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Vorbemerkung

Der Wissenschaftsrat ist 2024 vom damaligen Bundesministerium fiir Bildung
und Forschung (BMBF), dem heutigen Bundesministerium fiir Forschung, Tech-
nologie und Raumfahrt (BMFTR), gebeten worden, ein wissenschaftsgeleitetes
Verfahren zur Bewertung von Vorhaben fiir umfangreiche Forschungsinfra-
strukturen im Rahmen eines nationalen Priorisierungsverfahrens durchzufiih-
ren. Der Wissenschaftsrat hat fiir die eigenstindige Durchfithrung dieses Ver-
fahrens einen mandatierten Ausschuss eingesetzt, der aus Mitgliedern des
Wissenschaftsrats sowie weiteren Sachverstindigen besteht.

Der Ausschuss hat dem BMFIR im Juni 2025 empfohlen, das Vorhaben
»PETRA IV — Das ultimative 4D-Rontgenmikroskop“ am Deutschen Elektronen-
Synchrotron (DESY) auf eine Shortlist fiir aus forschungspolitischer Sicht priori-
tare Forschungsinfrastrukturen aufzunehmen. |'Nach Zusammenfiithren der
Ergebnisse der wissenschaftsgeleiteten Bewertung mit der parallel erfolgten Be-
wertung der Kosten und Risiken sowie des Innovations- und Transferpotenzials
folgte das BMFTR dieser Empfehlung und veréffentlichte im Juli 2025 eine Short-
list mit neun Vorhaben, darunter PETRA IV. Das Ministerium bat den Wissen-
schaftsrat zugleich, die Vorhaben der Shortlist evaluativ zu begleiten, um sicher-
zustellen, dass sie bestmoglich etabliert und die Empfehlungen aus den
Bewertungsstriangen der Priorisierungsphase aufgegriffen werden.

Der Ausschuss setzte zur evaluativen Begleitung von PETRA IV eine Arbeits-
gruppe ein, die aus Gremienmitgliedern der drei Bewertungsstrange des Priori-
sierungsverfahrens, weiteren Expertinnen und Experten sowie jeweils einem
Gast seitens des Bundes und der Linder bestand. Damit haben in dieser Arbeits-
gruppe auch Sachverstindige mitgewirkt, die nicht Mitglieder des Wissen-
schaftsrats sind. Der Wissenschaftsrat ist ihnen zu besonderem Dank verpflich-
tet.

| 1 Einen Uberblick iiber das wissenschaftsgeleitete Bewertungsverfahren und alle eingereichten Vorhaben
bietet: Wissenschaftsrat (2025): Bericht zur wissenschaftsgeleiteten Bewertung umfangreicher Forschungs-
infrastrukturvorhaben fiir das nationale Priorisierungsverfahren; KéIn. DOI: https://doi.org/10.57674 /gkyb-
esl17

Die Verlinkungen in diesem Dokument wurden zuletzt abgerufen am: 23. Méarz 2026.


https://doi.org/10.57674/gkyb-es17
https://doi.org/10.57674/gkyb-es17
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Die Arbeitsgruppe hat das DESY am 2. und 3. Dezember 2025 in Hamburg be-
sucht und auf Grundlage dieser Begutachtung einen Bewertungsbericht (Evalu-
ation Report) verfasst. Nach Verabschiedung durch die Arbeitsgruppe ist der Be-
wertungsbericht im weiteren Verfahren nicht mehr verdnderbar.

Der Ausschuss hat auf der Grundlage dieses Bewertungsberichts am
17. Mdrz 2026 die vorliegende wissenschaftspolitische Stellungnahme
verabschiedet.



A. Kenngrolden

PETRA 1V ist eine geplante Forschungsinfrastruktur (FIS) in Form eines umfas-
senden Upgrades der bestehenden Synchrotronstrahlungsquelle PETRA III zu ei-
ner hochbrillanten 4D-Rontgenmikroskopiequelle am Deutschen Elektronen-
Synchrotron (DESY) in Hamburg. Die dafiir entwickelte Technologie nutzt einen
ultra-niedrig-emittierenden Speicherring mit neuer Injektorkette (inklusive
DESY IV Booster) zur Erzeugung hochkohdrenter Rontgenstrahlen im harten
Energiebereich. Gegeniiber PETRA III ermoglicht dies Brillanzsteigerungen um
den Faktor 500 und erlaubt Experimente mit hoherer Empfindlichkeit, groferen
Probenvolumina und schnellerer Zeitauflésung. Die Anlage ist als User Facility
konzipiert, in der wissenschaftlichen Communitys und industriellen Nutzenden
bis zu 36 Strahlfithrungen fiir Experimente zur Verfiigung gestellt werden — ge-
plant ist der Start mit 19 Strahlfithrungen ab 2032 und die Einrichtung von wei-
teren 12 Strahlfithrungen ab 2035. Zusatzlich zu diesem Kernportfolio von 31
Strahlfiihrungen sind fiinf weitere Anschliisse fiir zukiinftige Strahlfithrungen
reserviert, um wahrend der Betriebsphase auf neue wissenschaftliche und tech-
nologische Moglichkeiten reagieren zu konnen. An iiber 300 Betriebstagen/Jahr
sollen etwa 5.000 Nutzende mithilfe hochbrillanter Rontgenstrahlung die Struk-
tur, Zusammensetzung, Dynamik und Funktion von Materialien und biologi-
schen Systemen auf Skalen von Nanometern bis Millimetern und Zeitskalen von
Nanosekunden bis Stunden untersuchen kénnen. Damit richtet sich PETRA IV
insbesondere an Forschende aus den Materialwissenschaften, Biowissenschaf-
ten, Chemie, Erd- und Umweltforschung sowie Informationstechnologie. PETRA
IV hat zum Ziel, eine Fithrungsposition in der europaischen und globalen Syn-
chrotronforschung einzunehmen und damit der steigenden Nachfrage, bei-
spielsweise nach erhohter Auflosung und nach operando-fihigen Untersuchun-
gen, in Deutschland und Europa nachzukommen.

PETRA 1V ist ein Vorhaben des Helmholtz-Zentrum DESY als zentrale Einrich-
tung in der Science City Hamburg Bahrenfeld. Die Gesamtkosten belaufen sich
gemdld den eingereichten Unterlagen mit Preisstand von Oktober 2025 auf ins-
gesamt 5,155 Mrd. Euro iiber den gesamten Lebenszyklus (Aufbau, Betrieb,
Riickbau). Fiir die neunjahrige Aufbauphase (2027-2035, wobei ein erster Betrieb
bereits ab 2032 vorgesehen ist) werden 1,794 Mrd. Euro veranschlagt. DESY soll
hiervon 216,9 Mio. Euro tragen. Die Freie und Hansestadt Hamburg stellt bisher
laut den eingereichten Unterlagen 10 % des verbleibenden Finanzierungsbedarfs
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(157,7 Mio. Euro) in Aussicht. Daraus ergibt sich eine Finanzierungsliicke von
1,419 Mrd. Euro in der Aufbauphase. Fiir die 30-jihrige Betriebsphase (2032-
2061) werden aktuell 3,349 Mrd. Euro angesetzt. Davon sollen 3,062 Mrd. Euro
von DESY getragen werden. Weitere 51,5 Mio. Euro sollen durch Partnereinrich-
tungen fiir zusdtzliche Strahlfithrungen eingebracht werden. Kommerzielle Er-
l6se werden mit 132,6 Mio. Euro veranschlagt. Damit verbleibt eine Finanzie-
rungsliicke von 103 Mio. Euro im Betrieb. Fiir die einjdahrige Riickbauphase
(2062) werden 11,96 Mio. Euro kalkuliert. Davon tragt DESY 5,3 Mio. Euro; 6,66
Mio. Euro sollen durch kommerzielle Erlése (z. B. Materialverwertung) gedeckt
werden.



B. Stellungnahme
und Empfehlungen

Der Wissenschaftsrat schlie3t sich den Bewertungen und Empfehlungen der
eingesetzten Arbeitsgruppe grundsdtzlich an. Er wiirdigt die hohe Qualitit der
vorgelegten Planungen sowie die umfassende strategische Bedeutung des Vor-
habens. Zugleich folgt er der Einschdtzung hinsichtlich der identifizierten Risi-
ken und offenen Punkte und weist auf die daraus entstehenden Handlungs- und
Steuerungsaufgaben hin.

Unter der Annahme einer planmiRigen Umsetzung von PETRA IV nimmt der
Wissenschaftsrat wie folgt Stellung:

Zur Bedeutung des Vorhabens

Der Wissenschaftsrat wiirdigt die herausragende Bedeutung von PETRA IV fiir
den Wissensstandort Deutschland und Europa mittels der Implementierung ei-
ner umfassenden FIS zur Sicherstellung der weltweiten Wettbewerbsfiahigkeit
in der Photonenforschung. PETRA IV ist der zentrale Baustein, um die am Deut-
schen Elektronen-Synchrotron (DESY) tiber Jahrzehnte gewachsenen Stiarken
auf dem Gebiet der Synchrotronstrahlung nachhaltig zu sichern und gezielt wei-
terzuentwickeln, sodass die internationale Sichtbarkeit und Fithrungsposition
erhalten bleiben. Das Vorhaben kniipft in stringenter Weise an die erfolgreiche
Nutzung von PETRA III an und wird diese in eine neue Generation hochbrillan-
ter Rontgenstrahlungsquellen tiberfiihren. Diese werden erlauben, zentrale wis-
senschaftliche Fragestellungen mit einer bislang nicht erreichbaren raumlichen
und zeitlichen Auflésung zu bearbeiten.

PETRA IV wird in besonderem Malfe dazu beitragen, die Sichtbarkeit und Attrak-
tivitit Deutschlands als Wissenschafts- und Forschungsstandort in der Struktur-
und Dynamikforschung, der Material- und Lebenswissenschaften sowie der Che-
mie und Physik zu starken. Die geplante FIS wird es ermoglichen, komplexe Pro-
zesse in Materialien, biologischen Systemen und funktionalen Strukturen unter
realititsnahen Bedingungen in nahezu Echtzeit zu untersuchen und damit neue
Erkenntnisse zu gewinnen, die sowohl fiir die Grundlagenforschung als auch fiir
anwendungsorientierte Entwicklungen von hoher Bedeutung sind — insbeson-
dere in den vom DESY identifizierten Bereichen Energie, Leben/Gesundheit,
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Transport/Technologie, Erde/Umwelt sowie Informationstechnologie. Der Wis-
senschaftsrat begriif3t, dass die Konzeption von PETRA IV eng mit anderen nati-
onalen und europaischen Forschungseinrichtungen verflochten ist und damit
Synergien zwischen unterschiedlichen Forschungsfeldern, Methoden und Nut-
zendengruppen systematisch anlegt. Der Wissenschaftsrat unterstiitzt das Vor-
haben darin, sich in eine strategische Gesamtperspektive der europaischen For-
schungslandschaft einzubetten und Schnittstellen zu anderen FIS, etwa im
Neutronen- oder Freie-Elektronen-Laser-Bereich, gezielt auszubauen.

Hervorzuheben ist, dass das Vorhaben einen wichtigen Beitrag zum Ausbau der
internationalen Vernetzung des deutschen Wissenschaftssystems leistet.
PETRA IV ist als offene User Facility konzipiert, die Forscherinnen und Forschern
aus Deutschland, Europa und dartiber hinaus zuganglich ist, und kniipft damit
an die bewdhrten Strukturen von PETRAIII an. Die geplante Qualitdt und Band-
breite der Instrumentierung sowie die enge Einbindung in bestehende und ge-
plante europdische Verbiinde und Netzwerke werden die Attraktivitit des Stand-
orts Deutschland als Partner in der wissenschaftlichen Zusammenarbeit weiter
erhohen.

Der Wissenschaftsrat erkennt positiv an, dass PETRA IV zur Attraktivitit der
wissenschaftlichen Arbeit in Deutschland und Europa beitragen wird, indem es
hochqualifizierten Wissenschaftlerinnen und Wissenschaftlern aller Karriere-
stufen sowie Fachkridften mit hoher technischer Expertise ein exzellentes Um-
feld fiir Forschung und technologische Entwicklung bietet. Im internationalen
Wettbewerb um wissenschaftliche Talente spielt die Moglichkeit, an einer welt-
weit fiihrenden Quelle fir Synchrotronstrahlung zu arbeiten, eine wichtige
Rolle. PETRA IV wird dazu beitragen, internationale Wissenschaftlerinnen und
Wissenschaftler in Deutschland zu halten bzw. nach Deutschland zu ziehen. Der
Wissenschaftsrat begriif’t, dass PETRA IV die Potenziale fiir die Ausbildung und
Qualifizierung des wissenschaftlichen Nachwuchses systematisch nutzen
mochte, etwa durch strukturierte Programme, gezielte Einbindung in Graduier-
tenschulen und enge Kooperationen mit Hochschulen. Entsprechend empfiehlt
der Wissenschaftsrat, die bereits unternommenen Schritte zur Verankerung
von PETRA IV in nationalen und europdischen Forschungs- und Innovationsstra-
tegien konsequent fortzufithren und die langfristige Rolle der Anlage als zent-
ralen Bestandteil der deutschen Forschungslandschaft sichtbar zu machen.

Der Wissenschaftsrat weist darauf hin, dass Verzogerungen in der Umsetzung
oder Abstriche im wissenschaftlichen Scope die angestrebte internationale Fiih-
rungsrolle des Vorhabens gefiahrden und negative Riickwirkungen auf die Posi-
tion Deutschlands im globalen wissenschaftlichen Wettbewerb der Syn-
chrotronforschung haben werden.



Zum wissenschaftlichen Potenzial

Der Wissenschaftsrat wiirdigt das aul3erordentliche wissenschaftliche Potenzial
von PETRA1V, das sich aus der Kombination hochbrillianter Rontgenstrahlung
mit einem breit angelegten, wissenschaftlich hervorragend begriindeten Portfo-
lio an Instrumentierungen ergibt. Die geplanten Strahlfiihrungen und Experi-
mentierstationen adressieren zentrale, zukunftsweisende Fragestellungen in
der Physik, Chemie, Erdsystemforschung, in den Material- und den Lebenswis-
senschaften und sind so konzipiert, dass sie auch in den kommenden Jahrzehn-
ten flexibel an neue Entwicklungen angepasst werden konnen. Der Wissen-
schaftsrat begriif3t, dass dabei sowohl etablierte Nutzendencommunitys mit klar
umrissenen Bedarfen als auch im Entstehen begriffene, sowie methodisch und
thematisch mit der Nutzung von Beschleunigereinrichtungen unerfahrene
Communitys bertiicksichtigt werden.

Bei erfolgreicher Umsetzung ist davon auszugehen, dass PETRA IV insbesondere
in den Bereichen hochauflésende Strukturanalytik, zeitaufgeloste Untersuchun-
gen dynamischer Prozesse und in-situ-/operando-Experimente neue Malstdbe
setzen wird. Dies gilt etwa fiir die Untersuchung funktionaler Materialien unter
realistischen Betriebsbedingungen, fiir die Aufklarung ultraschneller Prozesse
an Grenzflachen oder in komplexen Fluids sowie fir die strukturelle Charakte-
risierung biologischer Makromolekiile und zelluldrer Prozesse. Die geplante
Kombination komplementidrer Methoden an der Anlage (z. B. Bildgebung, Spekt-
roskopie, Streuung) eroffnet weitreichende Moglichkeiten, Multi-Skalen-Frage-
stellungen konsistent zu bearbeiten und integrative Forschungsansitze zu ver-
folgen.

Der Wissenschaftsrat begriifdt, dass die wissenschaftliche Nutzung von
PETRAIV auf einem ausgereiften, innovativen Nutzungskonzept beruhen wird,
welches an die Erfahrungen mit PETRA III ankniipft und den gewachsenen Be-
darf wissenschaftlicher Communitys an Synchrotronforschung reflektiert. Die
Umstellung auf ein rollierendes Peer-Review-Verfahren, die strukturierte Ein-
bindung von Nutzenden in die Weiterentwicklung der Instrumente sowie die
geplante Bereitstellung von Unterstiitzungsstrukturen und Datenmanagement-
Dienstleistungen entsprechen internationalen Best Practices und werden die
Nutzenden in die Lage versetzen, mit PETRA IV wissenschaftlich exzellente Er-
gebnisse zu erzielen. Dabei sollten neue Interface-Modelle fiir Nutzende auf den
etablierten Strahlzeit-Zugangsschemata vergleichbarer Einrichtungen aufbauen
und flexiblere, diversifizierte Zugangsformen entwickelt werden. Eine konse-
quente Umsetzung wird sich in einer deutlich grofReren Flexibilitit fiir die Nut-
zenden, der Kontinuitit der Forschung und der Effizienz der Anlage niederschla-
gen, was zu einem langfristigen Erfolg von PETRA IV beitragen wird. Der
Wissenschaftsrat befiirwortet entsprechend die geplanten MaRnahmen als so-
lide Grundlage fiir die Optimierung des Betriebs und die Maximierung der wis-
senschaftlichen Wirkung auf nationaler und internationaler Ebene. Er
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unterstiitzt das Vorhaben darin, diese Strukturen weiterzuentwickeln — insbe-
sondere durch Etablierung eines strukturierten Innovationsportfolios mit defi-
nierten Zielen, Verantwortlichkeiten und Leistungsindikatoren — und die Betei-
ligung insbesondere jiingerer Forschender und bisher weniger reprasentierter
Disziplinen aktiv zu férdern. Gleichzeitig weist er darauf hin, dass die operativen
Implikationen eines rollierenden Zugangsverfahrens im Vergleich zum traditio-
nellen Verfahren klar dargelegt werden sollten, dass die erweiterten Interface-
Modelle eine zentrale Rolle in der Innovationsagenda spielen sollten, dass insbe-
sondere Preismodelle sowie geistige-Eigentums-(IP-)Politiken professionalisiert
werden miissen, und dass schlief3lich die aktuellen Konzepte der geplanten Un-
terstiitzungsstrukturen weiterentwickelt werden sollten.

Mit Blick auf technologische Entwicklungen wiirdigt der Wissenschaftsrat
insbesondere das innovative Laser-Plasma-Accelerator (LPA)-Konzept als
potenziell transformatives Element des wissenschaftlichen Potenzials von
PETRA IV. Durch kompakte, energieeffiziente Injektionssysteme eroffnet es
neue Freiheitsgrade in Strahlqualitit und -stabilitit. Obwohl die bisherigen
Ergebnisse vielversprechend sind, sind jedoch weitere Entwicklungen
erforderlich, um die fiir den Ersatz der konventionellen Technologie notwendige
Betriebsstabilitdt iiber kontinuierliche 200-Tage-Zyklen pro Jahr zu erreichen.
Der wissenschaftliche Erfolg des LPA-Konzepts hdangt insgesamt von der Losung
zentraler Herausforderungen ab — insbesondere hinsichtlich der
Laserzuverlassigkeit, erreichbarer Energien, Plasma-Target-Nachfiillung und
operativer Stabilitdt in vollstindigen Strahlfithrungs-Zyklen.

Der Wissenschaftsrat empfiehlt daher nachdriicklich, die geplante Go/No-Go-
Entscheidung Mitte 2027 mit klaren Leistungsschwellen, Zuverldssigkeitsmetri-
ken und Fallback-Protokollen auszustatten. Dies wird ein sorgfiltiges langfristi-
ges Risikomanagement gewdhrleisten und transparente Risikokommunikation
sowie adaptive Strahlfithrungsplanung ermoglichen. Dieses ,high risk/high re-
ward“-Technologieprofil entspricht der Notwendigkeit, im globalen Wettbe-
werb technologische Grenzen auszuloten, und ist zu begriifen. Die positiven
Auswirkungen dieser Innovation wiirden iiber PETRA IV hinausreichen und
konnten zukiinftigen Synchrotrons sowie verwandten Technologiebereichen
weltweit zugutekommen.

Der Wissenschaftsrat begriiRt die konzeptionelle Verankerung der ,,Observe-De-
sign-Control“-Schleife, die beabsichtigt, klassische Forschung hin zu autonomer,
datengetriebener Materialentwicklung zu transformieren. In diesem Zusam-
menhang empfiehlt der Wissenschaftsrat die Erarbeitung klarer wissenschaftli-
cher Roadmaps fiir Schwerpunktbereiche wie Energiespeicherung, Quantenma-
terialien und Katalyse. Diese Roadmaps sollten durch Organisationsstrukturen
verankert werden, die die PETRA IV-Strahlfiihrungen systematisch mit externen
Partnern in den Bereichen Computerdesign, Hochdurchsatzsynthese und Funk-
tionstests verbinden und so das Konzept , Observe-Design-Control“ iiber



institutionelle Grenzen hinweg operationalisieren. Die frithzeitige Entwicklung
dieser thematischen Roadmaps in der Aufbauphase wird eine strategische
Grundlage fiir die Priorisierung von Ressourcen und die Gewinnung internatio-
naler Konsortien bilden.

Fir die vollstindige Umsetzung der ,,Observe-Design-Control“-Schleife ist eine
fortgesetzte enge Zusammenarbeit mit fithrenden internationalen Teams drin-
gend erforderlich, die vielfdltige und komplementare Expertise in Bereichen wie
Theorie und Modellierung, Material- und Molekiilsynthese sowie Funktionsprii-
fung bieten. Der Wissenschaftsrat empfiehlt daher, dass PETRA IV dieses Kon-
zept weiter starkt und strategisch umsetzt, insbesondere durch internationale
Kooperationen in den Bereichen Theorie, Modellierung und datengetriebene Ma-
terialgestaltung sowie in Synthese und Kartierung von Funktionalitdten. Derar-
tige Mallnahmen sind von entscheidender Bedeutung, um die internationale
Fihrungsrolle von PETRA IV in der Synchrotronforschung zu sichern und hoch-
autonome, entwicklungszielgerichtete Experimente zu ermoglichen.

Der Wissenschaftsrat wiirdigt, dass PETRA IV der zunehmenden Bedeutung von
Daten- und Recheninfrastrukturen Rechnung triagt und entsprechende Kon-
zepte fir Datenmanagement, Datenanalyse und Langzeitarchivierung vorsieht.
Die zu erwartenden Datenraten und -volumina erfordern eine leistungsfiahige
IT-Infrastruktur, eng verzahnt mit methodischer Expertise in Datenwissenschaf-
ten und Softwareentwicklung. Der Wissenschaftsrat empfiehlt, diese Aspekte
bereits in der Aufbauphase mit hoher Prioritidt zu verfolgen und in enger Ab-
stimmung mit nationalen und europdischen Initiativen im Bereich von For-
schungsdateninfrastrukturen auszugestalten. Zugleich sollte ein umfassender
Rahmen fiir das Datenmanagement entwickelt werden, einschlieRlich klarer a
priori-Kriterien zur Unterscheidung zwischen aufzubewahrenden und verwert-
baren Daten. Um fragmentierte IT- und Datenverantwortlichkeiten zu vermei-
den, wird die Einrichtung einer hochrangigen Organisationseinheit zu Daten,
Digitalisierung, sowie Kiinstlicher Intelligenz (KI) unmittelbar unterhalb der
Projektleitung ausdriicklich empfohlen.

Zum Potenzial fiir Innovation und Transfer

PETRA IV weist ein erhebliches Potenzial fiir Innovation sowie Wissens- und
Technologietransfer auf und kann damit einen wichtigen Beitrag zur Stirkung
Deutschlands als Innovations- und Industriestandort leisten. Die geplante Leis-
tungsfahigkeit der Anlage und die Bandbreite der adressierten Anwendungsfel-
der eroffnen substanzielle Moglichkeiten fiir Kooperationen mit der Industrie,
insbesondere in den Bereichen neue Materialien, Energietechnologien, Mobili-
tit, Informationstechnologien, Pharma- und Life-Science-Industrie sowie Hoch-
leistungsfertigung. Der Wissenschaftsrat hebt positiv hervor, dass das Vorhaben
an bestehende Transferstrukturen und Industriekooperationen von DESY an-
knipft und deren Weiterentwicklung vorsieht.
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Weiterhin begriiRt der Wissenschaftsrat die zentrale Rolle der ,,Observe-Design-
Control“-Schleife in der Innovationsstrategie, die enormes Potenzial zur Steige-
rung der industriellen Wettbewerbsfahigkeit Deutschlands birgt. Um dieses zu
realisieren, empfiehlt er nachdriicklich die Entwicklung flexibler Nutzungsober-
flaichenmodelle sowie die Professionalisierung in Preisbildung und geistigem Ei-
gentum. Zusitzlich sollten folgende Bereiche gezielt weiterentwickelt werden:
die Skalierung intermediirer Netzwerke, die systematische Uberpriifung der IP-
Richtlinien anhand quantitativer und qualitativer Wirkungsindikatoren, die
Starkung interner Innovationskapazititen sowie die Intensivierung von Koope-
rationen mit nicht-lokalen Akteuren — jeweils begleitet von einer frithzeitigen
und gut sichtbaren Kommunikation des Mehrwerts fiir die Industrie.

In diesem Zusammenhang betont der Wissenschaftsrat die Rolle intermedidrer
Unternehmen und Netzwerke, die PETRA IV und industrielle Nutzer zusammen-
bringen, durch gezielte Skalierung den Transfer von wissenschaftlichen Er-
kenntnissen in industrielle Anwendungen beschleunigen und zu den prognosti-
zierten Einnahmen aus Innovation und Transfer beitragen konnen. Dies
erfordert jedoch eine Implementierung von projektbasierten Servicemodellen,
um kleine und mittelstindische Unternehmen sowie die GroR3industrie gleich-
ermalfden anzusprechen.

Der Wissenschaftsrat hebt die Beitrdge hervor, die PETRAIV zur technologi-
schen Souverdnitét, Resilienz und Handlungsfahigkeit des Staates leisten kann,
etwa durch die Entwicklung und Qualifizierung von Schliisseltechnologien im
Bereich der Photonik, der Prizisionsmechanik, der Vakuum- und Kryotechnik
sowie der Steuerungs- und Detektortechnologien. Die hierfiir erforderlichen
Entwicklungen in Beschleuniger- und Instrumentierungstechnik haben typi-
scherweise langfristige Wirkung und stiarken die in Deutschland vorhandenen
Kompetenzen in forschungsnahen Hightech-Sektoren. Der Wissenschaftsrat
empfiehlt, diese Potenziale systematisch zu erschliefRen, etwa durch gezielte
Partnerschaften mit Industrieunternehmen, gemeinsame Entwicklungsprojekte
und komplementare Forderinstrumente.

PETRA IV schlief3t dariiber hinaus eine strategische Liicke im europdischen Syn-
chrotron-Portfolio durch den einzigartigen 6-GeV-kohdrenten Fluss fiir ope-
rando-Untersuchungen komplexer Systeme. Der Wissenschaftsrat empfiehlt
proaktive MaRnahmen, um bei nationalen Notlagen strategische Analysefdhig-
keiten innerhalb weniger Tage bereitzustellen, inklusive frithzeitiger Definition
von Use-Cases und Protokollen.

Der Wissenschaftsrat weist darauf hin, dass PETRA IV angesichts ihrer
wachsenden gesellschaftlichen und politischen Bedeutung einen wichtigen
Beitrag zur Verteidigungs- und Sicherheitsforschung sowie verwandten
anwendungsorientierten Vorhaben leisten kann. Eine konstruktive Einbindung
entsprechender Themen ins Forschungsportfolio von PETRA IV wird daher unter
strikter Einhaltung ethischer Leitlinien, geeigneter Genehmigungsverfahren



und Vertraulichkeitsprotokollen sowie hochster Datensicherheitsstandards
empfohlen. Die bestehenden Exportkontrollrichtlinien und
Datenschutzprozesse von DESY bieten hierfiir eine tragfahige Grundlage. Der
Wissenschaftsrat empfiehlt, Moglichkeiten zur Verfiigungstellung einzelner
Strahlfithrungen fiir Dual-Use-Forschung zu entwickeln und formale Verfahren
fir Dual-Use-Projekte sowie geeignete ethische und rechtliche Governance-
Strukturen friithzeitig zu etablieren, um die Einhaltung nationaler und
europdischer Vorschriften zu gewdhrleisten. Dem Wissenschaftsrat ist bewusst,
dass die Schaffung der technischen, baulichen und organisatorischen
Voraussetzungen fiir entsprechende Forschung in der bisherigen Planung nicht
berticksichtigt ist.

Der Wissenschaftsrat wiirdigt, dass PETRA IV ein Konzept zur Entfaltung gesell-
schaftlicher Wirkung vorsieht, das u. a. auf eine verstarkte Sichtbarkeit der For-
schungsergebnisse, auf Bildungs- und Outreach-Aktivititen sowie auf Beitrige
zur Bearbeitung gesellschaftlich relevanter Fragestellungen ausgerichtet ist.
Dies betrifft Themen wie Energie- und Ressourceneffizienz, Klima- und Umwelt-
forschung, Gesundheit und nachhaltige Produktion, zu denen die an PETRA IV
moglich werdenden Untersuchungen wichtige Grundlageninformationen lie-
fern konnen. Der Wissenschaftsrat unterstiitzt das Vorhaben darin, diese gesell-
schaftsbezogenen Dimensionen strategisch zu verfolgen und in Kooperation mit
Hochschulen, aul3eruniversitiren Forschungseinrichtungen, Schulen und wei-
teren gesellschaftlichen Akteuren auszugestalten.

Der Wissenschaftsrat weist darauf hin, dass die Realisierung des Innovations-
und Transferpotenzials von PETRA IV von klar definierten, institutionell veran-
kerten und angemessen ausgestatteten Transferstrukturen abhangt. Fehlende
personelle Ressourcen, unzureichende strategische Koordination mit regionalen
und nationalen Innovationsakteuren oder eine zu geringe Sichtbarkeit der Ko-
operationsangebote gegeniiber der Industrie wiirden dazu fithren, dass wesent-
liche Transferchancen ungenutzt blieben. Der Wissenschaftsrat empfiehlt, das
bereits bestehende Transfer- und Innovationskonzept fiir PETRA IV, das klare
Zustandigkeiten, messbare Ziele und geeignete Schnittstellen zu industriellen
und gesellschaftlichen Partnern umfasst, im Verlauf der Aufbauphase kohérent
weiterzuentwickeln, um das Innovationspotenzial der Anlage systematisch zu
erschlief3en, ihre Sichtbarkeit als Ort fiir anwendungsorientierte Forschung zu
erhohen und einen nachhaltigen Beitrag zum Wissenstransfer in Wirtschaft
und Gesellschaft zu leisten.

Zu Organisation und Management

Der Wissenschaftsrat wiirdigt, dass DESY seine Expertise in Organisation und
Management von FIS zielfiihrend fiir die Konzeption von PETRA IV nutzt. Die
vorgesehenen Governance-Strukturen, die interne Projektorganisation sowie die
eingebundenen Gremien und beratenden Strukturen sind grundsitzlich
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geeignet, die Planung, den Aufbau und den spdteren Betrieb von PETRA IV effi-
zient und wissenschaftsgeleitet zu steuern. Der Wissenschaftsrat begrii3t insbe-
sondere, dass internationale wissenschaftliche Expertise in strategische Ent-
scheidungen eingebunden und dass Nutzendenperspektiven institutionell
verankert werden.

DESYs Expertise ist eine wesentliche Voraussetzung fiir das Gelingen des
anspruchsvollen Umbaus der bestehenden Anlage zu PETRA IV bei gleichzeitig
moglichst  kurzen  Unterbrechungen  des  Nutzungsbetriebs.  Der
Wissenschaftsrat unterstiitzt DESY darin, bewdhrte Strukturen zu nutzen und
gleichzeitig dort weiterzuentwickeln, wo die Komplexitit von PETRA IV
zusatzliche Formen des Projekt- und Risikomanagements erforderlich macht.
Zur weiteren Stirkung der Governance-Agilitit empfiehlt der Wissenschaftsrat
nachdriicklich, die klare Benennung einer verantwortlichen Person oder Instanz
vorzunehmen, die Zielkonflikte zwischen Kosten, Zeitplan und technologisch-
wissenschaftlichem  Scope  koordiniert wund transparent bewertet.
Entscheidungsprozesse innerhalb dieses Spannungsfeldes sollten formell
definiert werden. Zur Sicherung der Governance-Resilienz ist es unerldsslich,
dass Projekt-Handbuch, RACI-Matrix, Anderungsprozesse und Risikoregister
vollstindig erstellt und gepflegt werden. Der Wissenschaftsrat begriiRt die
Einrichtung des Facility and Infrastructure Advisory Committee (FIAC) als
innovatives und exemplarisches Governance-Merkmal. Dariiber hinaus
empfiehlt er die Erstellung eines detaillierten Nachfolgeplans fiir
Fihrungskrafte, um Personalwechsel wiahrend der Projektdurchfithrung
abzusichern. Die derzeit noch wunklare Entscheidungskette zwischen
Projektleiter, Beschleuniger-Direktor und DESY-Direktorium sollte ebenfalls
prazisiert werden.

Um Verzogerungen durch starre Budgetverfahren zu vermeiden, empfiehlt der
Wissenschaftsrat den Zuwendungsgebern und Zuwendungsempfiangern, dem
Projektteam ein hohes Mal3 an Flexibilitat innerhalb des genehmigten finanziel-
len und zuwendungsrechtlichen Rahmens zu ermdoglichen. Der Wissenschafts-
rat betont, dass ein solches Vorgehen die Verantwortlichkeiten klar lassen, zu-
gleich aber Entscheidungswege verkiirzen und damit den kontinuierlichen
Baufortschritt sichern sollte. RegelmidRige Abstimmungen zwischen Zuwen-
dungsgebern und Zuwendungsempfingern konnten dazu beitragen, Transpa-
renz zu wahren und dennoch ein hinreichend agiles Projektmanagement zu er-
moglichen. Die Flexibilitit sollte durch agile Entscheidungsprozesse auf Ebene
der Zuwendungsgeber flankiert werden, damit das Projekt auf technische, pla-
nerische und marktbedingte Entwicklungen zeitnah reagieren kann.

Der Wissenschaftsrat weist darauf hin, dass angesichts des Umfangs, der tech-
nischen Ambition und der verkniipften Abhingigkeiten zu anderen Projekten
und Infrastrukturen die Anforderungen an das Projektmanagement besonders
hoch sind. Dies gilt insbesondere fiir die Koordination der einzelnen



Arbeitspakete, die Steuerung von Schnittstellen zwischen Bau, Beschleuniger-
und Instrumentenentwicklung sowie IT- und Dateninfrastruktur, die Sicherstel-
lung qualifizierter personeller Ressourcen und die friithzeitige Identifikation von
Projekt- und Terminrisiken. Der Wissenschaftsrat empfiehlt daher, ein robustes,
transparent dokumentiertes Projektmanagementsystem zu etablieren, das re-
gelmiRige Meilenstein-Reviews, Eskalations- und Entscheidungswege und ein
strukturiertes Berichtswesen umfasst.

Der Wissenschaftsrat wiirdigt, dass im Vorhaben die Zusammenarbeit mit nati-
onalen und internationalen Partnerinstitutionen vorgesehen ist, die erginzende
Expertise und Ressourcen einbringen. Diese Kooperationen bieten Chancen fiir
eine effiziente Nutzung vorhandener Kompetenzen und kénnen dazu beitragen,
Entwicklungsrisiken zu mindern und Synergien zu realisieren. Der Wissen-
schaftsrat empfiehlt, die Rollen, Verantwortlichkeiten und Beitrdge der Partner
klar zu definieren und in geeigneten Vereinbarungen verbindlich zu regeln, um
Reibungsverluste und Unklarheiten in der Projektumsetzung zu vermeiden.

Mit Blick auf Organisation und Management weist der Wissenschaftsrat darauf
hin, dass eine klare, nach innen und auflen kommunizierte Priorisierung von
Projektzielen sowie ein stringentes Anderungs- und Entscheidungsmanagement
von zentraler Bedeutung sind. Unzureichend geregelte Verantwortlichkeiten,
mangelnde Transparenz in Entscheidungsprozessen oder eine unklare Rollen-
verteilung zwischen Tragereinrichtung, Zuwendungsgebern und Partnern kon-
nen sich als wesentliche Problempunkte erweisen, die einen reibungslosen Auf-
bau von PETRAIV gefihrden. Der Wissenschaftsrat empfiehlt daher,
Governance- und Managementstrukturen fortlaufend zu tiberpriifen und bei Be-
darf anzupassen.

Zu Kosten, Finanzierung und Risiken

Der Wissenschaftsrat wiirdigt, dass fir PETRA IV eine detaillierte Budgetpla-
nung vorgelegt wurde, die die wesentlichen Kostenkomponenten der Aufbau-
und Betriebsphase umfasst und die technologischen Besonderheiten des Vorha-
bens angemessen bertiicksichtigt. Die Kostenschdtzung ist zum vorliegenden Pla-
nungsstand nachvollziehbar und belastbar, wobei die fiir vergleichbare Grof3-
projekte typischen Unsicherheiten insbesondere im Hinblick auf technologische
Entwicklungen, Preissteigerungen und die Dauer der Realisierung zu beachten
sind. Der Wissenschaftsrat begriifdt, dass eine strukturierte Aufteilung in Ar-
beitspakete und Kostenkategorien vorgenommen wurde, die eine transparente
Zuordnung von Mitteln ermoglicht.

Der Wissenschaftsrat weist darauf hin, dass das Vorhaben mit erheblichen fi-
nanziellen Volumina verbunden ist und iiber einen langen Zeitraum eine ver-
lassliche und planbare Finanzierung erfordert. Eine enge Abstimmung zwischen
den Zuwendungsgebern in Bund und der Freien und Hansestadt Hamburg, dem
DESY und der Helmholtz-Gemeinschaft Deutscher Forschungszentren (HGF)
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sowie ggf. weiteren Akteuren ist notwendig, um eine tragfihige Finanzierungs-
16sung zu gewdhrleisten. Diese muss sowohl die Aufbau- als auch die langfristi-
gen Betriebskosten (im Verantwortungsbereich der Helmholtz-Gemeinschaft)
angemessen berticksichtigen.

Im Hinblick auf die Betriebskosten weist der Wissenschaftsrat insbesondere auf
die Annahmen hin, die beziiglich des Pakts fiir Forschung und Innovation (PFI)
gemacht werden. Da die Fortfithrung und das kiinftige Volumen dieser Mittel
iiber das Jahr 2030 hinaus noch nicht feststehen, entsteht eine erhebliche Unsi-
cherheit fiir die nachhaltige Finanzierung des Betriebs von PETRAIV. Falls die
auf Basis des PFI zur Verfiigung gestellten Mittel fiir die Betriebsphase nach 2030
geringer ausfallen miissen als angenommen, ware ein grofRerer Teil der Betriebs-
ausgaben HGF-intern umzuschichten oder iiber eine Erhohung der Einnahmen
aus kommerzieller Nutzung zu decken. Letzteres konnte jedoch die fiir For-
schung verfiigbare Strahlzeit einschranken und damit den wissenschaftlichen
Mehrwert der Anlage deutlich mindern. Der Wissenschaftsrat empfiehlt daher
nachdriicklich, frithzeitig alternative Strategien zur Absicherung der Betriebs-
kostenfinanzierung zu entwickeln. Dazu zdhlen unter anderem weitere Finan-
zierungsoptionen im Rahmen der Helmholtz-Gemeinschaft sowie Modelle, die
eine ausgewogene Balance zwischen kommerzieller und wissenschaftlicher Nut-
zung sicherstellen.

Zudem weist der Wissenschaftsrat auf die ambitionierte Zielgrof3e von finf Mil-
lionen Euro jahrlichen industriellen Einnahmen hin, die Sensitivititsanalysen
und Reserven im Risikomanagement erfordert. Die Validierung des Stromspar-
effekts des LPA-Systems fiir die gesamte Injektorkette inklusive nicht-PETRA-IV-
Strahlfiihrungen ist dafiir unabdingbar. Die Strahlfiihrungs-Budgets werden vo-
raussichtlich Uberschreitungen anderer Kategorien absorbieren miissen. Der
Wissenschaftsrat empfiehlt daher klare Governance-Verfahren zur Definition
nicht-essentieller Strahlfithrungsreduktionen unter Einbeziehung von Nutzen-
denfeedback.

Der Wissenschaftsrat wiirdigt, dass PETRA IV eine strukturierte Risikoanalyse
erarbeitet hat, die quantifizierbare und nicht quantifizierbare Risiken identifi-
ziert und Ansdtze fir ein Risikomanagement skizziert. Diese umfassen unter
anderem technische Risiken im Zusammenhang mit der Weiterentwicklung von
Beschleuniger- und Instrumentierungskomponenten, terminliche Risiken
durch die Komplexitidt des Umbaus im laufenden Betrieb sowie finanzielle Risi-
ken im Zusammenhang mit Kostensteigerungen und unvorhergesehenen An-
passungsbedarfen. Es ist zu begriiRen, dass fiir zentrale Risiken MaRnahmen
vorgeschlagen werden, die deren Eintrittswahrscheinlichkeit und potenzielle
Auswirkungen begrenzen sollen.

Als kritisch beurteilt der Wissenschaftsrat die vorgesehene Personalausstattung
fiir die Betriebsphase: Die Zusage von DESY fiir zusitzliche, in der aktualisierten
Finanzplanung noch nicht berticksichtigte 160 Planstellen im Betrieb ist



grundsitzlich zu begriiflen, erscheint jedoch angesichts der anvisierten hohen
Nutzendenzahlen, Datenraten und Serviceanforderungen als knapp bemessen,
insbesondere bei erwartbaren Fluktuationen wissenschaftlicher Mitarbeiterin-
nen und Mitarbeiter sowie bei Herausforderungen in der Rekrutierung von IT-
Kraften. Dies birgt Risiken fiir Wissenskontinuitdt und operative Skalierbarkeit.
Der Wissenschaftsrat empfiehlt daher, die langfristige Personalausstattung
friithzeitig zu tiberpriifen, internationale Benchmarks einzubeziehen, die inter-
nen Zusagen zur Bereitstellung von Planstellen als verbindliche Verpflichtung
mit Meilensteinen zu formalisieren. Kooperationen mit institutionellen Part-
nern sollten klare Vereinbarungen zur Aufgabenteilung zwischen zentralem
Unterstiitzungspersonal und Teams an den Strahlfithrungen enthalten. Der
Wissenschaftsrat konstatiert, dass die User Support Group (USG) als zentraler
Pfeiler der Transformation zu betrachten ist, deren Konzept jedoch einer sub-
stanziellen Weiterentwicklung bedarf. DESY wird empfohlen, prizise zu defi-
nieren, wie die USG strukturell mit den Strahlfithrungs-Teams zusammenarbei-
tet und proaktive Unterstiitzung auf unterschiedlichen Kompetenzstufen
sicherstellt.

Zur Umsetzung und Meilensteinplanung

Der Wissenschaftsrat wiirdigt, dass fiir PETRAIV ein detaillierter Zeitplan mit
wesentlichen Meilensteinen fiir Planung, Bau, Umbauphasen, Inbetriebnahme
und Ubergang in den Routinebetrieb vorgelegt wurde. Die ambitionierte Zielset-
zung, den Umbau der bestehenden Anlage bei moglichst geringer Unterbre-
chung des Nutzungsbetriebs zu realisieren, wird als wissenschaftspolitisch sinn-
voll, aber zugleich anspruchsvoll eingeschitzt. Der Wissenschaftsrat begriif3t,
dass kritische Pfade im Projektablauf identifiziert wurden und dass Wechselwir-
kungen zwischen Bau, Beschleunigerentwicklung, Instrumentierung und IT-Inf-
rastruktur in der Planung berticksichtigt werden.

Die Realisierbarkeit des Zeitplans hangt maRgeblich von einer konsequenten Pri-
orisierung und Sequenzierung der Strahlfithrungs-Aktivierung ab, um bei mog-
lichen Bauverzogerungen dennoch zentrale Meilensteine fiir den wissenschaft-
lichen Output zu erreichen. Verzogerungen in einzelnen Schritten konnen
aufgrund der engen Kopplung der Teilprojekte schnell zu Kaskadeneffekten fiih-
ren, die den geplanten Beginn der Betriebsphase insgesamt verschieben. Der
Wissenschaftsrat weist darauf hin, dass eine realistische Einschdtzung der Zeit-
risiken und eine Einplanung ausreichender Reserven in der Meilensteinplanung
von zentraler Bedeutung sind. Die schrittweise Inbetriebnahme der 31 Strahl-
fiihrungen markiert zentrale wissenschaftliche Meilensteine: Phase I (19 Strahl-
fithrungen) bis 2032, Phase II (12 Strahlfithrungen) bis 2035; die USG wird ab
2032 eine operationelle Schliisselfunktion einnehmen. Zur Sicherung operativer
Flexibilitit empfiehlt der Wissenschaftsrat, dariiber hinaus Strategien fiir mo-
dulare Instrumenten-Upgrades zu entwickeln und Kl-gestiitzte Analyse-Work-
flows zu implementieren — etwa automatisierte Datenqualitatsprifungen,
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Mustererkennung und schnelles Feedback fiir experimentelle Optimierung. Au-
Rerdem wird DESY empfohlen, konkrete Pline fiir USG-Strahlfiihrungsschnitt-
stellen, Personalprofile und Interaktionsprotokolle vor Baubeginn zu formalisie-
ren.

Der Wissenschaftsrat begriifRt, dass fiir PETRA IV zentrale Meilensteine definiert
wurden, an denen wesentliche Zwischenziele tiberpriift und Entscheidungen
iiber den weiteren Verlauf getroffen werden sollen. Hierzu zihlen etwa die Fer-
tigstellung bestimmter Bauabschnitte, die Erreichung definierter Leistungspara-
meter des Beschleunigers, die Inbetriebnahme prioritarer Strahlfithrungen so-
wie die schrittweise Aufnahme des Nutzungsbetriebs. Der Wissenschaftsrat
empfiehlt, diese Meilensteine mit klaren, tiberpriifbaren Kriterien zu hinterle-
gen und im Rahmen eines strukturierten Berichtswesens regelmiRig intern zu
evaluieren. Zur organisatorischen Optimierung empfiehlt der Wissenschaftsrat
nachdriicklich die Einrichtung einer zentralen Organisationseinheit zu Daten,
Digitalisierung, sowie KI. Diese soll ,,Observe-Design-Control“-Schleifen verein-
fachen und den Innovations-Transfer beschleunigen.

Der Wissenschaftsrat begriil3t das Bewusstsein fiir Nachhaltigkeitsaspekte und
wiirdigt, dass im Vorhaben auch Uberlegungen zur Energieeffizienz, ressourcen-
schonenden Auslegung der Anlage, Minimierung von Umweltbelastungen sowie
zur spateren Anpassungs- und Riickbaufdhigkeit integriert sind. Er empfiehlt
nachdriicklich, diese Nachhaltigkeitsplanungen weiter zu konkretisieren und
mit nationalen und europdischen Strategien zum nachhaltigen Forschungsinf-
rastrukturbetrieb zu verzahnen. Dafiir sollte z. B. eine umfassende Umweltbi-
lanz mit messbaren Zielen, kontinuierlicher Uberwachung, unabhingiger Be-
richterstattung und Benchmarking mit vergleichbaren Einrichtungen und
nationalen Klimazielen erfolgen.

Wissenschaftspolitisches Votum

Der Wissenschaftsrat wiirdigt PETRA IV insgesamt als ein wissenschaftlich hoch
relevantes, international herausragendes und fiir den Wissenschafts- und Inno-
vationsstandort Deutschland strategisch bedeutendes Vorhaben. PETRA IV bie-
tet ein herausragendes Potenzial fiir exzellente Forschung in einem breiten
Spektrum von Disziplinen, fir die Ausbildung und Gewinnung hochqualifizier-
ter Fachkrifte sowie fiir Innovation sowie Wissens- und Technologietransfer.
Zugleich ist das Projekt mit erheblichen finanziellen, organisatorischen und
technischen Herausforderungen verbunden, die eine sorgfiltige Planung, ein
stringentes Management, ein wirksames Risikomanagement sowie klare Meilen-
steine und Abbruchkriterien erfordern.

Der Wissenschaftsrat befiirwortet die Umsetzung von PETRA IV unter Bertick-
sichtigung der in dieser Stellungnahme genannten Hinweise und Empfehlun-
gen. Dem BMFTR empfiehlt er, sich mit den beteiligten Akteuren tiber Moglich-
keiten der gemeinsamen Umsetzung des Vorhabens zu verstindigen.



Das BMFTR hat den Wissenschaftsrat gebeten, bei Notwendigkeit eine aktuali-
sierte wissenschaftspolitische Einschidtzung von PETRA IV abzugeben. Der Wis-
senschaftsrat empfiehlt eine erneute Befassung mit dem Vorhaben im Falle we-
sentlicher Abweichungen beim wissenschaftlichen Potential, dem Zeitplan oder
der Kostenentwicklung.
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Preliminary Remarks

In 2024, the German Science and Humanities Council (Wissenschaftsrat — WR)
was asked by the then Federal Ministry of Education and Research (BMBF), now
the Federal Ministry of Research, Technology and Space (BMFTR), to carry out a
science-driven assessment process for large research infrastructure projects as
part of a national prioritisation process. The WR has set up a mandated
committee consisting of WR members and additional experts to conduct this
process independently.

In June 2025, the committee recommended to the BMFTR to include the project
‘PETRA IV — The ultimate 4D X-ray Microscope’ at Deutsches Elektronen-
Synchrotron DESY on a shortlist of research infrastructures to be prioritised
from a research policy perspective. | ' After bringing together the results of the
science-driven assessment with the parallel costs and risks assessment as well as
the assessment of the potential for innovation and transfer, the BMFTR followed
this recommendation and published a shortlist of nine projects in July 2025,
including PETRA IV. At the same time, the Ministry asked the WR to evaluate
the projects on the shortlist to ensure that they are established in the best
possible way and that the recommendations from the assessment strands of the
prioritisation phase are followed up.

The committee set up a working group to evaluate PETRA IV. This working
group consisted of panel members from the three assessment strands of the
prioritisation process, other experts and one guest each from the federal and
state governments. Therefore, experts who are not members of the WR
also participated in this working group. The WR would like to thank them in
particular for their commitment.

The working group visited DESY on 2 and 3 December 2025 and wrote an
evaluation report based on this evaluation. Once approved by the working group,
the evaluation report cannot be changed in the further stages of the process.

| 1 For an overview of the science-driven assessment and all submitted proposals see: Council /
Wissenschaftsrat (2025): Report on the science-driven assessment of large research infrastructure projects
for the national prioritisation process; Cologne. DOI: https://doi.org/10.57674 /he9d-sv18

All web links in this publication were last accessed on 23 March 2026.


https://doi.org/10.57674/he9d-sv18

32 On the basis of this evaluation report, the committee adopted the science policy
statement on 17 March 2026. This document is a translation of the statement.
The German original text prevails.



A. Key Parameters

PETRA 1V is a planned research infrastructure (RI) in form of a comprehensive
upgrade of the existing PETRA III synchrotron radiation source to create a high-
brilliance 4D X-ray microscopy source at the Deutsches Elektronen-Synchrotron
(DESY) in Hamburg. The technology developed for this purpose utilises an ultra-
low-emitting storage ring with a new injector chain (including the DESY IV
Booster) to generate highly coherent X-rays in the hard energy range. Compared
to PETRA III, this enables a 500-fold increase in brilliance and allows for
experiments with higher sensitivity, larger sample volumes and faster temporal
resolution. The facility is designed as a user facility, providing scientific
communities and industrial users with up to 36 beamlines for experiments — the
plan is to start with 19 beamlines from 2032 and to establish a further 12
beamlines from 2035. In addition to this core portfolio of 31 beamlines, five
further beamlines are reserved for future beamlines to enable a response to new
scientific and technological opportunities during the operation phase. On more
than 300 operating days per year, around 5,000 users are expected to investigate
the structure, composition, dynamics, and function of materials and biological
systems using highly brilliant X-ray radiation, covering length scales from
nanometres to millimetres and timescales from nanoseconds to hours. PETRA
IV is therefore aimed in particular at researchers in the fields of materials
science, life sciences, chemistry, earth and environmental research, and
information technology. PETRA IV aims to take a leading position in European
and global synchrotron research and thus meet the growing demand in
Germany and Europe for, for example, higher resolution and in-situ
investigations.

PETRA 1V is a project of the Helmholtz Centre DESY as the core institution in
Science City Hamburg Bahrenfeld. According to the submitted documents, based
on prices as of October 2025, the total costs amount to 5.155 billion euros for
the entire life cycle (installation, operation, dismantling). The nine-year
installation phase (2027-2035, with initial operation planned from 2032) is
estimated to cost 1.794 billion euros. DESY is to contribute 216.9 million euros
of this. According to the submitted documents, the Free and Hanseatic City of
Hamburg has so far pledged to cover 10% of the remaining funding requirement
(157.7 million euros). This results in a funding gap of 1.419 billion euros during
the installation phase. For the 30-year operation phase (2032-2061), current
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estimates amount to 3.349 billion euros, of which 3.062 billion euros are to be
borne by DESY. A further 51.5 million euros are to be contributed by partner
institutions for additional beamlines. Commercial proceeds are estimated at
132.6 million euros. This leaves a funding gap of 103 million euros for the
operation. 11.96 million euros are calculated for the one-year dismantling phase
(2062), of which DESY will contribute 5.3 million euros; 6.66 million euros are
to be covered by commercial proceeds (e.g. material recycling).



B. Statement and
Recommendations

The German Science and Humanities Council (the Council) generally endorses
the evaluation and recommendations of the established working group. It
acknowledges the high quality of the submitted plans and the project’s far-
reaching strategic significance. At the same time, it concurs with the assessment
of the identified risks and outstanding issues and draws attention to the
resulting tasks relating to implementation and management.

Assuming that PETRA IV is implemented as planned, the Council issues the
following statement:

On the significance of the project

The Council recognises the outstanding importance of PETRA IV for Germany
and Europe as locations of knowledge, emphasizing the implementation of a
comprehensive research infrastructure (RI) to ensure global competitiveness in
photon science. PETRA IV is the major facility for sustainably securing and
further developing the strengths in the field of synchrotron radiation that have
grown at the Deutsches Elektronen-Synchrotron DESY) over decades, thereby
maintaining international visibility and a leading position. The project builds
rigorously on the successful use of PETRA III and will transform it into a new
generation of high-brilliance X-ray sources. These will enable key scientific
questions to be addressed with a spatial and temporal resolution previously
unattainable.

PETRA IV will make a significant contribution to strengthening Germany’s
visibility and attractiveness as a location of science and research in structural
and dynamic research, the materials and life sciences, as well as chemistry and
physics. The planned RI will make it possible to investigate complex processes
in materials, biological systems and functional structures under realistic
conditions in near real time, thereby gaining new insights that are of great
importance for both fundamental research and application-oriented
developments — particularly in the areas identified by DESY: energy, life/health,
transport/technology, earth/environment and information technology. The
Council welcomes the fact that the design of PETRA IV is closely interwoven with
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other national and European research institutions, thereby systematically
creating synergies between different research fields, methods and user groups.
The Council supports the project’s aim to embed itself within a strategic overall
perspective of the European research landscape and to systematically expand
interfaces with other RI, for example in the neutron or free-electron laser
sectors.

It should be emphasised that the project makes an important contribution to
expanding the international German science system network. PETRA IV is
designed as an open user facility, accessible to researchers from Germany,
Europe and beyond, thereby building on the proven structures of PETRA III. The
planned quality and range of instrumentation, as well as the close integration
into existing and planned European consortia and networks, will further
enhance the attractiveness of Germany as a partner in scientific collaboration.

The Council welcomes the fact that PETRA IV will contribute to the
attractiveness of scientific work in Germany and Europe by offering highly
qualified scientists at all career stages, as well as specialists with high technical
expertise, an excellent environment for research and technological
development. In the international competition for scientific talent, the
opportunity to work at a world-leading source of synchrotron radiation plays an
important role. PETRA IV will help to retain international scientists in Germany
and attract them to the country. The Council welcomes the fact that PETRA IV
intends to systematically exploit the potential for the training and qualification
of early-career researchers, for example through structured programmes,
targeted integration into graduate schools and close cooperation with higher
education institutions. Accordingly, the Council recommends consistently
pursuing the steps already taken to anchor PETRA IV in national and European
research and innovation strategies and to highlight the facility’s long-term role
as a core component of the German research landscape.

The Council points out that delays in implementation or compromises in the
scientific scope will jeopardise the project’s intended international leadership
role and have negative repercussions for Germany’s position in the global
scientific competition in synchrotron research.

On the scientific potential

The Council recognises the exceptional scientific potential of PETRA IV, which
stems from the combination of high-brilliance X-rays with a broad, scientifically
well-founded portfolio of instrumentation. The planned beamlines and
experimental stations address key, forward-looking research questions in
physics, chemistry, earth system research, materials science and the life
sciences, and are designed to remain flexible and adaptable to new developments
in the decades to come. The Council welcomes the fact that the project takes
into account both established user communities with clearly defined needs and



emerging communities that are methodologically and thematically
inexperienced in the use of accelerator facilities.

If successfully implemented, it is expected that PETRA IV will set new standards,
particularly in the fields of high-resolution structural analysis, time-resolved
investigations of dynamic processes, and in-situ/operando experiments. This
applies, for example, to the investigation of functional materials under realistic
operating conditions, to the elucidation of ultrafast processes at interfaces or in
complex fluids, and to the structural characterisation of biological
macromolecules and cellular processes. The planned combination of
complementary methods at the facility (e.g. imaging, spectroscopy, scattering)
opens up far-reaching possibilities for consistently addressing multi-scale
questions and pursuing integrative research approaches.

The Council welcomes the fact that the scientific utilisation of PETRA IV will be
based on a mature, innovative utilisation concept, which builds on the
experience gained with PETRA III and reflects the growing demand from
scientific communities for synchrotron research. The transition to a rolling peer-
review process, the structured involvement of users in the further development
of the instruments, and the planned provision of support structures and data
management services are in line with international best practices and will
enable users to achieve scientifically excellent results with PETRA IV. In this
context, new user interface models should build on the established beamtime
access schemes of comparable facilities, and more flexible, diversified forms of
access should be developed. Consistent implementation will result in
significantly greater flexibility for users, continuity of research and efficiency of
the facility, which will contribute to the long-term success of PETRA IV. The
Council therefore endorses the planned measures as a solid foundation for
optimising operations and maximising scientific impact at national and
international level. The project is supported to further develop these structures
— in particular by establishing a structured innovation portfolio with defined
objectives, responsibilities and performance indicators — and to actively promote
the participation of younger researchers and disciplines that have been under-
represented to date. At the same time, the Council points out that the
operational implications of a rolling access process should be clearly outlined in
comparison to the traditional process, that the expanded interface models
should play a central role in the innovation agenda, that pricing models and
intellectual property (IP) policies in particular must be professionalised, and
that, finally, the current concepts of the planned support structures should be
further developed.

With regard to technological developments, the Council particularly commends
the innovative Laser-Plasma-Accelerator (LPA) concept as a potentially
transformative element of PETRA IV’s scientific potential. Through compact,
energy-efficient injection systems, it opens up new degrees of freedom in beam
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quality and stability. Although the results to date are promising, further
developments are required to achieve the operational stability necessary to
replace conventional technology over continuous 200-day cycles per year. The
scientific success of the LPA concept depends overall on resolving key challenges
— particularly regarding laser reliability, achievable energies, plasma-target
replenishment and operational stability across complete beam-guiding cycles.

The Council therefore strongly recommends that the planned go/no-go decision
in mid-2027 be accompanied by clear performance thresholds, reliability metrics
and fallback protocols. This will ensure careful long-term risk management and
enable transparent risk communication as well as adaptive beamline planning.
This ‘high risk/high reward’ technology profile is in line with the need to push
technological boundaries in the face of global competition and is to be
welcomed. The positive impacts of this innovation would extend beyond
PETRA IV and could benefit future synchrotrons and related technology sectors
worldwide.

The Council welcomes the conceptual integration of the ‘Observe-Design-
Control’ loop, which aims to transform traditional research into autonomous,
data-driven materials development. In this context, the Council recommends the
development of clear scientific roadmaps for priority areas such as energy
storage, quantum materials and catalysis. These roadmaps should be anchored
in organisational structures that systematically link the PETRA IV beamlines
with external partners in the fields of computer design, high-throughput
synthesis and functional testing, thereby operationalising the ‘Observe-Design-
Control’ concept across institutional boundaries. The early development of these
thematic roadmaps during the installation phase will form a strategic basis for
prioritising resources and attracting international consortia.

For the full implementation of the ‘Observe-Design-Control’ loop, continued
close collaboration with leading international teams is urgently required,
offering diverse and complementary expertise in areas such as theory and
modelling, material and molecular synthesis, and functional testing. The
Council therefore recommends that PETRA IV further strengthens and
strategically implements this concept, in particular through international
cooperations in the fields of theory, modelling and data-driven material design,
as well as in the synthesis and mapping of functionalities. Such measures are of
crucial importance for securing PETRA IV’s international leadership role in
synchrotron research and enabling highly autonomous, development-oriented
experiments.

The Council acknowledges that PETRA IV takes account of the increasing
importance of data and computing infrastructures and provides for
corresponding concepts for data management, data analysis and long-term
archiving. The expected data rates and volumes require a high-performance IT
infrastructure, closely integrated with methodological expertise in data science



and software development. The Council recommends that these aspects are to
be pursued as a high priority from the installation phase onwards and developed
in close coordination with national and European initiatives in the field of
research data infrastructures. At the same time, a comprehensive framework for
data management should be developed, including clear a priori criteria for
distinguishing between data to be retained and data that can be utilised. To avoid
fragmented IT and data responsibilities, the establishment of a high-level
organisational unit for data, digitisation and Al is strongly recommended.

On the potential for innovation and transfer

PETRA IV offers significant potential for innovation and the transfer of
knowledge and technology, and can thus make an important contribution to
strengthening Germany’s position as a hub for innovation and industry. The
planned performance of the facility and the range of application fields it
addresses, open up substantial opportunities for cooperation with industry,
particularly in the areas of new materials, energy technologies, mobility,
information technologies, the pharmaceutical and life sciences industries, as
well as high-performance manufacturing. The Council positively highlights that
the project builds on DESY’s existing transfer structures and industrial
collaborations and provides for their further development.

Furthermore, the Council welcomes the central role of the ‘Observe-Design-
Control’ loop in the innovation strategy, which holds enormous potential for
boosting Germany’s industrial competitiveness. To realise this, it strongly
recommends the development of flexible usage interface models as well as
professionalisation in pricing and IP. In addition, the following areas should be
specifically developed further: the scaling of intermediary networks, the
systematic review of IP guidelines using quantitative and qualitative impact
indicators, the strengthening of internal innovation capacities, and the
intensification of cooperations with non-local stakeholders — in each case
accompanied by early and clearly visible communication of the added value for
industry.

In this context, the Council emphasises the role of intermediary companies and
networks that bring PETRA IV and industrial users together, accelerate the
transfer of scientific findings into industrial applications through targeted
scaling, and can contribute to the projected proceeds from innovation and
transfer. However, this requires the implementation of project-based service
models to address small and medium-sized enterprises as well as large-scale
industry in equal measure.

The Council highlights the contributions that PETRA IV can make to the state’s
technological sovereignty, resilience and capacity to act, for example through
the development and validation of key technologies in the fields of photonics,
precision mechanics, vacuum and cryogenic technology, as well as control and
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detector technologies. The necessary developments in accelerator and
instrumentation technology typically have a long-term impact and strengthen
Germany’s existing expertise in research-intensive high-tech sectors. The
Council recommends systematically tapping into this potential, for example
through targeted partnerships with industrial companies, joint development
projects and complementary funding instruments.

PETRA IV also closes a strategic gap in the European synchrotron portfolio
through its unique 6 GeV coherent beam for in-situ investigations of complex
systems. The Council recommends proactive measures to ensure that strategic
analytical capabilities can be made available within a few days in the event of
national emergencies, including the early definition of use cases and protocols.

The Council points out that, given its growing societal and political significance,
PETRA IV can make an important contribution to defence and security research
as well as related application-oriented projects. The constructive integration of
relevant topics into the PETRA IV research portfolio is therefore recommended,
subject in strict adherence to ethical guidelines, appropriate authorisation
procedures and confidentiality protocols, as well as the highest data security
standards. DESY’s existing export control guidelines and data protection
processes provide a sound basis for this. The Council recommends developing
options for making beamlines available for dual-use research and establishing
formal processes for dual-use projects, as well as appropriate ethical and legal
governance structures at an early stage, in order to ensure compliance with
national and European regulations. The Council is aware that the creation of the
technical, structural and organisational prerequisites for such research is not
included in the current planning.

The Council acknowledges that PETRA IV envisages a concept for generating
societal impact, which is geared, amongst other things, towards increased
visibility of research results, educational and outreach activities, and
contributions to addressing socially relevant issues. This concerns topics such as
energy and resource efficiency, climate and environmental research, health and
sustainable production, for which the investigations made possible by PETRA IV
can provide important foundational information. The Council supports the
project in strategically pursuing these societal dimensions and developing them
in cooperation with higher education institutions, non-university research
institutions, schools and other societal stakeholders.

The Council points out that realising the innovation and transfer potential of
PETRA IV depends on clearly defined, institutionally anchored and adequately
resourced transfer structures. A lack of human resources, insufficient strategic
coordination with regional and national innovation stakeholders, or insufficient
visibility of cooperation opportunities for industry would result in significant
transfer opportunities remaining untapped. The Council recommends that the
existing transfer and innovation concept for PETRA IV, which encompasses clear



responsibilities, measurable objectives and appropriate interfaces with
industrial and societal partners, be developed coherently during the installation
phase in order to systematically tap into the facility’s innovation potential,
increase its visibility as a centre for application-oriented research, and make a
sustainable contribution to knowledge transfer in industry and commerce.

On organisation and management

The Council commends DESY for effectively utilising its expertise in the
organisation and management of RI in the design of PETRA IV. The proposed
governance structures, the internal project organisation, and the involved
committees and advisory bodies are, in principle, well-suited to managing the
planning, installation and subsequent operation of PETRA IV in an efficient and
science-led manner. The Council particularly welcomes the fact that
international scientific expertise is being incorporated into strategic decisions
and that user perspectives are being institutionally embedded.

DESY’s expertise is an essential prerequisite for the success of the challenging
conversion of the existing facility into PETRA IV, whilst ensuring that
interruptions to user operations are kept to a minimum. The Council supports
DESY in utilising established structures whilst further developing them where
the complexity of PETRA IV necessitates additional forms of project and risk
management. To further strengthen governance agility, the Council strongly
recommends clearly designating a responsible person or body to coordinate and
transparently assess conflicts of interest between costs, the timetable and the
technological and scientific scope. Decision-making processes within this area of
tension should be formally defined. To ensure governance resilience, it is
essential that the project handbook, RACI matrix, change processes and risk
register are fully established and maintained. The Council welcomes the
establishment of the Facility and Infrastructure Advisory Committee (FIAC) as
an innovative and exemplary governance feature. Furthermore, it recommends
the creation of a detailed succession plan for senior management to safeguard
against staff changes during project implementation. The decision-making chain
between the project manager, the accelerator director and the DESY Executive
Board, which is currently still unclear, should also be clarified.

To avoid delays caused by rigid budgetary procedures, the Council recommends
that funding bodies and recipients allow the project team a high degree of
flexibility within the approved financial and funding framework. The Council
emphasises that such an approach should clarify responsibilities whilst
simultaneously shortening decision-making processes, thereby ensuring
continuous construction progress. Regular coordination between funding bodies
and recipients could help to maintain transparency whilst still enabling
sufficiently agile project management. This flexibility should be supported by
agile decision-making processes at the level of the funding bodies, so that the
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project can respond promptly to technical, planning and market-related
developments.

The Council points out that, given the scale, technical ambition and
interdependencies with other projects and infrastructures, the demands on
project management are particularly high. This applies in particular to the
coordination of individual work packages, the management of interfaces
between construction, accelerator and instrument development, as well as IT
and data infrastructure, the securing of qualified human resources, and the
early identification of project and schedule risks. The Council therefore
recommends establishing a robust, transparently documented project
management system that includes regular milestone reviews, escalation and
decision-making procedures, and a structured reporting system.

The Council acknowledges that the project envisages collaboration with national
and international partner institutions that contribute complementary expertise
and resources. These cooperations offer opportunities for the efficient use of
existing expertise and can help to mitigate development risks and realise
synergies. The Council recommends clearly defining the roles, responsibilities
and contributions of the partners and setting these out in binding terms in
appropriate agreements to avoid friction and ambiguities in project
implementation.

With regard to organisation and management, the Council points out that a
clear prioritisation of project objectives, communicated both internally and
externally, as well as rigorous change and decision-making management, are of
central importance. Inadequately defined responsibilities, a lack of transparency
in decision-making processes, or an unclear division of roles between the
responsible institution, funding bodies and partners could prove to be
significant issues that jeopardise the smooth installation of PETRA IV. The
Council therefore recommends that governance and management structures be
reviewed on an ongoing basis and adjusted where necessary.

On costs, financing, and risks

The Council acknowledges that a detailed budget plan has been submitted for
PETRA 1V, which covers the key cost components of the installation and
operation phases and takes appropriate account of the project’s technological
specificities. The cost estimate is comprehensible and robust at the current stage
of planning, although the uncertainties typical of comparable large-scale
projects must be borne in mind, particularly with regard to technological
developments, price increases and the duration of implementation. The Council
welcomes the fact that a structured breakdown into work packages and cost
categories has been carried out, enabling a transparent allocation of funds.



The Council points out that the project involves substantial financial resources
and requires reliable and predictable funding over a long period. Close
coordination between the funding bodies at federal level and the Free and
Hanseatic City of Hamburg, DESY and the Helmholtz Association of German
Research Centres (HGF), as well as any other relevant stakeholders, is necessary
to ensure a viable funding solution. This must take appropriate account of both
the installation costs and the long-term operating costs (which fall within the
remit of the HGF).

With regard to operating costs, the Council draws particular attention to
assumptions made concerning the Pact for Research and Innovation (PFI). As the
continuation and future volume of these funds beyond 2030 have not yet been
determined, considerable uncertainty remains regarding the sustainable
financing of PETRA IV’s operation. If the funds made available on the basis of
the PFI for the operation phase after 2030 turn out to be lower than assumed, a
larger proportion of the operating expenditure would have to be reallocated
internally within the HGF or covered by increasing proceeds from commercial
use. The latter, however, could limit the beamtime available for research and
thus significantly reduce the scientific added value of the facility. The Council
therefore strongly recommends developing alternative strategies at an early
stage to secure the financing of operating costs. These include, among other
things, further funding options within the HGF as well as models that ensure a
sensible balance between commercial and scientific utilisation.

Furthermore, the Council draws attention to the ambitious target of five million
euros in annual industrial proceeds, which requires sensitivity analyses and risk
management reserves. Validation of the power-saving effect of the LPA system
for the entire injector chain, including non-PETRA IV beamlines, is essential for
this. The beamline budgets are expected to have to absorb cost overruns from
other categories. The Council therefore recommends clear governance processes
for defining non-essential beamline reductions, taking user feedback into
account.

The Council acknowledges that PETRA IV has developed a structured risk
analysis that identifies quantifiable and non-quantifiable risks and outlines
approaches to risk management. These include, among other things, technical
risks associated with the further development of accelerator and
instrumentation components, schedule risks due to the complexity of the
conversion whilst the facility is in operation, and financial risks associated with
cost increases and unforeseen adaptation requirements. It is to be welcomed that
measures are proposed for key risks designed to limit their probability of
occurrence and potential impact.

The Council considers the planned staffing levels for the operation phase to be
critical: DESY’s commitment to provide 160 additional posts for the operation,
which are yet to be incorporated into the financial plan, is to be welcomed in
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principle; however, given the high numbers of users, data rates and service
requirements envisaged, this appears to be insufficient, particularly in view of
the expected turnover of research staff and the challenges in recruiting IT
personnel. This poses risks to knowledge continuity and operational scalability.
The Council therefore recommends reviewing long-term staffing levels at an
early stage, incorporating international benchmarks, and formalising internal
commitments to provide posts as binding obligations with milestones.
Cooperations with institutional partners should include clear agreements on the
division of tasks between central support staff and teams at the beamlines. The
Council notes that the User Support Group (USG) should be regarded as a central
pillar of the transformation, but that its concept requires substantial further
development. DESY is advised to define precisely how the USG will cooperate
structurally with the beamline teams and ensure proactive support at different
levels of expertise.

On implementation and milestone planning

The Council commends the fact that a detailed timetable has been presented for
PETRA 1V, setting out key milestones for planning, construction, refurbishment
phases, commissioning and the transition to routine operation. The ambitious
objective of carrying out the refurbishment of the existing facility whilst
minimising disruption to user operations is regarded as sensible from a science
policy perspective, but also as a challenging one. The Council welcomes the fact
that critical paths in the project schedule have been identified and that
interactions between construction, accelerator development, instrumentation
and IT infrastructure are being taken into account in the planning.

The feasibility of the timetable depends largely on the consistent prioritisation
and sequencing of beamline activation, so that key milestones for scientific
output can still be achieved even in the event of potential construction delays.
Due to the close interdependence of the sub-projects, delays in individual steps
can quickly lead to cascading effects that postpone the planned start of the
operation phase as a whole. The Council points out that a realistic assessment of
time risks and the inclusion of sufficient buffers in the milestone planning are
of central importance. The phased commissioning of the 31 beamlines marks
key scientific milestones: Phase I (19 beamlines) by 2032, Phase II (12 beamlines)
by 2035; the USG will assume a key operational role from 2032 onwards. To
ensure operational flexibility, the Council further recommends developing
strategies for modular instrument upgrades and implementing artificial-
intelligence-supported analysis workflows — such as automated data quality
checks, pattern recognition and rapid feedback for experimental optimisation.
Furthermore, DESY is advised to formalise concrete plans for USG beamline
interfaces, staffing profiles and interaction protocols before construction begins.



The Council welcomes the fact that key milestones have been defined for
PETRA 1V, at which essential interim targets are to be reviewed and decisions on
the further course of action taken. These include, for example, the completion
of certain construction phases, the achievement of defined performance
parameters for the accelerator, the commissioning of priority beamlines, and
the gradual commencement of user operations. The Council recommends that
these milestones be underpinned by clear, verifiable criteria and regularly
evaluated internally as part of a structured reporting system. For organisational
optimisation, the Council strongly recommends the establishment of a central
unit for data, digitalisation and Al This is intended to simplify ‘Observe-Design-
Control’ loop and accelerate the transfer of innovation.

The Council welcomes the awareness of sustainability aspects and acknowledges
that the project also incorporates considerations regarding energy efficiency,
resource-efficient design of the facility, minimisation of environmental impact,
and future adaptability and decommissioning. It is strongly recommended that
these sustainability plans be further refined and aligned with national and
European strategies for the sustainable operation of RIs. To this end, for
example, a comprehensive environmental assessment should be carried out,
featuring measurable targets, continuous monitoring, independent reporting
and benchmarking against comparable facilities and national climate targets.

Science policy vote

The Council recognises PETRA IV as a project of high scientific relevance,
international excellence and strategic importance for Germany as a centre of
science and innovation. PETRA IV offers outstanding potential for excellent
research across a broad spectrum of disciplines, for the training and recruitment
of highly qualified specialists, and for innovation as well as knowledge and
technology transfer. At the same time, the project involves considerable
financial, organisational and technical challenges that require careful planning,
rigorous management, effective risk management, and clear milestones and
termination criteria.

The Council supports the implementation of PETRA IV, taking into account the
remarks and recommendations presented in this statement. It recommends that
the BMFTR consult with the stakeholders involved on possibilities for the joint
implementation of the project.

The BMFTR has asked the Council to provide an updated science policy
assessment of PETRA IV should the need arise. The Council recommends
revisiting the project in the event of significant deviations in scientific potential,
schedule or cost developments.
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Preliminary Remarks

In 2024, the German Science and Humanities Council (Wissenschaftsrat — WR)
was asked by the then Federal Ministry of Education and Research (BMBF), now
the Federal Ministry of Research, Technology and Space (BMFTR), to carry out a
science-driven assessment process for large research infrastructure projects, as
part of a national prioritisation process. The aim of the national prioritisation
process was to

_select the research infrastructures (RI) that are a priority for expanding and
maintaining Germany’s leading position in research and innovation in
international competition and the performance of the German science system
as part of the European Research Area;

_assess the resilience of the plans submitted and the expected funding
requirements in order to reduce risks during implementation;

_and to highlight the potential contributions of the planned RIs to innovation
and transfer beyond scientific knowledge gain, thus enabling these to be
included in the further decision-making process.

In addition to the science-driven assessment, the prioritisation process included
a costs and risks assessment as well as an assessment of the potential for
innovation and transfer.

A mandated committee, set up by the WR and consisting of WR members and
additional experts, carried out the science-driven assessment. In June 2025, the
committee recommended to the BMFIR to include PETRA IV at Deutsches
Elektronen-Synchrotron (DESY) on a shortlist of RIs to be prioritised from a
research policy perspective. | ' After bringing together the results of the three
assessment strands, the BMFTR followed this recommendation and published a
shortlist of nine projects in July 2025, including PETRA IV. At the same time, the
Ministry asked the WR to individually evaluate the concept for PETRA IV to
ensure that it will be established in the best possible way and that the

| 1 For an overview of the science-driven assessment and all submitted proposals see:

German Science and Humanities Council / Wissenschaftsrat (2025): Report on the science-driven
assessment of large research infrastructure projects for the national prioritisation process; Cologne. DOI:
https://doi.org/10.57674 /he9d-sv18

All web links in this publication were last accessed on 23 March 2026.


https://doi.org/10.57674/he9d-sv18
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recommendations from the three assessment strands of the prioritisation phase
are followed up.

For this purpose, the committee set up a working group consisting of panel
members from the three assessment strands of the prioritisation process, other
experts, and one guest each from the federal and state governments. The
working group visited DESY on 2 and 3 December 2025.

This evaluation report consists of two parts: The Initial Report (A) summarizes
the draft proposal documents submitted for the prioritisation process in October
2024 (A.I), presents the results of the three assessment strands from June 2025
(A.II), and informs about the reactions to the assessment results DESY submitted
in October 2025 (A.III). The Initial Report has been reviewed with DESY to ensure
that the facts are presented accurately. The Report of the Individual Evaluation
2025-2026 (B) reflects the working group’s assessment of PETRA IV. Once
approved by the working group, the evaluation report cannot be changed in the
further stages of the process.



Key Information
on PETRA IV

Responsible institution: Deutsches Elektronen-Synchrotron (DESY)

Installation costs as of October 2025: 1.794 billion euros (without indexing
and risks)

Installation phase: 2027 to 2035 (9 years)
Operation phase: 2032 to 2061 (30 years)

Dismantling phase: 2062 (1 year)
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A. Initial Report

A.l DRAFT PROPOSAL FOR PETRA IV IN THE PRIORITISATION PROCESS 2024

According to the submitted draft proposal, PETRA IV is planned to be a large-
scale research facility serving as an upgrade of the existing PETRA III
synchrotron radiation source at DESY in Hamburg. The project intends to
construct a high-brilliance source of hard X-rays, which is expected to enable
detailed investigations of the structure, composition, and dynamics of matter
across a broad range of spatial and temporal scales. Leveraging advanced storage
ring and detector technologies, PETRA IV is designed to deliver highly coherent
photon beams for experiments in materials science, life sciences, chemistry,
geosciences, and related fields. Located in Science City Hamburg Bahrenfeld,
PETRA 1V is planned to be integrated into both the local and international
research ecosystem, including universities, research institutes, and industrial
partners. The facility aims to provide open access to a broad, interdisciplinary
user community from Germany, Europe, and worldwide, supporting both
fundamental and applied research. By harnessing recent technological
advancements in accelerator design and X-ray optics, PETRA IV intends to
achieve higher spatial resolution and improved analytical sensitivity compared
to current synchrotron sources. This is expected to allow addressing scientific
questions related to energy materials, biological function, environmental
processes, and advanced manufacturing, while also supporting data-driven and
artificial-intelligence-assisted (AI) research approaches. PETRA IV seeks to
combine modern accelerator infrastructure, diverse experimental stations, and
an active international user community to become a key element of the
European and global photon science network, thereby enhancing research
capacity and collaboration in the field.

.1 Objectives for Research and Innovation

[.1.a Research Objectives

PETRA 1V is intended to address fundamental scientific questions concerning
the relationship between structure and function in materials, biological systems,
and complex matter under realistic conditions. The research objectives focus on
enabling quantitative observation, analysis, and control of physical, chemical,



and biological processes across all relevant spatial and temporal scales — from
the atomic and molecular level to macroscopic systems.

The main scientific questions identified by the PETRA IV project team concern
how functional properties emerge from complex, heterogeneous, and
hierarchical systems, and how these properties are expected to evolve
dynamically under external stimuli or operating conditions. The research
challenges outlined include transcending the current limitations of
experimental methods in resolving such systems in-situ, operando, or in-vivo
with sufficient spatial and temporal resolution, sensitivity, and field of view to
provide richer understanding of relations between structure and function and,
most importantly, provide experimental data to train Al systems relating
structure and function. PETRA IV is presented as a response to these limitations
and is envisaged to provide ultra-high spectral brightness, coherence, and
stability in the hard X-ray regime.

The project intends to cover a broad range of scientific fields including materials
science, life sciences, chemistry, physics, earth and environmental sciences,
energy research, transport and mobility, and information technology. Within
these areas, PETRA IV is planned to support studies of energy harvesting,
conversion, and storage materials, biological structures and dynamics from
molecules to whole organisms, geological and environmental processes,
advanced engineering and functional materials, and quantum and
semiconductor materials for future information technologies.

To operationalise this ambition, PETRA IV structures its scientific programme
across the major application domains Energy, Life & Health, Transport &
Technology, Earth & Environment, and Information Technology — each linked
to concrete, quantitative, in-situ/operando research questions concerning how
structure determines function under realistic conditions.

The Energy domain shows high sustainability potential and strong industrial
relevance. Research focuses on operando and four-dimensional analytics of
batteries, catalysts, and energy conversion processes, enabling investigations
‘inside the working battery’. The aim is to understand how local structures,
chemistry, and defect populations evolve during charge—discharge cycles, and
which microstructural features drive aging, safety risks, and capacity loss.

PETRA IV ascribes high societal potential and direct policy relevance to the
Earth & Environment area. This area will include studies of environmental
contaminants, water and corrosion processes, and geoscientific systems,
including those under extreme conditions. The use of hard X-rays is expected to
allow deep penetration and analysis of samples in ‘natural’ or in-situ
environments, providing crucial insights into real-world systems.

The Life & Health field is considered to offer medium to high sustainability
potential and benefit from complementarity with local partner institutions.
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Research will address the structures and dynamics of subcellular and molecular
components, complex macromolecules, biomaterials, and tissues. Links to
sustainability will emerge through contributions to efficient drug development,
the design of durable biomedical materials, and robust, data-driven research
pipelines.

The Information Technology domain is expected to have strong strategic
importance and contributes to technology sovereignty. It will explore how
quantum effects can be turned into functional properties and will investigate
nanoscale processes that determine material performance. Non-destructive,
structure-based optimisation of material platforms and devices — such as the
characterisation of defects, strain, and interfaces as functional determinants —
are intended to form a key strength.

The Transport & Technology area aims to provide high transformation leverage
and cover a broad thematic scope. Research topics will include material
processing kinetics, friction and tribology, and operation under extreme
conditions, all targeting improved efficiency, reduced losses, longer lifetimes,
and enhanced robustness of components. DESY demonstrates expertise in
linking realistic process conditions with nanoscale structure—function analysis.

The relevance of PETRA IV is described as lying in the generation of fundamental
datasets for knowledge-based and rational design approaches in materials
research, drug development, and process optimisation. By enabling spatially and
temporally resolved measurements under realistic conditions, the facility aims
at supporting a systematic transition from empirically driven approaches
toward an ‘Observe-Design-Control’ paradigm across multiple scientific
disciplines, in which complex systems are first precisely characterised, then
purposefully (re)designed based on these insights, and ultimately actively
steered in an iterative cycle of measurement, design, and control.

Regarding its contribution to research activities in Germany and Europe,
PETRA IV aims to position itself as a national centre for X-ray analysis, providing
advanced capabilities to academic and industrial users. The project team expects
to strengthen scientific competitiveness and to support research in strategically
relevant areas such as health, energy, and information technology. Its
integration into Science City Hamburg Bahrenfeld, which is being developed as
a major innovation campus bringing together universities, research
organisations, and high-tech companies, is supposed to facilitate inter- and
transdisciplinary collaboration among academia, research organisations,
industry, and international partners. Strategically, PETRA IV seeks to align with
national and European research priorities and missions related to sustainability,
health, energy, security, and technological resilience. Its beamline portfolio,
with provision for additional beamlines, intends to ensure adaptability to
emerging scientific questions and evolving research agendas. The facility aims
to provide the analytical foundation required to support future strategic



processes, including the development of white papers, research roadmaps, and
coordinated research initiatives in Germany and Europe.

[.1.b  Innovation Objectives

According to the project description, PETRA IV will contribute to innovation and
knowledge transfer by offering advanced analytical capabilities combined with
structured service and support for applied research and industrial users. The
facility aims to enable the generation of high-precision, multi-scale data that
can be integrated into industrial research and development (R&D) processes,
including technology screening, feasibility studies, process optimization, and
product development. These activities are planned to be supported by a
dedicated User Support Group (USG) covering the full chain from problem
definition to data interpretation.

PETRA 1V is envisaged as contributing to strengthening Germany as an
innovation hub in Europe through its integration into Science City Hamburg
Bahrenfeld and its embedding in a broader ecosystem of universities, research
institutes, start-ups, and industrial partners. The facility is designed to provide
analytical capabilities unavailable elsewhere in Germany or Europe, thereby
supporting industrial innovation across sectors including semiconductors,
pharmaceuticals, biotechnology, medical technology, mobility, energy, and
advanced materials.

PETRA 1V is intended to foster innovation across multiple technology readiness
levels, contributing to reduced time-to-knowledge and shorter development
cycles through automation, high throughput, advanced data handling, and
remote access. With respect to sovereignty, resilience, and governmental needs,
the facility is planned to contribute to technological and data sovereignty for
Germany and Europe. According to DESY, PETRA IV is expected to enable access
to unique, high-quality data essential for research, development, and validation
in strategically important sectors such as microelectronics, energy, computing,
Al, defence, transport, and healthcare. It further aims to support quality
assurance, validation, and risk assessment of critical technologies, including
non-destructive analysis of microchips.

The facility also aims to serve as a knowledge broker, providing analytical
insights and aggregated data to inform decision-making in politics,
administration, and industry. PETRA IV’s societal contributions are described as
including addressing grand challenges and supporting the United Nations (UN)
Sustainable Development Goals (SDGs). The facility plans to enable advances in
sustainable energy systems, health research, environmental protection,
resource efficiency, and food security by providing detailed structural and
dynamic insights into complex systems. It is also intended to foster societal
resilience by enabling rapid analytical responses during crises, such as
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pandemics, and to support education and skills development for scientists,
engineers, and technical staff at all career stages.

Through advanced infrastructure, service-oriented access models, and
integration into a wider innovation ecosystem, PETRA IV aims to contribute to
long-term innovation capacity, technological sovereignty, and societal benefit in
Germany and Europe.

1.2 Conception

[.2.a  Technical and Structural Design

PETRA 1V is an upgrade of the existing PETRA III synchrotron radiation source
at DESY into an ultra-low-emittance source. This involves replacing the current
accelerator in the 2.3 km storage ring with new technology, together with an
upgraded injector system, including a new booster synchrotron, DESY IV.

At X-ray energies of up to 10 keV, PETRA IV is designed to generate beams
approaching the physical limits of parallelism and minimum source size, close
to the diffraction limit, which is expected to result in a substantial increase in
spectral brightness compared with PETRA III: at high photon energies, it is
expected to increase by a factor of 500, enabling faster, more sensitive
measurements, and, for some techniques, larger fields of view or sample
volumes. For high-energy X-rays up to approximately 100 keV, spectral
brightness is projected to increase by roughly three orders of magnitude,
allowing efficient high-energy X-ray nano-focusing.

PETRA IV is planned as a hard-X-ray, diffraction-limited user facility with up to
36 beamlines distributed across four experimental halls; it is scheduled to start
operation with 19 beamlines (from 2032), with further 12 beamlines added in
the new western hall by the end of 2035. Additional to this core portfolio of 31
beamlines for installation and operation, five additional beamline ports are
reserved for future implementation to be able to address emerging scientific and
innovation opportunities during the operation phase. Its experimental portfolio
includes multimodal imaging, coherent X-ray microscopy (e.g. ptychography
and Bragg coherent X-ray diffraction), X-ray spectroscopic methods (including
inelastic X-ray scattering and nuclear resonance scattering), and high-energy X-
ray techniques based on Compton scattering contrast, diffraction contrast, and
pair-distribution-function analysis. PETRA IV enables three-dimensional
measurements over time under in-vivo, in-situ, or operando conditions across
spatial scales from nanometres to millimetres and temporal scales from
nanoseconds to hours.

DESY’s accelerator division is responsible for developing the PETRAIV
accelerator complex, including the design and prototyping of the injector,
booster, and storage ring. The photon science division manages construction and



operation of beamlines and experimental facilities, including the development
of optics, detectors, and specialized sample environments. National and
international partner institutions contribute to the operation of PETRA III
beamlines and are expected to continue their involvement trough contributions
to PETRA IV. Additional investments by research organisations and industrial
partners in future beamlines are anticipated.

In the draft proposal documents, the life cycle of PETRA IV encompasses a
preparation phase (2015-2027), the installation phase (2027-2032), and the
operation phase (approximately 30 years from 2032). The dismantling phase is
planned at the end of its 30-year operational lifecycle, around 2062-2065,
following precedents like DESY I/III |2 and DORIS, with material recycling and
infrastructure reuse. Upgrades to accelerator and experimental facilities are
planned midway through the operation phase (a medium-scale upgrade after ten
years of full operation), along with continuous refurbishment and addition of
beamline slots to accommodate emerging scientific topics. Data management
and analysis infrastructures will support increasing volumes and advanced
approaches, including near-real-time processing and application of FAIR
(Findable, Accessible, Interoperable, Reusable) data principles.

I.2.b Integration in German, European, and Worldwide Structures

PETRA IV positions itself prominently within Germany’s, Europe’s, and the
world’s landscape of accelerator-based photon sources. It is described as a
synchrotron radiation source of very high brightness, with only a few
comparable facilities worldwide, and thereby it is intended to strengthen DESY’s
and Germany’s role in international photon science.

Within Germany, PETRA IV is designed to complement other accelerator-based
photon sources, including the European XFEL and FLASH, along with BESSY III
and DALI collectively addressing national needs for intense X-ray facilities. |3
At the European level, PETRA IV participates in the League of European
Accelerator-based Photon Sources (LEAPS) and aligns with its European Strategy
on Accelerator-based Photon Sources (ESAPS 2022 strategy) to enhance
cooperation in photon science, infrastructure, and services. Globally, PETRA IV
positions itself favourably relative to other advanced synchrotrons in the USA,

| 2 Earlier accelerator facilities at the DESY site in Hamburg, notably DESY | (1964-1978) and DESY Il (1988-
2007), were decommissioned following the end of their scientific programmes. In both cases, dismantling
was carried out in a controlled manner, with components and materials partly recycled and infrastructure
reused for subsequent accelerator projects. DESY Il, commissioned in its current form in 1987, remains in
operation as part of the injector chain and test-beam infrastructure.

| 3 See also the Helmholtz Roadmap on Photon Sciences: Kiele, S.; Llning, J.; Rech, B. et al. (2021): Nationale
Strategie zur Weiterentwicklung beschleunigerbasierter Nutzereinrichtungen fiir die Forschung mit Photonen
und mit hohen elektromagnetischen Feldern. URL: https://www.helmholtz.de/fileadmin/test/Helmholtz-
Photon-Science-Roadmap-202 1-Langfassung-210625.pdf
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China, and Japan, with its technological advancements contributing to the
international standing of German and European photon science.

According to DESY, PETRA IV has strong support from the German Committee
Research  with  Synchrotron  Radiation (Komitee Forschung mit
Synchrotronstrahlung, KFS) and the German Committee for Accelerator Physics
(Komitee fiir Beschleunigerphysik, KFB), and ongoing international
collaborations, including participation by the Center for X-rays in Swedish
Materials Science (CeXS, Sweden) and the Jawaharlal Nehru Centre for Advanced
Scientific Research (JNCASR, India), continued from PETRAIII. These
collaborations form the basis for further international interactions.

[.2.c Demand for Research and Development

PETRA 1V is planned to address increasing global demand for advanced R&D
capabilities in photon science across physics, chemistry, biology, materials
science, medicine, environmental and earth sciences, as well as cultural heritage
research as an ultra-bright 4D X-ray light source of the next generation.
Synchrotron radiation sources are essential facilities for investigating the
structure, dynamics, and function of matter across wide spatial and temporal
scales.

The successful realisation of the PETRA IV project is predicated on extensive R&D
activities along the entire technology and implementation chain. Key
requirements to address the intentions and to maximise the scientific potential
include advanced storage ring optics and magnet technology for ultra-precise
electron beam guidance with high-performance magnets to achieve high
brilliance and nanoscale X-ray focusing. In addition, robust operating concepts
for high user availability, including industrial applications, are required. In this
context, preliminary progress has been achieved through preparatory projects,
conceptual and technical design reports (CDR/TDR), and coordinated R&D
programmes.

A significant catalyst for innovation is presented in the form of the advancement
of a laser plasma accelerator (LPA) as an injector alternative that delivers
electrons directly to the storage ring, thereby substituting components of the
conventional injector chain, leading to a reduction in space requirements and
energy consumption. The R&D priorities will include: improving the electron
beam quality (emittance, energy distribution, stability) for user-friendly
standards, the use of high-performance lasers with optimised pulse
compression, repetition rate and plasma conduction, precise injection optics,
and Al-supported control systems for long-term reproducibility. According to
DESY, recent demonstrations have shown advances such as enhanced beam
quality through optimised corrections. However, the technology remains under
development and is pursued in parallel to work on the baseline design.



The R&D process is divided into certain phases with tailored resources. In the
short to medium term, the focus is on prototype construction (e.g. plasma
accelerator, injection optics), simulations and laboratory tests. Subsequent to
this, integration into test setups, laser scaling, parameter validation and layout
preparation will be initiated. In the long term, the decision regarding the
injector is to be made on the basis of the results obtained, which is planned for
2027. Furthermore, industrial scaling is to be undertaken, and the qualification
of users for operation is to be ensured. Finally, continuous efficiency
improvements are to be implemented. Against this background, the
interdisciplinary combination of plasma and radio frequency (RF) accelerator
physics, laser technology, beam dynamics, control, simulation and data analysis
is considered by DESY to position PETRA IV as a broad technological catalyst.

I.2.d Sustainability Across the Entire Life Cycle

According to the project plannings, sustainability is integral to PETRA IV’s
preparation, construction, operation, and dismantling phases. DESY emphasizes
minimizing the environmental footprint while maintaining technical
performance.

Measures in this regard will include maximizing energy efficiency, sparing use
of resources, reusing critical materials, and sustainable building construction,
particularly for the new experimental hall dedicated to housing advanced
beamlines and experimental stations for PETRA IV user operations.
Organisational structures aim to ensure systematic implementation of
sustainability objectives, with a dedicated sustainability unit and officer
embedded in all work packages.

Environmental monitoring will be supported by DESY’s energy monitoring
system covering electricity, heating, cooling, and water. Following the
information from the draft proposal documents, PETRA IV is expected to benefit
from previous measures, such as using 100% renewable electricity and recycling
waste heat. A ‘Design for Sustainability’ concept will review planning and
technical decisions for environmental and societal impacts. Permanent magnets
and LPA technologies will be incorporated to reduce the footprint. Established
safety practices will be designed to mitigate environmental and health impacts
during all phases.

1.3 Utilisation in Science, Industry, and Commerce as well as Society

|.3.a Target Groups and Anticipated Demand

PETRA IV is conceptualised as an open user facility serving an inter- and
transdisciplinary community from universities and research organisations,
complemented by industrial users in sectors including semiconductors,
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pharmaceuticals, energy, and mobility. Almost all beamtime is planned to be
accessible externally, with academic access via peer review and proprietary
industrial access.

Based on PETRA III’s 3.500 users and 8.000 annual visits, PETRA IV anticipates
roughly 5.000 users per year, supported by 31 beamlines and higher throughput.
About half of current users come from Germany, with the remainder from over
40 countries; a similar or higher degree of international participation is expected
for PETRA IV. Industrial users and first-time synchrotron users are projected to
grow, supported by extensive services and a ‘projects instead of beamtime’
model.

The draft proposal presents key factors for PETRA IV’s attractiveness, including
extremely high spectral brightness and beam quality, a broad and flexible
beamline portfolio, integration in Science City Hamburg Bahrenfeld, and
comprehensive data and Al-supported analysis services. PETRA IV is intended to
serve as a central analytical and data platform addressing scientific,
technological, and societal challenges in health, energy, environment,
information technology, and mobility, with demand expected to evolve
throughout the facility’s multi-decade lifetime.

[.3.b  Access Models, Service Structures, and Education

PETRA 1V is planned to operate as a user facility in the LK II scheme
(‘Leistungskategorie II') |4 within the Helmholtz Association of German
Research Centers (Helmholtz-Gemeinschaft Deutscher Forschungszentren,
HGF), building on DESY’s experience in managing large-scale photon science
infrastructures for broad international user communities. According to the HGF
programme, nearly all available beamtime is expected to be accessible through
either an international peer-reviewed proposal system for academic users or
proprietary access for industrial users for a fee. In line with the mission of HGF
large-scale facilities, academic users will be granted free access, with travel and
accommodation covered for German users and partially supported for European
users through a European access programme.

The anticipated demand for PETRA IV builds on the existing PETRA III user base.
According to user self-assessments, most projects were classified as fundamental
research, supplemented by applied research and a smaller share of industry-
related or proprietary projects. It has been reported that demand for beamtime
at PETRA III exceeds capacity by a factor of two to three.

| 4 The LK Il scheme applies to infrastructures that are accessed by external (non-Helmholtz) users for more
than 50% of the time and have annual operating costs exceeding 6 million euros. Users are selected by an
external committee. These LK Il infrastructures are budgeted separately from internal research and are
subject to detailed annual monitoring of key figures and utilisation patterns.



The enhanced capabilities, higher throughput, and expanded service offerings
of PETRA IV are designed to accommodate a substantially larger user
community. With 31 beamlines and improved performance, PETRA IV expects
to support approximately 5.000 individual users annually from academia and
industry. Special emphasis is placed on extending access for industrial users and
for groups with limited prior experience in synchrotron radiation. To meet these
needs, PETRA IV plans to evolve the access model from traditional beamtime-
based proposals to a project-based scheme. In this model, a single project
proposal serves as the entry point and may include organisational support,
experimental preparation, analytical studies, beamtime across one or multiple
beamlines, and data processing, evaluation, and reporting.

Service support is planned to be adaptable to user requirements: comprehensive
support will be available for new and industrial users, while experienced users
may select individual service components. The access processes are planned to
be further supported by a rolling access model, allowing proposals to be
submitted at any time, evaluated promptly through peer review, and scheduled
according to priority and user needs. According to DESY, fast-track access within
weeks will be possible, particularly for time-sensitive industrial research. This
rolling access approach is currently being piloted at selected PETRA III
beamlines. A dedicated USG will coordinate the full spectrum of service offerings
and, where relevant, execute targeted projects alongside or on behalf of users.
These structures are intended to facilitate cross-disciplinary and cross-sector
access, including educational and professional training and the participation of
early career researchers, by reducing technical and organisational barriers.
Apart from proprietary access fees for industrial users, no additional usage-
based funding models are specified for PETRA IV.

[.3.c Data Utilisation

The planning for PETRA IV outlines a strategy for managing and utilising
research data to address the substantially increased volumes generated by
enhanced source brightness and advanced detector technologies. According to
that, these technological improvements enable faster experiments, higher
resolutions, and improved signal-to-noise ratios, while producing complex,
multimodal datasets of unprecedented scale.

Data utilisation will form a core component of the PETRA IV business model and
DESY’s overall data strategy. The facility anticipates serving a broad user
community from both science and industry, many of whom may not have
specialised expertise in synchrotron data analysis or large-scale data
management. To support efficient use of data, PETRA IV plans to provide
analysed data products through integrated, high-level processing and analysis
services, allowing users to exploit measurement results without extensive local
infrastructure or synchrotron expertise in their own organisations.
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The facility expects individual instruments to produce data volumes exceeding
one petabyte per day. Raw data is planned to be streamed to the DESY data centre
for compression, processing, and storage on high-performance computing
infrastructure, ideally in near real time, enabling rapid feedback during
experiments. PETRA IV plans to implement an integrated data life cycle
management framework covering acquisition, processing, storage, and
archiving. Metadata and data provenance are intended to be tracked
systematically from proposal submission to long-term archiving, ensuring
compliance with FAIR principles. Data export is planned to use industry-
standard formats to support interoperability.

All raw data is intended to be retained for at least 30 days for review, with
datasets archived long-term and made openly accessible upon request with
persistent digital object identifiers (DOIs). Access is planned via a federated data
portal connected to national and European research data infrastructures,
including the Nationale Forschungsdateninfrastruktur (NFDI), Germany’s
national research data infrastructure, and the European Open Science Cloud
(EOSC). The PETRA IV computing model is designed open and federated,
supporting both academic and industrial users with differing security
requirements.

Automated data analysis services based on AI/ML are planned to enable rapid
initial analyses, advanced reconstruction, and autonomous data acquisition.
User-friendly pipelines are intended to deliver publishable-quality results with
minimal specialized knowledge, whereas experimental data is planned to be
made accessible via an open catalogue following a three-year embargo, allowing
reuse by the wider scientific community once the primary users have completed
their analyses.

l.4 Project Planning

l.4.a Planning Status, Scheduling, and Further Steps

The scientific case for PETRA IV has been developed collaboratively with the user
community over several years, resulting in a CDR and, subsequently, the
technical planning defining the accelerator, beamline, and data concepts.
Internal and external expert panels have reviewed the scientific objectives,
technical solutions, risks, and costs, while preparatory steps for site and land-
use planning have been initiated.

A project organisation has been set up at DESY, comprising defined work
packages for civil construction, accelerator systems, experimental facilities, and
cross-cutting technical coordination. According to the project team, the
technical concept — including the storage ring upgrade, the LPA, the beamline
portfolio, Research Data Management (RDM), and sustainability measures — has



been developed to a level that enables the preparation of a consolidated lifecycle
budget and formal funding request.

The schedule is structured into an already ongoing preparation phase
(2024—-2027), a O-year installation phase including construction and
commissioning (2027-2035), an operation phase of 30 years (2035-2065), and a
subsequent dismantling phase (2062). A central element is a defined 2.5-year
shutdown of the existing PETRA III complex from December 2029 onwards to
install the new storage ring and key infrastructure, followed by stepwise
commissioning in two phases to achieve full user operation. Upon approval, next
steps include expanding the project organisation, detailed engineering,
tendering, prototyping and qualification of critical components, and phased
construction of buildings and technical infrastructure. Installation,
commissioning, implementation of the project-based access and service model,
and establishment of integrated data management and sustainability
frameworks are planned to complete the transition to PETRA IV’s regular user
operation.

I.4.b  Budget Planning of Funds and Funding Concept

As part of the draft proposal, a budget plan based on the status in 2024 has
been submitted (table 1). The total costs are calculated at 5.039 billion euros,
with financial contributions by DESY (2.311 billion euros) and the City of
Hamburg (153.09 million euros). Total expected commercial proceeds over the
total project duration amount to 139.1 million euros. Additional risks are
quantified with 288 million euros.

For the installation phase, total costs of 1.742 billion euros are calculated.
According to DESY, this number is based on the TDR, conducted engineering,
prototyping, and market surveys, and validated by national and international
experts. DESY will contribute 211.5 million euro from institutional resources,
including personnel in-kind contributions. The City of Hamburg will contribute
10%, or 153.09 million euros, to the remaining funding requirements. This
results in a funding gap for the installation phase of 1.377 billion euros.
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Table 1: Key figures from the budget plan of PETRA IV as of October 2024, in euros.

. . Remaining
Financial Expected . .
Total Costs * . Funding Risks
Contributions Proceeds .
Required **
Total Project 5.039 bn 2.470 bn 139.10 m 2.430 bn 288.00 m
Duration
[2027-2062]
1.742 bn 211.50 m n/a 1.378 bn 264.00 m
from DESY
Installation
Phase
[2027-2035] 153.09 m
from City of
Hamburg
3.285 bn 2.100 bn 132.60 m 1.052 bn 24.00 m
Operation Phase from DESY
[2032-2061]
Dismantling 11.60 m 5.10m 6.50 m - n/a
Phase [2062] from DESY

* Without indexing and risks.
** Total costs minus financial contributions and proceeds.

Source: draft proposal submitted as part of the prioritisation process.

The total costs for the 30-year long operation phase are calculated with
3.285 billion euros. Annual operating costs are estimated to be 104.5 million per
year. DESY will cover 2.100 billion euros in this phase (70 million euros per year),
and commercial proceeds are estimated with a total of 132.6 million euros,
resulting in a funding gap of 1.052 billion euros in the operation phase. DESY
expects this to be subject of discussions by the Joint Science Conference
(Gemeinsame Wissenschaftskonferenz, GWK) of the German federal
government and the state governments, where the Pakt fiir Forschung und
Innovation (PFI, Pact for Research and Innovation) is being decided. |5 Partner
institutions are expected to cover around 9 million euro per year for dedicated
experimental stations, operated by the partner institutions themselves (not
included in the budget plan).

| 5 The Pact for Research and Innovation (PFI) is a long-term funding agreement between the German federal
government and the state governments (‘Lander’) that provides major non-university research organisations
(including the HGF) with reliable, annually increasing budgets in return for meeting jointly agreed
research-policy objectives. The current fourth phase of the PFI runs from 2021 to 2030, offering a framework
for strategic planning and the expansion of large research infrastructures.



Dismantling costs are expected to amount to 11.6 million euros, which will be
covered by DESY with 5.1 million euros and expected commercial proceeds of
6.5 million euros.

1.5 Organisation and Management

DESY plans to manage PETRA IV using a matrix organisational structure,
drawing DESY personnel from relevant divisions while maintaining a dedicated
core project team. Roles, responsibilities and reporting lines are defined
internally and are aligned hierarchically with DESY management. Preparatory
work began in 2015, and a project team of approximately 70 FTEs, with support
from over 100 additional staff, has been operating since 2020.

DESY functions as an organisational entity, characterised by a matrix structure
comprising multiple groups that are distinguished by specific roles and
responsibilities. These groups are distributed across five primary divisions:
Accelerator, Administration, Astroparticle Physics, High-Energy Physics, and
Photon Science, contributing to PETRA IV in different capacities The Accelerator
division (abbreviated ‘M’ for German ‘Maschine’) will be responsible for the
PETRA IV accelerator complex, including prototyping of key components, while
the laser-plasma group in the accelerator division prepares to develop a world-
first particle accelerator using laser-plasma technology. The Photon Science
division (abbreviated ‘FS’ for German ‘Forschung mit Synchrotronstrahlung’)
will provide expertise for scientific components and instrumentation. The
Administration Division (abbreviated ‘V’ for German ‘Verwaltung’) is planned to
implement dedicated workflows to manage the administrative workload
associated with the project, including recruitment, procurement, contract
management, and controlling. The cross-divisional Innovation-and-Technology-
Transfer (ITT) group, led by the Chief Technology Officer (CTO), will coordinate
innovation and technology transfer, enabling collaborations with industry,
small-medium-enterprises (SMEs), start-ups, and international partners. The
project itself is divided into four Work Package Groups (WPGs) comprising 45
work packages in total:

_ WPG 1: Civil Construction and Infrastructure
_ WPG 2: Accelerators and Storage Ring

_ WPG 3: Photon Science Experiments

_ WPG 4: Technical Coordination and Logistics

National and international partners — including the European Molecular Biology
Laboratory (EMBL), Helmholtz Center Hereon, Max Planck Society, Karlsruhe
Institute of Technology (KIT), the Center for X-rays in Swedish Materials Science
(CeXS, Sweden) and the Jawaharlal Nehru Centre for Advanced Scientific
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Research (JNCASR, India) — are expected to continue or expand their current
involvement in PETRA III into PETRA IV.

[.6 Risks

PETRA IV has established a central risk management system, with all groups
trained to identify, classify, and mitigate risks. Dedicated resources, including a
risk officer, will be allocated during construction, and risk management will
continue throughout operation and decommissioning. Risks are categorised as
technical, organisational, or financial.

Technical risks, such as development of new technologies or production
processes, are planned to be mitigated through prototyping and quality
management. Organisational risks — team composition, process documentation,
tendering, and approvals — will be addressed through structured project
management, change control, and reporting. Regular reporting and engagement
with leading international experts, via committees such as the Technical
Advisory Committee (TAC), the Facilities and Infrastructure Advisory Committee
(FIAC), the Machine Advisory Committee (MAC), and the Photon Science
Committee (PSC), shall provide oversight. Benchmarking with comparable
facilities, including the European Synchrotron Radiation Facility — Extremely
Brilliant Source (ESRF-EBS, Grenoble/France), the Advanced Photon Source —
Upgrade (APS-U, Argonne/USA), and the High Energy Photon Source (HEPS,
Peking/China), is planned in order to inform risk assessment. The 2024 budget
plan calculates with quantifiable project-phase risks of 264 million euros, while
operational risks primarily relate to industrial collaborations. Non-quantifiable
risks include regulatory changes, legal issues, health and safety, staffing, and
market factors, addressed through proactive planning.

A.ll RESULTS OF THE ASSESSMENT OF THE DRAFT PROPOSAL

The draft proposal of PETRA IV was assessed in three parallel strands: a central
science-driven assessment, a complementary assessment of the potential for
innovation and transfer, and an assessment of costs and risks. The results of
these strands are outlined below.

1.1 Science-Driven Assessment

The science-driven assessment carried out by the WR was based on the following
four dimensions:

_The dimension of scientific potential covered the significance of the research
questions to be addressed, the added value offered by the RI in answering
them, the diversity and range of the research areas addressed, the potential for



interdisciplinary and transdisciplinary cooperation, and the adaptability to
newly emerging questions.

_In the dimension of scientific utilisation, the anticipated demand from user
groups and the design of access to the planned RI were assessed. The
institutional and disciplinary diversity and internationality of the potential
users were also taken into account. In addition, plans for RDM and measures
for quality assurance of use, as well as standards of good scientific practice in
handling research data, such as reuse and secondary use of data, were
examined.

_In the dimension of relevance for Germany as a location of science and
research, the relevance of the project for research in Germany, Europe and
throughout the world was considered. The decisive factor was the extent to
which the proposed RI can contribute to Germany’s attractiveness, visibility
and competitiveness in science and research, including Germany as a location
of scientific excellence and as a cooperation partner.

_The dimension of feasibility from a scientific perspective took into account the
technical, personnel and institutional requirements of the project (including
the organisational structure and governance) as well as the consequences of
associated risks. The assessment focused on the extent to which the planned
RI can guarantee the feasibility of the scientific and technical solutions and
the scientific milestones. The status of planning and implementation also
played a role in this.

The science-driven assessment came to the following conclusion: |¢

Scientific potential

With its planned X-ray source, PETRA IV was considered to exhibit exceptional
scientific potential. The planned 4D imaging of larger samples with atomic
resolution and the significantly improved temporal resolution of dynamic
processes were expected to enable numerous new research questions to be
answered. Furthermore, the development of Al-based models built on generated
high-quality data was identified as a central goal that promises significant
progress in materials design and drug development. The multidisciplinary
orientation of PETRA IV was considered to address a wide range of scientific
fields — from fundamental physics to applied materials research and biomedical
research. By integrating state-of-the-art accelerator technologies, PETRA IV was
credited the potential to significantly expand the boundaries of X-ray science
and enable real-time, in-situ and operando measurements on the nanoscale. This

| 6 German Science and Humanities Council / Wissenschaftsrat (2025): Report on the science-driven
assessment of large research infrastructure projects for the national prioritisation process; Cologne, p. 47-
49. https://doi.org/10.57674 /he9d-sv18
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were to open up new perspectives for the investigation of complex systems
under realistic conditions.

Scientific utilisation

The scientific utilisation concept of PETRA IV convinced with a precise
identification of the relevant user groups and a strategic focus on the versatile
application possibilities of the services offered. The utilisation strategy for user
communities from science and industry was assessed as broad and
interdisciplinary, offering new user groups open access to an innovative RI. The
exceptionally large and high-quality data sets generated by experiments were
expected to provide valuable information for stakeholders in science, clinics and
industry, thus representing outstanding added value for these sectors. The
integration of Al-based analysis tools was considered to make complex
experiments accessible to a broader spectrum of users and specifically promote
the transfer of knowledge between fundamental research and application-
oriented science.

Relevance for Germany as a location of science and research

The upgrade of PETRA IV was regarded as being of essential relevance for
Germany as a location of science and research, including the effort to secure and
further develop international competitiveness of Germany and Europe in key
future fields such as semiconductor technology, climate protection, sustainable
mobility and precision medicine. The project was ascribed the potential to
significantly advance innovation in key industries and strengthen scientific and
industrial cooperation. Due to a globally unique technology, PETRA IV was
expected to increase the attractiveness of Germany as a location of science for
international researchers and make a decisive contribution to securing
Germany’s leading position in the field of X-ray analysis in the long term. In
addition, PETRA IV was encouraged to promote the competitiveness of Germany
and Europe in science and technology and initiate new, interdisciplinary and
international cooperation networks. PETRA IV was expected to provide the most
brilliant synchrotron radiation source in the world when operating, competing
with only a few other international facilities, and to play a key role in the
European LEAPS network, contributing significantly to securing Europe’s
leading role in the use of high-brilliance synchrotron radiation.

Feasibility from a scientific perspective

The draft proposal was assessed as demonstrating both an ambitious scope of
the project — including innovative elements like the LPA — and a careful
planning, suggesting a high degree of feasibility from a scientific perspective.
Despite the high complexity of the project, DESY’s extensive experience in
operating large Free-Electron-Lasers (FELs) had been a particular confidence



boosting factor for projecting a successful implementation. The comparatively
high estimated costs were considered proportionate to the scientific potential
and justified by the expected transformative benefits for research, industry and
society.

1.2 Assessment of the Potential for Innovation and Transfer

The assessment of the potential for innovation and transfer, carried out by an
expert committee set up by the then BMBF, was based on the following three
dimensions:

_The dimension of contributions to strengthening Germany as a location for
innovation and industry in Europe covered the innovative potential, especially
to fill the innovation pipeline (including time horizon), and the potential for
collaboration with industry and commerce as well as for contributions to the
attractiveness and competitiveness of Germany and Europe.

_In the dimension of contributions to the sovereignty, resilience, and capacity
to act of the state, the potential for provision of instructional and orientational
knowledge for future provision to politics, legislation and administration was
assessed as well as the potential for strengthening the digital and technological
sovereignty, the competitiveness in Europe, and the significance for security-
relevant research and critical infrastructures.

_The dimension of societal effects took into account the potential for
contributions to the solution of grand societal challenges and the achievement
of the UN SDGs, for cooperation with civil society and societal relevance, as
well as transformative potential and contribution to a culture of innovation.

The assessment of the potential for innovation and transfer came to the
following conclusion:

Contributions to strengthening Germany as a location for innovation and industry in Europe

The contributions to strengthening Germany as a hub for innovation and
business were considered comprehensively addressed in the draft proposal and
presented in a highly plausible manner, for example by the description of
specific markets (such as energy, pharmaceuticals, microelectronics, etc.) in
which potential research outcomes are expected to show immediate application
potential. The draft proposal’s outlining of concrete perspectives for translating
the identified transfer potential into practice, for example through a service-
oriented design of access to the RI, was appreciated. It was viewed positively that
access to the RI for application-oriented research and industrial partners is
intended to be quantitatively expanded compared to the existing infrastructure.
The strong support from industrial partners, substantiated by the submitted
letters of intent (Lols), was considered promising. Potential spillover effects for
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the economy arising from the construction and technical equipment of the RI
were assessed positively.

On the basis of the technological uniqueness described in the draft proposal,
clear potential for the RI to strengthen both the Hamburg ecosystem and
Germany as a business location overall was identified. At the same time, the
extent and long-term sustainability of the claimed uniqueness could not yet be
conclusively substantiated and was recommended to be examined further as the
project progresses.

Potential contributions to start-ups in the deep-tech domain appeared
conceivable in principle but were regarded as not being addressed in a
comprehensive manner by the responsible institution beyond the existing
instruments. A similar observation was made for the potential strengthening of
the skilled labour base. Hence, it was recommended to specify the description of
the integration and spin-off of start-ups in greater detail, particularly
considering the high complexity of the RI and the associated barriers to access
and utilisation.

Contributions to sovereignty, resilience, and agency of the government

The aspects of sovereignty, resilience, and capacity of the state were addressed
in a plausible manner in the draft proposal but regarded as directly dependent
on the asserted uniqueness of PETRA IV. As the performance of the facility was
expected to surpass that of the currently most powerful facilities in the USA,
China, and Japan, this was regarded as a relevant contribution to Germany’s
technological sovereignty. In this context, both access to PETRA IV and the
availability of the generated data were considered to have a positive effect, as
did the anticipated strong attractiveness for researchers from academia and
industry.

While general contributions to action- and orientation-related knowledge for
politics and public administration were seen as being neither addressed nor
expected at this point, plausible application potentials in several security-
relevant fields (e.g. energy systems, microchip analysis) were seen, which may
contribute to enhanced resilience. Conceivable contributions to the
development, standardization, and normalization of new materials were
considered highly relevant, even when taking into account potential
international distribution conflicts and the associated gains in sovereignty. At
the current stage of planning, however, such contributions — particularly with
regard to standardization and normalization — were reviewed as not sufficiently
elaborated. Hence, it was recommended to examine the potential for
standardization activities and the establishment of standards for new materials
in greater depth.



It was further noted that the draft proposal did not contain a dedicated
discussion of research and knowledge security, aside from references to use by
societal actors and the possibility of introducing a corresponding blocking
period. The assessment recommended to develop concrete measures to
strengthen research security and IT security. In addition, the aspect of research
security should be further elaborated, and options for closer cooperation with
security authorities should be explored, as such cooperation was not currently
foreseen.

Societal effects

The potential societal impact was reviewed as being strongly addressed and
plausibly explained. Positive contributions to 10 of the 17 SDGs were explicitly
described and substantiated with clear examples, such as in the areas of
ecological fertilizers, infectious diseases, or renewable energies.

The plan to publish data after an embargo period was assessed as a plausible
balance between the interests of industrial partners and the wider public. In this
context, it was recommended that the tension between protecting commercial
interests and serving the public good be openly discussed and continuously
monitored by all stakeholders.

The potential transformative effects of PETRA IV were seen to be reflected in the
described ‘paradigm shift’ from experience-based to knowledge-based research
into novel materials, active ingredients, and complex processes. The improved
real-time observability of complex systems was judged particularly positive, with
further potential for transfer to social systems, for instance through ‘nature-
based methods’. To fully exploit this, it was recommended to describe the
paradigm shift in more detail and clarify how it will be implemented and
cascaded across relevant research areas.

While aspects such as participatory involvement or targeted information for
stakeholders outside science and industry were not directly addressed in the
draft proposal, plausible reference was made to overarching structures such as
the HGF and Science City Hamburg Bahrenfeld. The uniqueness of PETRA IV and
the corresponding technological leadership reported in the draft proposal was
expected to generate strong supra-regional network effects and a significant
attraction for young talent.

1.3 Costs and Risks Assessment

The costs and risks assessment, carried out by an expert committee set up by the
then BMBF, was based on the following four dimensions:
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_The dimension of resource planning and financing concept covered the
resource planning for the entire life cycle as well as the financing concept in
general.

_In the dimension of organisation and management, the proposed
organisational structure and governance, the existing implementation
competencies and contributions of the responsible and partner institutions, as
well as the time planning were assessed.

_ In the dimension of sustainable planning of RI throughout the entire life cycle,
the measures to optimise the ecological footprint, the accompanying
monitoring, and possible environmental and health impacts with
countermeasures were considered.

_The dimension of risk analysis and management took into account
quantifiable and non-quantifiable risks as well as the risk management
concept.

The costs and risks assessment came to the following conclusion:

Resource planning and financing concept

Resource planning for the entire life cycle was assessed as largely reliable.
Funding requirements for the set-up phase were seen to be presented in a
plausible and comprehensible manner, with the elevated share of construction
costs — compared to the accelerator itself — deemed understandable due to the
geometry and retrofitting needs of the existing tunnel, resulting in significantly
higher planned expenditures than in comparable greenfield projects. The
provision for two injectors was regarded as reasonable, offering potential
operational advantages such as reduced complexity, while personnel
requirements in this phase appeared consistent.

For the operation phase, the planning was attested limited resilience, as
personnel needs were considered to be underestimated and potential
commercial proceeds overstated. Electricity costs, particularly post-upgrade,
were regarded as notably high relative to competing facilities but attributed to
inherent site-specific challenges (notably geometry-related losses), with
planning deemed fully reliable given the facility’s scale. Maintenance costs for
the accelerator and instruments were viewed as appropriate; however, the
necessity and cost implications of additional upgrades during operation
remained unspecified. Costs associated with scientific utilisation were identified
as too low — especially considering the aim to double usage —, necessitating
substantially higher staffing particularly for industrial applications, alongside
inadequate accounting for indirect costs such as legal and administrative
support. Planned commercial proceeds were assessed as overly optimistic,
presupposing internal DESY structures that would entail corresponding cost



increases. Furthermore, a start-up phase was identified as necessary but had not
been accounted for in the planning.

In summary, the funding plan for the preparation phase was regarded as quite
reliable, whereas operational-phase planning only partially so. Across all phases,
the plans were assessed as rather general, requiring further specification.

The funding plan for PETRA IV was regarded as largely reliable. For the
installation phase, the contributions from the responsible institution and other
sources were calculated as 20.9% of the total costs, leaving a funding gap
of 79.1% (see table 1). In the operation phase, the responsible
institution’s contributions were calculated to amount to 66.6%, with a
corresponding gap of 33.4%. The decommissioning phase was calculated to be
fully covered at 100% by DESY. Against this backdrop, the assessment
identified a significant operational funding gap, despite DESY efforts to
secure an additional 10 million euros annually and its reference to
negotiations on a continuation of the PFI.

Organisation and management

The proposed organisational structure and governance were assessed as robust,
drawing on established models from existing projects such as PETRA III and
European XFEL, with «clear differentiation between installation and
operation phases. Decision-making processes were regarded as well-defined
overall, and relevant committees as well as positions described in detail. It
was advised to prioritise recruitment and development of non-scientific
staff, including IT specialists.

The planned workforce increase was deemed plausible, though the
specific recruitment strategy was criticised to be not fully detailed in the draft
proposal; it was assumed that beamline scientists are typically recruited
internationally, facilitating this expansion. Substantial financial and
substantive contributions from partner institutions were considered to
underscore the project’s priority status for them. To counter the recently
observed decline in in-house expertise on accelerator technology and
procurement (both scientific and non-scientific), it was recommended to
establish a dedicated recruiting office for personnel development to support
the required staffing growth.

Time planning, including scheduling, was regarded as reliable, with an
advanced planning status overall. The timeline was considered
realistic, despite construction risks associated with the experimental
hall, which appeared manageable based on DESY’s extensive prior
experience with comparable large-scale projects.
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Sustainable planning of the Rl throughout the entire life cycle

According to the assessment, the planning to optimise the ecological footprint
was largely robust overall. Key aspects of ecological quality according to criteria
of the German Sustainable Building Council (Deutsche Gesellschaft fiir
Nachhaltiges Bauen, DGNB) — such as climate protection and energy efficiency,
responsible resource extraction, drinking water and wastewater management,
and site biodiversity — were regarded to be plausible and comprehensible,
alongside further qualities like process optimisation. Nevertheless, gaps were
identified regarding electricity consumption, air conditioning (including waste
heat recovery), and closed-loop systems, for which no dedicated concept had
been provided. Therefore, improvements were deemed necessary in these areas.
Additional potentials for enhancement were identified for soil impacts, roof area
utilisation, waste heat application, and hall space optimisation. Core issues were
regarded as unaddressed — for instance, the German Assessment System for
Sustainable Building (Bewertungssystem Nachhaltiges Bauen, BNB), though
referenced, which does not apply to halls. DESY guidelines were acknowledged
to be in place and sustainability incorporated into PETRA IV, yet more concrete
explanations were deemed necessary beyond mere references to these
guidelines. It was recommended to pursue a high certification level for
implementation. The planning for accompanying monitoring was considered
robust, with construction processes being supervised through well-established,
targeted mechanisms. Energy monitoring via over 1,000 measuring points,
featuring real-time visualisation of electrical and thermal energy flows, and
supported by a dedicated database for ongoing optimisation, was assessed
positively.

Plannings for the potential environmental and health impacts were reviewed as
robust, with comprehensive measures addressing human and environmental
effects during construction, occupational safety and employee protection.
Detailed risk assessments prior to commissioning each piece of technical
equipment, including final acceptance testing, as well as the systematic
identification of different hazards during construction were considered
appropriate.

Risk analysis and management

The presentation of quantifiable risks was assessed as unreliable. Risks during
the operation phase were judged as significantly inadequate, with provisions of
only 0.8% relative to funding requirements regarded as far too low; against
operating costs of 3.3 billion euros, this omission was considered a substantial
underestimation, particularly as personnel risks and potential energy price
increases were not accounted for. An additional concern was raised with regard
to the tight construction timeline necessitated by PETRA III decommissioning,
resulting in lost commercial user proceeds during this phase. While building



material procurement was seen as minimal risk, the assessment warned against
high volatility of prices for permanent magnets.

The presentation of non-quantifiable risks was assessed as largely reliable.
However, the risk of supplier failure or insolvency was considered to be omitted,
hence neglecting a key vulnerability; a risk-oriented supplier management
system was recommended. Other risks and countermeasures were reviewed as
detailed and comprehensive, particularly for the preparation phase.

The risk management concept was regarded as robust, drawing on the extensive
experience of responsible institutions in constructing and operating accelerator
facilities, with centralised risk management anchored at DESY.

A.lll1 REACTIONS AND FURTHER DEVELOPMENTS

In response to the results of the three assessment strands, several specifications
and adjustments were made to PETRA IV. In the following, these specifications
and adjustments are briefly described.

On the Assessment of the Potential for Innovation and Transfer

In response to the assessment that approaches to promoting spin-offs in the
deep-tech sector had been described only in general terms, the concepts have
been further specified and substantiated. The promotion of start-ups has been
anchored in a framework that combines qualification, mentoring, and
infrastructural support. Key elements include programmes such as the Future
Innovators Academy with dedicated design sprints, individual coaching through
the DESY Start-up Office, and an Entrepreneurs-in-Residence scheme.
Complementary initiatives, such as a recently launched Startup Factory
‘Impossible Founders’, are intended to provide early-stage incubation,
regulatory guidance, and investor access. In addition, start-ups will receive
facilitated access to measurement time at PETRA IV, as well as professional
project handling by a business development department and advisory support
through the already planned installation of the dedicated USG. These measures
are to be complemented by the DESY Innovation Factory, which shall provide
state-of-the-art laboratories, workshops, and office facilities from 2027 onwards.

Following the recommendation to give greater consideration to standardisation
activities, a new section on the standardisation of methods has been
incorporated into the documentation on innovation and transfer. This addition
outlines current and planned measures to ensure quality assurance and
structured collaboration with industrial partners. The activities aim to establish
common standards and certification procedures — through DIN, PTB, BAM, and
ISO — enabling reproducible, industry-compatible operation of PETRA IV
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beamlines. In doing so, PETRA IV intends to contribute to the reliable and rapid
transfer of novel materials and processes into industrial value chains and to
strengthen the link between fundamental research and industrial application.

With regard to research security, PETRA IV has declared to follow a
three-pronged strategy designed to enhance resilience and foster cooperation
with security authorities. First, a cross-departmental cybersecurity task force
continuously evaluates risks and develops measures to ensure the protection of
DESY’s infrastructure. Second, synchrotron-based techniques for forensic
applications are planned to being developed, enabling precise, non-destructive
analyses in support of investigative authorities. Third, DESY is introducing
transparent criteria for the future handling of defence-related research projects
and is expanding its collaboration with national and European security agencies.
Recent measures include the establishment of a Security Operations Centre
(SOC), the appointment of a central Cyber Security (CS) Architect, the
development of redundancy solutions for system recovery, and a comprehensive
network segmentation programme for beamline operations. While a task force
coordinates and recommends cybersecurity measures at DESY, the PaN
Cybersecurity Forum fosters strategically vital collaboration with other
European user facilities (via LEAPS) at the European level. Additionally, DESY
maintains close ties with fellow Helmholtz centres and national research
institutions, is embedded in the German Research Network (Deutsches
Forschungsnetz, DFN), and receives threat notifications from Hamburg state and
federal authorities. These coordinated structures are designed to ensure that
PETRA IV remains well positioned to address evolving cyber threats.

In response to the recommendation to elaborate on the balance between
protecting corporate interests and safeguarding the public good, the conceptual
framework of PETRA IV has been refined to more clearly reflect the underlying
paradigm shift from knowledge generation to application. Under the ‘Observe-
Design-Control’ approach, PETRA IV intends to integrate high-resolution data
acquisition with Al-assisted modelling to create digital twins that accelerate
industrial innovation, including materials engineering and drug discovery.
Dedicated interfaces for application — such as shared data platforms,
standardised workflows, and industrial partnerships — shall support the rapid
translation of research results into technological solutions. By fostering joint
development environments that connect research, Al expertise, and industry,
PETRA IV aims to ensure that knowledge generated at the facility can be
efficiently transformed into tangible societal and economic impact.

On the Costs and Risks Assessment

In response to the assessment that the operation phase lacks robustness —
particularly due to underestimated personnel requirements and overestimated
industrial proceeds —, DESY has referred to its cost and staffing assumptions



based on the comparison of the current PETRA III operation budget and the one
requested for PETRA IV. The planning now foresees an increase from 108 to
139 FTE for the accelerator division (M) and an additional 61 positions for the
photon science division (FS), thereby — according to DESY — ensuring adequate
staffing for experiment operation and data analysis. The organisational
framework would also provide for a high degree of automation in experimental
execution, data processing, and administrative workflows. Appropriate
resources for these developments are to be fully integrated into the installation-
phase budget. The recommendation to strengthen personnel recruitment,
particularly for non-scientific staff, has been addressed by the DESY directorate
with authorising the additional recruitment of approximately 100 specialists,
raising the project team to nearly 200 FTEs prior to project start. In the field of
scientific computing, a new lead scientist position has been created to coordinate
specialised IT recruitment and ensure synergy with existing infrastructures such
as European XFEL, FLASH, and the DESY Computing Centre.

With regard to the recommendation to specify the scope and cost of potential
upgrades, DESY has integrated the construction of five new beamlines into the
current planning and budget. A medium-scale upgrade after ten years of full
operation (estimated at 103 million euros) is also foreseen. The investment
category would cover all anticipated replacements of key components —
including optical elements, detectors, and computing infrastructure — based on
experience from six decades of synchrotron operation at DESY and other
laboratories.

Specific mitigation measures have been devised to address the issue of rising
energy costs. These measures include conservative budgeting based on higher
current market rates and the option to replace the conventional pre-accelerator
chain with an LPA-driven full-energy injector. It is anticipated that this will
result in a reduction in electricity consumption of 17%. Following DESY, these
provisions ensure that operational funding and energy resilience remain secure
even in fluctuating market conditions.

A risk-oriented supplier management strategy, including critical-item
monitoring, financial screening of suppliers, and multi-supplier contracting is
being developed to reduce dependency and default risks. Regarding potential
proceeds losses during the installation phase, DESY has structured the timeline
into three segments: a fully operation phase before the shutdown (three years),
a shutdown period without proceeds (2.5 years), and a ramp-up phase after
recommissioning. While commercial proceeds will temporarily decline during
the shutdown, DESY plans to maintain engagement with industrial users
through continued collaboration in order to ensure the re-establishment of
proceeds streams once PETRA IV becomes operational.
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The assessment on measures to optimise the ecological footprint acknowledged
robust planning overall but requested more concrete explanations beyond
guideline references, particularly regarding electricity consumption, air
conditioning, waste heat utilisation, and land use impacts. DESY responded with
detailed measures coordinated by a Sustainability Officer (SO), adapted BNB
certification, and specific efficiency concepts for energy systems and urban
integration. Furthermore, the SO is planned to coordinate the requirements
developed in the work packages to avoid over- or under-dimensioning and to
ensure that sustainability considerations are systematically embedded
throughout the entire life cycle.

In response to the assessment that references to internal sustainability
guidelines alone were not sufficient, the planning for PETRA IV has been further
specified through the inclusion of concrete sustainability measures. Emphasis
has been placed on integrating criteria such as energy efficiency, ease of
maintenance, and options for reuse and recycling from the earliest planning
stages.

With regard to the recommendations on the detailed planning on ecological
quality, PETRA IV applies the BNB, which is closely aligned with the DGNB and
has already been used for new DESY buildings since 2019. As the standard BNB
system does not fully cover large experimental halls, an adaptive procedure has
been developed in cooperation with the federal authorities responsible for
building and urban development. According to DESY, this allows key BNB
criteria to be implemented at both strategic and operational levels, including the
avoidance of pollutants in building materials, the use of renewable energies, the
recyclability of materials, and systematic life-cycle and life-cycle-cost
comparisons. Internal DESY building guidelines further address waste-heat use,
protection against overheating, rainwater management, and greening.

In response to the request for more concrete concepts on electricity
consumption, air conditioning, and closed cycles, PETRA IV has referred to
progress at DESY: The campus has been supplied with 100% renewable
electricity since 2023, and waste heat from the accelerator complex is used for
heating, reducing CO: emissions by several tens of thousands of tons per year.
All new technical components are optimised for energy efficiency during
planning, systematically compared in terms of variants, and integrated into an
overarching energy management system that enables continuous consumption
monitoring and peak-load reduction. A comprehensive concept for waste-heat
utilisation is being expanded from around 60% to full coverage by 2026, and the
cooling and heat supply systems on campus are designed as closed, highly
efficient circuits. Intelligent monitoring and control systems, supported by a
dense sensor network, are being tested and rolled out in relevant research and
infrastructure projects.



Regarding the impact on land use, soil, and building integration, PETRA IV has
referred to the urban planning process being carried out in close coordination
with the authorities of the City of Hamburg. The new experimental hall PXW
will be built underground with an exposed roof, while all other buildings comply
with the requirements of the Hamburg Climate Protection Act and will be
greened or equipped with photovoltaic systems. According to PETRA IV, the
dimensions of the hall have been repeatedly optimised internally and in external
expert committees, with a view to conserving resources such as cement and
minimising the footprint. The roof of the underground hall will form a
structural element of the reconstructed Lise-Meitner-Park, thereby
reintegrating the facility into the surrounding urban landscape.

Following the recommendation to aim for a high level of certification, DESY
plans to apply a specialised BNB variant for the underground PXW hall and
supply buildings, while using the regular BNB system for office and laboratory
buildings. In addition, the Eco-Management and Audit Scheme (EMAS) scheme
and the campus-wide energy management system will provide continuous
technical monitoring and optimisation in order to ensure that the ecological
performance of PETRA IV can be systematically reviewed and improved over the
entire life cycle of the facility.

Updates to budget planning

The assessment highlighted concerns regarding the operational funding gap and
the underestimation of risks, particularly personnel and energy-related costs. In
its reaction, DESY has referred to measures it developed together with the HGF
to ensure financial robustness. According to DESY, the HGF has identified the
PETRA IV budget gap as a top priority and committed 29.5 million euros
annually (in 2024 prices) within the framework of the PFI, under the assumption
that the PFI is being continued from 2031 onwards. The remaining 10 million
euros are to be covered by external grants and DESY base funds. Internal budget
flexibility of up to 20% is planned to adapt to changing conditions.

Total costs, considering the updates and a Q4/2025 pricing basis, now amount
to 5.155 billion euros over the whole lifecycle (table 2). DESY will contribute
3.284 billion euros and the City of Hamburg 157.5 million euros. Total
expected commercial proceeds amount to 139.26 million euros. Additional
risks are quantified with 338 million euros.

For the installation phase, total costs of 1.794 billion euros are calculated. DESY
will contribute 216.9 million euros. The City of Hamburg will contribute 10%,
or 157.7 million euros, to the remaining funding requirements. This results in a
funding gap for the installation phase of 1.419 billion euros.

The total costs for the operation phase are now calculated with 3.349 billion
euros. DESY will cover for 3.062 billion euros, and 51.5 million euros are
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expected to be covered by strategic partners for additional beamlines.
Commercial proceeds are estimated with a total of 132.6 million euros. This
results in a funding gap of 103 million euros in the operation phase.

Dismantling costs are expected to amount to 11.96 million euros, which will be
covered by DESY with 5.3 million euros and expected commercial proceeds of
6.66 million euros.

Including indexing of 2%, and risks, total costs would amount to 7.381 billion
euros.

Table 2: Key figures from the revised budget plan of PETRA IV as of October 2025, in

euros.
REaININg Total Costs
Financial Expected . . Including
Total Costs* o Funding Risks .
Contributions Proceeds ) Indexing and
Required* * .
Risks* **
Total Project 5.155 bn 3.494 bn 139.26 m 1.522 bn 338.00 m 7.381 bn
Duration
[2027-2062]
1.794 bn 216.90 m n/a 1.419 bn 314.00m  2.365 bn
from DESY
Installation
Phase 157.71m
[2027-2035] from City of
Hamburg
3.349 bn 3.062 bn 132.60 m 103.00 m 24.00 m 5.005 bn
from DESY
Operation Phase
[2032-2061] 51.50 m
from partner
institutes
Dismantling 11.96 m 5.30 m 6.66 m - n/a 11.04 m
Phase from DESY
[2062]

* Without indexing and risks.

** Total costs minus financial contributions and proceeds.

*** Proceeds substracted.

Source: revised documents submitted as part of the individual evaluation of PETRA IV.



B. Report of the Individual
Evaluation 2025-2026

B.l SIGNIFICANCE

PETRA IV — the comprehensive upgrade of the PETRA III synchrotron at DESY in
Hamburg — represents a strategically crucial investment that will fundamentally
strengthen Germany’s leadership in synchrotron-based photon science and
large-scale RIs, both in Europe and worldwide. The facility’s performance profile
is transformative, combining an acceleration of measurements by up to
approximately 500 times compared to PETRA III with significantly enhanced
brilliance and coherence, which will enhance the sensitivity to the properties of
materials and matter in general. The upgrade is therefore expected to facilitate
scientific experiments currently beyond the reach of, or only marginally possible
at, existing global facilities. The scale of the expected performance leap will
place PETRA IV at the forefront of the next generation of diffraction-limited
storage rings.

The innovative technological capabilities of PETRA IV will support advanced
multimodal imaging and operando studies of dynamic processes in, for instance,
energy materials, as well as multiscale structural investigations spanning
complexity from molecular to whole living biological systems. Structure—
function relationships across hierarchical systems - from atomic
rearrangements in functional materials to real-time molecular dynamics in
living organisms — will be addressed. This breadth of applications positions
PETRA IV to tackle some of the most fundamental scientific and technological
challenges of the coming decades, potentially enabling breakthroughs with
major economic and societal impact. Examples include the efficient design of
sustainable energy and battery materials, green catalytic processes for a climate-
neutral chemical industry, high-resolution insights into biological structures
that are key to combatting antibiotic resistance and cancer, and non-destructive
3D characterisation of advanced nanoelectronics for secure, energy-efficient
information technologies.

PETRA IV will benefit from its strategic embedding within a regionally
concentrated yet internationally connected science and innovation ecosystem
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that includes DESY’s specialised institutes, the EMBL Hamburg, the Helmholtz
Centre Hereon, the Centre for Structural Systems Biology (CSSB), and nearby
universities such as the University of Hamburg (UHH) and the Hamburg
University of Technology (TUHH). Within the institutional context, PETRA IV is
fully aligned with the HGF’s long-term RI planning, as outlined in the HGF
Roadmap for Research Infrastructures (2021). |7 As a flagship project of the
Helmholtz research field ‘Matter’, it forms part of the Helmholtz Photon Science
Roadmap 2021, which prioritises next-generation accelerator-based light sources
to address key challenges in materials science, the energy transition, and
structural biology across multiple research fields.

As a core element of these Helmholtz strategies, PETRA IV will complement
major large-scale facilities such as European XFEL and FLASH (both hosted at
DESY) and the proposed BESSY III upgrade at HZB, providing respectively
diffraction-limited hard X-ray capabilities unmatched by lower-energy or
soft X-ray sources. It supports cross-cutting initiatives such as the Helmholtz
Energy Transition Roadmap (2023) | 8 (focusing on battery materials, catalysis,
and CO:-neutral processes) and the Quantum Use Challenge (01/2026 campaign,
using coherent imaging for quantum device metrology). Through its integration
into the Science City Hamburg Bahrenfeld — alongside Helmholtz Centre Hereon
and EMBL Hamburg — PETRA IV will further strengthen the Helmholtz Hamburg
cluster as a photon-science hub, fostering synergies with HZB’s BESSY ecosystem
in Berlin and HZDR’s facilities in Dresden to create a coherent national photon
landscape.

In the regional context, PETRA IV will form the scientific core of the Science City
Hamburg Bahrenfeld, where DESY has established a strong innovation and
technology-transfer environment. These activities range from start-up support
at the interface between fundamental and applied research to industrial
measurement services and research collaborations. Since 2018, DESY’s
knowledge- and technology-transfer activities have expanded considerably,
leading to a multiplier effect in industrial cooperations and associated proceeds
streams. This demonstrates an existing innovation culture that successfully
bridges fundamental with applied and industrial research. The resulting
ecosystem — where DESY occupies a leading position — creates synergies that
elevate PETRA IV beyond a stand-alone user facility, establishing it as the central
hub of an integrated research platform linking photon-based experimentation
with computational design and materials synthesis.

| 7 Hermann von Helmholtz Association of German Research Centres (202 1): Helmholtz Roadmap Research
Infrastructures 2021; Frankfurt am Main. URL: https://www.helmholtz.de/system/user_upload/For-
schung/FIS/21_Helmholtz_FIS_Roadmap-_English.pdf

|8 Helmholtz Energy (2024): Helmholtz Energy Transition Roadmap (HETR); Karlsruhe. URL:
https://www.helmholtz.de /assets/energy/user_upload/Helmholtz_Energy_Transition_Roadmap-
_July_2024.pdf


https://www.helmholtz.de/system/user_upload/Forschung/FIS/21_Helmholtz_FIS_Roadmap_English.pdf
https://www.helmholtz.de/system/user_upload/Forschung/FIS/21_Helmholtz_FIS_Roadmap_English.pdf
https://www.helmholtz.de/assets/energy/user_upload/Helmholtz_Energy_Transition_Roadmap_July_2024.pdf
https://www.helmholtz.de/assets/energy/user_upload/Helmholtz_Energy_Transition_Roadmap_July_2024.pdf

From an international perspective, PETRA 1V is ideally positioned to strengthen
cooperation frameworks such as the LEAPS. Furthermore, it will offer
transnational access to its high-brilliance beamlines, foster joint research
programs, and integrate into shared data management platforms like the LEAPS
DatalD initiative. The facility is expected to attract leading academic consortia,
industrial R&D teams, and instrumentation developers worldwide -
strengthening cross-border collaboration and European excellence. Its
open-access policy and integration within European research frameworks
reinforce Germany'’s role as a principal European host of large-scale RIs.

PETRA IV’s exceptional scientific reach will significantly enhance the
international visibility and competitiveness of German research institutions in
experimental physics, materials science, chemistry and structural biology.
Within the global synchrotron landscape featuring facilities such as ESRF-EBS in
France and APS-U in the United States, PETRA IV is distinguished by delivering
unmatched coherent flux and beam stability. This will make PETRA IV Europe’s
premier facility for quantitative, operando studies of complex functional
materials and devices, reducing reliance on overseas infrastructures and
fostering collaborative synergies with partners such as MAX IV and ESRF. By
providing open access to state-of-the-art beamlines, the project will enhance
Germany’s attractiveness for researchers, helping retain and recruit world-class
talent in an increasingly competitive global environment.

The project’s technological ambition is both appropriate and necessary to
maintain Germany’s leadership position. The proposed inclusion of frontier
accelerator developments such as the LPA reflects strategic foresight, even
though some components present cost estimation challenges due to the absence
of commercial or technical precedents. If implemented successfully, this novel
accelerator and the associated injector concept are expected to significantly
reduce space and power requirements compared with conventional RF-based
systems while meeting the demanding beam quality and reliability specifications
of a diffraction-limited fourth-generation X-ray source such as PETRA IV. Such
investments will strengthen Germany’s technological sovereignty and its
standing as a preferred partner for international structural science
collaboration. PETRA IV’s long-term strategic value thus lies in safeguarding
technological leadership and reducing dependence on non-European partners.

From a policy perspective, PETRA IV constitutes a critical science and technology
infrastructure, especially in crisis situations — such as pandemics — where rapid
analytical response capabilities can provide strategic leverage for public
authorities. The inclusion of such policy-relevant potential underscores the
project’s broad societal value. Furthermore, PETRA IV will contribute to key
SDGs through energy, climate, and health applications that support the
transition to a sustainable economy. This clear alignment with sustainability
priorities strengthens the project’s relevance beyond the research community.

85



86

PETRA IV is affirmed as a flagship project of outstanding strategic importance —
scientifically, technologically, economically, and socially. Its impact will extend
far beyond the German research landscape, fostering national competitiveness
and contributing to global scientific progress. Executed with diligence, the
project represents a cornerstone investment that aligns with Germany’s science
policy ambitions. With its exceptional vision and high project maturity,
PETRA IV stands out as an exceptional opportunity for German and European
photon science — one of the most advanced synchrotron initiatives worldwide.

B.1l SCIENTIFIC PLANNINGS

1.1 Scientific Potential

Scientific vision and ambition

DESY has developed a convincing concept for PETRA IV in terms of scientific
ambition and coherence. PETRA IV’s aim to pursue its scientific goals at the
highest international level is strongly appreciated and affirmed. Once
operational, PETRA IV will be an outstanding, transformative facility capable of
addressing priority research questions at the frontiers of materials science,
chemistry, physics, and life sciences. To achieve this, it will provide unparalleled
spatial and temporal resolution, superior coherence, and extremely high
experimental throughput. The projected performance leap — including increases
in measurement throughput up to approximately 500-fold and substantial
enhancements in brilliance, coherence, and sensitivity relative to PETRA III —
will enable entirely new classes of experiments currently impossible worldwide.
These include

_time- and space-resolved operando measurements of dynamic processes in
next-generation energy materials such as advanced batteries, electrocatalysts,
and photovoltaic systems under authentic working conditions;

_ sophisticated multimodal imaging combining small-angle scattering, X-ray
spectroscopy, and microscopy techniques; and

_structural investigations of biological complexity, extending from
macromolecular complexes to synaptic architectures and human organ
models.

The breadth of these scientific opportunities exemplifies PETRAIV’s
comprehensive approach that bridges physical, chemical, and biological
frontiers.



Integration of fundamental and applied research

Fundamental research excellence serves as the guiding principle for developing
the scientific infrastructure. Application-oriented research is designed to build
on — rather than compete with — the new fundamental opportunities enabled by
PETRA 1V. This robust relationship between fundamental discovery and applied
innovation represents one of the project’s key strengths. By enabling previously
impossible experiments, PETRA IV will allow direct multiscale investigations of
structure—function relationships — from atomic rearrangements in materials to
real-time molecular dynamics in living organisms.

Beyond this, PETRA IV adds exceptional value through its foundation in the
‘Observe—Design—Control’ loop, within which it could play a world-leading role
in the ‘Observe’ element. PETRA IV’s ultra-bright beams will enable operando
observation of structure—function dynamics, feeding adaptive experimental
design and allowing precise process control — from catalyst optimisation to
biomolecular engineering. This transforms hypothesis-driven research into
autonomous, high-throughput science. The approach couples photon-based
characterisation with iterative computational prediction, materials synthesis,
and functional validation. Its implementation demonstrates both scientific
vision and methodological maturity, marking a paradigm shift towards
integrated, data-driven materials research. This represents a significant
departure from traditional trial-and-error approaches and promises faster, more
adaptive discovery cycles over the facility’s multi-decadal lifespan.

However, completing the ‘Observe—Design—Control’ triad will require continued
close engagement with leading international teams offering diverse and
complementary expertise, including theory and modelling, material and
molecular synthesis and function testing. It is therefore recommended that
PETRA IV continues to strengthen and strategically expand its integration of this
concept, particularly through international collaboration in theory, modelling,
and data-driven materials design, as well as in synthesis and mapping of
functionality. Such efforts will be crucial to maintaining PETRA IV’s leadership
and achieving highly autonomous, discovery-oriented experimentation.

Anchoring in Hamburg’s scientific ecosystem

PETRA 1IV’s location within Hamburg’s concentrated and internationally
renowned scientific ecosystem provides ideal conditions for inter- and
transdisciplinary consortia. DESY contributes world-class accelerator-based
photon sources, advanced detectors, and data analysis pipelines for
high-resolution structural studies. EMBL Hamburg brings structural biology
expertise, particularly in cryo-electron microscopy and time-resolved
investigations of biomolecules, viruses, and cellular complexes. Helmholtz
Centre Hereon provides strong expertise in materials science for sustainable
energy systems, environmental technologies, and climate adaptation, including
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operando analysis of batteries and catalysts. The Max Planck Institute for the
Structure and Dynamics of Matter (MPI-SDM) offers cutting-edge research in
quantum materials, nanotechnology, and condensed matter physics, enabling
studies of exotic states and functional interfaces. The Centre for Structural
Systems Biology (CSSB) focuses on infection biology, signal transduction
pathways, and drug discovery through integrated imaging and simulation. The
University of Hamburg (UHH) contributes fundamental research in particle
physics, chemistry, and geosciences, bridging theory and experiment, while the
Hamburg University of Technology (TUHH) adds engineering perspectives on
process optimisation, manufacturing, and industrial applications. Together,
these capabilities support seamless integration — from atomic-scale mechanisms
to functional devices and societal applications in health, energy, and
information technology.

This regional ecosystem is therefore both a prerequisite and amplifier of
PETRA IV’s scientific impact. It enables iterative refinement of experimental
questions by linking photon science with quantum chemistry, multiscale
simulation, synthetic biology, and engineering. PETRA IV will itself strengthen
and expand this network, benefitting from its intellectual environment while
elevating Hamburg’s status as a global photon-science hub.

PETRA IV’s research portfolio is also expected to make significant contributions
to sustainability priorities, by advancing studies of efficient energy storage,
resource-efficient catalysis for chemical upcycling, and novel materials for
climate change mitigation. To ensure long-term relevance, clear scientific
roadmaps are recommended for focus areas such as energy storage, quantum
materials, biological imaging, and operando catalysis. These roadmaps should
be anchored by organisational structures systematically linking PETRA IV
beamlines with external partners in computational design, high-throughput
synthesis, and functional testing — thus operationalising the ‘Observe-Design—
Control’ concept across institutional boundaries. Developing these thematic
roadmaps early in the construction phase will provide a strategic backbone for
prioritising resources and attracting international consortia.

Innovative accelerator technologies: The Laser Plasma Accelerator (LPA)

The project’s scientific plan also encompasses innovative accelerator
technologies, notably the LPA, which deserves explicit endorsement. The LPA’s
high-risk, high-reward profile strategically aligns with the need to push
technological boundaries in the face of global competition. Unlike conventional
RF linear accelerators that require large, metre-scale structures to achieve
multi-GeV electron energies, an LPA utilises ultra-short (femtosecond)
high-power laser pulses focused into a low-density gas target to generate a
nonlinear plasma wake field. This wake field produces electric fields of about
100 GeV/m — several thousand times stronger than in RF cavities — allowing



electrons to reach injection energies of 100-500 MeV within a few centimetres.
Such compact accelerator modules drastically reduce spatial and power
demands for the injector chain and are scalable for high-repetition-rate
operation. The dedicated LPA test facility at the former DORIS site has already
demonstrated stable electron bunch generation with low emittance and precise
energy control — a world-leading achievement.

While these results are highly promising, further development is necessary to
achieve operational stability over continuous 200-day cycles per year — a
prerequisite for replacing RF-based technology. Overall, the scientific success of
the LPA concept will depend on resolving key challenges in laser reliability and
achievable energies, requiring careful long-term risk management. Nonetheless,
its implications extend well beyond PETRA IV, potentially benefitting future
synchrotrons and related technological domains worldwide.

Overall, the scientific planning provides a solid foundation for sustained
international leadership — provided that technical and organisational challenges
continue to be addressed proactively. PETRA IV is therefore fully endorsed as a
world-leading RI with transformative potential, given that its implementation
matches the rigor of its conceptual design.

1.2 Scientific Utilisation

Synchrotron facilities realise their scientific potential through strategic
utilisation concepts that ensure optimal access and capacity for high-calibre
users. PETRA IV demonstrates an innovative, user-centred utilisation strategy
that effectively balances the diverse needs of established and emerging scientific
and industrial communities. The concept is strongly commended for its strategic
foresight and alignment with future modes of large-scale infrastructure
operation. The planned measures are endorsed as a solid foundation for
optimising facility throughput and maximising scientific impact, both
nationally and internationally.

Transformation of user access models

A particularly forward-looking element is the planned transformation of user
access from a traditional beamtime-proposal system — typically limited to
discrete, peer-reviewed slots — to include a complementary project- and
service-oriented model. This novel approach will integrate experimental time
with data-management pipelines, analysis support, and dedicated technical
assistance, thereby creating coherent, long-term research packages tailored to
user needs. If implemented coherently, this transformation will markedly
enhance user flexibility, research continuity, and facility efficiency, becoming a
cornerstone of PETRA IV’s long-term success.
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DESY’s stakeholder engagement process for PETRA IV deserves explicit
recognition as an exemplary model of user management. Since 2018, DESY has
engaged in international surveys, thematic workshops, and structured feedback
loops to capture the needs of users across many domains — from operando
energy research requiring rapid iteration to long-term structural biology
projects. This comprehensive, data-driven process has directly shaped beamline
portfolios, access models, and service infrastructures, demonstrating a sustained
commitment to user-centric design.

The rolling-access model, successfully piloted at several PETRA III beamlines,
represents a major advancement over fixed-deadline proposal cycles. Its
responsiveness to different scientific and industrial timescales is highly valued
as an example of stakeholder feedback effectively implemented in operational
design. This model enables faster allocation of beamtime for time-critical
proprietary R&D while retaining scientific quality assurance through
continuous expert review. It also accommodates extended interdisciplinary
projects that require combinations of chemistry, materials engineering, and
computational expertise. The proposed project-based access system aligns with
this principle but will need transparent criteria for assessing applicants’
collective capabilities when allocating long-term access blocks, along with
regular progress assessments (e.g. annually). The operational implications of
rolling versus traditional peer review should also be clearly articulated.

Expanding and diversifying the user community

The ambition to double the total user base from both academia and industry
relative to PETRA III is realistic and strategically sound. Workshops, pilot
initiatives, and focus groups provide strong evidence of a mature,
demand-driven utilisation strategy. The project’s commitment to inclusivity —
welcoming researchers less-experienced in synchrotron use through flexible
team structures and tailored support — is particularly commendable. This
approach strengthens equitable access and diversity, broadening participation
in world-leading instrumentation while reinforcing Germany’s attractiveness to
emerging research communities.

Service expansion and organisational evolution

To serve these expanded user groups, the facility rightly plans to extend its
service scope beyond pure beamtime allocation. This includes comprehensive
data-analysis support and project-based collaboration formats, essential for
users with limited synchrotron experience. Such expansion marks a necessary
organisational evolution, requiring additional internal capacity for project
management, beginner training, and new interfaces with applied-research
institutions (e.g. Fraunhofer, industry, specialised service provisions by
intermediary companies). Strengthening Al integration, digital governance, and



data-driven workflows will also be crucial. New user communities — particularly
in soft matter, engineering, and manufacturing — should be actively developed,
alongside experienced research groups adept in technology commercialisation.

Expanding the user base, especially among non-expert and industrial actors, will
benefit from partnerships with intermediary or enabling companies. These
firms, which a handful of beamlines and science communities already benefit
from with PETRA III, act as facilitators between RIs and user communities,
translating scientific capabilities into application-ready services such as data
analysis, customised software, sample preparation, and access management.
Their involvement extends the facility’s effective reach, catalyses technology
transfer, and ensures that PETRA IV evolves into a true innovation platform.
Their participation in project management and user-training initiatives is highly
recommended, complementing the emphasis on Al and digital workflows.

A central institutional pillar of this transformation is the planned USG.
PETRA IV appropriately identifies the USG as a key enabler for its service-based
user model. However, the current concept requires significant further
development. DESY is encouraged to define in detail how the USG will interface
with beamlines and provide proactive, project-level support across different
expertise levels. Strengthening the USG’s visibility and clarifying its functional
integration with beamline teams will optimise support for both routine and
complex experiment types. Clear functional definitions, staffing requirements,
and coordination procedures should be finalised before commissioning. To
ensure continued alignment with user needs, systematic feedback (e.g. through
annual meetings and workshops) should remain an integral part of this
structure.

Data management and digital enablement

DESY’s extensive experience in RDM — gained at XFEL, FLASH, and PETRA III —
offers a major advantage for PETRA IV’s utilisation model. The strategy for
raw-data acquisition, high-speed transfer, and archival storage is well developed.
Planned on-site computing resources and user software tools are likewise well-
matured. This level of preparedness is a clear strength and could set a
benchmark for future large-scale data-intensive facilities.

The integration of Al is identified as a major enabler for expanding towards
non-expert user communities. PETRA IV is encouraged to accelerate the
translation of its Al strategy into a concrete implementation roadmap. Given the
fast-moving nature of this field, organisational flexibility will be essential.
Establishing a dedicated AI unit or high-level working group for user computing
tools is recommended. Increased focus on Al-based digitalisation is welcomed,
particularly where applications span the entire data pipeline — from acquisition
and compression to analysis and interpretation — as well as improving
user-handling efficiency via online registration and scheduling tools.
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Partnerships with the University of Hamburg and the Hamburg University of
Technology in AI/ML research should also be deepened.

The facility’s design for experiment control and data handling strikes a prudent
balance between security and usability. Machine control will remain on site,
while tightly regulated remote operation will be enabled for suitable repetitive
procedures under strict authentication protocols. Prioritising local storage and
processing minimises external cloud dependencies and ensures data
sovereignty. This cybersecure, pragmatic approach is highly commended as a
model of good practice for RIs. Additionally, the planned campus-wide
consortium on inverse problems — focused on Al-assisted tomography and
sparse-data reconstruction — further strengthens the scientific credibility of
PETRA IV’s analytical framework and embeds data-science leadership into its
core programme.

Overall, the proposed utilisation model is coherent, inclusive, and exemplary in
its innovative scope. The transition to project- and service-based access,
supplemented by rolling-access options, expanded support services, and
Al-driven digitalisation, provides a strong foundation for doubling the user base.
Data-management maturity and service ambition are among the project’s great
strengths. Its success, however, hinges on timely development of the USG,
creation of Al organisational structures, and continuous user-feedback loops.
Formalising operational protocols, reviewer procedures, and USG-beamline
coordination mechanisms are critical next steps to ensure PETRA IV realises its
full utilisation potential.

1.3 Implementation from a Scientific Perspective

Technical readiness and design maturity

With regard to its quest to achieve its scientific objectives, PETRA IV
demonstrates a remarkable degree of technical sophistication and
methodological maturity. Its advanced and operationally credible planning is
fundamentally sound for a project of this scope and ambition at the current
stage of preparation. The depth of design work and coherence of the technical
concept reflect DESY’s extensive experience in building complex photon-science
infrastructures and is therefore strongly commended. Experience gained — and
the possibility to conduct pre-testing at the existing PETRA III complex —
represent decisive advantages for the implementation of PETRA IV. The ongoing
preparatory phase (2020-2026) further strengthens readiness and provides a
solid technical basis.



Integrated data management architecture

PETRA IV’s data-management architecture will provide an integrated end-to-end
system linking data acquisition, real-time processing, storage, and reuse. At the
beamline level, fast detectors will be coupled to dedicated front-end electronics
and high-performance networks that enable on-the-fly data reduction,
compression, and quality checks, ensuring that only scientifically relevant
information progresses through the pipeline. Intelligent real-time filtering and
selection mechanisms at the detector stage — based on pre-programmed
algorithms or machine-learning models trained on XFEL and PETRA III data —
will identify high-value diffraction patterns, scattering signals, or imaging
frames while discarding redundant ones immediately. Centralised computing
and storage resources shared across beamlines will manage large-scale
reconstruction, analysis, and long-term archiving, all supported by common
software stacks, metadata standards, and workflow tools that enable
reproducible, FAIR-compliant data products.

This system design is feasible and builds directly on DESY’s proven experience
managing petabyte-scale datasets at XFEL and PETRA III. The solution to the
so-called ‘one-petabyte-per-day challenge’ is expected to maintain scientific
value while keeping long-term storage requirements near 100 PB total. As
implemented, users will have scalable analysis environments and long-term
access to curated datasets, facilitating downstream applications in Al and
simulation-driven modelling. Altogether, the data strategy exemplifies best
practice in balancing performance, cost, and data integrity.

The planned integrated analysis facility — based on Jupyter-centred
environments with Python toolchains, shared data catalogues, and modular
software stacks — will offer secure remote access via two-factor authentication.
It will provide a forward-looking platform supporting both rapid data analysis
and advanced Al applications for a wide range of user expertise levels.

A key remaining challenge concerns ‘data triage’: Given the enormous volumes
involved, indefinite storage of all raw data is infeasible. Therefore, it is essential
to define clear a priori criteria distinguishing which data must be retained for
further analysis and which can be safely discarded without loss of scientific
value. As this issue is not unique to this project, establishing dialogue with other
large European data-generating facilities to exchange their methodologies,
operational experience, and best practices would provide valuable guidance for
developing an effective approach.

Data governance and knowledge management

Effective implementation will also depend on clear rules along the entire data
and analysis chain. Developing a comprehensive data-governance framework
early in construction is strongly recommended. This should include:
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_thorough documentation of initial processing steps and metadata
responsibilities;

_ transparent guidelines for Al use, including management of potential bias or
information loss;

_explicit expectations for users to provide adequate sample and experiment
metadata; and

_ practical provisions (e.g. accommodation and scheduling) for extended on-site
data processing.

Equally important is the preservation of specialised domain knowledge — for
example in beamline operation, operando experiment design, data-pipeline
development, and detector calibration — by incorporating knowledge-transfer
measures in risk and contingency planning. A  structured
knowledge-management plan will enhance resilience to staff turnover and
support long-term operational continuity.

User training, capacity building, and monitoring

From the user perspective, effective pursuit of the scientific ambitions will
depend on robust training and capacity-building measures. The inclusion of
user-training plans is commendable; however, expanding these into a
structured, facility-wide programme is recommended. Training should focus on
digital-workflow proficiency, metadata literacy, and critical interpretation of
Al-supported analysis to ensure that automation complements rather than
replaces scientific judgement. Integrating such training within DESY’s broader
educational ecosystem would contribute to long-term sustainability of expertise.

It 1s also advisable to establish monitoring mechanisms balancing
high-throughput routine experiments with complex, interactive measurements
that demand closer collaboration between users and beamline teams. Clear
commissioning milestones for data pipelines — covering algorithm robustness,
metadata completeness, and Al maturity — together with contingency measures
to preserve expertise through staff transitions, will strengthen implementation
quality. Regular milestone reviews during installation will ensure transparency
and maintain progress tracking.

Governance, staffing, and organisational structure

Some organisational refinements are required to increase confidence in the
plan’s long-term robustness. Currently, IT, data, and photon-science
responsibilities remain somewhat fragmented across groups; despite good
informal coordination, this structural separation may lead to inefficiencies as
complexity grows. Establishing a high-level Data and Digitalisation Unit



reporting directly to project leadership is therefore explicitly recommended to
consolidate governance and address rising cybersecurity demands.

Staffing levels also merit consideration. With only four beamline scientists per
beamline on average, personnel resources are modest compared to other large
synchrotrons, raising risks of knowledge loss through staff turnover.
Strengthened collaboration with institutional partners (e.g. EMBL and
Helmholtz institutes) and a clear division of roles between central support and
beamline-embedded teams will be essential. An early review of long-term
staffing adequacy and cooperation models should be undertaken during
implementation.

Central support functions and workforce development

Beyond the beamlines, PETRA IV will rely strongly on centralised support
structures to absorb increased operational demand. The USG and DESY-internal
IT functions must handle higher user volumes, faster data rates, and more
complex in situ and operando experiments — all while the number of beamline
staff remains constant. This heavy reliance on centralised infrastructure is
pragmatic but requires performance monitoring and resource safeguards to
prevent bottlenecks. Recruitment efforts are expanding — targeting IT,
cyber-security, data management, and Al positions — and leveraging
partnerships with the TUHH and other local institutions. Joint training and
secondment programmes are recommended to accelerate workforce
development.

User access implementation likewise needs refinement. Dedicated reviewer
recruitment for high-volume rolling access, transparent oversubscription
protocols, balanced academic-industrial representation, and peer benchmarking
of staffing per beamline — possibly via consortia — will help sustain quality under
doubled user demand (compared to PETRA III) and Al-mediated workflows.
These refinements are critical to translate conceptual excellence into
operational performance.

Laser Plasma Accelerator (LPA) implementation and risk management

The LPA’s transformative potential, while significant, remains contingent on
unresolved technical issues regarding laser reliability, achievable injection
energies (target ~6 GeV), and functional stability during beamline duty cycles. A
decision on the baseline LPA system is expected in 2027; however, current data
do not yet provide sufficient confidence for 200 days of stable annual operation.
Leadership should therefore define rigorous performance thresholds, reliability
metrics, and fallback protocols (including the RF injector), accompanied by
transparent communication of implications.
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Continued focus on the LPA milestone process is essential, as is maintaining
transparent risk communication and adaptive beamline planning. Criteria for
the mid-2027 go/no-go decision should explicitly address not only technical
readiness (operational stability, laser reliability, beam quality) but also a full
cost-benefit and risk assessment relative to the RF baseline and broader DESY
accelerator strategy.

Beamline prioritisation and adaptability planning

Beamline prioritisation during construction must explicitly couple scientific
value with sequencing to safeguard mission-critical stations in energy materials,
structural biology, and quantum metrology. Questions of potential scope
reduction under budget constraints — such as which beamlines could be
descoped and how community input will inform such decisions — require clearly
defined procedures. Structured user-input mechanisms, demand forecasting,
and peer-reviewed priority rankings are recommended to ensure transparent
decision-making.

Long-term adaptability should be formalised through periodic (3—5 year)
scientific roadmaps, modular beamline designs enabling future optics upgrades,
and governance structures that allow the ‘Observe—Design—Control’ loop to
evolve alongside advances in Al and quantum technologies. Explicit adaptability
planning will ensure PETRA IV’s continued scientific relevance over decades.

Operational ramp up and outlook

Construction complexity may delay access to some key beamlines; hence, strong
sequencing and prioritisation are essential to maintain scientific output
milestones. Furthermore, strategies for modular instrument upgrades and
integration of Al-based analysis workflows — such as automated data quality
checks, pattern recognition, or rapid feedback to experimental tuning — are
recommended to ensure operational flexibility and maximize scientific
throughput.

Following installation, operations are expected to commence at a significantly
higher capacity and output level than before. The project benefits from the
length and depth of its planning phase, with many preparatory milestones
already achieved — including approval of engineering and safety frameworks and
establishment of digital infrastructure for data management and experimental
control.

In summary, the implementation concept for PETRA IV is technically advanced,
operationally robust, and methodologically forward-looking, particularly in
data management, analytical infrastructure, and security-conscious workflow
design. The data architecture and Al-readiness are exemplary for
next-generation photon-science infrastructures. To secure full long-term



capability, consolidation of digital leadership, stronger training and support
structures, and clearly defined responsibilities along the data pipeline are
necessary. Adjustments in staffing and governance will further mitigate risks
tied to user growth and complexity. With these refinements, PETRA IV’s
implementation is well positioned to translate scientific ambition into sustained
operational excellence, reinforcing DESY’s leadership in global
research-infrastructure management.

B.II1 CONTRIBUTIONS AND PLANNINGS FOR INNOVATION AND TRANSFER

[1l.1  Contributions to Strengthening Germany as a Location for Innovation and Industry
in Europe

Strategic alignment and innovation vision

An exceptionally positive assessment is given of both the status and plans for
innovation, knowledge, and technology transfer. PETRA IV’s comprehensive
strategy is convincing and well aligned with national and European innovation
priorities. It is expected to make substantial contributions to Germany’s
industrial competitiveness and Europe’s leadership in advanced materials,
high-technology manufacturing, and photon-science applications. The strategy
is commended for its coherence and integration with DESY’s broader innovation
ecosystem at the Science City Hamburg Bahrenfeld.

PETRA IV is projected to expand and intensify the use of synchrotron facilities
for industrial and applied-research. Its objective is to develop application-driven
research that builds upon — rather than replaces — the fundamental research
opportunities created by PETRA IV. Maintaining world-leading fundamental
science alongside pioneering industrial applications will guide the
infrastructure development. This dual focus on excellence in fundamental and
applied research is a key strength of the overall concept.

The Observe-Design-Control approach

Central to the innovation strategy is the concept of the ‘Observe—Design—
Control’ loop, which links PETRA IV’s advanced photon-characterisation
capabilities, such as operando structural analysis, multimodal imaging, and
time-resolved spectroscopy, to iterative computational design, materials
synthesis, and function validation. Applying this concept in an innovation
context offers enormous potential for enhancing the industrial competitiveness
of Germany and Europe. The systematic approach to integrating high-end
characterisation with design and validation across whole industrial innovation
chains deserves recognition. However, to fully leverage this potential, DESY
must strengthen both internal innovation capacity and external partner
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readiness, ensuring that industrial collaborators can effectively integrate insight
from photon science into their innovation process.

PETRA IV’s innovation planning builds on DESY’s central role in the established
science and innovation ecosystem of the Science City Hamburg Bahrenfeld. A
range of support instruments already underpins local innovation and
technology transfer, from start-up incubation and open-innovation initiatives to
applied-research facilities and industrial measurement services. Since 2018,
DESY’s applied research portfolio has expanded impressively, multiplying the
number of industrial collaborations and the associated financial proceeds. This
growth trajectory is evidence for the effectiveness and scalability of the model
vision. Strategic priority areas have been microelectronics, quantum
technologies, biotechnology, pharmaceuticals, and high-tech manufacturing,
demonstrating sophisticated market awareness and positioning PETRA IV as a
central pillar of Germany’s innovation economy.

The regional support environment is adding further momentum. As Science City
Hamburg Bahrenfeld continues to grow, DESY should actively monitor and
capitalise on its dynamic evolution, including new University institutes and
innovation hubs in data science and Al. DESY is encouraged to pursue new
opportunities for recruitment and partnerships while also seeking economic
impact through collaboration with non-local stakeholders. User groups at
German and European universities already possess substantial expertise in
applied and commercial research. Promoting PETRA IV’s non-academic and
industrial value proposition early and visibly is therefore recommended to
mobilise such collaborations and attract partners beyond the immediate
regional ecosystem.

Expanding industrial access and user interfaces

Achieving the targeted doubling of innovation, tech and knowledge transfer
proceeds will require dedicated resource allocation. Expanded in-house research
capacity and enhanced industry interfaces will be necessary to support the
transition from pure beamtime access to project-based service models that
appeal to users with limited synchrotron experience. This evolution marks a
major shift from PETRA IV’s traditional scientific user communities and will
demand additional staffing in project management, innovation coordination,
data analysis, and Al integration. DESY should explicitly prioritise and resource
these measures to ensure realisation of the projected industrial impact.

Further user support is planned through central services such as sample
preparation and sample-environment development. These functions should be
organised to optimise centralisation efficiencies while maintaining rapid,
responsive interaction with beamline teams. Providing standardised,
high-quality metadata formats across measurement techniques — both at



PETRA IV and partner sites — is equally critical to enable seamless Al-assisted
analysis.

New user-interface models can build upon the established beamtime-access
schemes common at comparable institutions. More flexible and diversified
approaches are strongly encouraged, including:

_ Strengthening and expanding DESY’s user-support services to communicate
and facilitate industrial access to PETRA IV’s advanced capabilities, such as
operando analytics for energy materials, 3D metrology of semiconductor
structures, or process monitoring in additive manufacturing. The planned USG
will provide end-to-end project services — from feasibility studies to data
evaluation and reporting — tailored to industrial needs.

_ Extending cooperation with applied-research organisations closely linked to
industry, whether or not they operate beamlines themselves.

_ Fostering partnerships with specialised service providers and SMEs that
translate synchrotron capabilities into commercial solutions — an approach
already proven in life-science sectors and well suited for transfer to other
industries.

_Engaging new user communities in emerging fields such as soft matter,
manufacturing, and engineering.

_ Activating an alumni network of former PhD students and postdocs as liaison
partners for applied and industrial research engagement.

These measures are highly supported and should evolve into a structured
innovation-portfolio framework with defined goals, responsibilities, and
performance indicators. The expanded interface models will play a crucial role
in PETRA [IV’s broader innovation agenda but will also require
professionalisation, particularly in pricing and intellectual-property (IP) policies.

Governance, pricing, and balancing frameworks

Balancing full-cost accounting, competitive pricing relative to peer
synchrotrons, and an attractive value proposition will be essential. A systematic
review of IP and licensing policies, informed by regular market benchmarking,
is therefore recommended. Strengthening internal innovation and transfer
units, expanding staff, and scaling intermediary networks — including
beamline-proficient service providers — should be treated as priorities. Formal
collaboration mechanisms could include joint industry challenges and recurring
technology-foresight workshops.

To monitor effectiveness, PETRA IV should apply quantitative and qualitative
impact indicators, covering success stories, best-practice cases, patents,
spin-outs, commercial service proceeds, and market penetration. Such metrics
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will also support realistic expectation management regarding increase in
commercial proceeds and industrial uptake.

Balancing open science and commercial engagement

Overall, PETRA IV will function as a key facility for photon-based research in
Europe, bridging excellent fundamental science with industrial innovation. This
dual mission, however, inherently requires balancing scientific openness and
commercial engagement. Academic users depend on open, peer-reviewed access,
whereas industrial partners emphasise confidentiality, predictability, and speed
— often within fee-based or proprietary frameworks. A transparent access policy
that reserves substantial beamtime for investigator-driven research while
allocating a defined portion for economically relevant collaborations is therefore
critical.

Professional industrial engagement can further enhance financial and strategic
sustainability, contribute to operational costs and drive technological
advancement. Such engagement must operate under clear governance
safeguards; they need to ensure transparency, reinvestment of proceeds, and
preservation of knowledge-sharing principles. Any commercialisation at the
expense of open science needs to be informed by transparent and meaningful
assessment criteria. Maintaining the delicate balance between applied and
fundamental research will be central to PETRA IV’s identity as both a public RI
and an innovation accelerator. Aligning strong governance, funding, and
performance frameworks with both scientific and economic objectives will allow
PETRA IV to support frontier discovery and high-value application
simultaneously.

Future priorities and strategic refinements

While PETRA IV’s general strategic direction for strengthening Germany’s
position as an innovation hub is sound, some refinements are recommended
with a view to achieving greater realism and vision. To start with, commercial
proceeds projections should be based on conservative, evidence-based market
analyses and scenario planning so that unrealistic industrial proceeds
projections, which could create perceptions of underperformance, are avoided.
Access allocation models should clearly define the expected breakdown of
allocations for proprietary commercial access by SMEs and larger companies, vis-
a-vis non-proprietary institutional users. This will be essential for maintaining
high scientific research quality. Deeper integration with European initiatives
such as LEAPS/LEAPS-INNOV is also advised to attract international industry
partners and sustain continuous service innovation.

In conclusion, PETRA IV’s overall innovation and transfer strategy appears to be
mature, coherent, and strategically sound. Industrial proceeds targets are
ambitious but should be achievable through the framework of the Science City



Hamburg Bahrenfeld ecosystem. The ‘Observe—Design—Control’ loop, expanded
user interfaces, and industrial partnerships represent clear strengths. Future
priorities should include broadening the service provision, building new user
communities, deploying alumni networks, and implementing robust metrics
and policies on pricing, IP, and access balancing across all stakeholders in the
user community. With these refinements, PETRA IV will significantly
strengthen Germany’s and Europe’s industrial competitiveness and serve as a
flagship model for innovation-driven large-scale Rls.

l1.2  Contributions to Sovereignty, Resilience, and Agency of the Government

PETRA IV represents a significant strategic asset for strengthening technological
sovereignty, resilience, and governmental agency at both national and European
levels. The project is strongly commended for establishing world-class
synchrotron capabilities within Germany and thereby reinforcing European
autonomy in key technological domains. The provision of synchrotron
capabilities as planned promises to significantly reduce dependence on
non-European large-scale photon facilities for strategically important industrial,
security-related, and policy-relevant research.

Addressing the European capability gap

Europe maintains a robust network of synchrotron facilities (e.g. ESRF-EBS,
PETRA III, MAX IV) that meets most hard X-ray research demands. While
European facilities like ESRF-EBS and MAX IV excel in complementary energy
regimes, they cannot fully meet the growing demand for PETRA IV’s unique 6
GeV coherent flux, penetration power, and high-throughput reliability. This has
already made non-European infrastructure increasingly indispensable for timely
applications in battery development, quantum device characterisation, and
supply-chain-resilient manufacturing. Facilities at non-European  sites,
particularly the US Advanced Photon Source (APS-U, user operation since 2024)
and China’s High Energy Photon Source (HEPS, user operations since 2025), are
establishing new performance benchmarks in brilliance, coherence, and
nanofocus, relevant for industrial materials R&D, semiconductor metrology, and
energy systems. PETRA IV addresses this strategic gap by enhancing Europe’s
research sovereignty through diffraction-limited hard-X-ray access optimized for
operando studies of complex systems under practical conditions. With high-end
structural and functional characterisation methods for advanced materials,
complex biological systems, and critical components, PETRA IV contributes to
safeguarding key technological capabilities that underpin economic
competitiveness, national security, and informed decision-making.
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Sovereign data management and analytics

The planned on-site data management, processing, and Al-based analytical
capabilities are adequate measures to ensure that critical research data can be
generated, processed, and interpreted under sovereign control. This strengthens
Germany’s and Europe’s position in data-intensive materials research while
reducing vulnerabilities from external data dependencies. The combination of
domestic infrastructure, advanced analytics, and specialised expertise is to be
highlighted as a cornerstone of technological and digital sovereignty in sensitive
fields.

Crisis response and emergency capabilities

Knowledge and technology transfer at PETRA IV extends beyond industrial
applications, as it supports government institutions, public administration, and
broader societal resilience. PETRA IV is an important scientific-technological
infrastructure resource for policy making, particularly in crisis and emergency
situations, for which decision-making, communication and cooperation
channels must be established proactively. PETRA IV’s capabilities in structural
biology, healthcare imaging, materials science, and data analysis can similarly
support future crisis responses and long-term resilience strategies. Specific use
cases include:

_Rapid structural analysis of emerging pathogens during pandemics (e.g.
variant tracking, vaccine target identification);

_ Real-time materials forensics following environmental disasters (e.g. oil spill
degradation pathways, wildfire aerosol composition);

_ Non-destructive quality assurance of strategic supply chains (e.g.
semiconductor purity verification, battery material contamination screening);

_ Forensic trace analysis for incident investigation or authentication of critical
infrastructure components in national security contexts.

Proactive measures, such as pre-defined rapid-access protocols, 24/7 on-call
beamline teams, and liaison channels with federal crisis management
authorities (e.g. Bundesamt fiir Bevolkerungsschutz und Katastrophenhilfe),
health agencies (e.g. Robert-Koch-Institut), and environmental monitoring
bodies (e.g. Umweltbundesamt), should be established during the construction
phase to ensure PETRA IV can deliver strategic analytical capabilities within days
rather than months when national emergencies arise. The early definition of
use-cases and protocols for rapid mobilisation of PETRA IV capacities in future
emergencies is being encouraged.



Defence and security research and ethical governance

Defence and security research, as well as related applied research opportunities,
should not be excluded, given their growing societal and political significance,
but embraced with the operation of PETRA IV. Taking proactive steps in
establishing ethical approval processes, confidentiality protocols and data
security are of paramount importance. Existing export control rules and
processes for sensitive data handling at DESY provide a solid basis, but clearer
processes and decision criteria need to be developed to ensure compliance of
research strengthening resilience and democratic values with national and
European regulations. Particularly urgent is the need for formal decision
pathways for dual-use projects and the establishment of ethical and legal
governance structures. |°?

The PETRA IV project leadership is therefore encouraged to actively participate
in the expanding defence- and security-relevant research landscape. As a
provider of non-destructive, high-resolution analytical capabilities for trace
forensics, materials authentication, and critical infrastructure metrology,
PETRA IV can make substantial contributions to knowledge security and dual-
use applications. By establishing proactively governance guidelines for risk
assessment, PETRA IV should position itself as a key research voice shaping the
strategic development of this field — ensuring that synchrotron photon science
informs policy on technological sovereignty, hybrid threat resilience, and ethical
innovation boundaries. Ongoing internal discussions and dedicated forums at
DESY already provide valuable platforms to address these emerging topics and
to foster staff engagement and acceptance. The continuation and further
strengthening of such dialogue is encouraged to ensure sustained institutional
support for defence- and security-related research activities.

Policy integration and strategic communication

To strengthen policy interfaces, PETRA IV should establish suitable
communication channels such as regular strategic briefings, roundtables, or
technology assessment reports linking its capabilities to national priorities in
energy transition and digital sovereignty. Collaboration with government
stakeholders through dedicated translation programmes (e.g. policy fellowships,
regular technology briefings for parliamentary committees, and joint working
groups with relevant federal agencies) would convert scientific insights into
actionable policy guidance, particularly for dual-use technologies and critical
infrastructure resilience. Such structured formats would help ensure that

| 9 See the Wissenschaftsrat’s 2025 position paper ‘Science and security in times of global political upheaval’:
German Science and Humanities Council | Wissenschaftsrat (2025): Science and security in times of global
political upheaval | Position paper; Cologne. DOI: https://doi.org/10.57674 /v8dp-8269
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PETRA IV’s potential is systematically reflected in strategic planning and
regulation.

To achieve full effectiveness, further adaptations are required, notably in
dual-use and security research management, where formalised procedures
should build on existing export control frameworks and include specialised
ethics oversight and robust data security protocols. Clear classification and
granular access control for sensitive academic and industrial data, including
metadata governance for AI applications, remain essential. Strengthened
alignment with national resilience strategies would enhance PETRA IV’s
contributions to supply chain security, materials provenance, and infrastructure
protection.

Overall, PETRA IV’s role as a strategic national asset is underpinned by its
synchrotron capabilities, sovereign data control, and crisis-response potential.
With clearer procedures, reinforced data governance, and structured policy
communication channels, the facility is well positioned to support both
immediate security needs and broad sustainability and resilience objectives and
to serve as a key reference point for evidence-based policy in Germany and
Europe.

1.3 Concept for Achieving Societal Impact

PETRA IV demonstrates compelling potential to address major societal
challenges and the United Nations SDGs. For instance, the explicit and targeted
alignment with SDG 7 (Affordable and Clean Energy) via next-generation battery
and electrocatalyst architectures, SDG 13 (Climate Action) through resource-
efficient catalytic upcycling processes, and SDG 3 (Good Health and Well-being)
through neuroscience structural interrogation and molecular pathology
imaging is convincing and promising. Strategic positioning within the DESY
campus ecosystem and the broader Hamburg research landscape establishes
robust translational pathways, referring to structured mechanisms that
systematically convert PETRA IV’s fundamental structural discoveries (e.g.
atomic defect distributions in battery cathodes, protein folding pathways in viral
spike proteins) into practical societal applications through commercialisation
and cross-sector collaboration. This ecosystem integration is regarded as a major
strategic strength for achieving tangible societal outcomes.

Professionalised transfer structures, user consultations for developing
structured service inventories, and expanded intermediary service networks
provide a solid operational foundation and reflect a high level of strategic
maturity in translating research into societal impact. The establishment of a
chief communication officer targets enhanced interfaces with non-specialist
stakeholders and civil society, representing a forward-looking commitment to
public engagement. This leadership commitment to strategic communication is
highly appreciated and should be resourced accordingly. Enhancing the public



visibility of PETRA IV and its relevance for societal challenges will be key for its
positioning as a visible beacon of publicly relevant science in the Hamburg
region.

PETRA IV’s societal impact concept is to be commended for its targeted SDG
contributions, mature transfer structures, and public engagement
commitments. The strategic SDG focus and professionalised transfer
architectures represent exemplary practice for next-generation Rls. The DESY
ecosystem and Hamburg location provide solid foundations for translation. Key
enhancements include explicit SDG mappings, citizen science integration, social
innovation challenges, and return-on-investment evaluation frameworks. These
additions will transform PETRA IV from an excellent scientific facility into a
genuine societal innovation engine. Refinements needed cover integrated
research demonstrations and urgent dataset governance policies. With these
steps, PETRA IV can maximise societal dividends beyond traditional research
boundaries and establish new benchmarks for public value generation from
large-scale RIs.

B.IV FUNDING CONCEPT, ORGANISATION, AND RISK MANAGEMENT

V.1  Budget Planning

Financial planning and validation

PETRA IV’s budget planning demonstrates commendable solidity and
methodological rigour. It reflects extensive long-term preparation that positions
the project well for both installation and operational phases. The exceptional
maturity of financial and technical planning achieved to date, reflecting DESY’s
institutional excellence in implementing large-scale infrastructures such as
PETRA III and European XFEL, is explicitly appreciated. This previous major
project was completed within robust quality parameters and provides
confidence in DESY’s ability to manage cost and schedule complexities.

Although civil construction remains the predominant risk category, its
estimation incorporates sophisticated multi-stage protocols validated by
independent external engineering firms. Internal and external cost reviews
completed in 2023 covering building construction and experimental
infrastructure installation further strengthen confidence in the solidity of
PETRA IV’s pre-phase planning. These comprehensive validations represent best
practices in large-scale infrastructure planning. DESY applies a proactive market
engagement confirming price realism and supplier reliability. A forecasting
approach realistically anticipates that roughly half of work packages will exceed
budgets while others will undershoot. This will be managed through proven
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escalation procedures linking work-package clusters with DESY directorate
adjudication.

The expected target of generating 5 million euros of industrial proceeds for the
operational phase is very ambitious. Yet, considering DESY’s expanded
innovation and transfer activities and the resulting growth in industrial
collaborations, it appears achievable if additional resources are allocated to in-
house research capacity and industrial interface development. It remains
essential to clarify the funding necessary to cover these additional operating
costs — particularly regarding DESY’s internal contributions and the role of
HGF’s basic funding. This is of particular importance should PFI funds not be
extended.

The projected industrial proceeds of 5 million euros per year is thus considered
a realistic yet challenging goal, meriting inclusion in operational risk planning
through formal sensitivity analyses and contingency reserves. The underlying
business model should integrate clear pricing, full-cost recovery, and
technology-transfer assumptions. It should also be clarified whether the
benchmarking of economic costs charged to industry clients refers to operating
costs alone or includes capital depreciation — and whether calculated per
beamline or facility-wide.

Staffing and human resources

Staffing projections of approximately 350—400 FTEs are lean yet credible within
DESY’s ecosystem, provided high postdoc turnover and IT recruitment
challenges are robustly mitigated. DESY appropriately acknowledges persistent
recruitment challenges in IT, cybersecurity, data management, and Al and
proactively mitigates these through specialised task forces in human resources,
sourcing, and market monitoring. PETRA IV plans to maintain staffing levels
comparable to PETRA III, with an average of around four scientists per beamline
(including two postdocs as full time equivalents). Given that partners such as
EMBL will operate a significant number of beamlines, this allocation frees up
sufficient DESY personnel to staff DESY-operated beamlines with an average of
more than four scientists, thereby approaching the staffing levels observed at
leading international synchrotron facilities. Nevertheless, this lean staffing
model requires robust mitigation for high postdoc turnover and knowledge
continuity.

Regarding the planned service offers, PETRA IV will rely on centralised USG and
DESY-wide IT services to handle doubled user numbers, increased industrial
demand, higher data rates, greater experiment complexity, and the shift to
delivering analysed results rather than raw data — without expanding beamline
scientific staff. Leveraging the TUHH for cybersecurity and computer science
positions represents a strategically sound recruitment approach. DESY’s
declaration to provide an additional 160 FTEs for PETRA IV operations is strongly



welcomed and should be formalised as a binding commitment with clear
milestones. Transparent variance tracking, adjustment triggers, and funding for
additional services like data curation and user assistance would ensure
operational scalability. Risk inventories should include refined sensitivity
modelling, reassessing personnel assumptions against international
benchmarks for data workflows and service intensity.

Operational flexibility and risk management

To strengthen funding resilience, DESY should explicitly address pricing
uncertainties for frontier technologies such as the LPA system and raw
materials, alongside scenario-based financial modelling across installation,
operation, and dismantling. The need for systematic energy-consumption
profiling as a key future cost driver is particularly emphasised. Developing an
energy baseline with LPA optimisation scenarios could yield savings of several
million euros annually, pending validation of net power reduction across the
full injector chain. However, assumptions on power consumption must be
revalidated, incorporating a comprehensive evaluation of risks associated with
magnets and injector options. This re-evaluation should be articulated within
the broader sustainability framework, given that the LPA has not yet been
demonstrated as the definitive accelerator solution. The baseline for the
conventional accelerator should also be revalidated, considering its higher
operating costs. Clear distinctions between installed power capacity, expected
peak and mean consumption, and annual consumption are required for
infrastructure specification and cost projections.

To prevent delays from current rigid budget procedures requiring extensive
administrative approvals, the project team must be given enhanced flexibility
within the agreed envelope, supported by agile decision-making. Currently, the
budget allocation is rigid, with adjustments requiring extensive administrative
procedures that risk delaying decision-making. The DESY supervisory board and
the funding institutions at both state and federal levels should therefore enable
reallocation of funds within the original budget envelope. Otherwise, delays may
occur, increasing total costs or forcing scope reductions.

Overall, PETRA IV’s budget planning earns strong recognition for
methodological precision, external validation, and robust forecasting. The target
on industrial proceeds remains ambitious but achievable given innovation
growth. Domain-specific inflation adjustments introduced after the 2023 review
demonstrate responsible adaptive financial governance. Lean staffing appears
credible through ecosystem leverage and partner beamlines, though postdoc
turnover and IT recruitment challenges persist. Key enhancements include
scenario modelling, extra-service funding, centralised support scaling, energy
consumption profiling, and conservative contingencies. With these refinements,
the funding concept demonstrates exemplary preparedness for execution and
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operations, positioning PETRA IV as a European benchmark for financial
planning in large Rls.

IV.2  Organisation and Management

Governance and organisational structure

In general, PETRA IV’s organisational architecture demonstrates structural
coherence through an integrated work-package framework with staged
escalation procedures, from technical clusters via project leadership to DESY
directorate adjudication. These structures have proven highly effective during
preparatory decision cycles, indicating advanced operational maturity. The
establishment of the FIAC is strongly commended as an exemplary governance
innovation. Such a body, rare among comparable international projects, unites
highly experienced experts from science management, engineering, and
construction to ensure continuous external oversight and provide valuable
governance support throughout PETRA IV’s implementation.

Specialised HR task forces pursue diversified recruitment strategies, leveraging
DESY’s internal talent pipeline from apprenticeships to postdoctoral positions.
While an average of around four scientists per beamline is expected across all
PETRA IV beamlines, the DESY-operated ones are planned to have above-average
staffing, thereby approaching international benchmarks. Nonetheless,
maintaining these staffing levels under a lean model requires continued
attention to recruitment, retention, and knowledge continuity to mitigate
resource risks. Given PETRA IV’s highly service- and project-oriented user
operation model, additional scientific personnel will be essential to maintain
beamline productivity and high-quality user support. Strategic cooperation with
universities and partner institutions to supplement core staffing should
therefore be prioritised immediately.

Digitalisation and decision agility

Al integration is rightly identified as essential for serving broader, potentially
non-expert user communities. Establishing a dedicated high-level Al task force
or unit for user computing tools is strongly recommended, with greater focus
on Al-based digitalisation along the full data pipeline — from collection and
compression to analysis and interpretation. This transformation should also
improve user-interaction efficiency, including online registration and
scheduling. Consolidating IT, digitalisation, and data management functions
under a unified leadership line, ideally reporting directly to project leadership,
would mirror models at peer facilities and enhance strategic coherence.

Given PETRA IV’s scale and complexity, organisational agility and rapid
decision-making capability are mission-critical. Experience from comparable



infrastructures shows that long internal decision loops cause major delays. It is
recommended that project leadership and work package leads are empowered
with clearly defined decision-making authority and limited budget reallocation
authority. This should be combined with ex post validation rather than pre-
emptive approval. Leadership succession planning should be prioritised since
many current core team members may not remain throughout installation and
operation. Formal succession and knowledge-transfer procedures are therefore
an urgent strategic priority.

Clear delineation of executive authority, reporting lines, and trade-offs between
scope, cost, and schedule requires transparent organigrams and an explicit
governance mandate. Designating a responsible individual or body for such
trade-off decisions would significantly strengthen governance resilience. A
formalised definition of leadership hierarchy and decision procedures,
particularly regarding injector baseline choices and cost-overrun responses, is
essential. It is imperative that the project handbook, RACI matrix,
change-control processes, and risk register be completed and maintained.
Although the relationships within the leadership team appear cooperative, the
line of command between the project leader, the accelerator director and the
DESY directorate remains unclear. A detailed succession plan for senior project
members should also be prepared in case of role changes during project
execution.

Decentralised IT functions increase security and integration risks; therefore, an
HGF-level data-security architecture and centralised beamline user-support
interfaces are imperative. As demonstrated in comparable projects, granting
PETRA IV management budgetary flexibility within the approved envelope —
currently limited by administrative procedures — would secure cost efficiency.
Budgetary agility has proven to be a cost-saving factor in comparable projects —
each year of delay entails substantial extra expenditure. Embedding decision
autonomy as a core governance principle is therefore essential.

Human resources and staffing strategy

Recruitment is ramping up for key roles in IT, cybersecurity, data management,
and Al, accompanied by careful labour-market monitoring and strategic use of
DESY’s postdocs, students, and apprenticeships. Continuous evaluation of
staffing adequacy relative to beamline expansion is recommended to maintain
long-term balance. PETRA IV’s staffing model appropriately relies on
partner-operated beamlines supplemented by DESY’s centralised services,
including the USG and IT, to manage the expected increase of user numbers,
industrial growth, higher data volumes, complex experiments, and the shift
toward delivering analysed results.

The proposed increase in scientific personnel is strongly supported, though the
planned average of four scientists per beamline remains lean. Management is
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encouraged to explore further augmentation to align with leading European
synchrotrons, which typically operate with five to six scientists per beamline.
Possible solutions include collaborative posts with partner universities or shared
institutional positions.

Overall, PETRA IV’s organisation is recognised for its effective escalation
mechanisms, well-established liaison channels, and robust HR strategies within
the DESY talent ecosystem. HGF integration and digitalisation priorities are well
aligned with user growth. Success will ultimately depend on leadership
empowerment, coordinated cross-package management, and comprehensive
succession planning. Sustained diversity and gradual reinforcement of staffing
levels remain crucial to meet PETRA IV’s ambitious scientific mission. Key
enhancements — including AI task forces, IT consolidation, formalised
succession frameworks, data-security architecture, and clarified organigrams —
position PETRA IV management for agile execution across construction and
operation, provided staffing realism and autonomous decision authority are
rigorously ensured.

IV.3  Sustainable Planning

PETRA IV demonstrates a solid initial awareness of sustainability considerations,
addressing in particular power consumption, water-cooling requirements, and
rare-earth material dependencies in material planning. This baseline awareness
constitutes a credible foundation for a facility-scale project of such ambition,
appropriately recognising the environmental implications associated with
advanced synchrotron operations.

However, the current sustainability articulation remains below flagship
expectations. A comprehensive quantitative environmental-footprint and
lifecycle assessment is strongly recommended as an immediate priority,
encompassing emissions, resource intensities, prospective decommissioning,
and recycling architectures. This assessment should define measurable targets,
supported by continuous monitoring, independent assurance reporting, and
benchmarking against peer facilities and national climate goals.

Systematic integration of sustainability criteria into technical design decisions —
such as life-cycle evaluations for energy systems, optimisation of water-cooling
efficiency, and substitution of critical materials — together with
countermeasures including advanced filtration, waste-heat valorisation, and
modular construction for upgrades or disassembly, represents a key
advancement opportunity. The establishment of an independent sustainability
oversight function with recurring and transparent public accountability
reporting is essential to ensure alignment with flagship standards and to
maintain credibility during implementation.



The projected increase in total power consumption compared with PETRA III —
despite efficiency gains from the LPA injector and permanent magnets —
constitutes a major concern requiring rigorous mitigation plans, addressing not
only total power use but also the efficiency of water cooling, magnet operations,
and experimental-floor expansion. Sustainability must therefore be elevated
from baseline awareness to a governing project principle, supported by
ring-fenced resources, dedicated decision authority, and systematic integration
within all evaluation and reporting frameworks. Achieving this will be essential
for PETRA IV to reach environmental-performance parity with its scientific and
technical ambitions.

IV.4  Risks

Risk governance and institutional foundations

PETRA IV demonstrates advanced maturity in risk management, drawing on
DESY’s proven track record with projects such as PETRA III and the European
XFEL. This institutional experience in delivering complex, large-scale
infrastructures within demanding environments is explicitly commended as a
major strategic asset for PETRA IV’s risk governance.

Regarding risk estimation, comprehensive internal and external cost audits
cover construction, instrumentation, and experimentation, supported by
explicit contingency buffering that recognises the inherent complexity of RIs.
Civil construction mitigation stands out: private-sector pre-construction
scrutiny has produced realistic timelines and cost frameworks, reinforced by
Hamburg’s dedicated DESY steering committee, which enhances administrative
efficiency and enables forward-thinking procurement, for instance with magnet
tenders. The strong engagement of Hamburg’s city-state authorities is
recognised as a distinct governance advantage, facilitating rapid procedures
through steadfast local commitment. Extensive planning includes involvement
of municipal experts on committees and benefits from DESY’s
continuous-construction experience. While escalation procedures provide
operational contingency buffering, formal budget integration remains
precluded, necessitating robust external justification of cost estimates.

Specific risk domains

DESY’s strong record in accelerator planning and construction is acknowledged.
However, material availability — particularly concerning rare-earth magnets and
other specialised components — poses an ongoing risk, especially given global
market turbulence and supply-chain deficiencies that could increase costs or
cause delays. This, along with supplier failure or insolvency risks, should be
explicitly addressed through a risk-oriented supplier-management system.
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While the planned LPA system could reduce power costs, it is not yet clear that
the LPA will yield a net power reduction for DESY’s overall electricity
consumption. The outcome depends on the utilisation of the Linac—PIA-DESY4
complex for non-PETRA IV applications. It is therefore essential that the
electricity-saving argument for LPA be substantiated through an operational
scenario for the entire injector chain, including non-PETRA IV uses of the
existing injector chain like test beams for DESY’s particle physics program,
alongside an explanation of why Linac—PIA-DESY4 power requirements exceed
those of comparable facilities.

Operational and scheduling risks

To complement deterministic schedules, probabilistic planning architectures
should quantify buffers and trigger thresholds tied to milestones. To validate
the ambitious industrial proceeds projections, granular contingency scenarios
and sensitivity analyses are recommended. Cross-directorate coordination
protocols will ensure unified leadership for budget reallocation and staffing.
Regular independent risk audits — addressing both quantitative factors (cost,
schedule) and qualitative ones (expertise retention, team coherence) — as well as
comprehensive energy-consumption modelling would further enhance
oversight.

Projects of this scale remain exposed to inherent complexity. Cost escalation and
schedule slippage frequently pressure scientific scope, making it crucial to
preserve PETRA IV’s full scientific objectives even under constrained budgets.
Building construction remains the highest-ranked risk area, given specific
requirements and limited market capacity. Contractor diversification and active
market monitoring are therefore essential.

Although structurally coherent, the current work-package architecture carries
a risk of compartmentalisation, which could hinder budget flexibility and
overall project cohesion. Maintaining cross-package integration through
collaboration protocols and flexible inter-package budget transfers will be vital
for coherence and agility. Under financial constraints, determining which
expenditures to curtail can be contentious. It must be emphasised that beamline
budgets will likely absorb overruns from other categories, since civil
construction and accelerator completion are mandatory. Clear governance
procedures are required to define who determines reductions to ‘non-essential’
beamline features and how user input is integrated into such decisions.

Organisational and funding risks

Any remaining uncertainties regarding DESY’s well-founded management
structures could be addressed by clearer delineation of responsibilities with
structured escalation routes. Despite robust HR strategies within DESY’s
ecosystem, residual challenges persist in IT, cybersecurity, scientific continuity



and capacity, necessitating strengthened mitigation beyond current task forces.
Inter-institutional exchanges and systematic performance monitoring of central
support functions would strengthen resilience.

Dependence on continued funding through the PFI beyond its current term
(2030) constitutes a major vulnerability, given that the project’s long-term
operation presupposes full PFI continuation. Accordingly, early contingency
plans developed jointly by DESY and the HGF are critical to avoid scope
reductions if the PFI concludes prematurely. The HGF’s commitment to bridging
the approximately 30 million euros annual operational funding gap under
ongoing PFI conditions is highly appreciated, but a coordinated fallback strategy
must be prepared in case the programme’s renewal fails.

Overall, PETRA IV’s risk management benefits from audit-based contingencies,
civil construction rigour, and proactive fiscal anticipation. DESY’s project track
record and culture of ownership in risk governance provide a strong
institutional foundation. Key recommended enhancements include probabilistic
scheduling, proceeds-sensitivity analyses, independent audits, contractor
diversification, and systematic energy profiling. Additional refinements should
address IT staffing shortages, leadership clarity, work-package coherence, and
knowledge continuity.

PETRA IV’s cost estimation and contingency frameworks are sound. Residual
vulnerabilities are linked primarily to construction-market volatility,
organisational compartmentalisation, and PFI conditionality. With the
recommended measures, the project’s risk architecture positions PETRA IV for
resilient and adaptive execution during both construction and operation amid
external uncertainties.

B.V MILESTONE PLANNING

The following table provides a quarterly overview of PETRA IV’s core milestones,
categorized by organisational, infrastructure, or scientific aspects. It highlights
precise phasing and dependencies, such as the transition from prototyping to
construction and first light.

Table 3: List of critical milestones for PETRA IV

Year Quarter Milestone Category

Organisational
2027 Q1 Project Start
Milestones

Organisational
2027 Q1 Procurement
Milestones
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Procurement: Contracts for Long-lead Items  Organisational

2027 Q4 ) .
signed Milestones

Organisational

2028 Q1 Start of Civil Construction Programme )
Milestones
Construction and

2028 Q1 Start of Civil Construction PXW Infrastructure
Milestones
Organisational

2030 Qi PETRA Il Shutdown )
Milestones

2031 Q3 Injector Chain Installation Scientific Milestones
Construction and

2031 Q4 End of Civil Construction PXW Infrastructure
Milestones
Organisational

2032 Q2 PETRA IV First Light
Milestones

2032 Q2 Girder Assembly Scientific Milestones

2032 Q2 PETRA IV Storage Ring Installation Scientific Milestones
Organisational

2032 Q3 Start of PETRA IV Operation
Milestones

2032 Q3 Photon Beamline Installation Scientific Milestones
Organisational

2035 Q4 Project End

Milestones

Source: revised documents submitted as part of the individual evaluation of PETRA IV.

The PETRA IV milestone schedule sets out a robust, phased plan from the start
of the historical planning process in 2015, through to operational maturity in
2035, and on to long-term operation beyond that date. This is contingent upon
project approval in 2026 and the commencement of funding in 2027. Activities
are organised across the domains of organisation, construction/infrastructure,
science, innovation/technology transfer, and operations. This reflects DESY’s
advanced preparatory maturity and incorporates contingencies for regulatory
and technical uncertainties. Regular review of these milestones during
installation will strengthen quality assurance and maintain transparent
progress.

Preparatory milestones anchor the timeline. These include the 2019 CDR,
inclusion in the 2020 HGF RI Roadmap, completion of the BMFTR (formerly
BMBF)/Hamburg-funded TDR in 2024, and finalisation of the Engineering Design



Report (EDR) for tendering in 2025. Key accelerator components are being
prototyped (with half being tested on-site at PETRA III) until 2026, with support
from land-use plans, urban contracts, and preparatory works such as site surveys
and power rerouting. These are funded by allocations for the period 2024—-2027.

A significant milestone in 2027 will be the decision regarding the LPA injector.
If approved and successfully implemented, this system could potentially replace
the conventional pre-accelerator chain (LINAC, PIA and DESY IV booster) and is
expected to bring substantial organisational benefits including the prospect of a
major reduction in energy consumption (estimated from 17 GWhlyear to
around 2.5 GWhlyear, subject to validation through a full operational scenario
for the injector chain). The planned LPA is intended to serve as a compact,
energy-efficient injector that feeds high-energy electron beams directly into the
storage ring, thereby potentially reducing the need for a conventional pre-
accelerator chain. However, the extent of the overall power savings for DESY
will depend on the utilisation of the existing Linac—PIA-DESY IV complex for
non-PETRA IV purposes. The evaluation highlights the need for continued focus
on implementing the LPA milestone process, maintaining transparent
communication of risks and ensuring adaptive beamline planning. However,
risks are also associated with the technology, including laser stability (target:
200 operational days per year), plasma target replenishment, vacuum integrity
and bunch quality for storage ring injection. There is also a lack of experience
with, and limited predictive capability for, such innovative technology. These
risks necessitate rigorous external review, especially as the project's outcome
depends on the go/no-go decision. If successful, the LPA will enhance
sustainability and maximise the scientific potential, resulting in a world-leading
position for PETRA IV. Conversely, going back to the standard injector chain
would mean losing these benefits but keeping to the project timeline that has
already been set.

The projected developments in project planning address several significant
organisational elements. These include establishing a dedicated Digitalisation
Unit within the project’s governance structure to centralise IT/cybersecurity,
data management and Al integration. The creation of such a central digital
authority is explicitly recommended as an organisational priority. This
transformation could lead to streamlined RDM, real-time data analysis, and the
use of Al to optimise workflows. This would establish and simplify ‘Observe-
Design-Control’ loops and facilitate innovation transfer. However, potential
risks include talent shortages in specialised roles, particularly in IT and Al

The construction and infrastructure sectors are reaching critical milestones. The
following elements are to be completed by 2028 or 2029, prior to the shutdown:
Girder Assembly Building (GAB) and site development in 2028; RF Hall North
and supply structures (‘PETRA Supply Building West [PSW]’) in 2029. This will
enable the shutdown of PETRA III in January 2030, followed by a 2.5-year ‘dark
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period’, during which major construction (90% of designs are already finalised)
and installations will be completed. The regulatory framework for civil
construction with federal funding (RZBau) was initiated in 2025, facilitating
coordinated execution. The sequence of 31 beamlines) will constitute major
scientific milestones: Phase I (19 beamlines in PXN/MVL/PXE) is scheduled for
commissioning in 2030-2032, with first light anticipated in September 2032.
Phase II (12 beamlines in PXW) is expected to be completed by 2035, including
laboratory facilities. After allocating the 31 beamlines to the respective halls,
five beamline sectors remain available (Phase III beamlines). These will serve as
a strategic reserve for future developments and potential portfolio expansion.

The USG at DESY will be a pivotal component of operations from 2032 onwards.
One of its primary objectives will be to enhance user retention during the ‘dark
period’ by offering comprehensive, end-to-end services, from feasibility studies
to data evaluation. PETRA IV and DESY are encouraged to develop concrete,
detailed plans for how the USG will interface with beamlines and provide
proactive, project-level user support across different levels of expertise.
Enhanced prominence for the USG with clear USG-beamline interfaces will
optimise support for routine and complex experiments alike. Clear functional
definitions, staffing profiles and interaction protocols between the USG and
beamline teams should be formalised before the commissioning phase of
construction to ensure readiness. Potential benefits include industry access to
specialist capabilities (e.g. operando battery analytics, 3D metrology for
semiconductors and pharmaceutical trace analysis), agile project-based models,
and novel access streams that foster knowledge transfer and generate annual
commercial proceeds of around 5 million euros per year. However, potential
risks include demand overload without a corresponding increase in staffing,
skill mismatches, and IP/commercialisation issues.

DESY’s commitment to providing an additional 160 full time equivalent (FTE)
positions, to be enacted from 2027 onwards, is a fundamental pillar of the
implementation strategy. As with the PETRA III facility, each beamline is
expected to be supported by around four beamline scientists, as well as non-
scientific IT and operations staff. This structure optimises staffing through the
central USG. However, potential risks include labour market tightness
(particularly in cybersecurity and Al), challenges in retaining personnel during
construction, and inadequate succession or diversity planning.

From an evaluative perspective, the proposed schedule demonstrates a high
degree of maturity. Accelerator prototyping, preparatory infrastructure
funding, and the integration of adaptive elements (LPA, USG, Digitalisation Unit,
FTE scaling) will collectively enable PETRA IV to have a transformative impact
over the next three decades.
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118 Appendix 1: Documents submitted by the DESY for PETRA IV

Documents submitted for the first phase of the prioritisation process:

_ Draft proposal
_ Addendum 01: Basic Information

_Addendum 02: Confirmation by the Supervisory Committee of the Leading
Responsible Institution

_Addendum 03: Letters of Intent of the Partner Institutions
_Addendum 04: Overview of other RI mentioned in the Text
_ Addendum 05: Concept for Sustainable RI Planning

_ Addendum 06: Concept for Funding Innovation and Transfer and Cooperation
with Industry and Commerce, Science and Society

_ Addendum 07: Utilisation Concept (incl. Data Utilisation)
_ Addendum 08: Scheduling (incl. Milestones)

_Addendum 09: Budget Planning of Funds and Funding Concept across the
Entire RI Life Cycle

_ Addendum 10: Organisational Structure and Governance

_ Addendum 11: Risk Analysis and Concept for Risk Management

Documents submitted for the individual evaluation:

_ Comments on the assessment results
_ Milestone plan

_Addendum 09: Budget Planning of Funds and Funding Concept across the
Entire RI Life Cycle (revised)

_ Further explanations of the calculated costs and risks
_ Contextualisation within the National and International Research Landscape

_ Engineering Design Report
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