbecarefully
adaptedintheCDRandTDRphasebasedonoperation-
al experiencewith theEMIL straight sectionandhigh
powerwigglers atBESSY  II. Apart from the strong re-
quirementofthePTB,thereareseveralotherrequests
forbendingmagnetsourcesfromthecatalysis,energy
andquantumcommunities (  seeFigure5.2).Accord-
ingly, at least one dipole perMBA cells is planned as
photonsource(  seeSection6.1.1).TherequestofBAM
andPTBforphotonenergiesfrom5keVto120keVcan
bemetwithaWLSwithamagneticfieldcorresponding
toacriticalphotonenergyof30keV.

 Impact: Theundulatorsarepartoftheessentialinfra-
structureofa futureBESSY  III andarean indispensa-
ble prerequisite for achieving its scientific goals. The
continuingdevelopmentwork for invacuumelliptical
undulators and double period undulators strengthen
theleadingroleofHZBinthefieldofpermanentmag-
netundulatordesign.Ourhistoryofcollaborationwith
industryanacademicpartnersillustratesourcommit-
menttotechnologytransferfollowingdevelopmentsin
thefieldofundulatordesign.

6.1.3 X-ray Optics and Beamlines

 Goal:  InordertofulfilltheneedsoftheBESSY  IIIusers
andoftheirresearch,thebeamlineshavetotransport
thelightfromthesourcetotheexperimentwithashigh
transmission as possible while simultaneously deliv-
ering all required properties. This includes common
parameterssuchasphotonenergy,photonflux,band-
widthandstateofpolarizationaswellasspotsizeon
thesample.Alloftheseparameterswillhavetobefully
remotelycontrollableandthestateofthebeamlineas
wellasthatofthedeliveredphotonbeamwillhaveto
beincludedseamlesslyintothe(meta-)dataoftheuser
experiments. In combinationwith an automated and
protocolledbeamlinequalityassessmentwithsophis-
ticated(online)diagnostics[86],thislaysthegroundfor
FAIRdatacollectionandopenscience.

 Expertise:  We can built on the excellent expertise of
the HZB in X-ray optics [87] and beamline design and
constructionwhichhasbeengatheredsincetheset-up
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andoperationoftheBESSYIIbeamlines.Inparticular,
the collimated plane-grating monochromator (cPGM)
basedbeamlines[88]haveaproventrackrecordforro-
bust and flexible operation simultaneously providing
state-of-the-artperformance.Takingfulladvantageof
ourX-rayopticsdesignandmetrologycapabilities [89]as
wellasouruniquegratingproductionfacilityatHZB [90]

wehavedevelopednewmulti-layeroptics(mirrorsand
gratings)allowingtoextendtheoperationrangeofthe
cPGMwithexceptionalefficiencyupto5keV [91].Current
investigationsshowthatthephotonenergylimitcanbe
extendedtoevenhigherenergieswhileprovidingsimi-
larorhigherphotonfluxascomparedtodoublecrystal
monochromators (DCM)withanewmulti-layeroptics
basedcPGMdesign.

Rational beamline design strongly relies on photon
source and beamline ray-tracing simulation tools.
HZB is developing the corresponding software since
decades. It is utilized all over the world and current
developmentsincludearefactoringbasedonmodern
cross-platform industry standards towards an open-

sourcecode.Thecorrespondingspeed-upofthesimu-
lationsfosterstheintegrationofAImethodsforgeneral
beamlinedesignoptimizationwhichiscurrentlyinves-
tigatedincollaborationwithDESY.

Approach:Basedontheneedsofthescientificfocusar-
easin  Section4.3,onecangroupthetentativebeam-
line portfolio of BESSY  III (  see Figure 5.2) into the
maincategories”classical”,”tender”and”special”with
roughlysimilarquantities:

 •  Beamlines covering the ”classical” soft X-ray 
range (approx. 100 eV to 2,000 eV)

 •  Beamlines which are geared more towards the 
tender X-ray range (up to 5 keV)

 •  ”Special interest” beamlines demanding the 
broadest possible photon energy range or 
require very special conditions such as extreme 
spatial or energy resolution.

Figure 6.7:Schemeoftheenergystorageresearchmicro-focusbeamlineforphotonenergies100eVto4,000eV.
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ThesoftX-raybeamlinesatBESSY  IIIwillbebasedon
the proven cPGM design. For the tender X-ray range,
multi-layeropticswillservesoft-to-tenderX-rayneeds
withonemonochromatordesignthatallowstheusers
to benefit from increased capabilities and flexibility.
Thisalsogivesenormousbenefits forstandardization
bystreamliningtheportfolioofbeamlinedesignsand
associatedcomponents.Beamlinecomponentswillbe
considerablyimprovedintermsofstabilityandrepeat-
abilitycomparedtoBESSY  IIandserveasstandardized
buildingblockswhereverpossible.

Further dedicated components will realize the third
categoryofbeamlineswhereextremeperformancefor
high-end applications has to be reached or complex
”two-color” operation (similar to EMIL nowadays [92])
is desired. The space available atBESSY  III will allow
long(90m)beamlinesnecessarye.g.forprovidingfew
meVbandwidthat1keVphotonenergywith still suf-
ficient photon flux (#high-res-spectro). For the hard
X-ray beamlines (well beyond 8 keV) a standard DCM
would still be the option of choice especially for ap-
plicationswherehighphotonenergyresolutioniskey.
Ourconcept foranenergystorage researchbeamline

(   Figure 6.7) serves as an example which address-
es the scientificneed for anextendedphotonenergy
rangeincludingtenderX-raysbyamodifiedcPGMde-
signutilizingmulti-layeroptics.Bysimplyaddingasec-
ondmultilayercoatinginadditiontothestandardgold
coating for both the pre-mirror aswell as the blazed
grating, the corresponding photon flux gains more
thantwoordersofmagnitude(    Figure6.8)allowingto
perform ”proof-of-principle” experiments up to 3 keV
already at BESSY  II. For theBESSY  III beamlines even
higher throughput is anticipated (by special IDs and
adaptedopticse.g.loweranglesofincidence)allowing
toutilizehighphotonfluxevenbeyond4keVfor  #high
throughputexperiments.

AI-methods for all beamline aspects (design/simula-
tion, construction, set-up, commissioning, operation
andmaintenance)arecurrently intensively investigat-
edtocovertwo”DigitalTwin”aspectsoftheBESSY  III
beamlines:(a)improvedunderstandingbybridgingthe
gapbetweentheorybaseddescriptionandrealbehav-
ior, providing surrogate models that can do realistic
predictions and (b) support operation by intelligent
re-alignment procedures and good virtual beamline 

Figure 6.8: Calculated(lines)and
measured(symbols)efficiencies
ofCr/Cmultilayeroptics(35
bi-layers)foramirror(ML,pink;
ML+Ar,dashedline,accounting
forargonimpurities)andthree
gratingswith2,400l/mm(G1/G2/
G3withdifferentblazeanglesin
blue/black/red,respectively).
Adaptedfrom[93].Shownat
thebottomistheefficiencyof
gold-coatedgratingsinuseat
BESSY  II.Comparedtothese
optics,themulti-layeroptics
gaintwoordersofmagnitude
above2keV.
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representations, which also provide (remote) training
andexperimentpreparationcapabilitiestotheusers.

 Impact: ResearchapplicationsatBESSY  IIIwillbenefit
fromthefactthattheproposedbeamlinedesignstand-
ard,theimprovedcPGMdesignwiththemulti-layerop-
ticsoption,isabletocovertherequestedcorephoton
energy range, soft-to-tender X-rays (see  Figure 5.1).
A common beamline design that allows to fulfill the
needsforbothhigh-resolutionspectroscopyaswellas
high-resolutionimaging,beingparticularlydemanding
in terms of coherence preservation along the whole
beamlineup to thesample,willalsobeaverystrong
benefit for all otheranticipated researchapplications
atBESSY  III.Forthesetherequiredstability (onshort
andlongtimescales)andthenecessarycompleteun-
derstanding of X-ray optics is a base requirement for

predictable and repeatable measurement conditions
which are highly relevant e.g. for automated  #high
throughputsamplescreeningscallingforhighsensitivi-
typairedwithlowquantitativeuncertainty.

6.2 Experimental Instrumentation and 
Infrastructures

Following the requirements for scientific discovery at
BESSY  III describedin  Chapter4,especiallytheidea
ofamaterialdiscoveryfacility,infrastructurehastobe
provided that goes far beyondwhat a single piece of
dataacquisitionequipmentcando.Thepathwewant
to follow with the concept of integrated research is
schematicallydescribed in  Figure6.9andexplained
inthefollowingsubsections.

Figure 6.9: TheenvisagedresearchenvironmentatBESSY  IIIinasimplifiedsketch.Supportlabsandcharacterizationtoolsets
augmentingthelightsourcecapabilitieswillbeprovidedinsidetheintegratedresearchcampus(blueellipses),complementedby
Adlershofcampusfacilities,scienceenvironmentsofBerlinandinternationalpartnerlabs.Sampleenvironment(whitearc)is
theoverarchingactivityfororganizing#multimodalapproaches.Rigorousdigitizationwillcreateaproductiveworkingstyleand
scientificdataofsustainablequality(redtext).
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High brightness X-ray beams from the source are in-
cidenton thesamplewithinanendstation (darkblue
area in  Figure6.9),which in thesoft-to-tenderX-ray
region is usually a complex UHV chamber equipped
with sample manipulation capabilities, load-locks,
spectrometers (electrons, photons and ions) and tai-
lored detectors (  Section 6.2.1). The endstation al-
readycontainscomponentsofanoverarchingsample
environment thatprovidesdesiredphysical andenvi-
ronmentalparametersandstandardizedcomponents
forsampletransfer(see  Section6.2.2).

Intheimmediatevicinityofanexperiment,weprovide
beamline-nearsupportlabsthatareindispensablefor
combinatorial approaches (  #multimodal,  #oper-
ando,  #in-situ) to material discovery. Already exist-
ingblueprintsforthiskindoflabsareBElChem [94]and
EMIL [92]atBESSYII.Inaddition,generalon-sitesupport-
ing labs thatcanbeusedby thedifferent focus fields
(see  Section 4.3) such as Physics Labs (for experi-
ment preparation, vacuum), Detector Labs (detectors
andelectronics),Chemistrylabs(catalysis,energy,life
sciences)andBiolabs(lifesciences).Theseareplanned
ascommonlyusable facilitiesnearthebeamlinesand
endstationswithon-sitesupportfromlabspecialists.

The entire chain for the realization of  #multimodal
approacheswillbecompletedbycomplementaryfacil-
itiesembeddedinHZB’sresearchcampusandfarther
by surrounding complementary facilities in Adlershof
offeredbyourpartners(e.g.cryo-EMatHUB).Likein-
dicatedin  Figure6.9,thesampleenvironment(  Sec-
tion6.2.2)isanoverarchingactivityorganizingtheway
ofthesampleamongdifferentlabsinsidetheintegrat-
edresearchcampus(see  Section6.2.4)accompanied
by rigorous digitalization of all relevant components.
Furtheraddedvaluewillbegeneratedbyclosecollabo-
rationwithinthesciencecampusBerlin-Adlershof,the
Berlin-Brandenburgregion(TUB,FUB,theUniversities
of Potsdam and Cottbus) and global collaborations
withinLEAPSand facilitiesoverseasoutof theglobal
SR-facilitypool.

6.2.1 Endstations and Detectors

 Goal: Owingtothecomplexityofexperimentsforma-
terials discovery at a 4th generation light source and
challenging UHV, stability and sample environment
requirements,mainlypermanentendstationsadapted
tothebeamline,butalsoafewmobileendstationsto
be deployed at different beamlines, will be provided
by HZB and within joint projects with collaborators.
BESSY  IIIwilloffer someopenports forexternaluser
endstationsandfornewideastocome.

 Expertise:  The expertise for construction, operation
andfurtherdevelopmentofexperimentendstationsat
HZBisbasedondecadesofexperienceintheoperation
ofBESSY  IIandthecooperationwithourpartners, in-
dustryand theuser communityand ranges fromTHz
tohardX-rayswithastrongfocusonUHV-basedsetups
forsoftX-rayapplications.Asof2022,BESSY  IIalready
provides55endstationsincluding9flexiblesetupsthat
canbeusedatdifferentbeamlinesatcurrently6open
portsandwithdifferentmethods [95].Examplesforper-
manent endstationswhich are adapted to the beam-
line, the undulator and specialmodes of the storage
ringaree.g.ARPES13and12 [96],MAXYMUS(STXM) [97],
(S)PEEM [98],DYNAMAX [99]as leading instruments in the
quantumandinformationtechnologyfocusarea.Being
onceatrailblazerinlenslessimaging(see  Ref. [100]),
BESSY  IIin-houseandexternalusersareyetlimitedin
sufficientcoherentfluxtocatchuprecentprogressat
theemerging4thgenerationsources, see  Figure6.1.
TheBESSY  IIsoftX-raymicroscopeTXMhasexcelledfor
lifesciencesandtheEnergyMaterialsIn-situLaborato-
ry(EMIL)[70]combinessoftandhardX-rayspectroscopic
methodsasablueprintforfuturemultimodalSRexper-
iments.

While hard X-ray detectors are readily available now
and not even particularly expensive, the low energy
of soft X-ray photonswillmake these devices always
moredelicate.Usingtheseforquantitativesciencewill
fortheforeseeablefuturerequiregreatcareandexper-
tise in choosing the rightdetectionandamplification
scheme for theexperiment, calibratingdetectorsand
regularly keeping track of their performance. Despite
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HZBhasnotbeendevelopingdetectorhardwareinthe
pastitprovidedbeamlineandtoolstotestthem.Long
termexperienceexistsatthePTBtoquantitativelycali-
bratedetectorsinthesoftandhardX-rayrange,e.g.for
spacemissions(ESAandNASA)andindustry(DECTRIS)
(see  Section  4.4). There are collaborations of HZB
andrenownedwellestablisheddetectorgroups(DESY,
KIT,CERN)withintheDistributedDetectorLab(DDL)to
characterizesoft-to-tenderX-rayDetectorsatBESSY  II.

 Approach: Ourapproachistofurtherimproveperma-
nentendstationsdevelopedoveryearsatBESSY  IIand
PTB/BAM,developnewonesandtransformtheminto
fully automated high-stability facilities at BESSY  III
with flexible sample environments and best possible
adaptationtodedicatedbeamlinesatBESSY  III.

Prominentexamplesfromthefocusareaquantumand
informationtechnologyin  Section4.3.2are1Dstates
between ferromagnetic domains which can be only
measuredbynano-ARPESasdepictedin  Figure4.3.To
addressthisatBESSY  III,HZBisgoingforahighresolu-
tionbeamlineinthesoftX-rayrange(e.g.cPGMbased,
see  Section6.1.3)andanendstationfeaturingnmrefo-
cusingcapabilitiese.g.withreflectionzoneplates(RZP)
developedatHZBandahighresolutionelectronanalyzer
likeattheARPES13and12endstations[96],[101]atBESSY  II.
Asmentionedin  Section4.3.2,topologicalstructures
require imagingcapabilitieswithaspatialresolutionin
the nanometer range and high time-resolution. Such
textures and their response to stimuliwill become ex-
perimentallyaccessibleatBESSY  IIIusingimagingtech-
niqueswhichprovideveryhighspatial(sub-3nmin2D,
sub-10nmin3D)andhightemporal(ps-ns)resolution.A
recentlylaunchednewteamatHZB[102]tovisualizecom-
plex spin states and electronic textures under realistic
”  #operando”conditions isaimingatdevelopingsuch
coherentimagingapproachesforBESSY IIIanticipating
theordersofmagnitudehighercoherentflux,see  Fig-
ure6.2,comparedtothepioneeringexperiments[100].

Approaches in  #operando nano-spectroscopy with
electro-chemicalcellsforcatalysis(see  Section4.3.1)
are pursuedon theway toBESSY  III e.g. theMYSTIIC
endstation,anewsoftX-raySTXMendstationatEMIL

based on the world leading STXM magnetic imaging
MAXYMUSendstation [97]atBESSYII.

Drivenbylifescienceapplications(see  Section4.3.3),
anovelscanningX-raymicroscopeendstationthatde-
tects backscattered electrons and employs Focused
Ion Beammilling (FIB-SXM) is in development. Using
highbrightnessandcoherence,3Dimageswithisotrop-
ic10nmresolutionwillberoutinelyavailablethatcan
beusedalsofor  #high-res-imaginallotherfocusare-
as.Neverbeforeseen  #operandoinsightsareexpect-
edemployingTXMforbatterymaterials(see  Section
4.3.1and  Figure6.1)inthe  #tenderrange [93],where
the gain in flux can be up to 5 orders ofmagnitude:
3orders fromthe ID (  Figure6.2)and2moreorders
fromthenovelmultilayer-coatedgratingsas revealed
by  Figure6.8.

Whenitcomestodetectors,theapproachistocontinue
existingcollaborationswithintheDistributedDetector
LaboratoryDDL,LEAPSandglobalcollaboratorsensur-
ingaccesstothelatestsensortechnologiesforthestart
ofBESSY  IIIoperation.OntheroutetoBESSY  III,HZB
willprovideinfrastructurefortestingandcharacteriza-
tionofdetectorsystemswithafocusonsoft-to-tender
X-rays and BESSY II undulators and beamlines acting
asmultitools fora  #quantitative characterizationof
detectorstogetherwiththePTB.WithintheDDLcollab-
oration,HZBisestablishingaphotontestbeamfacility
withadedicatedteststationforsoftX-rays.

 Impact:  Permanentandwelladaptedfullyautomatized
experimentendstationswillincreasetheperformance
ofmostoftheexperiments,e.g.apermanentX-rayho-
lographyendstationornano-ARPESfor  #high-res-im-
agand  #high-res-spectro,respectively.Thiswilllower
access barriers for inexperienced users and industry,
who are just interested in answers to their scientific
questionsperformingSRexperimentsbutdonotwant
toinvestinlearninginstrumentspecificsorownequip-
ment.

DetectoractivitiesonthewaytoBESSY  IIIwillresultin
higherimageresolutionandsensitivityforkeymethods
likeCDI,PEEM,TXM,RIXS,RXSetc.inthesoft-to-tender
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X-rayrangeandenablenewlevelsof  #high-res-imag
and#dynamicsstudiesaswellas  #operandoimaging
and metrology (  #quantitative). Novel detectors will
preserve the higher brightness from themachine and
enable on-chip signal analysis and fast datamanage-
ment+AI(  #automation)aswellas  #highthroughput
andtomanagehugeamountsofdatabysmartreduc-
tionconcepts.

6.2.2 Sample Environment

 Goal:  Sample environment for BESSY  III experiment
endstationsandforthelaboratoriesofthecomplemen-
taryfacilitiesatHZBwillplayacrucialroleforthesci-
entificprogramofBESSY  III.Theoverallgoalhereisto
enableexcellentscientificresearchatBESSY  IIIbypro-
vidingoutstanding and tailored sample environment.
Inaddition,wewillmaximize theuseof theavailable
beamtimeby fast  #high throughputandautomated
(  #automation)sampleenvironment.Industrialcoop-

erationandappliedresearchwillbe fosteredbysam-
ple environment solutions that enable investigations
of components under realistic conditions and reflect
thespecificneedsofourindustrialusers.Theconcept
oftheintegratedresearchcampusforBESSY  IIIwillbe
supportedbystandardizedandmodularsampleenvi-
ronment interchangeable between end stations and
complementary laboratories. Complex scientific top-
icssuchasadvanced  #operando,complementaryin- 
situand  #multimodalstudiesprofitfromthisintegrat-
edapproach,forexampleinenergyandcatalysisrelat-
edresearch,aspresentedin  Section4.3.

 Expertise: Developing and implementing excellent
sampleenvironmentforneutroninvestigationsandSR
experimentshasbeenalongtimefocuspointatHZB.A
dedicatedsampleenvironmentgroupwithbroadexpe-
rienceonthewidespectrumofscientificfieldsaswell
asindevelopingversatileandmoredemandingexperi-
mentalenvironmentsforsoft-to-tenderX-raymethods

Figure 6.10:IntegratedsamplehandlingspanningcomplementarylaboratoriesandBESSY IIIendstations.Standardizedsample
environmentmodulesenablematerialtransfer.Exchangeofcomplementarydataaddsprocesstuningcapabilitiestotheworkflow.
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hasbeenformedatBESSY  II.Availableexpertisecovers
e.g. in-situ and  #operando sampleenvironments for
electro-chemical and catalytic experiments,  #auto-
mationandnano-positioningfor  #high-res-imag,but
alsoextremesampleconditionsliketemperature,fields
orpressure.Newinterchangeablesampleenvironment
modules for standardized soft X-ray endstations has
been established for  #multimodal experimentation
in the framework of the Berlin Joint Lab for Electro-
chemical Interfaces (BElChem) [94]. Tailored  #operan-
do electro-chemicaldevicesandsampleenvironment
infrastructureforoptimizationofbatterycellshasbeen
builtup.Novelreactorcellsforgascatalysisbasedon
micro-electro-mechanical systems (MEMS)-nanore-
actor technology [103] are in development to combine
highpressurecatalysiswithsoftX-rayabsorptionspec-
troscopy for CatLab [104] and Care-O-Sene [105]. Within
internationalprojectsandcollaborationswithvarious
European photon sources (LEAPS), the HZB sample
environmentgroupplaysapivotalroleinthedevelop-
mentofnewsampleenvironmentstandardsandnovel
equipment.

Approach: Ourfocuswillbeonstate-of-the-art in-situ
and  #operando sample environment for soft-to-ten-
derX-ray investigations.We intendtocombineahigh
degreeofstandardizationwith  #highthroughputand
complete  #automation. Standard sample holders
and advanced sample environmentmodules, like ge-
nericbatterycellsaswellas  #operandoreactorcells,
willbeintegratedintoautomatedinvestigationroutes
(see  Figure6.10).Onebranchoftheseroutesissam-
ple preparation, characterization and measurement
ofcomplementarydatainthelaboratory.Automation
theremightincludecommercialsolutions[106].Theoth-
er branch covers X-ray studies at dedicatedBESSY  III
end stations. There cutting edge technology, e.g. na-
no-positioning or extreme unique sample conditions,
is required.Overalldataexchangewillbe instandard
format,e.g.NeXus,HDF5.Continuoussampletracking
andFAIRmetadatastandardswillbeanintegralpartof
allsampleenvironmentequipment.

Complete“sampleprocessing”attheinstrumentscov-
erssampleidentification,evenfabrication,endstation

andoff-linemeasurementsandall-indataanalysisca-
pableofclosedloopfeedbackoptimization.Tosupport
timeandspatiallyresolvedexperiments(  #dynamics,
 #high-res-imag),wewillprovidefastandprecisepo-

sitioninginthenanometerrange.Forexperimentsre-
latedtoquantumandinformationtechnologyresearch
(see  Section4.3.2),whereextremetemperatureand
magneticfieldenvironmentsarerelevant,wewillshift
limitsandextendtoday’savailableparameterspace.

 Impact:  Standardized sample preparation and han-
dling procedures, complementary in-situ measure-
ments,andautomationrobotswillraisekeyinvestiga-
tions,i.e.incatalyticreactions(see  Section4.3.1)or
electro-chemicalprocesses,onasuperiorlevelofrap-
idexploration.Theestablishmentofmoreandbetter
possibilitiesforX-rayinvestigationsunder  #operando
conditions is bridging the gap between fundamental
scienceandapplications.Jointdevelopmentswithin-
ternationalandindustrialpartnerswillfurtherpushin-
ternationalstandardizationforthebenefitoftheworld-
wideSR-usercommunity.

6.2.3 Supporting Labs and Complementary Facilities

 Goal:  To round off the  #multimodal approach, 
BESSY  IIIwillprovideaccesstobeamline-nearandon-
sitesupportlabs,thathostmanybasicmaterialsynthe-
sis and characterization techniques as well as highly
advanced laboratory-based instrumentation. These
willallowextensivesamplepreparationandpre-char-
acterizationpriortoSRbasedexperiments.Evenmore
important will be the opportunity of investigations
withadvancedcomplementarytechniquesinaddition-
alcomplementaryfacilitiesatHZBandontheAdlershof
campus (see  Figure6.9) thataccompany relatedex-
perimentsatBESSY  III.

 Expertise: Apartfromsupportinglabs(beamline-near
and on-site) at BESSY  II, HZB is already operating a
numberofCoreLabs,thatwillserveasblue-printforfu-
turecomplementaryfacilitiesrelatedtoBESSY  III.The
X-ray CoreLab provides a variety of X-ray diffraction
instruments for thin film, (micro-)structure, texture,
andresidualstressanalysis,aswellasradiographyand
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tomography, partly utilizing advancedmetal jet X-ray
sources.ThequantummaterialsCoreLabprovides in-
strumentation for solid-state synthesis, single-crys-
talgrowth,andthestudyofelectric,thermodynamic,
and magnetic properties at a range of temperatures
(0.4K – 800K)andhighmagneticfields(upto14Tesla).
TheCoreLabforCorrelativeMicroscopyandSpectros-
copy(CCMS)isdedicatedtosupportresearchprojects
bymeansofstate-of-the-artelectron,ionandlightmi-
croscopes.Andfinally,theEnergyMaterialsIn-situLab-
oratory(EMIL)[70],locateddirectlyatBESSY  II,combines
soft-, tender- and hard X-ray spectroscopic methods
withavarietyofsynthesizing,preparationandcharac-
terizationmethodsandallowsbothsimultaneousin-si-
tuand  #operandomeasurements.

 Approach:  A state-of-the-art suite of beamline-near
andon-site supporting labsaswell as complementary
facilities (CoreLabs) will be provided for BESSY  III us-
ers. Moreover, by demand of partner institutions and
theusers,highlydedicated lab instrumentationwillbe
suppliedandbeapartoftheexperimentalcampaigns.
Asanexamplefrom  Section4.3.2,materialsforfuture
quantumand information technologywill benanome-
ter-sized structures, prepared with advanced lithogra-
phy techniques from 2D layered precursors. Develop-
mentofsuchstructuredmaterialswouldgreatlybenefit
fromcorrespondingsamplepreparationfacilitiesbeing
availableon-site.Necessarycharacterizationtechniques
tobesuppliedwouldbesuitedscanningprobemicros-
copySPMandelectronmicroscopy,thelatterpreferably
combinedwithLorentzmicroscopyandelectronenergy
lossspectroscopyEELS,indispensabletoolsalsoforma-
terialsandmetrologyapplications.

Comparable facilities will be made available for the
systematic development of new materials, specifical-
lythosewhicharerelevant,e.g.,forenergystorageor
green hydrogen production. Here, it is important to
provideon-sitefacilitiesforsynthesisaswellasequip-
ment for electro-chemical experiments and off-line
testing.Forimagingofdeviceprototypes,X-rayradiog-
raphyandtomographyinstrumentationbasedonmet-
aljethard-X-raysourceswillbeprovided.Ineachcase,
standardizedsampleenvironmentandsampletransfer

totheBESSY  IIIbasedanalyticswillsupportfastfeed-
backloopsfor  #highthroughputcombinatorialmate-
rialsanddeviceoptimization.

Inanycase,thedetailedandreliablecharacterization
of complexmaterials requires thecombinationofdif-
ferent complementary methods with and without
synchrotron radiationona commonmetrologicalba-
sis(SItraceability),whichwillbefurtherdevelopedin
cooperationwithBAMandPTB,andthusanadvanced
on-site laboratory infrastructure for sample prepara-
tionandcharacterization.Inthefieldofcatalysisfrom
 Section4.3.1,firststepstowardsintegratedresearch

have already been taken by the recently started Cat-
Lab [104]projectofHZBandMPG.Here,anovelsynthesis
approachbasedonthin-filmtechnologyrequiresdedi-
catedon-sitedepositiontoolswithvacuumtransferto
theexperimentforin-situinvestigationsbytechniques
likeXPSandXAS,accompaniedbyX-raydiffractionand
electronmicroscopyaton-sitelabs.

ThepresentMXactivitiesatBESSY  IImayberegarded
asanalreadylongworking,successfulexampleforin-
tegratedresearch,with itshighlyefficient interplayof
protein crystal synthesis, automatized sample selec-
tionandmolecular structuredeterminationbasedon
international standardization. Asmentioned in  Sec-
tion4.3,thelatteristhefinalstepofahierarchicalim-
agingpipelineinhealthandlifescienceinvestigations
discussedin  Section4.3.3,thatstep-wisecoversres-
olutionlengthscalesbetweenafewmicrons(e.g.,im-
aging of organs) and sub-nm (molecular assemblies).
While BESSY  III will provide X-ray microtomography,
cryo-X-raymicroscopy,andMX, the full imagingpipe-
line will be accessible on-site by including lab-based
cryo-fluorensence microscopy and cryo-electron mi-
croscopyintoasuccessorofthepresentCCMSCoreLab.

 Impact:HZBwillofferawidesuiteofsupportinglabora-
toriesandcomplementaryfacilitiesinsidetheresearch
campusthatwill supportusersofBESSY  III in the full
process of sample andmaterials synthesis, pre-char-
acterization,andextensiveinvestigationbylab-based
experimental techniques complementary to the SR-
basedstudies.This integratedapproachwilloptimize
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theefficiencyofanyof the research fieldspursuedat
BESSY  III.Itwillthereforehelpspeedingupinnovation
cycles which are necessary to address the pressing
globalchallenges.

6.2.4 Research Campus

 Goal: HZBcurrentlyoperatestwosites:theLise-Meit-
ner Campus LMC inWannsee and theWCRC in Adler-
shof,withastrongrenovationbacklogandmoderniza-
tiondelayinWannseecombinedwithspacepotentialin
Adlershof.TheHZBcampusstrategyistorelocateand
concentrateitsresearchfocusandinfrastructuresfrom
theLMCtotheWCRCinAdlershof.Theaimisalsoade-
velopmentoftheLMCforscientificresearchandknowl-
edge transferandgraduallyopening the site for third
partiesifnecessary.ThenewlightsourceBESSY  IIIas
theflag-shipprojectinAdlershofwillbeembeddedin
adedicatedlaboratoryenvironmentneartothebeam-
lines, which is complemented by a suite of material
researchinfrastructuresoperatedbyHZBanditspart-
ner institutions PTB and BAM forming an integrated

research campus within the Science and Technology
ParkAdlershof.In-houseandexternaluserscanapply
forbeamtimeattheSRsource,butalsoforaccessto
additional HZB and partner infrastructure linked to
BESSY  III.

 Expertise:  Within the recent years, HZB has already
gradually developed towards an integrated research
campus within large projects like EMIL [92], CatLab [104]
andalsoinclosenetworkingwiththestakeholdersPTB
andBAM,whichdirectly share large laboratorieswith
BESSY  II(see  Figure6.11).ThePTBlaboratoryatHZB
andtheMLSfollowupontheexperiments[107]onblack-
bodyradiationperformedinBerlinmorethan120years
ago.ThecombinationofaNationalMetrologyInstitute
(#quantitative)andamodernSRsourceremainsunique.

AlreadywiththestartoftheBESSY IIprojectin1993at
thesciencesiteAdlershof,numeroushigh-techcompa-
niesand in thecourseof the1990s – 2000 thenatural
sciencedepartmentsoftheHUBaswellasseveralLei-
bnizInstitutesasMBI,FBH,IKZandtheHelmholtzpart-

Figure 6.11:SchematicillustratingtheSR-lightsourceaspartoftheintegratedresearchcampusoftheHZBandpartners(darkand
lightbluedots)inBerlin-Adlershof.TheembeddingintotheScienceandTechnologyParkAdlershofenablesnetworkingwithscientific
on-sitepartners,morethan150relevanthigh-techcompanies(sketchedbyreddots)andavarietyofscientificinstitutions(greycircles)
intheBerlin-Brandenburgscienceregion.SEAlabandSupralabarefacilitiesforsuperconductingacceleratorR&DatHZB.
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nerDLRhavesettledhere(seelightbluedotsin  Figure
6.11).AllofthemarehavingstrongtieswithHZBinjoint
projects,exchangeofexpertiseandpersonnelaswell
astechnicalsupport.WiththeconstructionofBESSY  II
andthecommissioningin1999,morecompaniesinAd-
lershof(e.g.reddotsin  Figure6.11)startedastrong
networkingwithBESSY  II.SincethefoundationofHZB
in 2009, there aremore than 12,000 registered order
transactionsofHZBwithca.150companieslocatedon
the WISTA campus and intense networking activities
takeplace.Someofthesecompaniesaretodayglobal
playersintheirfields,likeFMB,BESTECandothers,see
Chapter7.

 Approach: Ourapproachistofurtherdeveloptheexist-
ingcampusWCRCinAdlershofandtointegrateagreen-
fieldfacilityBESSY  IIIasflagshipprojecttothiscampus
asakeyinfrastructure.WithMetrologyasonepillarof
theabovementioned triadand thedirectembedding
of Germany’s National Metrology Institute (PTB) at
BESSY  IIIisworldwideunique.TheAdlershofcampusis
locatedinthesoutheastofBerlin,neartoBerlinairport
BER(30  minbypublictransport)and45Minutesaway
fromBerlincentral station.Thecampus isembedded
inanexcellenttransportinfrastructureandthusoffers
thewidescientific landscapeaswellasnon-scientific
advantagesofdirectconnectiontothediversemetrop-
olis.Therearepotentialsitesavailablewherethefoot-
printoftheacceleratorcomplexaccordingtotheten-
tativedesignin  Section6.1.1willfitinandevenmore
laboratories can be integrated with potential further
useoftheBESSY  IIacceleratorbuildingafterthetransi-
tiontothenewsourceBESSY  III.Theapproachfollows
HZB’s strategic campus development that the WCRC
will further evolve as an integrated research campus
withfocusonmaterialsdiscovery,hostingallofHZB’s
in-houseresearch.ResearchactivitiesfromtheLMCin
WannseewillberelocatedtoAdlershof.Additionallab-
oratoryandofficespacesontheWCRCwillbecreated
withafocusoninternalandexternalnetworkingfully
inlinewiththeWISTAstrategyforthefutureoftheSci-
enceandTechnologyParkAdlershofasawhole.

 Impact: HZBandvarious research institutes, thenat-
uralsciencesdepartmentsoftheHUBaswellasmany

high-tech companies on the Science and Technolo-
gyParkAdlershofmutuallybenefit from the inspiring
neighbourhood andwill keep driving innovation pro-
cesses. The realisation of a BESSY  III facility on the
WCRC in Adlershof will also strengthen and support
the strategy of theWISTA to further develop science
inAdlershof (  Figure6.11) virtually along radial lines
with strong connections to surrounding local centres
ofscientificandtechnicalaggregation.BESSY  III,with
its integrated research capabilities,will certainly add
attractiontoAdlershofandraiserespectiveinterestof
newpartners.Thisway,HZBmaintainsandextendsa
uniquesciencesiteintheGermancapitalfortheenergy
transition,quantumcomputingandotherchallengesof
thefuturetocome.

6.3 Data and Automation

 Goal:  Digital tools,perfectly tunedtothespecificde-
mands of the scientific focus areas, are required to
fully exploit the new facility.  #high throughput op-
timized experimental conditions and  #automation
preventinghumanerrorsminimizetimeto innovation
and save resources. HZB is committed to interweave
alldatastreams,linkedwiththeoperationofthelight
source,theexperimentsandthecomplementaryfacili-
ties.Sampletracking,experimentalconditionsandse-
quences,dataanalysisanddecisions,publishedresults
andcuratedFAIRdatasets,willbecoveredandavaila-
bletomachinelearning(ML)analysis.

Ubiquitous connectivity and high quality of service
(QoS)willbeprovidedeverywheretoallowforreliable
remote,automatedandautonomousexperimentation.
Acquiring complete  #quantitative validated meta
data describing experimental settings from X-ray en-
ergy,intensity,polarization,viainstrumentset-uplike
focalspot,timing,mechatronics,tosamplelifecycles
trackedfromsynthesis,preparationtopositioning,am-
bient and  #operando conditions will initially mean
higher costs for hardware and installations, but will
payoffinsustainableoperationandallowstoguaran-
tee thenecessarydataveracity.Ultimately thedigital
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environment forBESSY  III needs to be qualified for a
continuouscurationofgroundtruthdata,providinga
unique,valuable,andreliablerepositoryofFAIRdata,
givenbacktothefundingsociety.

 Expertise:  BESSY,aswellasthePTB,participatedearly
oninEPICS,todayawellknowninternational,labspan-
ningcontrols collaborations.Cooperationof thisever
renewing, globally distributed group of open mind-
ed,helpfulexpertsonthebesttechnologyofitstime,
boostseveryparticipant’spotentialandhasacompel-
ling standardizationeffect.BESSY II andMLS controls
groupsstillbenefitfromtheinnovativepoweroftoday’s
projectsofscale,likeESS,ITER,LCLSII.Around2019a
newcollaboration,calledBluesky[108–110]emergedfrom
thefiveUSlightsourcesandspreadsaroundtheglobe.
TheBlueskypythonecosystem(  Figure6.12)isapow-
erfulmatchtothecontrolsrequirementsofbeamlines
and instruments, well suited to adaptive experimen-

tal data acquisition. Remote workflow management
is supported by Tiled [11], a data access and manage-
mentextensionoftheBlueskyconstituentdatabroker,
see  Figure 6.12. Adaptive Bluesky supports auton-
omousdecisionmaking.HZBhasbeenanearlyEuro-
peanBlueskyadopterandisnowafullmemberofthe
rapidlyevolvingglobalcollaboration.HZB isstrong in
modellingthesource,acceleratortobeamline,improv-
ingoperationswith reinforcement learning,anddeep
learning surrogate models with reverse mapping ML
methods.

  Approach:  TheBESSY  III control system, diagnostics
and data acquisition hardware will form a distribu-
ted,fine-grainedarchitecture,thataccommodatesthe
abundance of sensors, actuators,motors, robots and
complex subsystems, required by the highly autono-
mous, remote controlled operation [112]. Components
rangefromsystemonchip(SoC),frontend,signalcon-

Figure 6.12: SketchoftheautomationframeworkBluesky[109]asarichexperimentcontrolsoftwareecosystem.Features
includeophyd,adeviceabstractionlayerovercomingtheflatEPICSdatamodel,bluesky,arunenginecoveringexperimentdesign,
dataacquisition,-analysisand-handlingflowcontrolanddatabroker,providingnativeconnectivitytonearlyany
extendingpythonbasedscientifictoolkit.



536.TechnicalRealizationandReadiness

ditioning units, desktop and edge computing set-ups
capable of near real time data analysis, to computer
centerracksystems,hostingavarietyofvirtualinstan-
ces(Docker,Kubernetes,etc.),resourcebalancedwith
external cloud services. Since vast requirements on
IT resources easily exceedHZB capabilities,BESSY  III 
concentrates on performance critical installations at
theinstruments,andrelyonshared,federatedstorage
andcomputeinfrastructures,emergingfromDAPHNE-
4-NFDI, ErUM-Data, ExPaNDS, EGI. Affiliation to these
community approaches provides guard rails to best
practices,supportsexchangeofsolutions,whilelimit-
ing back bounces from the IT infrastructure resource
consumptiononthecarbonfootprint.Inprotectionof
healthandassets, safety (SIL), industrialcontrol (ICS)
andcybersecuritystandardswillbeapplied.

Tomake the best out of the digital toolbox, compo-
nents need to be orchestrated and optimized on the
applications, specific for BESSY  III  #high-res-spec-
tro,  #dynamics,  #operando,  #multimodal [113] etc.

instruments. Integration, synchronisationandprotec-
tioncapabilitiesareguaranteedbysoftware,timingand
securityinterlockframeworks,providedbyBESSY  III.In
addition,dataaccessandmanipulationsoftwarehave
tofulfilldatapolicystandardsanduserexperienceex-
pectations. Scientists taking advantage of the LEAPS
lightsourcescomplementaryopportunities,swapping
facilitiesasexperimentalapproacheschange,wantto
be familiarwith commondatahandlingandportable
andsecurefacilityaccessinterfaces.

Digitaltwinsinitsvariousforms(traineddata,simula-
tions, hardware substitution) and functions (integrity
checking, process tuning, teaching, preparation and
training)willbeessentialtotheBESSY  IIIsoftwarein-
ventoryandcornerstonetorobustoperations.

High beam intensities focused on tiny spots easily
destroy samples under study. Parallel data capture,
via large and fast area and multi-channel detectors,
will optimize processes and minimize beam time on

Figure 6.13:Aschematicofautonomousexperimentationbalancingexploration,i.e.learningthelandscapeoftheparameterspace,
approachingtheobjectivefunction,andexploitation,i.e.attemptingtorapidlyachieverelevantresults,tryingfunctionsasoptimized.
SamplemodeldevelopmentanduncertaintyremovalarebestguidedbysimulationsandcheckedagainstFAIRdatabases.
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target.Facilitieshavetotametheresultingdatadeluge,
but scientists need to be certain, that intelligent data
reduction discards only noise and background and
signalsaresafelydetected [114,115].Recentdetectorde-
velopmentsmerge photon counting and charge inte-
grationintoincrementaldigitalread-out,enablingtrig-
ger-less,zero-suppressedimagereadout[116],handling
very high photon fluxes in the detector and relaxing
HPCdataanalysis.

Moreover, relevantsignalsmustnotbeoverlookedby
autonomous adaptive processes, involved in tuning
fromcoarseto fine,andreachingforhighexploration
speed. Multi-lenghtscale modeling, FAIR knowledge
databases,AImethodsofdecisionmaking[117]willpro-
vide good predictive reasoning, the base for reliable
#high throughput. Smart parameter scans (  Figure
6.13)willbemadeavailableandtailoredtoe.g.  #mul-
timodalapplications,fora  #quantitativeexamplesee
 Figure 4.5 [40]. In comparisonwith brute forcemeth-

ods, relevant sample states, compositionsororienta-
tionsaremorelikelyfound[118,119]bythismethodology,
evenunder  #operandoconditions.Closedloopauton-
omousworkflowthatincludesself-drivinglabs[106],e.g.
inthesynthesisandcharacterizationpartsketchedin
 Figure6.10,willfurtheracceleratetargeteddiscovery

ofmaterials.

 Impact: Digitalmeansarekeytooptimaluseofavaila-
blebeamtime,savingoperationalcosts.Cuttingdown
unproductive dead times maximizes accessibility to
the precious facility. Intelligent autonomous experi-
mentation reduces the turnaround time from idea to
scientificverificationanddemonstrationofinnovative
applications.AIsupportedsamplesynthesisandhan-
dling reducesvaluablematerial spending.Abig share
ondigitaltoolswithintheoverallprojectplanelevates
sustainabilityofthefacilitysignificantly:mostvaluable
in terms of relevance and longevity of scientific data
acquired.Ahighdegreeofautomationhasademocra-
tizingeffectonsciencemadeavailablebythisnewlight
source.Costlyexpert trainingon instrumentspecifics
is nomore prerequisite for access to state-of-the-art

X-ray experiments. Common remote operation tools
andafamiliaruseraccessexperiencebringsfacilitiesto
thescientists,savingtraveltimeandenergy.
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 Goal : Achieving direct economic and technological
impact in key areas for climate neutrality requires a
significantaccelerationofinnovation.Thisdemandsa
deep integrationof disruptivematerials researchand
industrialtechnologydevelopmentthroughestablish-
inglong-termstrategicpartnershipswithindustrypart-
ners.BESSY  IIIaimsatfacilitatingacceleratedinnova-
tioncyclesinthreesectorsasin  Figure7.1.

Firstly,BESSY  IIIwillpushtheenvelopeintechnological
developmentduringtheconstructionphase,creatingnu-
merousopportunitiesfor jointdevelopmentsbetween
HZBandindustry.Secondly,thetailoredlabenvironment
anduniquefacilitycapabilitieswillattractleadingindus-
trial companies, makingBESSY  III an easily accessible
andvaluabletoolforindustry.Third,BESSY  IIIwillfacili-
tatetheestablishmentoflongtermpartnershipsbetween
HZBandindustryinjointR&Dprojectstoboosttechnol-
ogytransferandtoenablethegenerationofstart-ups.

 Expertise : During the BESSY  II construction and op-
erationphases local SMEs, e.g. FMB, SPECS, BESTEC,
grewtohiddenchampionsandleadersintheirmarket
segment.Thosecompanieshavebenefitedfromdevel-
opmentpartnershipsandtheopportunitiestoprovide
high-tech equipment to be operated successfully at
BESSY  II.Themostprominentexampleofan industri-
al impactofBESSY  II is the riseofa small technology
firmFMBtothemajorinternationalplayersinvacuum,
beamlineandendstationtechnology.

BESSY  II regularly serves industrial users, in particu-
lar fordrugdevelopment,residualstressanalysis,de-
velopment of photoresists for lithography processes,
surface hardening or analysis of semiconductor de-
vices. Moreover, HZBs partner PTB uses BESSY II to
servetheirvariousindustrialcustomers(e.g.ZeissSMT,
ASML,DECTRIS) inmetrologymaterialpurityanalysis
andradiometry.Aprominentexample is thedevelop-
mentofresistsandopticsforEUV-lithographyenabled

7. Opportunities for Economy  
and Industry

Figure 7.1: Thethreesectorsof
opportunitiesforeconomyand
industry.
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byour strategicpartnerPTBwithin their cooperation
withZeissSMTandASML.EUV-lithographyisnowthe
mostadvancedmanufacturingtechnologyforthefab-
ricationofmicroprocessors.

BESSY  IIenablesadynamicecosystemfor innovation.
Examples are X-ray microscopy development (Axilon
AG),specialsampleholdersforproteincrystallography
(JenaBioscienceGmbHandaspin-off,CrystalFactory
GrowthBiotechUG) or opticalmetrology (Zeiss SMT)
eitherinR&Dcooperationorlicensingofpatents.HZB
alsoadvisescompaniesandprovidesthemwithknow-
how,e.g.throughlicensingagreementswithResearch
InstrumentsGmbH(RI)andVacuumschmelzeGmbH&
Co.KG,togetherwithSEAlabandSupralabastest-beds
foradvancedsuperconductingRFcomponents.During
theyears2010to2020,userresearchanddevelopment
atBESSY  IIresultedin281patentsgrantedtoBESSYII
scientistsandtechniciansand420BESSY-relatedpubli-
cationswhicharecitedin1059patents.

 Approach : HZB is currently intensifying the cooper-
ationwith localandnationaland international indus-
trial companies for the development of components
and equipment for the new facility. In joint develop-
ment partnerships HZB will drive forward emerging
technologies, e.g. additive manufacturing of vacuum
chambers,developmentofstate-of-the-artundulators,
orimplementationofsustainableandenergyefficient
permanentmagnetsforbendingandfocusingtheelec-
tronbeam.

Asavitalpartofitsinnovationstrategy,HZBisexpand-
ing long-termstrategicpartnershipswith selected in-
dustry partners already at an early stage of research
anddevelopment,inparticularinthecurrentlyemerg-
ing fields of energy storage and quantum materials.
Aspartof the integratedresearch facilityapproach,a
dedicated “Innovation Center for Sustainable Tech-
nologies” will enable new possibilities for cooperat-
ing on-sitewithin “companies on campus”models in
a dynamic science-entrepreneurship ecosystem. Fast
andflexiblefacilityaccessisguaranteedbyassigninga
certainnumberofshiftsatrelevantexperimentendsta-
tionstotheindustrycooperation.Standardizationand

 #automation of experiments and fast data analysis
toolswillenable  #high throughputandshortexper-
imentationcycles.

Recently initiatedstrategiccollaborativeprojectsCat-
LabandCare-O-Seneintheareaofcatalysiswillserve
as blueprints for accelerating innovation in joint user
consortia. BASF is the prime strategic partner within
CatLabforthedevelopmentofnovelthin-filmcatalytic
systems.Care-O-Sene isahighpriorityproject incol-
laborationwiththeinternationallyleadingcompanyin
Fischer-Tropschprocess,SasolLtd.,onnovelcatalysts
fortheproductionofsustainableaviationfuel.Flexible
accesstothefacility,swiftcharacterizationofpotential
catalyticmaterialsandunique  #operandoandin-situ
capabilitiesinatailoredlabenvironmentincludingstaff
assistancearekeyforsuccessfulcollaborationinapub-
lic-private partnership. In close feedback loops with
theinvolvedcompanies,theseblueprintswillguidethe
developmentalphaseforBESSY  III.AtBESSY  IIwehave
already started new initiatives and developments in
termsofindustry-readyservicesandentrepreneurship
asa career.Thesenewdevelopmentsareanticipated
tomaturewithinBESSYIItobecomepartofdailylifeat
BESSY  III.

Inaddition,PTBandBAMalreadyintensivelyservingin-
dustrialpartnerswilldoubletheiractivitiesatBESSY  III 
leveraging the impact of the new facility for industry
orindustry-relatedresearch.BothPTBandBAMarein
part acting as intermediary service provider,who es-
tablishstandardproceduresforindustrialusers.Inter-
mediaryservicecompaniescanactasa linkbetween
facility and industrial customer and offer all services
thatindustrialusersneed.

 Impact:  The opportunity for the successful develop-
mentoftechnologiesandcomponentsandtheirprov-
en performance and usability will allow the involved
localandnational industry toachieveworldwidevisi-
bilityandtobecomeaglobalmarketleader.Technolo-
gydevelopmentinadditivemanufacturingforinstance
canhaveamajorimpactonproductionofdevicessuit-
ableforUHVapplications,whichishighlyrelevantnot
onlyfortheSRcommunity,butalsoforapplicationsin
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otherfieldsofresearchandindustrialapplicationslike
chipmanufacturing.Amatureadditivemanufacturing
ofUHVcomponentsdemonstratedintheBESSY  IIIcon-
textcertainlywillpositionthecompanytogainleader-
shipinthismarket.

Throughourdesignofanintegratedresearchcampus
(see  Chapter6),wewillexpandstrategicpartnerships
with industry throughnewformatsofcooperationon
the Science and Technology Park Adlershof and cre-
ate an innovation culture that deeply integrates sci-
ence andentrepreneurship. Thiswillmassively accel-
erate technology transfer todevelopnewsustainable
technologiesforgreenenergysolutionsandstimulate
start-upsandspin-offsinaninnovationecosystem.The

establishmentof industry-readyservicesandtheem-
beddedentrepreneurialcultureatBESSY  IIIwillgener-
ateaconstantstreamoftransferresults,incl.spin-offs
andcooperationswithindustrialpartners.
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To realize the requirements for the source and the
scientific-technical infrastructuresoutlined in  Chap-
ter6,theHZBhasdrawnupthecostframeworkforthe
construction of BESSY III (basis: cost levels IV/2021).
Starting point for the developmentof the cost frame-
workwasathoroughcostestimatefortheaccelerator
complex,insertiondevices,beamlinesandexperimen-
tal infrastructuresandadetailedanalysesof theper-
sonnel and lab space requirements forBESSY  III. The
analysis was also comparedwith the existing experi-
enceatBESSY  IIanddataavailablefromotherfacilities
inoperation,construction,orplanning.Basedonthis
analysisthespaceneedsbeyondthelarge-scalefacility
have been forecasted. The used characteristic values
correspond to those which are usual in the research
sector.Thefollowingkeypointswereassumed:

 •  The footprint of the planned facility is feasible 
on the available construction site in Berlin-
Adlershof.

 •  The entire staff for the operation of the BESSY  III 
facility will be accommodated in the new 
building complex.

 •  BESSY  III will provide significantly more 
laboratory space for BESSY  III-related research 
(integrated research approach).

 •  The space development within the framework 
of BESSY  III is taken into account in the cross-
site structural HZB campus development and 
possible synergies and space savings will be 
identified at an early stage.

8. Cost Framework

Building and technical building 
infrastructure (C1)

TheavailableconstructionsiteinBerlin-Adlershofhasa
grossareaof44,500m2,thereofafootprintof29,300  m2
willbeusedforconstruction(66 %occupancy).Thisin-
cludesstorageringbuilding(21,700m2)aswellasad-
jacent office and laboratory buildings (7,600m2). The
officeandlaboratoryspaceareplannedtoberealized
asthree-storeybuildings.Inthepersonnelplanningfor
BESSY  III it is currently assumed that 480 peoplewill
belocatedonsitetooperatetheresearchfacilityatfull
capacity. This assumption includes the requirements
ofthestrategicpartnersPTBandBAM(75researchers)
and spaces for users. Together with the storage ring
buildingapprox.48,300m2ofgrossfloorspacecanbe
realizedconsistingof:

 • 17,600 m2 for large equipment/ring

 •  29,700 m2 for office, laboratory, storage 
buildings (thereof 6,400 m2 offices)

 • 1,000 m2 for supply engineering buildings

Therequiredassemblyarea(6,500m2)isnotintended
tobepartofthefacilityonthenewsite.Thisassembly
andstoragebuildingwillneedtobeerectedontheHZB
campusbeforethestartoftheBESSY  IIIconstruction.

Accelerator complex (C2)

Theacceleratorcomplex includes theelectronsource
withinjectorLINAC,the1Hzlowemittancecombined
functionboostersynchrotron(tobeinstalledwithinthe
sametunnelasthestoragering),thestorageringitself
andalltherelatedinfrastructuresfortheoperationof
theacceleratorcomplex, includingcontrolsystemen-
vironment.Theinterfacetothebeamlinesisdefinedto
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bethelastvalveofthefront-endsystems,astheyare
partofthestorageringvacuumsystem.So,costwise
thefront-endsareincludedhere.Theinvestmentcosts
foralltechnicalinfrastructuresforair-andwater-cool-
ing systems, supply of electrical power, gases, cryo
cooling,etc.arenotcoveredhere,astheyareaccount-
edforinthecostsforbuildingandtechnicalinfrastruc-
tures(C1).Thecostframeworkforthemachineisbased
onthecurrentassumptionsthatHZBwillpursuearath-
erconservativeapproachforthechosentechnologies
of theaccelerator complex, relying largelyonalready
existingorpresentlydevelopedtechnologiesandcon-
cepts,see  Section6.1.1.Fortheacceleratorcomplex
somedetailed analysesof the sub-systemcosts have
been done. These estimates are partly based on our
ownexperience,e.g.forthefundamentalandharmonic
RF-systemsortheNEGcoatedvacuumsystems,where
wecould relyonourexperiencewith thebERLinPro /
SEAlab,oroncostoverviewsmadeavailablefromother
labsandscaledtothesizeofourfacility.Wherevernec-
essary,costshavebeenadjustedtothe IV / 2021price
base.

Experimental infrastructure (C3)

ForthestartofBESSY  IIIoperation,a60 %(24ofmax.
42) utilization of the potentially available experimen-
tal facilities at the storage ring is assumed, including
the requirements of the strategic partners PTB and
BAM.Thiswillguaranteeacompetitiveuseroperation
alreadyduringthefirstyearofoperation.Theremain-
ing free capacitywill ensure that the research facility
BESSY  III has sufficient potential for further develop-
mentand the integrationof theneedsof futurepart-
nersorindustrialconsortia.Theshowncostframework
considers8newinsertiondevices(ID),16IDbeamlines,
8 dipole beamlines, and 24 experimental endstations
each.Alsohere, the costing reliesonHZBexperience
withrecentlyplannedandrealizedprojectsinthisfield
andestimationsbasedondataprovidedbyotherlabs.

Scientific computing, automation, and 
laboratory equipment (C4)

To maximize the efficiency of the facility, BESSY  III
will provide on-site experimental infrastructure and
laboratories for basic material synthesis and charac-
terization techniques aswell as highly advanced lab-
oratory-based analytic methods. This is interweaved
with reliableautomated, remoteandautonomousex-
perimentation, advanced real-time data analysis and
decisionmaking,andcalibrateddatasources.Empha-
sisonqualitywillinitiallyleadtohighercostsforhard-
ware and installations, even if curation, storage and
accessibilityoftheFAIRdataandpublishedresultsisin
largepartscoveredbyfederatedinfrastructures(NFDI).
Eventually the extra effortwill pay off in sustainable,
efficient operationandguarantee thenecessarydata
integrityforthescientificcommunity.

Property, replacement areas, 
development (C5)

The ground reference value of the available con-
struction site in Berlin-Adlershof has been taken into
account (BORIS, cost level IV/2021). Since the area
is a green recreationareaandpartly inuse, costs for
replacement areas are required. Further costs result
fromthedevelopmentoftheproperty(freshwaterand
wastewater,electricity,heating,...)

Sustainability (C6)

WithBESSY  III,HZBaimstorigorouslypursuethepath
of a sustainable, future-oriented research infrastruc-
ture. Resource-efficient building materials with the
lowest possible carbon footprint are already used in
construction and can also be reusedwhere possible.
Energy-andresource-efficientacceleratorcomponents
contribute to sustainable scientific expansion. The
buildingitselfshouldproduceenergythatisthenused
inthefacility.Wasteheatgeneratedintheexperiments
and the infrastructurewill be reusedon the campus.
Implementation increases the initial investmentcosts
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forthenewfacility.However,thesecostsareamortized
severaltimesoverthelifecycle.Thecostprojectionas-
sumesa15 %surcharge for thebuilding (C1)andma-
chine(C2).

Operating costs

Asfirstclassicalestimateitcanbeassumedthattheex-
pectedoperationcostscanbeestimatedtobeca.10 %
of the construction costs (C1 – C4). This estimate also
includesoperationcoststobecoveredbyPTBandBAM
whowillbelikelytouse15 %oftheBESSY IIIoperation
capacity.Itisneverthelessinevitabletoreducetheen-
ergy consumption to a maximum tolerable limit and
to include localenergysourcessuchasPVorthermal
heat(C6).
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Life Cycle of BESSY  III

The lifecycleof theBESSY  III facilityandthebuilding
infrastructuremustbeviewedindifferentphases( see
 Figure9.1).

After planning (phase 0) the first phase covers con-
struction from 2029 on. Approaching phase 2 the fa-
cilitycomestoreallifewithcommissioningofthema-
chine, beamlines and endstations (planned for 2035)
atacapacityof60 %.Inthefollowingyears,expansion
of the capacity towards full operation in phase 2will
take place. After about 15 years in phase 2, a ”major
upgrade” of the facility is envisioned. This will allow
foranotheratleast15yearsinphase3.Duringthepre-
dictedapproximately35yearsofoperation,continuous
investmentswillbemadeinthemodernizationofthe
facility, theexperimental stations,and the laboratory

9. Life Cycle Analysis

infrastructure,withavolumeofuptoabout3 %ofthe
replacementassetvalue (RAV)peryear.At theendof
operation, large parts of the technical infrastructure
willbedismantled.Aswewillfollowaconceptofcon-
centratingbeamlossestoasmallnumberoflocalized
andindividuallyshieldedcollimators,wedonotexpect
ingeneralany issueswith the re-usageordisposalof
themainfractionoftheacceleratorcomponents.Fol-
lowing dismantling of the accelerator complex and
beamlines,thebuilding infrastructurecanbeusedal-
ternativelyforanother25years.Attheendofthecycle,
thebuildingwillbedismantledandthearearenatural-
ized. The full building life cycle in this case covers 80
years,ofwhichthebuildingisinoperationfor60years.

Figure 9.1:IllustrationoftheBESSY IIIlifecyclewithHZB’s,GermanandEUclimatetargetsmarkedbyarrows.
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Sustainable building, sustainable 
operation

TakingintoaccounttheEUtargetofreducingCO2emis-
sionsbyatleast55 %comparedto1990levelsby2030
and climate neutrality by 2050, as well as the HZB’s
goal of greenhouse gas-neutral researchby 2035 and
Germany’snationalgoalofgreenhousegasneutrality
by2045(see  Figure9.1),thecurrentplanningresults
in corresponding requirements for the building. With
BESSY  III,HZBisaimingatthehighestpossiblestand-
ardsof sustainablebuildingsasdefinedby theDGNB
andBNB (the federal government’sportal to the sus-
tainable construction rating system). Both, theDGNB
and theBNBevaluationschemeconsiders theoverall
performanceofabuildingbasedonthecriteria:envi-
ronmentalandeconomicqualityaswellassociocultur-
al-,functional-,technical-,process-,andsitequality.

Determining land requirements in line with realistic
needsformsthebasisfortheeconomicaluseofsubsoil.
Duringconstructionofthefacility,thefocusisparticu-
larlyontheuseofresource-conservingbuildingmate-
rials,theconstructionandoperationofaresource-sav-
ingandclimate-adaptedbuildingshell.Energy-efficient
building technology and accelerator components in

additiontothe integrationof renewableenergiesand
recycling and reuse of excess heat aswell as innova-
tiveairconditioning,areintendedtomaketheenergy
intensive research operation sustainable as depicted
in  Figure9.2.Withintheacceleratorcomplexwewill
usepermanentmagnetsforacceleratorbendingmag-
netsandhybridmagnetsformostofthequadrupoles.
Inaddition,inasystemapproach,wewillbeanon-site
sourceofrenewableenergyfrome.g.PVandgeother-
mal cooling / heating capacities. A first estimate sug-
geststhatthefacilitycanproduceanenergyequivalent
ofatleast3GWh / a.Thefacilityisexpectedtoconsume
0GWh/aofthermalenergythroughtheuseofthefacil-
ities’wasteheat;instead,thesurplusheatwillbeused
to supply theentireHZBcampus.Possiblecoolingby
geothermalenergy isbeinganalyzedandwillbeveri-
fied in the furthercourseofplanning. In thisway, the
BESSY   IIIfacilitywillbecomepartofthecampusener-
gysystemwheninoperation.

Figure 9.2:BESSY III–asustainableresearchinfrastructure.
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Options for the BESSY  II building 
infrastructure

HZB isplanningtoexpandthesiteasa logicalconse-
quenceoftherelocationofresearchactivitiesfromthe
Wannsee campus (LMC) following the decommission-
ing of the BER  II research reactor. At the same time,
areasasLMCthatbecomeavailablearetobeopened
upforscientificactivitiesbyandwiththirdparties.The
expansionofHZB'sAdlershofcampus(WCRC)willbuild
ontheexistingnetworkattheScienceandTechnology
Park Adlershof. The relocation offers the opportunity
forbetterHZB-internalcooperationandthepromotion
ofinformalcontactsandexchange.

ThespaceattheexistingBESSY  IIcampusthatwillbe
freedupbytheconstructionofBESSY  IIIwillbeadapt-
edtothenewusebutcanlargelycontinuetobeusedin
itsexistingform.WiththecommissioningofBESSY  III, 
about3,700m2ofofficespaceand1,700m2oflaborato-
ryspacewillbecomeavailableintheexistingBESSY  II
building complex in walking distance to BESSY  III.
In addition, the BESSY  II storage ring hall comprises
about8,600m2andcanbeconvertedintoacombined
laboratory and office complex with a capacity up to
16,000m2netfloorspaceaccordingtocurrentprojec-
tions. These free room and space capacities will be
usedbyHZBaspartoftheconcentration/consolidation
oftheHZBresearchactivitiesontheWCRCinAdlershof.

TheBESSY  IIbuildingisidealtohostverysensitivere-
search equipment and lab technology like cryo elec-
tron microscopy, e-beam-writing, zone plate and
gratingproduction,atwavelengthsurfacefinishingof
X-raymirrors,X-rayopticscoatingtechnologyandeven
quantumcomputers.Thering-shaped0.6mthickslab
of 112m outer diameter and specific road reinforce-
ments of the Ernst-Ruska-Ufer nearby have been de-
signedforBESSY  IItoefficientlydampawayvibrations
fromcivilnoiseandtraffic.
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10. Community

Theusercommunityisaddressedinvariousways,e.g.
through the involvement of the German Committee
forResearchwithSynchrotronRadiation(KFS), inreg-
ular project updates at the BESSY  II User Committee,
andontheoccasionsoftheBESSYUsersMeeting.The
ScientificMotivationwasdevelopedonthebasisof15
international expert workshops and foresight work-
shops that addressed strategically relevant topics for
BESSY  III, e.g. Magnetization Dynamics and X-ray Mi-
croscopy, Heterogeneous Catalysis and Chemistry on
Surfaces, Correlated Materials and Antiferromagnets,
LifeScienceResearch,MaterialsDesign/High-through-
putExperimentation,MaterialsMetrology,Energystor-
ageandBatteries,Energyconversionandharvesting,
Information Technology. More than 150 participants
contributedtheirexpertise(  seebelow).

Scientific Expert Workshop Series,  
HZB 2020 – 2022 Contributors

TheScientificMotivationwasdevelopedon thebasis
of 15 international expert workshops that addressed
strategicallyrelevanttopicsforBESSY III.Inadditionto
theauthorsandcontributorslistedintheimprint,more
than150participantscontributedtheirexpertise.

Contributorsinalphabeticalorder:
PhilippAdelhelm(HU Berlin and HZB),AlunAshton(PSI, Villigen, 
Switzerland), ChristianBack (TU München), NickBarrett (CEA 
Saclay, France), BurkhardBeckhoff (PTB),EvaBenckiser (MPI 
FKF Stuttgart), JesperBendix(Univ. Copenhagen, Denmark), 
MartinBeye (DESY, Hamburg), ManuelBibes(UMP CNRS/Thales, 
Palaiseau, France),SilvanaBotti(Univ. Jena), ChristophBrabec
(FAUErlangen-Nürnberg),ValeriaBragaglia (IBM Rüschlikon, 
Switzerland), NicholasBrookes(ESRF, France), Gunther
Brunklaus (Münster Electrochemical Energy Technology), 
ValeriiBukhtiyarov (Boreskov Institute of Catalysis; Russia), 
CarstenBusse (Univ. Siegen, Germany), DavidCahen (Weizmann 
Institute, Israel), UteCappel(KTHStockholm),Benedetta
Casu(Univ. Tübingen), MajedChergui (EPFL Lausanne, 
Switzerland), AndriiChumak (Univ. Kaiserlautern), TulioC.R.
daRocha(CNPEM, Brazilian Synchrotron Light Laboratory),
SünjeDallmeier-Tiessen (Helmholtz-Gemeinschaft),Serenade

Beer(MPI-CEC Mühlheim), RobertDinnebier (MPG Stuttgart), 
ClaudiaDraxl(HU Berlin),JanDreiser (PSI, Villigen, Switzerland), 
CatherineDubourdieu(HZB),HermannDürr(Uppsala Univ., 
Sweden),RüdigerEichel(FZJ), NorbertEsser(ISAS, Berlin), 
MattisFondell (HZB), KellyGaffney (Stanford Univ. PULSE, 
U.S.A.), MartinGall(Globalfoundries Malta/NY, U.S.A.),Hubert
Gasteiger(TU München), JochenGeck (TU Dresden), Oliver
Gessner (Berkeley Lab, U.S.A.),GiacomoGhiringhelli(Politecnico 
di Milano, Italia), MarkGolden(Univ. Amsterdam, Netherlands), 
HeikeGörzig (HZB), JoachimGräfe (MPI-IS, Stuttgart), Luca
Gregoratti(ELETTRA, Italia), AlexanderGrüneis(Univ.K̈oln),
JanDierkGrunwaldt(KIT),SebastianGünther (TU München), 
ChristianGutt(Univ. Siegen), YoshihisaHarada (ISSP, Univ. of 
Tokyo, Japan), PaulHarten (HZB), MichaelHaumann (FU Berlin), 
MauritsHaverkort (Univ. Heidelberg), GeorgHeld(DIAMOND LL, 
UK), JanPhilippHofmann (TU Darmstadt),StephanHofmann
(Univ. Cambridge, UK),ChristianJooss(Univ. Göttingen), Bernd
Kaestner (PTB), StefanKaskel(IWS Fraunhofer),Bernhard
Klözter(Univ. Innsbruck, Austria), NorbertKoch (HU Berlin 
and HZB), ChristophKoch (HU Berlin), SuhasKumar (Hewlett 
Packard, Palo Alto, USA), EmilList-Kratochvil (HU Berlin and 
HZB), ThomasLohmiller (HZB), AlfredLudwig (Ruhr-Univ. 
Bochum), DimitryMarchenko(HZB), DavidMecerreyes(POLYMAT 
Univ. of the Basque Country UPV/EHU, Spain), ApurvaMehta
(SSRL, SLAC, Stanford, USA), GuidoMeier(MPI-SD, Hamburg), 
Y.ShirleyMeng (Univ. of California San Diego), RajmundMokso
(ETH Zürich and SLS, Switzerland), AngeloMullaliu(HI Ulm), 
JoschaNehrkorn (MPI-CEC Mühlheim), JennyNelson (Imperial 
College London, U.K.), SlavomirNemsak(Lawrence Berkeley 
Lab, USA), RichardNeutze (Uni Gothenburg and MAX IV, Sweden), 
JensNiederhausen (HZB), PetrNovak (PSI / ETH, Switzerland), 
MichaelOdelius(Univ. Stockholm, Sweden), ChristianPapp
(FAU Erlangen-Nürnberg), EvaPereiro (ALBA, Spain), Bastian
Pfau (MBI, Berlin), WinfriedPlass (Univ. Jena), Ramamoorthy
Ramesh(Univ. Berkeley, USA), ChristophRameshan(TU Wien, 
Austria), MichaelRamsey(Univ. Graz, Austria), AkshayRao
(Univ. of Cambridge , U.K.),SimoneRaoux(HZB), KallolRay (HU 
Berlin), ObadiahReid (Univ. Colorado, U.S.A.), HakanRensmo
(Uppsala Univ., Sweden), LeonardRoessner (TU Chemnitz), 
Jean-PascalRueff(Synchrotron Soleil, France), GarryRumbles
(NREL and Univ. Colorado, U.S.A.), ElenaSavinova(Univ. 
Strasbourg, France), JoachimSchnadt(Univ. Lund, Sweden), 
AlexanderSchnegg(MPI-CEC Mühlheim), ClausM.Schneider
(FZJ), AstridSchneidewind (FRM II), FrankSchreiber (Univ. 
Tübingen),ThomasSchröder (IKZ Berlin), SusanneSiebentritt 
(Univ. Luxembourg, Luxembourg), MarcSimon(Univ. Pierre et 
Marie Curie, Sorbonne, Paris, France),KasiaSkorupska (FHI 
Berlin), ZdanekSofer(Univ. Prague, Czech Rep), VictorSoltwisch
(PTB), UrsStaub (PSI, Villigen, Switzerland), KlausStoewe
(Univ. Chemnitz), JeanSusini (ESRF, France ),JoshuaTelser 
(Roosevelt Univ. Chicago, U.S.A.), JohannesH.Thienenkamp(HI 
Münster),OlivierThomas(Univ. Aix-Marseille, Marseille, France), 
MikeToney(NREL and Univ. Colorado, U.S.A.), MichaelToney
(Stanford Univ., U.S.A), SusanTrolier-McKinstry(PennState, 
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USA), AnnetteTrunschke(FHI Berlin), EvaUnger (HZB), Thomas
Unold (HZB), MirjamvanDaalen(PSI, Villigen, Switzerland), 
RoelvandeKrol(HZB), BartelvanWaeyenberge (Univ. Gent, 
Belgium), ClaireVillevieille (Univ. Grenoble, France), Simon
Wall (Aarhus Univ., Denmark), SebastianWintz(HZDR), Georg
Woltersdorf (Univ. Halle), OmerYaffe (Weizmann Institute, 
Israel), LadaYashina(Lomonosov Moscow State Univ., Russia), 
OlegYazyev (EPFL Lausanne, Switzerland),AndriyZakutayev
(NREL, Denver, U.S.A.), QiangZhang(Tsinghua Univ., China ), Ivo
Zizak (HZB), EhrenfriedZschech (Fraunhofer IKTZ)
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Glossary 

AFMAtomicForceMicroscopy[23]

AIArtificialIntelligence[17,19,29,42,43,47,54]

ALBA SunriseinSpanish,ALBASRfacility,Barcelona,Spain[36]

ALS AdvancedLightSource,LBNL[32,36]

APPLE AdvancedPolarizedPhotonLightEmitter[39,40,41]

ARPESAngle-ResolvedPhoto-EmissionSpectroscopy[15,22,
23,28,46]

ARPES 13 and 12BESSYIIphotoemissionstations,ultrahigh
resolutionX-rayexcitation,electronenergyanalyser,sample
temperature,short:1meVx1meVx1K=13and1meVx1meV=
12[45,46]

ASMLAdvancedSemiconductorMaterialsLithography–
https://www.asml.com/en/company[55,56]

BAMBundesanstaltfürMaterialforschungund-prüfung,Berlin
[8,11,27,28,29,30,35,41,46,49,50,56,58,59,60]

BASFBadischeAnilin-undSodafabrik[56]

BElChemBerlinJointLabforElectrochemicalInterfaces
[30,45,48]

bERLinProTheSuperconductingEnergy-RecoveryLINAC
ProjectatHZB[59]

BESTECBestecGmbHBerlin[51,55]

BMBFBundesministeriumfürBildungundForschung,German
FederalMinistryofEducationandResearch[14,15]

BNB BewertungssystemfürnachhaltigesBauen[12,62]

BORIS BodenrichtwertInformationssysstem[59]

Care-O-SeneCatalystResearchforSustainableKerosene–
https://care-o-sene.com/en/[48,56]

CatLabCatalysisLaboratoryMPG/HZB[8,20,22,48,49,50,56]

CCMS CorrelativeMicroscopyandSpectroscopyCoreLab[49]

CDI CoherentDiffractiveImaging[16,46]

CDR ConceptualDesignReport[36,38,41]

CERNConseilEuropéenpourlaRechercheNucléaire,European
OrganizationforNuclearResearch,Switzerland[46]

CF CombinedFunction[37]

CoreLab ComplementaryLabsatHZBinuseroperation[48]

cPGMcollimatedPlaneGratingMonochromator[42,43,44,46]

CPMUCryogenicPermanentMagnetUndulator[32,33,39,40,41]

cw continuouswave[35]

DALIUpgradeProposalDALI,HZDR,Dresden[28,29]

DAPHNEDAtafromPHotonandNeutronExperiments[11]

DAPHNE4NFDIconsortiumconsistsofexpertsofthepho-
tonsandneutronscommunities,itinteractswithusersand
scientistsatlargescaleinfrastructuresaswellaswithother
NFDI-consortia.[53]

DCMDoubleCrystalMonochromator[42,43]

DDL HelmholtzDistributedDetectorLab[46]

DECTRIS – DECTRISDetectorcompany,Switzerland[26,46,55]

DESYDeutschesElektronen-Synchrotron,Hamburg[28,36,42,
46]

DGNBGermanSustainableBuildingCouncil[12,62]

DLR DeutschesZentrumfürLuft-undRaumfahrt[51]

DOPU DoublePeriodUndulator[33,41]

EELSElectronEnergyLossSpectroscopy[49]

EGI – EGIFederation,Advancedcomputingforresearch,
https://www.egi.eu[53]

EM ElectronMicroscopy[45]

EMILEnergyMaterialsIn-situLaboratory,HZB,Berlin[30,36,
39,41,43,45,46]

EOSC EuropeanOpenScienceCloud[11]

EPICSExperimentalPhysicsandIndustrialControlSystem.
EPICSprovidesasoftwareinfrastructureforuseinbuilding
distributedcontrolsystemstooperatedevicessuchasParticle
Accelerators,LargeExperiments,majorTelescopes,etc.[52]

ErUM–Dataactionplan,fromBigDatatoSmartData:Digitiza-
tioninthebasicresearchinthenaturalsciences[11,53]

ESAEuropeanSpaceAgency[26,46]

ESRFEuropeanSynchrotronRadiationFacility,Grenoble,
France[14]

ESRF-EBS ESRF–ExtremeBrilliantSourceupgrade,Grenoble,
France[8,10,14]

ESSEuropeanSpallationSource,Lund,Sweden[52]

EU EuropeanUnion[34,62]

EUVExtremeUltraviolet[26,28,55,56]

EUXFELEuropeanX-rayfree-electronlaser,Hamburg[29]

ExPaNDSEuropeanOpenScienceCloud(EOSC)Photonand
NeutronDataService[11,53]

FAIRFindable,Accessible,Interoperable,Reusable(orRepur-
posable)[11,17,27,34,41,52,53,54,59]

FAIRmatFAIRdatainfrastructureforcondensed-matter
physicsandthechemicalphysicsofsolids[11]

Annex

https://www.asml.com/en/company
https://www.egi.eu/
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FBHFerdinandBraunInstitutfürHochfrequenztechnik,Berlin
[50]

FELFree-ElectronLasers[16]

FHIFritz-Haber-Institut–Max-Planck-Gesellschaft,Berlin

FIB FocusedIonBeam[16,46]

FMBFeinwerkundMesstechnikGmbHBerlin[51,55]

FUBFreieUniversitätBerlin[45]

FWHMFullWidthatHalfMaximum[35]

GDP Grossdomesticproduct[20]

GIGrazingIncidence[26,27]

HDF5 HierarchicalDataFormat,asetoffileformatsdesigned
tostoreandorganizelargeamountsofdata.[48]

HHC HigherHarmonicCavity[36]

HOA HigherOrderAchromat[37]

HOM HigherOrderModes[34,36]

HPC HighPerformanceComputing[54]

HUB Humboldt-UniversitätzuBerlin[45,50,51]

ICS IndustrialControlSystem[53]

IDInsertionDevice[36,39,40,43,59]

IKZ InstitutfürKristallzüchtungBerlin[50]

IR Infrared[26]

ITER InternationalThermonuclearExperimentalReactor,
Cadarache,France[52]

IVUE In-Vacuumundulator,Ellipticalpolarization[33,40,41]

IVUE32 In-Vacuumundulator,Ellipticalpolarization,witha
periodlengthof32mm[39]

KFS CommitteeforSynchrotronRadiation–thebodyelected
bytheusercommunitytorepresentuserinterests[14,64]

KIT KarlsruherInstitutfürTechnologie,Karlsruhe[46]

LCLS LINACCoherentLightSource,SLAC,USA[52]

LEAPS LeagueofEuropeanAccelerator-basedPhotonSources
[9,28,36,45,46,48,53]

LINAC LinearAccelerator[36,58]

LMC Lise-MeitnerCampusoftheHZBinBerlin-Wannsee[50,51,
63]

MAX IV theMAXIVfacility,Lund,Sweden[32,35]

MAXYMUS MAgneticX-raYMicroscopewithUHVSpectroscopy
[45,46]

MBA MultiBendAchromat[22,29,31,35,36,37,38,41]

MBI Max-Born-Institut,Berlin[50]

MDC Max-DelbrückZentrumfürMolekulareMedizininder
Helmholtz-Gemeinschaft[25]

MEMS Micro-Electro-MechanicalSystems[48]

Micro CTMicroComputedTomography[27]

ML MachineLearning[43,51,52]

MLS MetrologyLightSource,PTB[26,29,34,35,50,52]

MPGMax-Planck-Gesellschaft[20,49]

MX Macro-molecularCrystallography[11,25,44,49]

MYSTIIC MicroscopeforX-rayScanningTransmissionIn-situ
ImagingofCatalysts[46]

NASA NationalAeronauticsandSpaceAdministration[46]

NEGNon-EvaporableGetter[37,59]

NEXAFS NearEdgeX-rayAbsorptionSpectroscopy[17,19]

NeXus NeXusisacommondataformatforneutron,x-ray,
andmuonscience.Itisbeingdevelopedasaninternational
standardbyscientistsandprogrammersrepresentingmajor
scientificfacilitiesinordertofacilitategreatercooperationin
theanalysisandvisualizationofneutron,x-ray,andmuondata.
[48]

NFDI NationaleForschungsDatenInitiative[11,53,59]

NMR NuclearMagneticResonance[37]

PEEMPhotoElectronEmissionMicroscopy[45,46]

PerMaLIC PermanentMagnetLEAPSInternalCollaboration[36]

PETRA III / IV SynchrotronRadiationFacilityPETRAIIIandits
plannedupgradePETRAIV,Hamburg[5,10,14,28,29]

PTB Physikalisch-TechnischeBundesanstalt,Braunschweig
andBerlin[5,8,9,10,11,16,17,26,27,28,29,30,31,35,38,41,
46,49,50,56,59,60,66]

PV Photovoltaics[60,62]

R & D ResearchandDevelopment[50,55,56]

RAVReplacementAssetValue[61]

RDA ResearchDataAlliance[11]

RF RadioFrequency[35,36,59]

RI RIResearchInstruments,BergischGladbach[34,35,56]

RIXS ResonantInelasticX-RayScattering[16,22,23,46]

rms RootMeanSquare[35,36]

RXS ResonantX-RayScattering[46]

RZP ReflectionZonePlates[46]

Sasol Sasol–Aglobalchemicalsandenergycompany,
https://www.sasol.com[56]

SAXS SmallAngleX-RayScattering[26]

SEAlab SuperconductingrfElectronAcceleratorlaboratory[35,
50,56,59]

SEM ScanningElectronMicroscopy[21]

SF SeparatedFunction[37]

SI InternationalSystemofUnits[11,49]

SIL SafetyIntegrityLevel,seeIEC61508,Functionalsafetyof
electrical/electronic/programmableelectronicsafetyrelated
systems,IEC61511,Safetyinstrumentedsystemsforthe
processindustrysector,IEC62061safetyofmachinery[53]

https://www.sasol.com/
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SIRIUS theSIRIUSSRfacility,Campinas,Brazil[35]

SME SmallandMedium-sizedEnterprises[55]

SNOM ScanningNear-fieldOpticalMicroscopy[26]

SoC SystemonChip[52]

SOLEIL SourceOptimiśeedeLumìered’EnergieInterḿediaire
duLURE(Laboratoired’UtilisationduRayonnementElectro-
magńetique),thenationalsynchrotronradiationfacilityin
France[32]

SPECS SurfaceNanoAnalysisGmbH[55]

SPM ScanningProbeMicroscopy[49]

SR SynchrotronRadiation10,11,15,17,18,19,20,21,25,26,27,
29,31,32,34,45,46,48,49,50,56]

SSMB Steady-StateMicro-Bunching[35]

STM ScanningTunnellingMicroscopy[23]

STXM ScanningTransmissionX-RayMicroscopy[16,45,46]

Supralab SuperconductingRadiofrequencyLaboratoryatHZB
[35,50,56]

SXM ScanningX-rayMicroscopy[46]

TDRTechnicalDesignReport[36,41]

TEM TransmissionElectronMicroscopy[21,25]

THz TeraHertz[26,28,45]

TRIBs TransverseResonanceIslandBuckets[16,35,37,39]

TUBTechnischeUniversitätBerlin[45]

TXM TransmissionX-RayMicroscopy[45,46]

UE Undulator,Ellipticalpolarization[41]

UHV UltraHighVacuum[20,21,33,45,56,57]

VSR VariablepulselengthStorageRing[35]

VUV VacuumUltraviolet[28,29,30,32,41]

WCRCWilhelm-Conrad-RöntgenCampusAdlershof[11,13,20,
32,50,51,63]

WISTA WissenschaftsstandortAdlershof[33,51]

WLS WaveLengthShifter,initssimplestform,awigglerthat
containsthreemagnets[41]

XAS X-rayAdsorptionSpectroscopy[28,49]

XFELX-RayFreeElectronLaser[25,29]

XMCD X-RayCircularDichroism[35]

XPSX-rayPhotoelectronSpectroscopy[49]

XRFX-RayFluorescence[27]

XRR X-RayReflectometry[26]

XUVExtremeUltraviolet[30]

Zeiss SMTZeissSemiconductorManufacturingTechnology–
https://www.zeiss.de/smt[55,56]

https://www.zeiss.de/semiconductor-manufacturing-technology/home.html?vaURL=www.zeiss.de/smt
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