WR WISSENSCHAFTSRAT

Statement on the

Dresden Advanced Light
Infrastructure (DALI)

of the Helmholtz-Zentrum
Dresden-Rossendorf
(HZDR)



IMPRINT

Statement on the Dresden Advanced Light Infrastructure (DALI) of the Helmholtz-Zentrum
Dresden-Rossendorf (HZDR)

Publisher

German Science and Humanities Council | Wissenschaftsrat (WR)
ScheidtweilerstraBe 4

50933 Cologne

www.wissenschaftsrat.de

post@wissenschaftsrat.de

Document number: 3154-26
DOI: https://doi.org/10.57674/qw8h-ra23

Licence note: This publication is published under the Creative Commons Attribution - ShareAlike
4.0 International (CC BY-SA 4.0) licence. The full licence text can be found at https://creative
commons.org/licenses/by-sa/4.0/legalcode.en.

The process on which this document is based was funded by the Federal Ministry of Research,
Technology and Space under the funding code FIS42224.

Published
Cologne, March 2026


http://www.wissenschaftsrat.de/
https://creativecommons.org/licenses/by-sa/4.0/legalcode.en
https://creativecommons.org/licenses/by-sa/4.0/legalcode.en

CONTENT / INHALT

. Stellungnahme zur Dresden Advanced Light Infrastructure (DALI)
des Helmholtz-Zentrums Dresden-Rossendorf (HZDR)

1. Statement on the Dresden Advanced Light Infrastructure (DALI)
of the Helmholtz-Zentrum Dresden-Rossendorf (HZDR)

Annexe: Evaluation Report on the Dresden Advanced Light Infrastructure
(DALI)

Appendix
Appendix 1: Documents submitted by the HZDR for DALI
List of abbreviations / Abklrrzungsverzeichnis

List of tables / Tabellenverzeichnis

Contributors / Mitwirkende

27

47

109

110

111

116

117






WR WISSENSCHAFTSRAT

Stellungnahme

zur Dresden Advanced
Light Infrastructure (DALI)
des Helmholtz-Zentrums
Dresden-Rossendorf
(HZDR)



IMPRESSUM

Stellungnahme zur Dresden Advanced Light Infrastructure (DALI)
des Helmholtz-Zentrums Dresden-Rossendorf (HZDR)

Herausgeber

Wissenschaftsrat
ScheidtweilerstraBe 4
50933 KolIn
www.wissenschaftsrat.de
post@wissenschaftsrat.de

Drucksachennummer: 3067-26

Lizenzhinweis: Diese Publikation wird unter der Lizenz Namensnennung — Weitergabe unter
gleichen Bedingungen 4.0 International (CC BY-SA 4.0) veréffentlicht. Den vollstandigen Lizenztext
finden Sie unter https://creativecommons.org/licenses/by-sa/4.0/legalcode.de.

Veroffentlicht
Koln, Marz 2026


http://www.wissenschaftsrat.de/

INHALT

Vorbemerkung 9
A. KenngroBen 11
B. Stellungnahme und Empfehlungen 13

Anlage: Evaluation Report on the Dresden Advanced Light Infrastructure
(DALI) 47






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 (FIS) im Rahmen eines nationalen Priorisierungsverfahrens durchzu-
fiihren. Der Wissenschaftsrat hat fir die eigenstindige Durchfithrung dieses
Verfahrens einen mandatierten Ausschuss eingesetzt, der aus Mitgliedern des
Wissenschaftsrats sowie weiteren Sachverstandigen besteht.

Der Ausschuss hat dem BMFTR im Juni 2025 empfohlen, das Vorhaben ,,Dresden
Advanced Light Infrastructure (DALI)“ am Helmholtz-Zentrum Dresden-Rossen-
dorf (HZDR) auf eine Shortlist fiir aus forschungspolitischer Sicht prioritdre For-
schungsinfrastrukturen aufzunehmen. |' Nach Zusammenfiithren der Ergeb-
nisse der wissenschaftsgeleiteten Bewertung mit der parallel erfolgten
Bewertung der Kosten und Risiken sowie des Innovations- und Transferpotenzi-
als folgte das BMFTIR dieser Empfehlung und veroffentlichte im Juli 2025 eine
Shortlist mit neun Vorhaben, darunter DALI. 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 Bewer-
tungsstrangen der Priorisierungsphase aufgegriffen werden.

Der Ausschuss setzte zur evaluativen Begleitung von DALI eine Arbeitsgruppe
ein, die aus Gremienmitgliedern der drei Bewertungsstrange des Priorisierungs-
verfahrens, weiteren Expertinnen und Experten sowie einem Gast des Bundes
bestand. Damit haben in dieser Arbeitsgruppe auch Sachverstindige mitgewirkt,
die nicht Mitglieder des Wissenschaftsrats sind. Der Wissenschaftsrat ist ihnen
zu besonderem Dank verpflichtet.

Die Arbeitsgruppe hat das HZDR am 13. und 14. November 2025 in Dresden be-
sucht und auf Grundlage dieser Begutachtung einen Bewertungsbericht

| 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. https:/ /doi.org/10.57674 /gkyb-es17

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


https://doi.org/10.57674/gkyb-es17
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(Evaluation Report) verfasst. Nach Verabschiedung durch die Arbeitsgruppe ist
der Bewertungsbericht im weiteren Verfahren nicht mehr veranderbar.

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



A. Kenngrolden

Die Dresden Advanced Light Infrastructure (DALI) ist eine am Helmholtz-Zent-
rum Dresden-Rossendorf (HZDR) geplante, beschleunigerbasierte Forschungsinf-
rastruktur (FIS) zur Untersuchung und Entwicklung von Materialien und Kom-
ponenten unter dem Einfluss intensiver Terahertz (THz)-Felder. Kern der Anlage
bilden zwei supraleitende 50 MV-Elektronen-Linearbeschleuniger (LINACs). Ein
zentrales Merkmal ist die kontinuierlich durchstimmbare, schmalbandige THz-
Strahlung im Frequenzbereich von 0,1 bis 30 THz mit Pulsenergien von bis zu
1 m] und variablen Wiederholraten von bis zu 1 MHz. Diese Strahlung kann mit
ultraschnellen, gepulsten Positronenstrahlen sowie verschiedenen komplemen-
tiren Diagnostik- und Untersuchungstechniken kombiniert werden, wodurch
Experimente an Materie auf ultrakurzen Zeitskalen ermoglicht werden. Damit
plant DALI den zeitaufgelosten Zugriff auf strukturelle, elektronische und de-
fektbezogene Dynamiken komplexer Materialien zu erméglichen und neuartige
experimentelle Zuginge zur Materiedynamik zu ert6ffnen, sodass multimodale
Experimente innerhalb einer einzigen Anlage durchgefiihrt werden konnen.

DALI ist als internationale User Facility konzipiert, die wissenschaftlichen Com-
munitys und industriellen Nutzenden fiir anspruchsvolle, multidisziplindre Ex-
perimente offensteht. Die Anlage soll neue Forschungsansatze in den Material-
wissenschaften, der Festkorperphysik und Halbleiterforschung ermoglichen
und damit zum Erkenntnisgewinn in der Physik, Chemie, Biologie, Elektronik
und Medizin beitragen. Es ist geplant, bis zu 700 Nutzungsschichten bzw. 8.400
Nutzungsbetriebsstunden pro Jahr zur Verfiigung zu stellen.

DALI 16st die bestehende Anlage ELBE (Electron Linac for beams with high Bril-
liance and low Emittance) am HZDR ab, die seit 2004 nationalen und internati-
onalen Nutzenden THz-, Mittelinfrarot-, Elektronen- und Positronenquellen be-
reitstellt. Ziel ist es, die an der ELBE-Anlage etablierten experimentellen
Prinzipien auf einen erweiterten Parameterbereich zu iibertragen und die bis-
lang auf etwa 2,5 THz begrenzte Strahlung zu einer leistungsstiarkeren, konti-
nuierlich vom THz- bis in den mittleren Infrarotbereich (MIR) durchstimmbaren
Quelle weiterzuentwickeln. Dadurch soll die bestehende Liicke im Photonen-
energiespektrum zwischen konventionellen Infrarot- und Rontgenquellen ge-
schlossen werden. Partnerinstitutionen bei der Realisierung von DALI sind die
Dresden Research and Education Synergies for the Development of Excellence
and Novelty (DRESDEN-concept) e.V. und die Research Instruments GmbH.
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Die Gesamtkosten fiir den Aufbau von DALI belaufen sich gemdfR den
eingereichten Unterlagen mit Preisstand von Oktober 2025 auf 333,91 Mio. Euro,
wovon 20,24 Mio. Euro durch das HZDR getragen werden sollen. Folglich ergibt
sich ein Finanzierungsbedarf von 313,67 Mio. Euro. Die geplante Aufbauphase
umfasst neun Jahre, von 2027 bis 2035.

Fir die 20-jahrige Betriebsphase (bis 2055) sind Betriebskosten in Hohe von
426,83 Mio. Euro veranschlagt. Diese sollen vom HZDR getragen werden, wobei
iiber die gesamte Betriebslaufzeit hinweg mit Einnahmen in Hohe von 18,5 Mio.
Euro gerechnet wird.

Fir die zweijdhrige Riickbauphase von 2055 bis 2056 wird mit Kosten in Hohe
von 2,09 Mio. Euro gerechnet, die vom HZDR getragen werden sollen.



B. Stellungnahme
und Empfehlungen

Der Wissenschaftsrat schliet sich den Bewertungen und Empfehlungen der
eingesetzten Arbeitsgruppe grundsitzlich an. Er wiirdigt die hohe Qualitit der
vorgelegten Planungen sowie die strategische Bedeutung des Vorhabens. Zu-
gleich folgt er der Einschatzung hinsichtlich der identifizierten Risiken und of-
fenen Punkte und weist auf die daraus entstehenden Handlungs- und Steue-
rungsaufgaben hin.

Unter der Annahme einer planmaRigen Umsetzung der Dresden Advanced Light
Infrastructure (DALI) nimmt der Wissenschaftsrat wie folgt Stellung:

Zur Bedeutung des Vorhabens

Der Wissenschaftsrat wiirdigt DALI als Leuchtturmprojekt von herausragender
wissenschaftlicher und strategischer Bedeutung fiir die Material- und Lebens-
wissenschaften in Deutschland und Europa. Mit DALI werden erstmals experi-
mentelle Zugidnge zu einem bislang nicht zugidnglichen Spektralbereich zwi-
schen Infrarot- und Rontgenquellen erdffnet. Damit erweitert die Anlage das
methodische Instrumentarium der adressierten Forschungsbereiche grundle-
gend. In einem internationalen Wettbewerbsumfeld, das durch hohe Innovati-
onsdynamik und technologische Beschleunigung gepragt ist, stairkt DALI die
Handlungsfiahigkeit Deutschlands und leistet zugleich einen substantiellen Bei-
trag zur technologischen, wissenschaftlichen und infrastrukturellen Autonomie
Europas.

DALIs Alleinstellungsmerkmal ist ein wissenschaftliches Profil, das sich durch
die Kombination von leistungsstarker THz-Strahlung und ultrakurzen Elektro-
nen- und Positronenstrahlen auszeichnet. Dadurch iiberwindet das Vorhaben
isolierte Techniken, schliet methodische und spektrale Liicken und ergianzt ge-
zielt die europdischen Freie-Elektronen-Laser- (FEL) und Synchrotron-Infrastruk-
turen. Der Wissenschaftsrat begriif3t die einzigartigen experimentellen Moglich-
keiten, die DALI bieten wird. Dadurch, dass Materialdynamiken nicht nur
zeitaufgelost untersucht, sondern gezielt und kohérent kontrolliert werden
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konnen, wird das Vorhaben die Grenzen traditioneller Charakterisierungen
uberwinden und die aktive Beeinflussung funktionaler Zustinde von Materie er-
moglichen. Fir zentrale Zukunftsfelder wie energieeffiziente Materialien und
verlustarme Mikroelektronik, Quantentechnologien, Kiinstliche Intelligenz (KI)
und Katalyse sowie strahlungsbasierte Medizintechnik kann DALI somit zu
neuen wissenschaftlichen Erkenntnissen und technologischen Entwicklungen
beitragen. Insgesamt wird DALI Deutschlands und Europas Position in der Ult-
rakurzzeit- und Hochfeldforschung stiarken.

Die Anlage basiert auf den am Helmholtz-Zentrum Dresden-Rossendorf (HZDR)
etablierten Strukturen und vorhandenen Kompetenzen, die an der Vorgangerin-
frastruktur ELBE aufgebaut wurden. Der Wissenschaftsrat sieht hierin geeignete
Voraussetzungen dafiir, dass sich DALI zu einer bedeutsamen FIS entwickelt, die
angesichts globaler Abhidngigkeiten von hoher strategischer Relevanz ist. Die
Anlage wird zur Stirkung der technologischen Souveranitat Deutschlands und
Europas beitragen, industrielle Wertschépfungsketten unterstiitzen und kann
die sicherheitspolitische Resilienz erh6hen. Dariiber hinaus wird DALI eine zent-
rale Rolle in der internationalen Vernetzung des deutschen Wissenschaftssys-
tems einnehmen. Die Forschungsanlage ist als offene User Facility konzipiert
und wird Forschenden aus Deutschland, Europa und dem auf3ereuropdischen
Ausland zur Verfiigung stehen. Transparente Zugangsverfahren, interoperable
Datenstrukturen sowie die Einbindung in nationale und europdische For-
schungsnetzwerke sichern komplementdre Fahigkeiten zu bestehenden Syn-
chrotron- und FEL-Quellen. Als strategische Portfolioergdnzung hat DALI das Po-
tenzial, die internationale Wettbewerbsfiahigkeit zu steigern und die
Leistungsfiahigkeit der deutschen Forschungslandschaft unter anderem in den
Material- und Lebenswissenschaften nachhaltig zu erhéhen.

Der Wissenschaftsrat begriiRt DALIs Beitrag zur Stirkung der Attraktivitit des
Wissenschaftsstandorts Deutschland. Die Einrichtung verspricht exzellente Be-
dingungen fiir hochqualifizierte Wissenschaftlerinnen und Wissenschaftler al-
ler Karrierestufen und spezialisierte Fachkréfte. In einer engen Kooperation mit
Partnern an Hochschulen wird ein interdisziplindres Umfeld etabliert, in dem
Grundlagenforschung, methodische Innovation und industrielle Anwendung
systematisch miteinander verkniipft werden. Promovierende und Postdocs er-
halten Zugang zu experimentellen Moglichkeiten, die in dieser Form einzigartig
sind und weltweit sonst nicht zur Verfiigung stehen. Zudem werden sie in einem
Umfeld ausgebildet, das technologieoffen und innovationsorientiert ist. Der
Wissenschaftsrat betont, dass DALI damit einen wesentlichen Beitrag zur Siche-
rung der Fachkriftebasis in wachstumsrelevanten Zukunftsfeldern leisten und
die Wettbewerbsposition Deutschlands im globalen Talentmarkt stirken kann.

Der Wissenschaftsrat begriiRt DALIs herausragendes wirtschaftliches und inno-
vationspolitisches Potenzial. Die Anlage bietet einen addquaten Rahmen fiir da-
tenintensive Forschung mit integrierten KI-gestiitzten Analyseverfahren sowie



leistungsfahigen Computing-Strukturen. Durch die Kombination aus Remote-
Operation und vernetzten Datenraumen ist DALI als innovative digitalisierte FIS
angelegt. Mit Blick auf Transformationsziele in den Bereichen der nachhaltigen
Energie, Mikroelektronik und digitalen Technologien sind wichtige Impulse fiir
Deep-Tech-Sektoren zu erwarten. Diese betreffen etwa die Entwicklung von
energieeffizienten Halbleitern, ressourcenschonende Katalyse, Quantensysteme
sowie innovative diagnostische und therapeutische Verfahren. Insbesondere die
Einbettung von DALI in ein regionales Innovationsfkosystem mit Akteuren wie
Silicon Saxony, DRESDEN-concept und der TU Dresden ist zu begriif3en.

Die Realisierung der Anlage wird einen signifikanten Beitrag zur Steigerung der
internationalen Sichtbarkeit und Attraktivitat Deutschlands als Wissenschafts-
und Innovationsstandort leisten. Zudem wird die FIS die europdische Souverani-
tit in strategisch relevanten Schliisseltechnologien starken und technologische
Fihrungspositionen langfristig sichern.

Zum wissenschaftlichen Potenzial

Der Wissenschaftsrat wiirdigt das aulRergewohnliche wissenschaftliche Poten-
zial von DALI, das sich aus der besonderen Verbindung hoher technischer Leis-
tungsfahigkeit, grofler thematischer Breite und strategischer Einbindung in die
nationale und europdische Forschungslandschaft ergibt. Die Umsetzung von
DALI als Nachfolgerin der bestehenden Anlage ELBE am HZDR stellt einen be-
deutenden Meilenstein in der globalen Hochfeldforschung dar. Durch den paral-
lelen Betrieb mehrerer Strahlfithrungen, hohere Strahlintensititen und Wieder-
holungsraten sowie der Moglichkeit zur Durchfithrung dynamischer
Defektstudien eroffnet DALI bislang unerreichte experimentelle Moglichkeiten
fiir Forschende. Die Integration von THz-Quellen, Elektronen- und Positronen-
strahlung sowie ultraschnellen optischen Techniken ermoglicht neuartige Un-
tersuchungen von ultrakurzen, quantendynamischen und nichtlinearen Prozes-
sen in Materie.

Der Wissenschaftsrat sieht einen wesentlichen Aspekt des Potenzials von DALI
in der thematischen Breite. Die Anlage adressiert die Fachgebiete Physik, Biolo-
gie, Chemie, Material- und Ingenieurwissenschaften und kann als Plattform fir
inter- und transdisziplindre Forschung dienen. Der Wissenschaftsrat begriifdt
die damit einhergehende Verbindung traditionell getrennter Forschungsgebiete
und die Ermoglichung neuer Kooperationen in den Bereichen Quantenmateria-
lien und Spintronik, nachhaltige Katalyse, Halbleiterentwicklung fiir Kommuni-
kationstechnologien, Fusions- und Energiematerialien, bio-molekulare Dynamik
sowie biomedizinische Anwendungen. DALI kann somit zum Transfer von
Grundlagenforschung zu anwendungsfihigen Losungen beitragen und die fiih-
rende Position Deutschlands und Europas in der Photonen- und Materialfor-
schung festigen. Um derzeit unterreprasentierte, THz-gestiitzte Forschungsfel-
der gezielt einzubinden und die internationale Sichtbarkeit der Anlage
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systematisch zu erh6hen, empfiehlt der Wissenschaftsrat die strategische Adres-
sierung neuer Nutzendengruppen.

Der Wissenschaftsrat unterstiitzt die geplanten Mallnahmen fiir die Interaktion
mit (potenziellen) Nutzenden, etwa in Form von Veranstaltungen sowie die Be-
gleitung durch entsprechende Beratungsgremien. Hierdurch wird eine solide
Grundlage fiir kontinuierliches Feedback in Bezug auf strategische und opera-
tive Priorititen geschaffen, die die Zukunftsfahigkeit von DALI sicherstellen.
Der Wissenschaftsrat empfiehlt, die Zusammensetzung der Nutzendengemein-
schaft einer regelmiRigen Uberpriifung zu unterziehen, um ein ausgewogenes
und faires Nutzungsverhdltnis langfristig sicherzustellen.

Der Wissenschaftsrat begrii3t die enge Kooperation mit hochschulischen und
industriellen Partnern im regionalen und tiberregionalen Raum. Diese Partner-
schaften schaffen ein starkes wissenschaftliches Umfeld, férdern Spitzenfor-
schung und leisten einen entscheidenden Beitrag zur Ausbildung des wissen-
schaftlichen Nachwuchses. Dariiber hinaus wird die Integration von DALI in
iibergeordnete europdische Forschungsinfrastrukturen die Interoperabilitit,
den Zugang fir Nutzende und die wissenschaftliche Souverdnitit nachhaltig
starken.

Die Konzeption von DALI zeichnet sich durch ein hohes Anpassungsvermogen
und eine starke Nutzungsorientierung aus. Kennzeichnend hierfiir sind modu-
lare Endstationen und parallele Strahlfithrungen. Diese Eigenschaften gewahr-
leisten eine hohe Flexibilitdt und Erweiterungsmoglichkeiten hinsichtlich kiinf-
tig aufkommender Forschungsziele und technologischer Entwicklungen. Die
geplante Kapazitit von rund 700 Nutzungsschichten pro Jahr (entspricht 8.400
Nutzungsbetriebsstunden) tbertrifft die bisherigen Moglichkeiten von ELBE
deutlich. Durch den geplanten 24/7-Betrieb werden die verfiigbaren Ressourcen
vollstindig ausgeschopft, wodurch eine maximale Auslastung und effiziente
Nutzung der FIS sichergestellt wird. Der Wissenschaftsrat begriiRt diese signifi-
kante Erhohung des Nutzungspotenzials nachdriicklich, auch mit Blick auf die
geplante Erweiterung der Fernzugriffs-Kapazititen sowie des technischen und
wissenschaftlichen Personals zur Betreuung der Nutzenden. Die Kombination
aus Vor-Ort- und Remote-Nutzung bildet eine zentrale Grundlage fiir die inter-
nationale Reichweite der Anlage. Erginzend regt der Wissenschaftsrat an, Fern-
zugriffsmoglichkeiten und Serviceleistungen fiir Nutzende kontinuierlich aus-
zubauen und  strategische  Partnerschaften  mit  internationalen
Spitzeninstitutionen frithzeitig umzusetzen. Diese MaRnahmen sichern eine
hohe Servicequalitit, effiziente Arbeitsabldufe und langfristige Betriebsstabili-
tat.

DALIs offenes Nutzungsmodell sieht zwei Zugangsformen fiir wissenschaftliche
Nutzende sowie einen separaten Zugang fiir industrielle Nutzende vor und er-
moglicht damit die flexible Einbindung nationaler und internationaler



Forschungscommunitys. Um die Inklusivitdt zu erhéhen, die Widerstandsfahig-
keit gegentiiber dem Wettbewerb um Strahlzeit zu stirken und den Aufbau und
die Entwicklung neuer wissenschaftlicher Nutzendengruppen zu unterstiitzen,
empfiehlt der Wissenschaftsrat eine weitere Diversifizierung der Zugangsmoda-
litdten und die Priifung zusdtzlicher Zugangsformen, etwa fiir Pilot- oder Mach-
barkeitsstudien, fiir zeitkritische Experimente sowie fir strukturierte Vorberei-
tungsmallnahmen. Zudem sollten die Zugangsmodalitidten spezifiziert werden,
insbesondere hinsichtlich des Umfangs, der Transparenz der Auswahlkriterien,
des Auswahlgremiums sowie potenzieller Schutzmaf3nahmen gegeniiber Inte-
ressenkonflikten. Der Wissenschaftsrat sieht dies als notwendig an, um Akzep-
tanz der Zuweisung von Nutzungszeit innerhalb der Nutzendencommunitys si-
cherzustellen.

Gemal} Zielsetzung soll sich die industrielle Nutzung auf etwa 5 % der Gesamt-
nutzung belaufen. Zur Ausschopfung des hiermit verbundenen Potenzials emp-
fiehlt der Wissenschaftsrat die Implementierung transparenter Preisstrukturen,
die Etablierung von langfristigen Partnerschaften und Co-Innovationsmodellen
sowie gezielte sektorale Outreach-MaRnahmen, um eine Harmonisierung zwi-
schen akademischen und kommerziellen Interessen zu gewdhrleisten.

Der Wissenschaftsrat unterstiitzt die Bestrebungen von DALI, die aktive Forde-
rung der Nutzendencommunitys zu intensivieren, mit dem Ziel, die FIS als mo-
derne internationale User Facility fiir Spitzenforschung zu etablieren. Die ge-
planten Mafinahmen stellen ein addquates Mittel zur Forderung der
internationalen Kooperationen dar und tragen zur Erhéhung der internationa-
len Sichtbarkeit der FIS bei.

Zum Potenzial fiir Innovation und Transfer

Der Wissenschaftsrat begriiRt DALIs grofdes Potenzial, die Rolle Deutschlands
als Innovations- und Industriestandort in Europa zu stirken und zugleich zur
technologischen Souverdnitit, Resilienz und staatlichen Handlungsfihigkeit
beizutragen. Als strategisch klug positionierte FIS mit breiter technologischer
Anwendbarkeit wird DALI ein substantielles gesellschaftliches Wirkungspoten-
zial in zentralen Transformationsfeldern wie der Energiewende, nachhaltiger
Mobilitdt, Digitalisierung und Gesundheit entfalten. Das Anwendungspotenzial
ist insbesondere in den Bereichen Quanten- und Funktionsmaterialien, Batterie-
forschung sowie halbleiterbezogenen Materialwissenschaften von grof3er Rele-
vanz. Diese Schliisselbereiche sind von entscheidender Bedeutung fiir Mikro-
elektronik, Sensorik, sowie die Entwicklung neuer Kommunikationsstandards
und nachhaltiger Energiesysteme.

Das Transferpotenzial von DALI liegt weniger in kurzfristigen, disruptiven Ef-
fekten, sondern vielmehr in systematisch angelegten Innovationsprozessen. Die
Einbettung von DALI in ein etabliertes regionales Innovationsokosystem bietet
glinstige Voraussetzungen fiir die Realisierung dieser Ziele. Die enge Vernetzung
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mit Partnern aus Wissenschaft und Industrie eréffnet sektoriibergreifende Ko-
operationsriume und beschleunigt den Wissenstransfer. Der Wissenschaftsrat
begriif3t DALIs beabsichtigte Bedienung der gesamten Innovationskette — von
der wissenschaftlichen Entdeckung tiber die technologische Entwicklung bis hin
zu Anwendung und Kommerzialisierung. Insbesondere die gezielte Férderung
von Spin-offs stirkt das Anliegen, wissenschaftliche Erkenntnisse in marktfa-
hige Produkte und Dienstleistungen zu tiberfiihren. Die Pfade zu klar definier-
ten gesellschaftlichen Wirkungen bleiben jedoch zum Teil implizit. Der Wissen-
schaftsrat empfiehlt daher, die anvisierten strategische Wirkungsziele prazise
zu formulieren und eine konsistente Impact-Logik zu etablieren.

DALI wird zur Sicherung und Weiterentwicklung kritischen technologischen
Know-hows in Europa beitragen und damit strategische Abhangigkeiten redu-
zieren. Voraussichtlich werden Beitrdge zur staatlichen Souverdnitit iiberwie-
gend indirekter Natur bleiben. Der vom HZDR gesetzte Governance-Rahmen fir
Forschungssicherheit und -integritit, der klare Grenzen fiir Verteidigungs- und
Dual-Use-Forschung definiert und Aktivititen auf friedliche, humanitire oder
defensive Ziele unter demokratischer und rechtsstaatlicher Aufsicht verpflich-
tet, setzt hierbei bewusst normative Leitplanken. Dies impliziert, dass direkte
Beitrdge zu sensiblen staatlichen Handlungsfeldern voraussichtlich strukturell
begrenzt bleiben werden. Der Wissenschaftsrat empfiehlt, die mit DALI verbun-
dene Expertise strukturiert und nachhaltig im Sinne der Stirkung von Souvera-
nitat und Resilienz des Staates einzubringen.

Um die politische Wirksamkeit zu erh6hen, empfiehlt der Wissenschaftsrat eine
verstarkte Verzahnung mit nationalen Beratungs- und Standardisierungstruk-
turen, wobei eine starkere Institutionalisierung zu berticksichtigen ist. Gegen-
wartig ist eine systematische Nutzung der bei DALI gebiindelten wissenschaftli-
chen Expertise innerhalb staatlicher Entscheidungsprozesse lediglich in
begrenztem Umfang vorgesehen. Die Implementierung strukturierter Schnitt-
stellen zwischen der generierten Expertise und bestehenden Standardisierungs-
und Beratungsmechanismen konnte einen signifikanten Beitrag zur strategi-
schen Nutzbarmachung wissenschaftlicher Erkenntnisse leisten. Dies wiederum
wiirde die langfristige Relevanz der Infrastruktur in politischer und gesellschaft-
licher Hinsicht erheblich steigern.

Die Effektivitdt der Transferstrategie von DALI ist in hohem MaRe abhéingig von
klar definierten Zugangs- und Governance-Strukturen. Die friihzeitige Einbin-
dung von industriellen Nutzenden ist dabei von besonderer Relevanz. Der Wis-
senschaftsrat empfiehlt daher ausdriicklich, die geplante Benennung eines Liai-
son-Officers bereits in der Aufbauphase vorzunehmen, um sektorspezifische
Bediirfnisse systematisch zu erfassen, Anwendungsgemeinschaften aufzubauen
sowie die Sichtbarkeit der Infrastruktur zu erhohen. Des Weiteren sollten das
Dienstleistungs- und Zugangsmodell sowie Rollenprofile, Verantwortlichkeiten
und operative Handlungsspielraiume der vorgesehenen Innovationsmanager



prazisiert werden, um transparente, planbare und praktikable Prozesse sicher-
zustellen. Die differenzierte und nachvollziehbare Gestaltung von Preis- und Ge-
biihrenstrukturen, insbesondere im Hinblick auf kleine und mittlere Unterneh-
men (KMU) sowie Start-ups, ist von entscheidender Bedeutung, um eine breite
Nutzung zu ermoglichen.

Um den gesellschaftlichen Mehrwert von DALI weiter zu schirfen, empfiehlt der
Wissenschaftsrat zudem eine stirkere Orientierung an klar definierten gesell-
schaftlichen Zielbildern, die Operationalisierung messbarer Nachhaltigkeitskri-
terien sowie die Etablierung einer systematischen Wirkungsanalyse zur Erfas-
sung technologischer, 6konomischer und gesellschaftlicher Effekte. Des
Weiteren wird empfohlen, die strategische Einbindung zivilgesellschaftlicher
und nicht-wissenschaftlicher Akteure zu ergidnzen sowie eine engere Verzah-
nung mit politischen Beratungsstrukturen vorzunehmen. Auf diese Weise las-
sen sich wissenschaftliche Erkenntnisse zielfithrend in gesellschaftlich rele-
vante Innovationspfade tiberfithren.

Zu Organisation und Management

Der Wissenschaftsrat wiirdigt die tiberzeugende Konzeption von DALI, die eine
wirkungsvolle Verbindung von klaren Governance-Strukturen und strategi-
schem Projektmanagement darstellt. Das HZDR kann seine langjahrige Exper-
tise im Betrieb komplexer Beschleunigeranlagen fiir DALI als Nachfolgerin von
ELBE nutzen. Die vorhandene Expertise in der Projektsteuerung, dem Anlagen-
betrieb und dem Risikomanagement reduziert die Implementierungsrisiken er-
heblich und bildet eine solide Grundlage fiir die erfolgreiche Realisierung von
DALL

Die geplante Organisationsstruktur ist klar, funktional durchdacht und mehr-
stufig aufgebaut. Die Verbindung von strategischer Steuerung und unabhangi-
ger wissenschaftlicher Beratung wird durch das Zusammenspiel von Lenkungs-
ausschuss, Scientific Advisory Board (SAB) und weiteren Gremien gewéhrleistet.
Der Wissenschaftsrat weist darauf hin, dass die Trennung zwischen wissen-
schaftlicher Leitung, operativem Management und strategischer Aufsicht essen-
ziell ist fiir die Schaffung von Transparenz in den Verantwortlichkeiten und die
Forderung der wissenschaftsbasierten Weiterentwicklung der Infrastruktur. Er
empfiehlt, das SAB bereits in der Aufbauphase organisatorisch eindeutig von
Entscheidungsorganen zu trennen und es entsprechend einzurichten. Zudem
regt er an, den Vorsitz des Nutzendenkomitees als nicht stimmberechtigten Be-
obachter zu bertiicksichtigen, um eine grofRere Transparenz zu schaffen und die
Perspektive der Nutzenden konstruktiv einzubeziehen. Der Wissenschaftsrat
empfiehlt, die Rollen, Verantwortlichkeiten und Schnittstellen — insbesondere
zwischen SAB und Management — praziser zu definieren sowie die Aufgabenver-
teilung zwischen den beratenden Gremien klar zu definieren. Dies wird die Ef-
fizienz und Nachvollziehbarkeit weiter steigern.
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Die strategische Einbindung nationaler und internationaler wissenschaftlicher
und industrieller Partner wahrend des Aufbaus und des Betriebs der Anlage ist
vielversprechend und starkt DALI nachhaltig. Der Wissenschaftsrat empfiehlt
eine frithzeitige und verbindliche Umsetzung dieser Planungen, um eine ent-
sprechende Profilbildung sowie internationale Sichtbarkeit zu sichern.

Das HZDR besitzt ein ausgeprigtes Bewusstsein fiir die Gewihrleistung der Si-
cherheit von Daten und Wissen. Das vorgesehene Cybersicherheitskonzept, das
eine automatisierte Uberwachung, klare Abschaltprotokolle sowie verbindliche
Priifverfahren fiir Nutzende umfasst, dient der Stirkung der Betriebsintegritat.
Erginzende Mallnahmen zum sicheren Datenmanagement erméglichen einen
reflektierten Umgang mit KI-Anwendungen. Der Wissenschaftsrat empfiehlt die
konsequente Weiterentwicklung dieser Maf3nahmen, um die langfristige Zuver-
lassigkeit der Wissenssicherheit bei DALI zu gewdhrleisten.

Das DALI zugrunde liegende Managementkonzept erfiillt die Anforderungen an
eine international ausgerichtete User Facility. Die Anwendung etablierter Pro-
jektmanagementmethoden, die klare Strukturierung der Berichtslinien sowie
ein auf Struktur und Vorgehensweisen beruhendes Risikomanagement belegen
die organisatorische Professionalitdat. Der Wissenschaftsrat betont in diesem Zu-
sammenhang die kooperative und transparente Organisationskultur des HZDR.
Diese Kultur begiinstigt den Wissens- und Informationsaustausch sowie eine ef-
fiziente Abstimmung von Prozessen und stellt einen wesentlichen Faktor fiir die
erfolgreiche Umsetzung von DALI dar.

Besonders positiv bewertet der Wissenschaftsrat die bestehenden Planungen
zum Ubergang von ELBE zu DALIL Die Gewihrleistung wissenschaftlicher Pro-
duktivitit und Nutzendenkontinuitit wihrend der Bauphase wird durch den
parallelen Betrieb von ELBE, die hiermit verbundene Minimierung von Unter-
brechungen sowie die Ubernahme des Personals sichergestellt. Die Kombination
aus erfahrenen Mitarbeitenden von ELBE und neu rekrutierten Fachkriften
starkt sowohl Kontinuitét als auch Innovationsfihigkeit. Die Steuerung der Per-
sonalentwicklung, der Governance-Strukturen, des Wissenstransfers und der in-
stitutionellen Expertise ist mit grofRer Sorgfalt geplant. In Anbetracht des un-
mittelbar bevorstehenden Generationswechsels empfiehlt der Wissenschaftsrat
allerdings nachdriicklich eine strategische und strukturierte Nachfolgeplanung,
die diesen zentralen Daueraufgaben gerecht wird.

Das HZDR verfiigt iiber eine solide Grundlage im Bereich der Gleichstellung und
Diversitdt. Der Wissenschaftsrat wiirdigt die bereits etablierten Forderinstru-
mente, familienfreundlichen Rahmenbedingungen und Initiativen zur Erho-
hung des Frauenanteils in Fihrungspositionen und empfiehlt eine kontinuierli-
che Weiterentwicklung dieser MaRnahmen durch begleitendes Monitoring.



Zu Kosten, Finanzierung und Risiken

Der Wissenschaftsrat begriif3t die detaillierte, systematisch aufgebaute und ins-
gesamt iiberzeugende Budget- und Finanzplanung von DALI. Die Darstellung der
Investitions- und Betriebskosten ist iiber alle Projektphasen hinweg differenziert
und transparent ausgearbeitet. Unwigbarkeiten, etwa infolge technologischer
Dynamiken, allgemeiner Preisentwicklungen oder projektspezifischer Realisie-
rungszeitriume, werden angemessen reflektiert. Vor diesem Hintergrund sind
die Kostenschitzungen auf Basis des aktuellen Preisstandes nachvollziehbar und
tragfahig.

Die Budgetplanung fiir den Aufbau und den Betrieb ist klar strukturiert und
weist technologische Komponenten, Personalressourcen sowie infrastrukturelle
Aufwendungen konsistent aus. Im Verlauf der Projektentwicklung ist eine deut-
liche Steigerung der Detailtiefe und des Planungsumfangs zu verzeichnen,
wodurch die Belastbarkeit der Kalkulationen erheblich gestarkt wird. Insbeson-
dere die tiberarbeitete Personalplanung fiir den Aufbau und den Betrieb ent-
spricht den wissenschaftlichen, technischen und administrativen Anforderun-
gen und tragt zur Erhohung der finanziellen Glaubwiirdigkeit des Vorhabens
bei.

Der Wissenschaftsrat begriiRt die vorliegende konsequente Lebenszyklusbe-
trachtung — vom Aufbau tiber den Betrieb bis zur moglichen AuRerbetrieb-
nahme —, die den Erfordernissen einer nachhaltigen Forschungsinfrastruktur-
politik  entspricht.  Sie  verbessert die  Transparenz  gegeniiber
Zuwendungsgebern, erhoht die langfristige Planbarkeit und dokumentiert die
Weitsicht der finanziellen Vorbereitung.

Die mittel- und langfristige Betriebssicherung ist in tiberzeugender Weise mit
der strategischen Entwicklungsplanung verkniipft. Der Wissenschaftsrat be-
grifdt die vorgesehene wiederkehrende Bereitstellung von fiinf Millionen Euro
alle fiinf Jahre fiir innovationsgetriebene Upgrades. Dieser Mechanismus schafft
eine eigenstdandige, zweckgebundene Grundlage fiir wissenschaftliche und tech-
nologische Weiterentwicklungen und trennt diese klar von Wartungs- und Re-
paraturkosten. Damit werden Transparenz, Nachhaltigkeit und strategische
Handlungsfahigkeit gleichermalfien gestiarkt. Angesichts beschleunigter Innova-
tionszyklen, moglicher Inflationsentwicklungen und sich wandelnder Nutzen-
denbedarfe empfiehlt der Wissenschaftsrat nachdriicklich, die Angemessenheit
des zur Verfiigung stehenden Upgradebudgets in regelmafligen Abstinden zu
uberprifen. Die Implementierung eines systematischen Evaluationsverfahrens,
das die Einbindung von wissenschaftlichen Beratungsgremien sowie Feedback
von Nutzenden systematisch einschlie3t, wird empfohlen, um die Modernisie-
rungspriorititen und die Finanzierungsvolumina bedarfsgerecht fortzuentwi-
ckeln. Des Weiteren ist die Implementierung eines prizise definierten Eskalati-
ons- oder Notfallmechanismus notwendig, um eine flexible Reaktion auf
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unvorhergesehene Kostenentwicklungen oder beschleunigte technologische
Entwicklungen zu gewidhrleisten. Die gezielte Einbindung externer Fordermittel
— etwa aus nationalen oder europdischen Programmen — kann die finanzielle
Resilienz zusdtzlich stiarken. Eine transparente Kofinanzierungsstrategie wiirde
dieses Potenzial strategisch absichern.

Im Hinblick auf die Betriebskosten weist der Wissenschaftsrat insbesondere auf
Annahmen hin, die beziiglich des Pakts fiir Forschung und Innovation (PFI) ge-
macht werden. Da die Fortfithrung und das kiinftige Volumen dieser Mittel iiber
das Jahr 2030 hinaus noch nicht feststehen, verbleibt eine Unsicherheit fiir die
nachhaltige Finanzierung des Betriebs von DALI. Der Wissenschaftsrat emp-
fiehlt daher nachdriicklich, frithzeitig alternative Strategien zur Absicherung
der Betriebskostenfinanzierung zu entwickeln. Dazu zdhlen insbesondere wei-
tere Finanzierungsoptionen im Rahmen der Helmholtz-Gemeinschaft sowie Mo-
delle, die eine ausgewogene Balance zwischen kommerzieller und wissenschaft-
licher Nutzung sicherstellen.

Der Wissenschaftsrat wiirdigt das vorgesehene Konzept zur Risikoanalyse fiir
seine umfassende Perspektive. Das Konzept berticksichtigt sowohl quantifizier-
bare Risiken — etwa im Hinblick auf Kostenentwicklung, Zeitplanung und tech-
nische Realisierung — als auch nicht quantifizierbare Risiken, beispielsweise in
Bezug auf die Entwicklung von Nutzenden, technologische Entwicklungen oder
verdnderte strategische Rahmenbedingungen. Des Weiteren werden regulatori-
sche Anforderungen, potenzielle Rechtsstreitigkeiten sowie finanzielle Folgen
zeitlicher Verzogerungen systematisch berticksichtigt. Diese Breite der Betrach-
tung entspricht den komplexen Anforderungen umfangreicher FIS und ist daher
zu begriifRen.

Das Risikomanagement ist als kontinuierlicher Steuerungs- und Monitoring-Pro-
zess konzipiert. Dieser Prozess dient dazu, potenzielle Abweichungen friihzeitig
zu identifizieren und darauf aufbauend wirksame GegenmalRnahmen zu imple-
mentieren. DALI profitiert dabei von den Erfahrungen aus fritheren Grof3projek-
ten und baut auf die institutionellen Lernprozesse sowie die technische Exper-
tise des HZDR auf. Der Wissenschaftsrat erkennt an, dass durch den modularen
Aufbau sowie durch vorgesehene Test-Aufbauten eine substanzielle Reduktion
technischer Risiken gewdhrleistet wird. Die vorliegende modulare Struktur ist
dahingehend konzipiert, dass systemische Abhangigkeiten minimiert und die
Wahrscheinlichkeit umfassender Betriebsunterbrechungen reduziert werden.
Die schrittweise Inbetriebnahme in Kombination mit dem fortlaufenden Betrieb
von ELBE trigt zur Steigerung der Projektsicherheit bei, da zentrale Komponen-
ten unter realen Bedingungen getestet und optimiert werden kénnen.

In Bezug auf die zu erwartenden Kostenentwicklungen wird die bauliche Um-
setzung von DALI als potenziell vulnerabelster Bereich identifiziert. Insgesamt
sind mogliche Auswirkungen auf Kosten oder Zeitplan nach derzeitigem Stand
eher auf externe rechtliche oder regulatorische Faktoren zuriickzufiihren als



auf Defizite der internen Planung. Eine signifikante Uberschreitung der Kosten
erscheint derzeit unwahrscheinlich; gleichwohl riat der Wissenschaftsrat zu ei-
nem kontinuierlichen Monitoring, um bei veranderten Rahmenbedingungen
frithzeitig steuernd eingreifen zu kénnen.

Zur Umsetzung und Meilensteinplanung

Der Wissenschaftsrat wiirdigt den fiir DALI vorgelegten Zeit- und Meilenstein-
plan, der sich durch eine sorgfdltige Ausarbeitung auszeichnet. Bemerkenswert
ist die systematische und nachvollziehbare Strukturierung der Planungs-, Auf-
bau- und Betriebsphase. Die Zielsetzung, die bestehende ELBE-Anlage schritt-
weise durch DALI zu ersetzen und dabei die Unterbrechung des Nutzungsbe-
triebs auf ein Minimum zu begrenzen, ist ambitioniert, jedoch auf Grundlage
der vorliegenden Planungen als realisierbar einzustufen. Gemaf} dem gegenwaér-
tigen Planungsstand zeigt sich der Gesamtzeitplan als kohdrent und tragfahig.
Dieser umfasst eine neunjahrige Aufbauphase, eine rund zwanzigjihrige Be-
triebsphase sowie eine zweijdhrige Riickbauphase. Dies reflektiert sowohl den
hohen technischen Reifegrad des Konzepts als auch die langjahrig gewachsene
Projektmanagementkompetenz des HZDR. Die klar definierten Meilensteine for-
dern die Transparenz hinsichtlich der Abhangigkeiten, Verantwortlichkeiten
und Entscheidungsbedarfe und stiarken somit die Planbarkeit, Steuerungsfahig-
keit und Nachvollziehbarkeit.

Positiv hervorzuheben ist, dass die Vorbereitung des Vorhabens bislang inner-
halb der Planungen verlduft. Mit der Fertigstellung des Conceptual Design Re-
ports (2020), der Aufnahme in die Helmholtz-Roadmap (2021) sowie der Vorlage
des Technical Design Reports (2025) wurden zentrale Voraussetzungen planma-
Rig erfillt. Insbesondere die technische Entwicklung kritischer Komponenten
und Schnittstellen bildet die Grundlage fiir die nachfolgende Konzeptions- und
Aufbauphase und ist daher von besonderer Relevanz. Die stringente Fortschrei-
bung der Planung dokumentiert die konzeptionelle Geschlossenheit und orga-
nisatorische Reife des Vorhabens.

Der Wissenschaftsrat weist darauf hin, dass einzelne zentrale Meilensteine, ins-
besondere baurechtliche Genehmigungen und die Errichtung des neuen Gebdu-
des im Zeitraum von 2027 bis 2035, nicht vollstindig im Einflussbereich des
HZDR liegen. Die fristgerechte Fertigstellung des Gebdudes stellt das wesentli-
che Terminrisiko des Projekts dar, da sie eine unabdingbare Voraussetzung fiir
Aufbau, Inbetriebnahme sowie die Entfaltung der wissenschaftlichen Leistungs-
fahigkeit von DALI darstellt. Verzégerungen in diesem Bereich werden sich un-
mittelbar auf den Zeitplan, die Kostenentwicklung und die internationale Wett-
bewerbsposition auswirken. In Anbetracht dessen empfiehlt der
Wissenschaftsrat nachdriicklich eine friihzeitige, kontinuierliche und strate-
gisch abgestimmte Kommunikation mit den zustidndigen Akteuren der Stadt
Dresden, des Freistaates Sachsen sowie des Bundes. Eine klare politische und
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administrative Flankierung des Vorhabens, verbunden mit der Prifung eines
moglichst zeitnahen Baubeginns, wiirde wesentlich dazu beitragen, externe Ri-
siken zu begrenzen, die Planungssicherheit zu erhéhen und das Innovationspo-
tenzial der FIS voll auszuschopfen.

Fir den Zeitraum von 2033 bis 2035 sind der Aufbau, die Inbetriebnahme und
Abnahme der Beschleuniger parallel zur Fertigstellung des Gebaudes vorgese-
hen. Die geplante Aufrechterhaltung des ELBE-Betriebs bis Ende 2033 wird aus-
driicklich vom Wissenschaftsrat begriif3t, da sie die wissenschaftliche Kontinui-
tit weitestgehend sichert und den Ubergang zu DALI strukturiert vorbereitet.
Im internationalen Vergleich erscheint die vorgesehene einjahrige Dunkelphase
ab dem Jahr 2035 ohne reguliren Nutzungsbetrieb als minimal und sachlich
gerechtfertigt. Der Wissenschaftsrat weist darauf hin, dass es sich hierbei um
eine sensible Phase handelt, die einer besonders sorgfiltigen Terminsteuerung
bedarf. Verzégerungen werden unmittelbare Auswirkungen auf die wissen-
schaftliche Produktivitit und Innovationskraft haben. In diesem Kontext hebt
der Wissenschaftsrat die Strategie der Parallelisierung von Arbeitsabldufen als
positiv hervor. Dies umfasst die frihzeitige Erprobung von Komponenten mit
Unterstiitzung von ELBE sowie die Installation von Teilsystemen vor Abschluss
der Gesamtmontage. Das beschriebene Vorgehen tragt zur Risikoreduzierung in
Bezug auf die Integration bei, erhoht die Robustheit des Zeitplans und ermog-
licht einen kontrollierten Ubergang. Fiir den Zeitraum des Parallelbetriebs emp-
fiehlt der Wissenschaftsrat jedoch eine vorausschauende Personalplanung, um
Uberlastungen zu vermeiden und die Qualitit sowohl des laufenden Betriebs von
ELBE als auch der Implementierung von DALI sicherzustellen. Grundséatzlich
empfiehlt der Wissenschaftsrat, die Umsetzung der planerischen und baulichen
MaRnahmen mit Nachdruck zu verfolgen, um das innovative Potenzial von DALI
fruhzeitig realisieren zu konnen.

Die Expertise des HZDR in der Koordination komplexer Grof3projekte ist aus
Sicht des Wissenschaftsrats eine entscheidende Voraussetzung fiir die erfolgrei-
che Umsetzung von DALI. Die aus dem Betrieb von ELBE gewachsene Organisa-
tionskultur, die durch Transparenz, kontinuierliche Kommunikation und insti-
tutionelle Verldsslichkeit gepragt ist, begiinstigt einen effektiven
Wissenstransfer und tragt zur Minderung organisatorischer Risiken in der Bau-
und Implementierungsphase bei. Die modulare und integrative technische Ar-
chitektur von DALI erhoht zudem die Flexibilitidt der Anlage, ermoglicht unter-
schiedliche experimentelle Konfigurationen und die Einbindung fortschrittli-
cher Technologien. Die Stirkung der unmittelbaren wissenschaftlichen
Leistungsfahigkeit ist ein wesentlicher Aspekt des Vorhabens. Dartiber hinaus
wird eine solide Grundlage fiir zukiinftige Erweiterungen, technologische Wei-
terentwicklungen und nachhaltige Nutzung geschaffen. Die geplante lange Be-
triebsdauer veranschaulicht die strategische Ausrichtung des Vorhabens auf
eine langfristige Perspektive sowie eine internationale Dimension.



Der Wissenschaftsrat betont, dass abgesehen von der konsequenten Umsetzung
der definierten Meilensteine die Etablierung klarer Steuerungs- und Eskalations-
mechanismen ein wesentlicher Erfolgsfaktor ist. Er empfiehlt nachdriicklich,
verbindliche Kriterien fiir den Umgang mit erheblichen Verzogerungen bei Ge-
nehmigungen, substanziellen Abweichungen bei der Gebdudefertigstellung,
dem Nichterreichen zentraler technischer Leistungsparameter oder strukturel-
len Finanzierungsengpdssen festzulegen. Fiir die Realisierung des Vorhabens ist
eine klar definierte Governance-Struktur mit transparenten Verantwortlichkei-
ten und eindeutigen Entscheidungswegen erforderlich. Die Implementierung
dieser Struktur sollte moglichst frithzeitig erfolgen. Dariiber hinaus wird emp-
fohlen, bereits ab Projektbeginn regelméflige, mindestens jihrliche Meilenstein-
Reviews durchzufiithren, um Fortschritt, Risiken und Anpassungsbedarfe syste-
matisch zu bewerten. Ein adaptiver Steuerungsansatz kann dazu beitragen, die
Resilienz des Projekts zu erhéhen und somit die Wahrscheinlichkeit einer ter-
mingerechten und budgetkonformen Realisierung zu steigern.

Wissenschaftspolitisches Votum

Der Wissenschaftsrat wiirdigt DALI als hochrelevantes, international wettbe-
werbsfdhiges und fiir den Wissenschafts- und Innovationsstandort Deutschland
strategisch bedeutsames Vorhaben. Die FIS er6ffnet herausragende Perspektiven
fiir exzellente Forschung in einem breiten Spektrum von Disziplinen und bietet
aulergewohnliches Potenzial fiir Innovation, Wissens- und Technologietrans-
fer. Als umfangreiche FIS ist DALI mit finanziellen, organisatorischen und tech-
nischen Herausforderungen verbunden. Dies unterstreicht die Bedeutung einer
vorausschauenden Planung, einer stringenten Organisation, eines wirksamen
Risikomanagements sowie klar definierter Meilensteine und transparenter Ent-
scheidungsstrukturen. Der Wissenschaftsrat empfiehlt, alle erforderlichen Maf3-
nahmen zu treffen, um eine moglichst frithzeitige Inbetriebnahme von DALI zu
ermoglichen.

Der Wissenschaftsrat befiirwortet die Umsetzung von DALI unter Berticksichti-
gung der in dieser Stellungnahme genannten Hinweise und Empfehlungen.
Dem BMFTR empfiehlt er, sich mit den beteiligten Akteuren tiber Moglichkeiten
der gemeinsamen Umsetzung des Vorhabens zu verstandigen.

Das BMFTR hat den Wissenschaftsrat gebeten, bei Notwendigkeit eine aktuali-
sierte wissenschaftspolitische Einschitzung von DALI abzugeben. Der Wissen-
schaftsrat empfiehlt eine erneute Befassung mit dem Vorhaben im Falle wesent-
licher 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
‘Dresden Advanced Light Infrastructure’ (DALI) at Helmholtz-Zentrum Dresden-
Rossendorf (HZDR) 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 DALI. 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 DALI, consisting of panel
members from the three assessment strands of the prioritisation process, other
experts, and one guest from the federal government. 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 the HZDR on 13 and 14 November 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: 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 19 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

The Dresden Advanced Light Infrastructure (DALI) is an accelerator-based
research infrastructure (RI) planned at the Helmholtz-Zentrum Dresden-
Rossendorf (HZDR) for the investigation and development of materials and
components under the influence of intense terahertz (THz) fields. At the heart
of the facility are two superconducting 50 MV electron linear accelerators
(LINACsS). A key feature is the continuously tunable, narrow-band THz radiation
in the frequency range from 0.1 to 30 THz with pulse energies of up to 1 mJ and
variable repetition rates of up to 1 MHz. This radiation can be combined with
ultrafast, pulsed positron beams as well as various complementary diagnostic
and investigative techniques, enabling experiments on matter at ultrashort time
scales. With this, DALI plans to enable time-resolved access to structural,
electronic, and defect-related dynamics of complex materials and to open up
novel experimental approaches to matter dynamics, allowing multimodal
experiments to be conducted within a single facility.

DALI is designed as an international user facility open to scientific communities
and industrial users for demanding, multidisciplinary experiments. The facility
is intended to enable new research approaches in materials science, solid-state
physics, and semiconductor research, thereby contributing to new insights in
physics, chemistry, biology, electronics, and medicine. It is planned to make up
to 700 user shifts or 8,400 user operating hours available per year.

DALI replaces the existing ELBE (Electron Linac for beams with high Brilliance
and low Emittance) facility at HZDR, which has been providing THz, mid-
infrared (MIR), electron, and positron sources to national and international users
since 2004. The goal is to extend the experimental principles established at the
ELBE facility to a broader range of parameters and to further develop the
radiation — previously limited to approximately 2.5 THz — into a more powerful
source that can be continuously tuned from the THz to the MIR range. This is
intended to close the existing gap in the photon energy spectrum between
conventional infrared and X-ray sources. Partner institutions in the realisation
of DALI are Dresden Research and Education Synergies for the Development of
Excellence and Novelty (DRESDEN-concept) e.V. and Research Instruments
GmbH.
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According to the submitted documents, based on prices as of October 2025, the
total costs of the DALI installation amount to 333.91 million euros, of which
20.24 million euros is to be borne by the HZDR. Consequently, the funding
requirement amounts to 313.67 million euros. The planned installation phase
spans nine years, from 2027 to 2035.

Operating costs of 426.83 million euros are estimated for the 20-year operating
phase (until 2055). These are to be borne by the HZDR, with revenue of 18.5
million euros expected over the entire operation phase.

For the two-year dismantling phase from 2055 to 2056, costs of 2.09 million
euros are anticipated, which are to be borne by the HZDR.



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 strategic
importance of the project. At the same time, it concurs with the assessment of
the identified risks and outstanding issues and highlights the resulting tasks
relating to implementation and management.

Assuming the Dresden Advanced Light Infrastructure (DALI) is implemented as
planned, the Council issues the following statement:

On the significance of the project

The Council recognises DALI as a flagship project of outstanding scientific and
strategic importance for the materials and life sciences in Germany and Europe.
DALI will open up experimental access to a previously inaccessible spectral range
between infrared and X-ray sources for the first time. The RI has been designed
to provide the research fields it serves with a more extensive range of
methodological tools. In an international competitive environment
characterised by a high pace of innovation and rapid technological
advancement, DALI strengthens Germany’s capacity to act whilst making a
substantial contribution to Europe’s technological, scientific and infrastructural
autonomy.

DALTI’s distinctive feature is a scientific profile characterised by the combination
of high-power THz radiation and ultrashort electron and positron beams. In
doing so, the project overcomes the limitations of isolated techniques, bridges
methodological and spectral gaps, and specifically complements European free-
electron laser (FEL) and synchrotron infrastructures. The Council welcomes the
unique experimental opportunities that DALI will offer. By enabling material
dynamics to be investigated in a time-resolved manner and to be specifically and
coherently controlled, the project will overcome the limitations of traditional
characterisation methods and allow for the active manipulation of the
functional states of matter. DALI can thus contribute to new scientific evidence
and technological developments in key future fields such as energy-efficient
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materials and low-loss microelectronics, quantum technologies, artificial
intelligence (Al) and catalysis, as well as radiation-based medical technology.
Overall, DALI will strengthen Germany’s and Europe’s position in ultrashort-
time and high-field research.

The facility is based on established structures and existing expertise at the
Helmholtz-Zentrum Dresden-Rossendorf (HZDR), which were developed at the
predecessor infrastructure ELBE. The Council considers this to provide suitable
conditions for DALI to develop into a significant RI that is of high strategic
relevance in view of global dependencies. DALI will contribute to strengthening
the technological sovereignty of Germany and Europe, support industrial value
chains and has the potential to enhance security policy resilience. Furthermore,
DALI will play a central role in the international networking of the German
science system. The facility is designed as an open user facility and will be
available to researchers from Germany, Europe and non-European countries.
Transparent access procedures, interoperable data structures and integration
into national and European research networks ensure complementary
capabilities to existing synchrotron and FEL sources. As a strategic addition to
the portfolio, DALI has the potential to boost international competitiveness and
sustainably enhance the performance of the German research landscape,
particularly in the materials and life sciences.

The Council welcomes DALI’s contribution to strengthening Germany as a
location of science and research. The RI promises excellent conditions for highly
qualified scientists at all career stages and specialised professionals. In close
cooperation with partners at higher education institutions, an interdisciplinary
environment is being established in which fundamental research,
methodological innovation and industrial application are systematically linked.
PhD students and postdoctoral researchers will gain access to experimental
facilities that are unique in this form and not available elsewhere in the world.
Furthermore, they will be trained in an environment that is innovation-oriented
and open to technology. The Council emphasizes that DALI can thus make a
significant contribution to securing the skilled workforce in growth-relevant
future fields and strengthen Germany’s competitive position in the global talent
market.

The Council welcomes DALI’s outstanding economic and innovation policy
potential. The facility provides an appropriate framework for data-intensive
research with integrated Al-supported analytical methods and high-
performance computing structures. Through the combination of remote
operation and networked data spaces, DALI is designed as an innovative
digitalised RI. With a view to transformation goals in the fields of sustainable
energy, microelectronics and digital technologies, significant impulses for deep-
tech sectors are to be expected. These relate, for example, to the development of
energy-efficient semiconductors, resource-saving catalysis, quantum systems,



and innovative diagnostic and therapeutic processes. In particular, the
integration of DALI into a regional innovation ecosystem involving actors such
as Silicon Saxony, DRESDEN-concept and TU Dresden (Dresden University of
Technology) is to be welcomed.

The realisation of DALI will make a significant contribution to enhancing
Germany’s international visibility and attractiveness as a hub for science and
innovation. Furthermore, the RI will strengthen European sovereignty in
strategically relevant key technologies and secure technological leadership
positions in the long term.

On the scientific potential

The Council recognises the exceptional scientific potential of DALI, which
results from the unique combination of high technical performance, a broad
thematic scope and strategic integration into the national and European
research landscape. The implementation of DALI as the successor to the existing
ELBE facility at the HZDR represents a significant milestone in global high-field
research. Through the parallel operation of multiple beamlines, higher beam
intensities and repetition rates, and the ability to conduct dynamic defect
studies, DALI opens up unprecedented experimental opportunities for
researchers. The integration of THz sources, electron and positron radiation, and
ultra-fast optical techniques enables novel investigations of ultrashort,
quantum-dynamic and non-linear processes in matter.

The Council sees a key aspect of DALI’s potential in its thematic breadth. The
facility addresses the fields of physics, biology, chemistry, materials science and
engineering, and can serve as a platform for inter- and transdisciplinary
research. The Council welcomes the resulting integration of traditionally
separate research fields and the facilitation of new cooperations in the areas of
quantum materials and spintronics, sustainable catalysis, semiconductor
development for communication technologies, fusion and energy materials,
biomolecular dynamics, and biomedical applications. DALI can thus contribute
to the transfer of fundamental research into applicable solutions and
consolidate Germany’s and Europe’s leading position in photon and materials
research. In order to specifically integrate currently under-represented THz-
based research fields and systematically increase the facility’s international
visibility, the Council recommends strategically targeting new user groups.

The Council supports the planned measures for interaction with (potential)
users, for example in the form of events and support from relevant advisory
bodies. This creates a solid foundation for continuous feedback regarding
strategic and operational priorities, which will ensure DALI’s long-term viability.
The Council recommends that the composition of the user community be
subject to regular review to ensure a balanced and fair distribution of usage in
the long term.
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The Council welcomes the close cooperation with higher education institutions
and industrial partners at regional and supra-regional levels. These partnerships
create a strong scientific environment, promote cutting-edge research and make
a decisive contribution to the training of the next generation of scientists.
Furthermore, the integration of DALI into overarching European RIs will
sustainably strengthen interoperability, user access and scientific sovereignty.

The design of DALI is characterised by a high degree of adaptability and a strong
user focus. This is reflected in its modular end stations and parallel beamlines.
These features ensure a high degree of flexibility and scope for expansion in view
of future research objectives and technological developments. The planned
capacity of around 700 user shifts per year (equivalent to 8,400 user operating
hours) significantly exceeds the previous capabilities of ELBE. The planned 24/7
operation will ensure that available resources are fully utilised, thereby
guaranteeing maximum capacity utilisation and efficient use of the RI. The
Council strongly welcomes this significant increase in usage potential,
particularly in view of the planned expansion of remote access capacities and
the technical and scientific staff to support users. The combination of on-site
and remote utilisation forms a central basis for the facility’s international reach.
In addition, the Council recommends continuously expanding remote access
options and services for users and establishing strategic partnerships with
leading international institutions at an early stage. These measures ensure high
service quality, efficient workflows and long-term operational stability.

DALI’s open access model provides for two forms of access for scientific users
and a separate access route for industrial users, thereby enabling the flexible
integration of national and international research communities. To increase
inclusivity, strengthen resilience against competition for beamtime and support
the installation and development of new scientific user groups, the Council
recommends further diversifying access arrangements and exploring additional
forms of access, for example for pilot or feasibility studies, for time-critical
experiments and for structured preparatory measures. Furthermore, the access
modalities should be specified, particularly with regard to the scope, the
transparency of the selection criteria, the selection committee, and potential
safeguards against conflicts of interest. The Council considers this necessary to
ensure acceptance of the allocation of beamtime within the user communities.

In line with the objectives, industrial utilisation is intended to account for
around 5% of total utilisation. To realise the potential associated with this, the
Council recommends the implementation of transparent pricing structures, the
establishment of long-term partnerships and co-innovation models, as well as
targeted sectoral outreach measures to ensure harmonisation between academic
and commercial interests.

The Council supports DALI’s efforts to intensify the active promotion of user
communities, with the aim of establishing the RI as a modern international user



facility for cutting-edge research. The planned measures represent an
appropriate means of promoting international cooperation and contribute to
increasing the international visibility of the RI.

On the potential for innovation and transfer

The Council welcomes DALI’s great potential to strengthen Germany’s role as a
hub for innovation and industry in Europe, whilst also contributing to
technological sovereignty, resilience and the state’s capacity to act. As a
strategically well-positioned RI with broad technological applicability, DALI will
have substantial potential to make a societal impact in key areas of
transformation such as the energy transition, sustainable mobility,
digitalisation and health. Its application potential is particularly relevant in the
fields of quantum and functional materials, battery research and
semiconductor-related materials science. These key areas are of crucial
importance for microelectronics, sensor technology, and the development of
new communication standards and sustainable energy systems.

DALI’s transfer potential lies less in short-term, disruptive effects and more in
systematically designed innovation processes. The integration of DALI into an
established regional innovation ecosystem provides favourable conditions for
achieving these goals. Close networking with partners from science and industry
opens up opportunities for cross-sectoral cooperation and accelerates knowledge
transfer. The Council welcomes DALI’s intended coverage of the entire
innovation chain — from scientific discovery through technological development
to application and commercialisation. In particular, the targeted promotion of
spin-offs strengthens the aim of translating scientific evidence into marketable
products and services. However, the pathways to clearly defined societal impacts
remain partly implicit. The Council therefore recommends formulating the
targeted strategic impact goals precisely and establishing a consistent impact
logic.

DALI will contribute to safeguarding and further developing critical
technological know-how in Europe, thereby reducing strategic dependencies.
Contributions to national sovereignty are expected to remain predominantly
indirect in nature. The governance framework for research security and
integrity established by the HZDR defines clear boundaries for defence and dual-
use research and commits activities to peaceful, humanitarian or defensive
objectives under democratic and constitutional oversight. This framework
deliberately sets normative guidelines in this regard. This implies that direct
contributions to sensitive areas of state action are likely to remain structurally
limited. The Council recommends that the expertise associated with DALI be
utilised in a structured and sustainable manner with a view to strengthening
the state’s sovereignty and resilience.
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To increase political effectiveness, the Council recommends closer integration
with national advisory and standardisation structures, whilst taking into
account the need for greater institutionalisation. At present, the systematic use
of the scientific expertise pooled at DALI within government decision-making
processes is only envisaged to a limited extent. The implementation of
structured interfaces between the expertise generated and existing
standardisation and advisory mechanisms could make a significant contribution
to the strategic use of scientific evidence. This, in turn, would considerably
increase the long-term relevance of the infrastructure from a political and
societal perspective.

The effectiveness of DALI’s transfer strategy depends to a large extent on clearly
defined access and governance structures. The early involvement of industrial
users is of particular relevance in this regard. The Council therefore strongly
recommends that the planned appointment of a liaison officer be made already
in the installation phase in order to systematically identify sector-specific needs,
build up user communities and increase the infrastructure’s visibility.
Furthermore, the service and access model, as well as the role profiles,
responsibilities and operational scope of the proposed innovation managers,
should be clarified to ensure transparent, predictable and practicable processes.
The differentiated and transparent design of pricing and fee structures,
particularly with regard to small and medium-sized enterprises (SMEs) and start-
ups, is of crucial importance in enabling widespread use.

To further enhance the societal added value of DALI, the Council also
recommends a stronger focus on clearly defined societal objectives, the
operationalisation of measurable sustainability criteria, and the establishment
of a systematic impact analysis to capture technological, economic and societal
effects. Furthermore, it is recommended to supplement the strategic
involvement of civil society and non-scientific actors and to establish closer links
with political advisory structures. In this way, scientific evidence can be
effectively translated into socially relevant innovation pathways.

On organisation and management

The Council commends the compelling concept behind DALI, which effectively
combines clear governance structures with strategic project management. The
HZDR can draw on its long-standing expertise in the operation of complex
accelerator facilities for DALI, as the successor to ELBE. The existing expertise in
project management, facility operation and risk management significantly
reduces implementation risks and forms a solid foundation for the successful
realisation of DALL.

The planned organisational structure is clear, functionally well-thought-out and
multi-tiered. The combination of strategic steering and independent scientific
advice is ensured through the interaction of the Steering Committee, the



Scientific Advisory Board (SAB) and other bodies. The Council points out that the
separation between scientific leadership, operational management and strategic
oversight is essential for creating transparency in responsibilities and promoting
the science-based further development of the infrastructure. It recommends
that the SAB be clearly separated organisationally from decision-making bodies
as early as the installation phase and set up accordingly. Furthermore, it
suggests that the chair of the User Committee be included as a non-voting
observer in order to create greater transparency and constructively incorporate
the wusers’ perspective. The Council recommends defining the roles,
responsibilities and interfaces — particularly between the SAB and
management — more precisely, as well as clearly defining the division of tasks
between the advisory bodies. This will further enhance efficiency and
accountability.

The strategic involvement of national and international scientific and industrial
partners during the installation and operation of the facility is promising and
strengthens DALI in the long term. The Council recommends the early and
binding implementation of these plans to ensure the development of a strong
profile and international visibility.

The HZDR recognises the imperative to ensure the security of data and
knowledge. The proposed cybersecurity concept, which includes automated
monitoring, clear shutdown protocols and binding verification procedures for
users, serves to strengthen operational integrity. Supplementary measures for
secure data management enable a considered approach to Al applications. The
Council recommends the consistent further development of these measures to
ensure the long-term reliability of knowledge security at DALI.

The management concept underpinning DALI meets the requirements of an
internationally oriented user facility. The application of established project
management methods, the clear structuring of reporting lines, and a risk
management system based on structure and procedures demonstrate
organisational professionalism. In this context, the Council emphasises the
cooperative and transparent organisational culture of the HZDR. This culture
fosters the exchange of knowledge and information as well as the efficient
coordination of processes and represents a key factor in the successful
implementation of DALIL

The Council particularly approves the existing plans for the transition from
ELBE to DALI Scientific productivity and wuser continuity during the
construction phase are ensured by the parallel operation of ELBE, the associated
minimisation of disruptions, and the retention of staff. The combination of
experienced ELBE staff and newly recruited specialists strengthens both
continuity and innovative capacity. The management of staff development,
governance structures, knowledge transfer and institutional expertise has been
planned with great care. However, in view of the imminent generational change,
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the Council strongly recommends strategic and structured succession planning
that adequately addresses these key ongoing tasks.

The HZDR is firmly embedded in the principles of equality and diversity. The
Council commends the funding instruments already in place, the family-
friendly working conditions and initiatives to increase the proportion of women
in leadership positions, and recommends the continuous further development
of these measures through ongoing monitoring.

On costs, financing, and risks

The Council welcomes DALI’s detailed, systematically structured and, on the
whole, convincing budget and financial plan. The breakdown of investment and
operating costs is presented in a differentiated and transparent manner across
all project phases. Uncertainties, such as those arising from technological
developments, general price trends or project-specific implementation
timelines, are appropriately taken into account. Against this background, the
cost estimates based on current price levels are comprehensible and viable.

The budget planning for the installation and operation is clearly structured and
consistently accounts for technological components, human resources and
infrastructure expenditure. In the course of the project’s development, there has
been a marked increase in the level of detail and the scope of planning, which
significantly strengthens the robustness of the calculations. In particular, the
revised staffing plan for the installation and operation meets the scientific,
technical and administrative requirements and contributes to enhancing the
financial credibility of the project.

The Council welcomes the present consistent life-cycle approach — from
installation through operation to possible dismantling — which meets the
requirements of a sustainable RI policy. It improves transparency for funding
bodies, enhances long-term planning and demonstrates the foresight of the
financial preparations.

The medium- and long-term operational security is convincingly linked to
strategic development planning. The Council welcomes the planned recurring
allocation of five million euros every five years for innovation-driven upgrades.
This mechanism creates an independent, earmarked basis for scientific and
technological advancements and clearly separates these from maintenance and
repair costs. This equally strengthens transparency, sustainability and the
capacity to act. In view of accelerated innovation cycles, potential inflationary
trends and changing user needs, the Council strongly recommends reviewing
the adequacy of the available upgrade budget at regular intervals. The
implementation of a systematic evaluation process, which systematically
incorporates scientific advisory bodies and user feedback, is recommended in
order to further develop modernisation priorities and funding levels in line with



needs. Furthermore, the implementation of a precisely defined escalation or
contingency mechanism is necessary to ensure a flexible response to unforeseen
cost developments or accelerated technological developments. The targeted
integration of external funding — for example from national or European
programmes — can further strengthen financial resilience. A transparent co-
funding strategy would therefore strategically secure this potential.

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 level of these funds beyond 2030 have not yet been
determined, uncertainty remains regarding the sustainable financing of DALI’s
operations. The Council therefore strongly recommends that alternative
strategies to secure funding for operating costs be developed at an early stage.
These include, in particular, further funding options within the Helmholtz
Association, as well as models that ensure a sensible balance between
commercial and scientific utilisation.

The Council commends the proposed risk analysis framework for its
comprehensive approach. The framework considers both quantifiable risks —
such as those relating to cost trends, scheduling and technical implementation
— and non-quantifiable risks, for example regarding user development,
technological developments or changes in the strategic parameters.
Furthermore, regulatory requirements, potential legal disputes and the
financial consequences of delays are systematically considered. This broad scope
of consideration is commensurate with the complex requirements of large RI
and is therefore to be welcomed.

The risk management is conceived as a continuous control and monitoring
process. The process serves to identify potential deviations at an early stage and,
building on this, to implement effective countermeasures. In doing so, DALI
benefits from experience gained from previous large-scale projects and builds on
the institutional learning processes and technical expertise of the HZDR. The
Council acknowledges that the modular installation and the planned test
installations ensure a substantial reduction in technical risks. The present
modular installation is designed to minimise systemic dependencies and reduce
the likelihood of extensive operational disruptions. The phased start of
operation, combined with the ongoing operation of ELBE, contributes to
increasing project reliability, as key components can be tested and optimised
under real-world conditions.

With regard to anticipated cost developments, the construction phase of DALI is
identified as the area with the greatest potential for risk. Overall, based on the
current state of affairs, any potential impacts on costs or the schedule are more
likely to be attributable to external legal or regulatory factors than to
shortcomings in internal planning. A significant cost overrun currently appears
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unlikely; nevertheless, the Council advises continuous monitoring to enable
early corrective action in the event of changing parameters.

On implementation and milestone planning

The Council commends the timetable and milestone plan submitted for DALI,
which is characterised by its careful preparation. The systematic and clear
structure of the planning, installation and operation phases is particularly
noteworthy. The objective of gradually replacing the existing ELBE facility with
DALI whilst keeping disruption to operations to a minimum is ambitious, but
can be considered feasible on the basis of the current plans. According to the
current state of planning, the overall timetable appears coherent and viable,
comprising a nine-year installation phase, an operation phase of around twenty
years, and a two-year dismantling phase. This is indicative of both the advanced
technical sophistication of the concept and the HZDR’s considerable project
management proficiency, which has been cultivated over a considerable period.
The clearly defined milestones promote transparency regarding dependencies,
responsibilities and decision-making requirements, thereby enhancing
predictability, controllability and traceability.

It is worth noting that preparations for the project are so far proceeding
according to plan. With the completion of the Conceptual Design Report (2020),
the inclusion in the Helmholtz Roadmap (2021), and the submission of the
Technical Design Report (2025), key prerequisites have been met as scheduled.
In particular, the technical development of critical components and interfaces
forms the basis for the subsequent design and installation phase and is therefore
of particular relevance. The rigorous progression of the planning demonstrates
the conceptual coherence and organisational maturity of the project.

The Council points out that certain key milestones, in particular planning
permissions and the construction of the new building between 2027 and 2035,
are not entirely within the HZDR’s sphere of influence. The timely completion
of the building represents the project’s main schedule risk, as it is an
indispensable prerequisite for the installation, start of operation and
development of DALI’s scientific capabilities. Delays in this area will have a
direct impact on the schedule, cost development and international competitive
position. In view of this, the Council strongly recommends early, continuous and
strategically coordinated communication with the relevant actors of the City of
Dresden, the Free State of Saxony and the Federal Government. Clear political
and administrative support for the project, combined with the consideration of
a construction start as soon as possible, would contribute significantly to
limiting external risks, increasing planning certainty and fully exploiting the
RI’s innovation potential.

For the period from 2033 to 2035, the installation, commissioning, and
acceptance of the accelerators are planned to take place in parallel with the



completion of the building. The Council strongly welcomes the planned
continuation of ELBE operations until the end of 2033, as this largely ensures
scientific continuity and provides structured preparation for the transition to
DALI By international standards, the planned one-year dark phase from 2035
onwards, during which there will be no regular operational use, appears
minimal and objectively justified. The Council points out that this is a sensitive
phase requiring particularly careful schedule management. Delays will have a
direct impact on scientific productivity and innovative capacity. In this context,
the Council highlights the strategy of running workflows in parallel as a positive
step. This includes the early testing of components with the support of ELBE, as
well as the installation of subsystems prior to the completion of the overall
assembly. The approach described contributes to risk reduction with regard to
integration, increases the robustness of the schedule and enables a controlled
transition. For the period of parallel operation, however, the Council
recommends forward-looking staff planning to avoid staff overload and to
ensure the quality of both the ongoing operation of ELBE and the
implementation of DALI. In general, the Council recommends vigorously
pursuing the implementation of planning and construction measures in order
to realise DALI’s innovative potential at an early stage.

In the Council’s view, the HZDR’s expertise in coordinating complex large-scale
projects is a crucial prerequisite for the successful implementation of DALI. The
organisational culture that has developed through the operation of ELBE,
characterised by transparency, continuous communication and institutional
reliability, facilitates effective knowledge transfer and helps to mitigate
organisational risks during the construction and implementation phases.
Furthermore, DALI’s modular and integrative technical architecture increases
the facility’s flexibility, enabling different experimental configurations and the
integration of advanced technologies. Strengthening immediate scientific
performance is a key aspect of the project. In addition, a solid foundation is
being laid for future expansions, technological advancements and sustainable
use. The planned long operational lifespan illustrates the project’s strategic
focus on a long-term perspective and an international dimension.

The Council emphasises that, in addition to the consistent implementation of
the defined milestones, the establishment of clear management and escalation
mechanisms is a key success factor for the project. It is strongly recommended
to establishing binding criteria for dealing with significant delays in approvals,
substantial deviations in building completion, failure to meet key technical
performance parameters, or structural funding bottlenecks.

A clearly defined governance structure with transparent responsibilities and
clear decision-making pathways is required for the realisation of the project.
This structure should be implemented as early as possible. Furthermore, it is
recommended that regular milestone reviews, at least annually, be conducted

45



46

from the outset of the project to systematically assess progress, risks and the
need for adjustments. An adaptive management approach can help to increase
the project’s resilience and thus enhance the likelihood of on-time and within-
budget completion.

Science policy vote

The Council recognises DALI as a highly relevant, internationally competitive
project of strategic importance for Germany as a centre of science and
innovation. The RI opens up outstanding prospects for excellent research across
a broad spectrum of disciplines and offers exceptional potential for innovation,
knowledge transfer and technology transfer. As a large-scale RI, DALI presents
financial, organisational and technical challenges. This underscores the
importance of forward-looking planning, rigorous organisation, effective risk
management, clearly defined milestones and transparent decision-making
structures. The Council recommends that all necessary measures be taken to
enable the start of operation of DALI as soon as possible.

The Council supports the implementation of DALI, 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 DALI 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 (RI) projects,
as part of a national prioritisation process. The aim of the national prioritisation
process was to

_select the RIs 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 BMFTR to include the Dresden Advanced Light
Infrastructure (DALI) at the Helmholtz-Zentrum Dresden-Rossendorf (HZDR) 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 DALI. At the same time, the Ministry asked the WR to
individually evaluate the concept for DALI to ensure that it will be established

| 1 German Science and Humanities Council / Wissenschaftsrat (2025): Report on the science-driven assess-
ment 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 19 March 2026.


https://doi.org/10.57674/he9d-sv18
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in the best possible way and that the 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 from the federal government. The working group visited
the HZDR on 13 and 14 November 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.Il), and informs about the reactions to the assessment results the HZDR
submitted in October 2025 (A.III). The Initial Report has been reviewed with
DALI to ensure that the facts are presented accurately. The Report of the
Individual Evaluation 2025-2026 (B) reflects the working group’s assessment of
DALI Once approved by the working group, the evaluation report cannot be
changed in the further stages of the process.



Key Information on DALI

Responsible institution: Helmholtz-Zentrum Dresden-Rossendorf (HZDR)

Installation costs as of October 2025: 333.91 million euros (without indexing and
risks)

Installation phase: 2027 to 2035 (9 years)
Operation phase: 2036 to 2055 (20 years)

Dismantling phase: 2056 to 2057 (2 years)
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A. Initial Report

A.l DRAFT PROPOSAL FOR DALI IN THE PRIORITISATION PROCESS 2024

According to the submitted draft proposal, the Dresden Advanced Light
Infrastructure (DALI) is planned as an accelerator-based research facility at the
Helmholtz-Zentrum Dresden-Rossendorf (HZDR). Its research foci include the
investigation and development of materials and components under the
influence of terahertz (THz) fields. DALI is envisioned as a RI comprising two
superconducting electron accelerators that will generate powerful THz radiation
for studying matter under high-intensity electromagnetic fields and on
ultrashort time scales. By combining high field strengths, repetition rates, and
continuous tunability with ultrashort electron and positron pulses, DALI aims
to enable new research approaches in materials science, solid-state physics and
semiconductor research, advancing knowledge across physics, chemistry,
biology, electronics, and medicine. The results are expected to contribute to
innovations in medical diagnostics, artificial intelligence (Al), and quantum
communication.

DALI is planned to succeed the current Electron LINAC for beams with high
Brilliance and low Emittance (ELBE) facility at HZDR, which provides national
and international users with THz, mid-infrared (MIR), electron, and positron
sources since 2004. The leading responsible institution for DALI is the HZDR.
Partner institutions are the Dresden Research and Education Synergies for the
Development of Excellence and Novelty (DRESDEN-concept) e.V. and Research
Instruments GmbH.

.1 Objectives for Research and Innovation

[.1.a Research Objectives

The central aim of DALI is to enable investigations of ultrafast dynamic
processes in a wide range of materials, from solids to liquids. DALI focuses on
understanding and controlling the states and functions of matter under high-
intensity THz electromagnetic fields in real-time. By probing dynamic and
quantum phenomena characteristics of the THz spectral range, DALI seeks to
uncover the fundamental principles that govern matter in strong-field regimes
and to enable active material design through control of novel functional and



quantum materials (e.g. via driven topological, hidden or light-dressed states of
matter). DALDI’s research programme intends to bridge physics, materials
science, chemistry, biology, and medicine. By generating excited quantum states
and enabling exploration of microscopic phenomena on femtosecond
timescales, it seeks to open new possibilities in quantum technologies and
materials research that allow for technological innovations. Research work at
DALI ought to contribute to key scientific and industrial fields, including
information technology, energy technology, and medical technology. The
scientific areas addressed by DALI will be organised around five key objectives:

_ Hidden Phases of Matter: Based on THz sources, the facility aims to excite
specific modes to access and drive predicted exotic phases, thereby changing
both quantum and macroscopic properties of matter. Flexible control of THz
polarisation and helicity is expected to allow precise steering of dynamic
trajectories, influencing chirality and topology. High-field THz pulses will
create non-equilibrium conditions necessary for uncovering phases
inaccessible through thermal excitation, while avoiding unwanted electronic
perturbations.

_ IT Materials of the Future — Ultrafast Spin and Charge Dynamics: DALI focuses
on developing and characterising next-generation materials with information-
processing functionalities. It aims to optimise THz parameters in order to
enable detailed investigation of spintronic, magnonic, and orbitronic
dynamics, contributing to progress in quantum computing and fundamental
magnetism.

_ Catalysis: The facility aims to provide selective access to low-energy excitation
modes, including molecular rotations and vibrations, allowing chemical
reactions to be precisely driven and controlled on ultrafast timescales. By
combining THz spectroscopy with complementary techniques such as
photoelectron spectroscopy, extreme ultraviolet (XUV) sources, and ultrafast
electron diffraction (UED), DALI expects to deliver comprehensive insights into
structural and electronic processes central to surface and catalysis.

_ Solvation Water Dynamics: DALI will target the interaction of THz radiation
with biomolecular solvation shells to reveal nonlinear dynamics and energy
transfer pathways mediated by collective hydrogen-bond networks. This
approach seeks to provide unprecedented understanding of water and its
fundamental role in biomolecular structure and function.

_ Defect Kinematics with Positron Beams: DALI aims to expand its scope to the
temporal and spatial study of defects and related quantum states. An intense
positron source with nanosecond and picosecond timing is expected to enable
pump-probe investigations of magnetic and structural transitions, while spin-
polarised beams probe electron spin phenomena and vacancy migration. These
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capabilities are considered vital for understanding ion nanopatterning,
magnetic switching, and sub-bandgap states in semiconductors and insulators.

With these five objectives, DALI intends to provide a highly versatile research
platform for addressing both scientific and societal challenges. By exploring
matter on its intrinsic temporal and energetic scales, DALI wants to establish a
foundation for resonant control and supports technological advances across
energy and climate transformation, health innovation, and secure digital
infrastructures, benefiting research and industry across Germany and Europe.

[.1.b  Innovation Objectives

DALI plans to integrate accelerator-based THz sources with electron- and
positron-based probes and ultrafast laser systems. This combination intends to
offer new possibilities for resonant and precise control of material properties
and reaction mechanisms, enabling the exploration of previously hidden states
of matter. A central innovation objective of DALI is to address Europe’s
limitations in the availability of high-intensity THz- and especially positron-
based beam times for investigations of industrial purpose through positron
annihilation spectroscopy (PAS). The facility’s analytical and methodological
capabilities are supposed to create new opportunities for applied research and
technology development in areas such as materials science and semiconductors.

DALI’s innovation strategy aims at structurally linking fundamental research
and application-oriented development and translating scientific findings into
technologies, industrial processes, and advanced materials. The project intends
to provide a robust foundation for progress in key sectors including information
technology, energy conversion, and medical technology.

To this end, HZDR refers to an innovation management supported through
existing structures. These include a dedicated transfer department acting as the
central interface for innovation-related activities, assigned innovation
managers, and internal funding instruments such as the HZDR Innovation
Competition and HZDR Innovation Fund that identify and promote projects with
commercial potential. The HZDR Innovator School offers training in technology
transfer, while the HZDR Innovation GmbH 1is responsible for the
implementation of standardised commercial services building on the institute’s
infrastructure.

Industrial participation is planned as an element of DALI’s operational concept.
Around 5% of total beam time will be available for industrial users, accessible
via both contractual services and collaborative research. Expected partners
include enterprises from the chemical, food, pharmaceutical, automotive, and
semiconductor industries. Drawing on the operational experience of the ELBE
facility, DALI plans to extend automation in sample handling and data analysis
to increase efficiency. Knowledge and technological results emerging from DALI



will be transferred through licensing agreements, collaborative ventures with
industrial suppliers, and the establishment of spin-off companies. The first start-
ups are anticipated within ten years of operation. Strategic partnerships, such
as those with Research Instruments GmbH and DRESDEN-concept, are expected
to foster the exchange of expertise regarding the development of new
components and methods.

Central to DALI’s innovation approach is the positron annihilation spectroscopy
(PAS). This non-destructive, depth-resolved technique is expected to enable
precise characterisation of open-volume defects and nano-scale porosity in
crystalline and nanoporous materials. Its applications will extend to
semiconductors, metallic alloys, insulating functional materials, and complex
systems such as catalysts, membranes, 3D-printed components, and solid-state
battery materials. Parallel operation of THz and positron beamlines seeks to
further enhance throughput and reduce analysis costs, broadening access for
both academic and industrial users.

Through this approach, DALI aims to combine scientific excellence with
technological innovation, knowledge transfer, and industrial cooperation, to
complement Europe’s existing network of accelerator-based light sources and to
represent a significant contribution to the development of new materials,
analytical methods, and application-oriented innovations across research and
industry. With the possible applications arising from THz fundamental
research, DALI intends to contribute to Germany’s and Europe’s sovereignty and
resilience, for example with regard to future information, energy or medical
technology.

1.2 Conception

[.2.a Technical and Structural Design

The technical design of DALI focuses on two superconducting electron linear
accelerators (LINAC), which are intended to produce beams with energies up to
50 MeV and being developed in partnership with Research Instruments GmbH.
The LINACs are planned to generate sub-picosecond electron bunches for
ultrashort pulses of fully coherent, high-intensity THz radiation, continuously
tunable from 0.1 to 30 THz with pulse energies up to 1 mJ at repetition rates
reaching 1 MHz. The radiation is expected to feature narrow spectral bandwidth,
transform-limited pulses, and exceptionally high electric and magnetic fields,
aiming to surpass current sources by at least a factor of 100. The superradiant
THz sources will follow established designs, while the higher-frequency THz/
MIR sources will use an optical klystron (OK) with free-electron laser (FEL)
oscillator seed, modulator, and radiator undulators to deliver high-field,
narrowband pulses.
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These accelerator-based THz sources will be combined with laser-based sources
and probing techniques such as an UED instrument, time-resolved angle-
resolved photoemission spectroscopy (ARPES), and nanoscopic imaging using
scanning near-field infrared microscopy (SNIM) to probe THz-driven structural
and electronic dynamics at femtosecond resolution and to enable industrial
material analysis. Phase-stable sub-cycle synchronisation and pulse-resolved
detection techniques are intended to ensure highly flexible photon and electron
sources. A secondary high-intensity pulsed positron source is foreseen to
complement these capabilities.

For the installation phase, DALI is planned to be organised according to a scheme
based on the PRINCE2 method, bringing together project teams for the different
parts of the installation, the central project management as well as scientific
users, HZDR executives, and support units. For the operation phase, the
structure is planned to be changed to a model of one or more institutes running
the infrastructure under the lead of a Management Board reporting to the Board
of Directors of the HZDR. In this phase, access management and user support
are to be handled by HZDR’s central user office.

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

DALI seeks a prominent position within a wider scientific landscape, forming an
essential part of Germany’s network of accelerator-based photon sources. Most
of them are embedded in the Helmholtz Association (HGF) and part of the
Helmholtz Research Area ’Matter’|2. To ensure a coherent and strategic
development of photon science in Germany, the Helmholtz Association has
published a Photon Science Roadmap |3, outlining the coordinated advancement
of existing infrastructures and the development of their successors. The
roadmap includes the short-wavelength free-electron lasers EuXFEL and
FLASH2020+ at DESY in Hamburg, the synchrotrons PETRA IV, also at DESY, as
well as BESSYIII at the HZB in Berlin, and DALI in Dresden. Each of these
facilities is expected to offer complementary capabilities that together cover a
spectrum of photon energies, with DALI representing the only dedicated long-
wavelength or THz source.

Within Europe, two collaboration platforms have formed during the past
decade: The League of Accelerator Based Photon Sources (LEAPS) and FELs of
Europe. The ELBE free-electron laser at HZDR, which DALI is to succeed, has been
a member of both initiatives since their inception. DALI intends to maintain this

| 2 Helmholtz (2026): The Research Field Matter - from the Microworld to the Whole Universe. URL:
https://www.helmholtz.de/en/research /research-fields/matter/matter-and-technologies/

| 3 Helmholtz (202 1): Nationale Strategie zur Weiterentwicklung beschleunigerbasierter Nutzereinrichtungen
fur die Forschung mit Photonen und mit hohen elektromagnetischen Feldern (Helmholtz Photon Science Road-
map). URL: https://www.helmholtz.de/fileadmin/test/Helmholtz-Photon-Science-Roadmap-202 1-Langfas-
sung-210625.pdf


https://www.helmholtz.de/en/research/research-fields/matter/matter-and-technologies/
https://www.helmholtz.de/fileadmin/test/Helmholtz-Photon-Science-Roadmap-2021-Langfassung-210625.pdf
https://www.helmholtz.de/fileadmin/test/Helmholtz-Photon-Science-Roadmap-2021-Langfassung-210625.pdf

involvement and aims to contribute to the development of shared standards,
coordinated user access, and common strategic priorities across Europe’s leading
light source RIs.

Regarding scientific parameters and applications at comparable facilities, DALI
refers to the European infrared (IR) and THz user facilities FELIX in Nijmegen
(Netherlands) and CLIO near Paris (France). FELIX and CLIO represent Europe’s
only operational accelerator-based THz full user facilities, and DALI expects to
join them upon completion. Both rely on normal-conducting accelerators, with
operation in macropulses at repetition rates up to 25Hz. DALI’s
superconducting accelerator technology aims to enable flexible repetition rates
between 10 kHz and 1 MHz, marking a significant advance for experiments
requiring high average power and continuous-wave-like conditions.

Worldwide, several IR and THz FEL facilities exist. According to the HZDR, none
are anticipated to achieve the performance parameters envisioned for DALI. The
facility thus seeks to establish itself as a world-leading RI with unprecedented
THz radiation capabilities. Against this background, HZDR expects DALI to
strengthen Germany'’s international position in THz science and serve as a focal
point for global collaborations, welcoming researchers to engage with HZDR and
the broader scientific community.

Beyond its THz research, DALI intends to provide secondary positron beams
based on its intense continuous-wave electron beam with adjustable repetition
rates for materials research. Existing high-intensity positron sources are
primarily located at research reactors (such as FRMII in Munich, HOR at TU
Delft, Kyoto University Research Reactor, PULSTAR reactor at North Carolina
State University) where pulsed beams can only be produced with major intensity
losses. Other facilities, including KEK in Tsukuba, Japan, use normal-conducting
accelerators that do not allow high-repetition-rate beams optimised for positron
lifetime studies. Although several centres worldwide generate positron beams
for medium- and high-energy nuclear physics, no facility in Europe or the USA
currently focuses on low-energy positron beams for materials research. DALI
therefore aims to fill this specific gap in the global RI landscape, offering
distinctive experimental capabilities for a broad scientific user community.

I.2.c  Demand for Research and Development

DALI is designed to deliver coherent, high-intensity THz radiation that enables
new ways of exploring and controlling matter across disciplines. By generating
flexible, high-field THz and MIR beams through superconducting accelerator
technology, DALI aims to extend research from fundamental studies to applied
innovation, contributing to fields such as medical technologies, Al, and
quantum communication while deepening the understanding of materials and
molecular processes under strong electromagnetic fields. The scientific demand
for infrastructures of this kind is widely recognised on an international scale.
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Existing facilities only partly meet the needs of researchers for tools that can
probe and control complex materials, biological structures, and chemical
processes using long-wavelength radiation. DALI addresses this gap as a
next-generation THz—MIR source, combining high brightness, tunability, and
adjustable repetition rates. Integration with complementary instruments such
as UED, ARPES and SNOM, is expected to enhance both experimental precision
and scope.

DALI’'s approach focuses on the optimisation and development of
superconducting accelerator technologies to produce high-quality, stable
electron beams that support high-power and coherent radiation. According to
HZDR, further refinement of the superconducting electron source is required to
reach the targeted beam parameters and ensure reliable operation under full
facility conditions. In parallel, DALI aims at time-resolved studies of ultrafast
processes, including chemical reactions and quantum phase transitions. For this
purpose, DALI intends to employ MeV electron beams at high repetition rates,
requiring a novel, low-charge superconducting radio-frequency (SRF) gun
configuration capable of generating ultrashort pulses. To develop and test the
necessary instrumentation and diagnostics, a dedicated UED test beamline is
planned to be established at ELBE.

In consequence, DALI’s implementation depends on several ongoing
technological developments that are necessary to achieving full functionality
and performance. The superconducting electron source, while operational, still
requires refinement to reach the targeted beam stability, charge, and quality for
reliable facility operation. Besides, the planned parallel operation of several
radiation sources to maximise experimental capacity and user access needs to
be implemented. This is expected to allow the main accelerator to supply several
beamlines simultaneously through interleaved electron pulses, separated via a
dedicated SRF structure and magnetic deflection, a concept that is, according to
the HZDR, proven but not yet implemented at ELBE.

These implementation steps for DALI are expected to complete the facility’s
technical foundation.

[.2.d Sustainability Across the Entire Life Cycle

DALI states to follow a comprehensive life cycle perspective on sustainability,
integrating environmental responsibility and resource efficiency from design
through operation to decommissioning. The concept builds on established
practices and continuous monitoring to minimise environmental impact while
ensuring long term operational resilience. To limit its environmental footprint,
DALI will seek certification under the German Assessment System for
Sustainable Building (Bewertungssystem Nachhaltiges Bauen, BNB).



During installation, measures will focus on reducing emissions through the use
of sustainable, recyclable materials, local procurement, and energy efficient
processes. Life cycle assessments and Building Information Modelling (BIM) are
foreseen to optimise material use and prevent waste, supported by modular
construction and circular economy principles.

In the operation phase, emphasis will be placed on energy efficiency, renewable
power use — such as rooftop photovoltaics —, and smart control systems that
adapt energy consumption to demand. Continuous digital monitoring of energy
use, CO: emissions, and system performance are planned to ensure adherence to
sustainability targets. Radiation safety measures include choosing low activation
materials, such as high purity aluminium in beam dumps, and confining any
radiation locally to minimise exposure.

For decommissioning, DALI’s design is intended to enable reuse or conversion
for future research purposes. Should it come to dismantling, materials are
planned to be separated and recycled to minimise emissions and waste
generation.

DALI’s digital infrastructure plans to support sustainability through an energy
efficient data centre and Al assisted data management. Remote and mail-in
experiments are intended to reduce travel related emissions, enhancing
accessibility for external users. A comprehensive monitoring and reporting
system, supported by AI based diagnostics and cybersecurity measures
developed under the Helmholtz ROCK-IT (Remote, Operando Controlled,
Knowledge-driven, and IT-based) initiative, intends continuous performance
assessment, fault detection, and resilience of operations.

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

[.3.a Target Groups and Anticipated Demand

The anticipated demand for DALI is based on the user interest at the THz and
MIR sources of ELBE, where current demand reaches approximately 500 shifts
annually, though capacity is limited to 200 shifts. In addition, secondary
positron beams that are operational since 2015 account for 50 shifts per year
with an overbooking factor exceeding two. Demand is projected to reach up to
2,000 shifts by 2033, equating to around 700 annual user shifts or roughly 8,400
hours of operation through targeted overbooking and parallel beamline
operation. According to HZDR, a key factor contributing to DALI’s long term
attractiveness will be the simultaneous operation of several user stations, each
offering complementary experimental capabilities.

DALI is designed to primarily serve the national and international research
community, with user groups anticipated mainly from universities, national
laboratories, and major research organisations such as the Max Planck Society
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and the Centre National de la Recherche Scientifique (CNRS). Based on current
experience, roughly 60% of users are expected from universities and other
academic institutions, and around 40% from non-university research bodies and
industrial partners, though industrial demand is expected to remain limited due
to the specialised nature of the high-field beamlines. Nevertheless, applied
disciplines, including engineering, materials science, and computer science, are
expected to contribute nearly half of the research activities. Within
fundamental research, user interest is expected to focus on physics, materials
science, chemistry, and biochemistry. The facility’s user base is anticipated to be
composed by about 80% of users from Europe and 20% from other regions,
including North and South America, Asia, and Africa.

DALI is planned to be integrated into Dresden’s research ecosystem comprising
TU Dresden as well as Max Planck, Leibniz, and Fraunhofer institutes. This
environment is expected to enable collaborative research (Verbundforschung)
and support technology transfer activities within the regional semiconductor
industry cluster.

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

DALI is planned to operate as a user facility in the LK II (Leistungskategorie II)
scheme of the Helmholtz Association. |4 The access and service frameworks are
intended to facilitate efficient, transparent, and inclusive user engagement.
Access to the facility is planned to be managed digitally from application to
publication, incorporating all administrative and operational stages within a
single workflow environment. The adoption of a proposal management system
similar to ELBE’s user portal GATE, integrated with the Helmholtz Scientific
Project Workflow Platform (HELIPORT), is designed to align with established
institutional standards and ensure a consistent user experience. Holding two
calls for proposals per year aims to establish a regular rhythm of access,
promoting transparency, predictability and responsiveness.

With three defined access modes, DALI seeks to provide a balanced distribution
between scientific discovery, mission-oriented research, and collaboration with
industry: (1) A curiosity-driven mode, expected to account for around 80% of
total beamtime, applies selection criteria based on feasibility, scientific quality,
expected outcomes, and the research track record of the applicants. This
structure is intended to reinforce academic excellence and maintain a high level
of scientific competitiveness. (2) A challenge-driven access, expected to represent
approximately 15% of total beamtime, is designed to address topics of strategic
or societal importance. The appointment of an external committee to identify

| 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.



relevant challenges is intended to ensure a focused yet flexible approach,
enabling DALI to contribute effectively to urgent scientific and technological
questions. (3) Industrial access, projected to account for about 5% of total
beamtime, is intended to operate on a full-cost basis under the management of
HZDR Innovation GmbH. This arrangement aims to provide a clear framework
for professional collaboration with industry, maintaining transparency and
financial accountability while encouraging the development of applied research
partnerships.

The measures to engage industrial users are designed to strengthen the
accessibility and adaptability of DALI. The appointment of a liaison officer
dedicated to outreach and communication with industrial partners aims to
ensure that user requirements are identified and addressed through practical
collaboration. Initiatives such as the twinning of beam times, pairing industrial
users with beamline scientists for pilot experiments, seek to offer an effective
means of knowledge exchange and technology transfer. Shorter response times
for the positron beamline, together with options for remote experimentation
and sample mailing, are intended to further increase flexibility and support
users requiring rapid results or those unable to attend in person.

The proposed service structure aims to ensure continuity across all stages of
experimentation. By supporting preparation, execution, and analysis both on-
site and remotely, DALI seeks to enhance user autonomy and foster sustained
collaboration. The combination of digital management systems and scientific
support is to contribute to a user-oriented operational model characterised by
efficiency and technical reliability. The inclusion of collaborative mechanisms
such as twinning serves to introduce an educational dimension, offering
collaboration with beamline scientists to impart knowledge of experimental
processes via free, non-proprietary ‘twinning beam times’.

[.3.c Data Utilisation

The data utilisation concept for DALI is set up to provide an integrated and
resource-efficient framework designed to manage the substantial data volumes
expected from experimental operations. The facility is anticipated to generate
large amounts of data from detectors, machine control, and monitoring systems,
with significant increases over existing infrastructures. Real time pre-
processing, reduction, and compression directly at the experiment are planned
to optimise resource use and ensure that all data remain traceable and clearly
linked across the experimental lifecycle.

With regard to the computational infrastructure supporting these processes,
HZDR refers to experience in high performance computing. A new data centre
is designed to provide the necessary capacity for simulation, processing, and
analysis. High speed connections between user stations and storage facilities are
to ensure reliable data transfer, while a secondary data centre will operate as a
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backup to guarantee availability and long-term preservation. Computing
solutions, including the use of GPUs, FPGAs and Al, are intended to support real
time data analysis, automation, and energy efficient operation. Automated
monitoring tools and predictive diagnostics will be incorporated to identify and
mitigate faults at an early stage, minimising downtime and ensuring smooth
operation.

Data services are designed to support users before, during, and after
experiments, both on site and remotely. Data management practices will follow
the FAIR principles (Findable, Accessible, Interoperable, Reusable), and all
datasets are assigned unique identifiers for long term accessibility and
traceability. HZDR’s existing RlIs, the Rossendorf Publication Repository (ROBIS),
the Rossendorf Data Repository (RODARE), and the Helmholtz Codebase for
Software will provide an environment for managing and sharing results. Data
generated at DALI are intended to become openly available after an embargo
period of five years. For industrial users, data will be handled confidentially,
with additional analysis services made available upon request.

Data integrity and cybersecurity are mentioned as key components of the
concept. Continuous system monitoring and participation in Helmholtz’s ROCK-
IT project, launched in 2023 to focus on secure and automated processes for
large devices, are expected to enhance the resilience and security of the digital
infrastructure.

1.4 Project Planning

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

Conceptual work on DALI commenced in 2015-16 with an initial outline
concept, followed by preliminary technological assessments conducted until
2020. These efforts resulted in a Pre-Conceptual Design Report that captured the
first full outline of DALI and laid the foundation for its inclusion on the
Helmholtz Roadmap for Research Infrastructures in 2021. Thereafter, a more
detailed Conceptual Design Report (CDR) was prepared and submitted in 2023.
This CDR served as basis for a Technical Design Report (TDR) that is planned for
submission by the end of 2025.

DALI’s project timeline assumes approval by late 2026, enabling an eight-year
installation phase (until 2035) encompassing preparation, construction (starting
mid-2027), and commissioning. ELBE operations are planned to continue until
end-2033, overlapping with user installations at DALI starting in 2032. ELBE
operations will cease completely at the end of 2033 to allocate all resources for
DALI’s final construction phase, resulting in a full shutdown throughout 2034
with no user access available. DALI intends to begin its operation in 2035 with
staged user station commissioning, starting partial operation in 2035/2036,
reaching full operation in 2037. Subsequent decommissioning of ELBE is



planned from 2036. DALI is projected to remain operational for approximately
20 years, presumably until 2054. A two-year dismantling phase is expected to
take place in 2055-56.

l.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). For the installation phase, total costs of 291.7 million euros
are calculated, mainly consisting of costs for planning, construction and
installation of technical components and instruments. The staffing
requirements for this phase are calculated at 83 full-time equivalents (FTEs) per
year of which 21 FTEs are already available. In total this accounts for 20.25 FTEs
for scientific staff, 26.75 FTEs for engineering staff, 15 FTEs for IT staff and 21
FTEs for scientific support staff. The HZDR declared to cover 15.18 million euros,
resulting in a funding gap of 276.52 million euros.

Table 1: Key figures from the budget plan of DALI as of October 2024, in euros.

. . Remaining
Financial Expected . .
Total Costs* . Funding Risks
Contributions Proceeds .
Required* *
Total Project 666.97 m 372.65m 17.80 m 276.52 m 5.02 m***
Duration
[2027-2056]
291.70m 15.18 m n/a 276.52 m 3.42m
Installation from HZDR
Phase
[2027-2034]
373.24m 355.44 m 17.80m - 178.00 k
Operation Phase from HZDR
[2033-2054]
Dl 2.03m 2.03m - - n/a
Phase from HZDR
[2055-2056]

* Without indexing and risks.
** Total costs minus financial contributions and proceeds.
*** The additional 1.4 million euros result from overarching estimated risks that cannot be assigned to

individual project phases.

Source: draft proposal submitted as part of the prioritisation process.
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The total costs for the 20-year long operation phase are calculated with 373.24
million euros and will be funded entirely by the HZDR, covering staff (57 FTEs,
including 14 scientists and 43 scientific support staff), materials, consumables,
electricity, maintenance, media, IT and infrastructure as well as expansion levels
and upgrades. Annual investments for the continuous technical development of
the research facility are associated with costs of 48 million euros, representing
one of the main cost factors. Expected proceeds from industrial services are
estimated to be 50 thousand euros per year, in the first few years, later growing
to 1.25 million euros per year, corresponding to a total corresponding to a total
of 17.8 million euros.

Dismantling costs are expected to amount to 2.03 million euros, which will be
covered by HZDR.

1.5 Organisation and Management

The HZDR serves as responsible institution for DALI, which is intended to
become an integral legal and organisational part of the Helmholtz centre. As a
member of the Helmholtz Association, HZDR and its infrastructures are
operated within the framework of the Association’s Programme-Oriented
Funding (PoF), and DALI is also to be integrated into this structure. The
organisation and management framework of DALI is planned to build on HZDR’s
experience in operating large Rl such as the Ion Beam Centre (IBC), the Dresden
High Magnetic Field Laboratory (HLD), and ELBE. For DALI, a phased governance
structure is planned that evolves from project-based installation to institute-led
operation and specifies roles, accountability lines, advisory committees,
stakeholder involvement, and staffing arrangements.

During the installation phase, DALI plans to adopt a structured management
approach inspired by PRINCE2 principles, organised into three hierarchical
levels of responsibility: a Steering Committee providing strategic oversight, a
Project Assurance body offering continuous monitoring and advisory support,
and the Project Management. DALI’s project manager will be appointed by the
HZDR Board of Directors, co-ordinating work packages across three core pillars:
Building & Infrastructure, Accelerators & Radiation Sources, and User Stations
& Instrumentation. In order to encompass different perspectives, the Steering
Committee will include members of the DALI Executive Board, the Scientific
Head, service and support units and user representatives. Three specialised
advisory committees are planned to complement this structure: the Scientific
Advisory Committee (SAC) for scientific guidance, the Machine Advisory
Committee (MAC) for technical expertise, and the User Representatives
Committee (URC) for user-focused input. Regular progress reports are planned
to be submitted to HZDR’s advisory and supervisory bodies and external review
panels.



Staffing plans envisage a total of 83 full-time equivalent positions over eight
years, funded through 62 new appointments and 21 existing staff members. This
structure is expected to ensure that ELBE operations can continue in parallel
until its scheduled decommissioning. Construction activities will be carried out
by external contractors under the supervision of HZDR’s Central Technical
Services Department, supported by temporary scientific and technical staff to
meet peak capacity requirements.

For the operation phase, DALI’s governance will be transitioned to HZDR’s
established institute-based model. A DALI Management Board, comprising the
Scientific Head together with institute directors and leading scientists, will
assume responsibility, reporting directly to the HZDR Board of Directors. The
SAC, MAC and URC will continue to provide scientific, technical, and user
guidance, with their chairs holding observer status on the Management Board
to ensure ongoing alignment of perspectives. Operational responsibilities are to
be clearly defined: Accelerator operations will be managed by technical staff
within HZDR institutes, infrastructure maintenance by engineers, and beamline
support by research scientists who will combine their own research with user
assistance in experiment planning, execution, and data analysis. Access and
proposal management will be handled by HZDR’s Central User Office, supported
by the centre’s technical, logistical, and IT service units. The operational team
will build on the expertise of existing ELBE staff, expanding as required to
support DALI’s dual accelerators and multiple experimental stations, with all
operational costs covered by HZDR.

Two key partnerships are planned: Research Instruments GmbH will contribute
to accelerator and radiation source development as part of the project team,
while DRESDEN-concept e. V. will be responsible for DALI’s integration into the
regional research landscape through the involvement of partner scientists in
advisory and co-ordination committees.

1.6 Risks

DALI plans to employ a primarily preventive risk management approach across
all project phases, focusing on minimising risks through proactive measures
while incorporating contingency planning to limit potential impacts. Time
buffers and optimised critical path scheduling during construction aim to
further reduce damage potential, with risk management responsibilities directly
integrated into the project organisation structure. The risk management process
encompasses identification, analysis, assessment, and control measures,
supported by systematic reporting and communication. During
implementation, project management — working with dedicated teams — will
monitor known risks, identify emerging issues, and conduct regular
assessments. The project steering committee, representing Customers,
Executive, and Service & Support, will oversee analysis, coordinate
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organisational, scientific, and technical responses, and approve measures in line
with established guidelines. Throughout all phases, DALI plans to integrate with
HZDR’s central risk management framework, including coordination with the
institutional risk officer and consolidated reporting.

As main quantifiable risks, project delays and management errors, which could
significantly impact timelines in both construction and operation, are identified.
According to DALI, construction-phase challenges centre on external service
providers, where delays or quality issues in technical and structural deliveries
pose particular concerns. Inflation exceeding typical annual rates represents an
additional external factor, alongside human resource risks such as loss of key
personnel or difficulties filling vacancies amid labour shortages.

Non-quantifiable risks primarily involve scientific developments. While
international competition exists, DALI anticipates low probability of comparable
facilities being built elsewhere. Parameter performance risks will be addressed
through continuous development of distinctive and unique experimental
capabilities. During the dismantling phase, further uncertainties relate to
regulatory approvals and disposal costs.

A.l11 RESULTS OF THE ASSESSMENTS OF THE DRAFT PROPOSAL

The draft proposal of DALI 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 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 research data
management (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

DALI was recognised as a promising RI with outstanding scientific potential for
breakthroughs in biology, chemistry, physics, medicine, materials science and
semiconductor research. The project was deemed to be of high scientific
relevance with the potential to address a wide range of issues in an
interdisciplinary manner. By offering a convincing range of services in the fields
of photoemission spectroscopy, UED and positron beams for defect kinematics,
it was expected to lead to groundbreaking experiments for the analysis of
quantum materials, biomolecular processes and chemical reactions. DALI was
seen in the position of offering the prospect of substantial advances in the
understanding of complex dynamic processes, for example, in the field of energy
dissipation or the dynamics of topological materials. It was considered to be well
positioned to establish new research approaches and to make a long-term
contribution to scientific excellence. As the successor to the existing ELBE
facility and with its technologically ambitious concept, DALI was expected to
establish itself as a central institution in THz research. With a clear focus on
both theoretical and application-oriented issues, DALI was seen as predestined
to promote innovative approaches and to provide new impetus for THz research.

Scientific utilisation

The scientific utilisation concept was recognised for its outstanding standards in
terms of functionality, user-friendliness and accessibility. It was noted that DALI
aims to analyse dynamic processes in a wide variety of materials, opening up

| 5 German Science and Humanities Council / Wissenschaftsrat (2025): Report on the science-driven assess-
ment of large research infrastructure projects for the national prioritisation process; Cologne, p. 36-38. DOI:
https://doi.org/10.57674 /he9d-sv18
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prospects for attracting new user groups, especially from disciplines that have
been underrepresented in THz research to date. Although the majority of users
was expected to come from Europe, the planned access modalities were
considered to open new opportunities for intensive international cooperation,
likely helping DALI to establish itself as a central institution for global THz
research. The estimated 8,000 hours of use per year suggested that the RI’s
interdisciplinary focus on materials science, life sciences and electrical
engineering will not only advance translational research in the life sciences but
also enable industrial applications. The German scientific community was
expected to account for around 50% of usage, with user groups from Europe and
other countries significantly expanding the scope of application. Located at the
HZDR, DALI was also considered well positioned to strengthen close ties with
academic institutions worldwide and to establish itself as a leading institution
in global THz research. It was noted that an efficient RDM and effective
communication contribute to this, supported by the long-standing operational
experience of the ELBE facility. Despite its clear focus on fundamental research,
DALI was seen as predestined to give new impetus to the photoemission
spectroscopy and electron diffraction communities. The RI was anticipated to be
a powerful platform for international cooperation and to provide long-lasting
stimulation for research in numerous disciplines.

Relevance for Germany as a location of science and research

DALI was considered to have the potential to sustainably increase the
attractiveness of Germany as a location of science and research in international
comparison and to ideally complement existing photon research initiatives at
national and European level. Despite existing international infrastructures such
as FELIX (Netherlands) and CLIO (France), it was considered that DALI had the
potential to achieve outstanding international visibility due to its unique
characteristics, high field strength and thematic breadth. DALI was expected to
establish itself as the preferred facility for the growing global THz community.
In addition, the project’s potential to specifically promote innovation in various
disciplines from materials science and life sciences was recognised. The scientific
expertise underlying the project and a tight European network were expected to
provide good conditions for ensuring a viable concept and successful start of
operation. In the long term, DALI was anticipated to offer the prospect of
economic commercialisation and the opportunity to address complex
engineering challenges, aspects that could contribute to consolidating
Germany’s position in the global research environment of THz science.

Feasibility from a scientific perspective

The positive assessment of feasibility from a scientific perspective was
underpinned by the proven expertise and track record of the responsible



institution. The design was considered to be based on proven concepts from the
predecessor facility ELBE and supported by a stringent and exemplary risk
management strategy. The close connection between facility know-how and
scientific excellence suggested that the project will substantially enrich THz
research. The project was seen as technically sound, excellently planned, having
a robust and realistically implementable overall concept with clear timelines.
This gave rise to high expectations for a successful implementation and
promised further strengthening of the HZDR as a scientific institution.

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 Sustainable Development Goals (SDG), 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

DALI was recognised as an RI that could make a comprehensive contribution to
strengthening Germany as a location for innovation and industry. Its
establishment and sophisticated instrumentation were expected to generate a
wide range of innovation impulses for the economy. DALI convinced with its
potential to have a strong and broad impact on various economic sectors,
triggering corresponding spillover effects. It was noted that disruptive
innovations were not expected directly from the THz light source technology;
instead, this technology should be understood as a platform technology or
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‘enabling technology’ that could initiate disruptions in other cross-linked
science and technology sectors. This could be the case, for example, in materials
science, semiconductor technology, quantum science, energy technology, and
information and telecommunications technologies. DALl was seen to be
anchored in a strong local ecosystem with various university and non-university
actors. Based on the letters of intent (Lols) available, comprehensive
international integration could also be inferred. The development and
manifestation of market leadership based on DALI was considered to be realistic.
Networking with private-sector actors was regarded as generally well developed,
but with room for improvement. In this context, it was considered possible to
build on the work of the predecessor infrastructure ELBE. The extensive use by
small and medium-sized enterprises (SMEs) and start-ups that are less involved
in research, as described in the draft proposal, was seen as not clearly explained
in view of the complexity of the RI and the associated technical and scientific
requirements. Finally, the existence of a dedicated concept for the transfer of
scientific knowledge was particularly highlighted, taking into account various
transfer instruments. In this context, it was noted that the existing transfer
strategy of the predecessor infrastructure ELBE was intended to be expanded,
setting out clear goals for spin-offs, among other things, which appeared
realistic in view of the successes achieved to date. A target group-oriented
communication and the establishment of a corresponding concise service
concept for this target group was recommended to ensure the accessibility of
the RI for SMEs and start-ups that are less involved in research.

Contributions to the sovereignty, resilience, and agency of the government

With regard to the sovereignty, resilience, and agency of the government, only
limited contributions were expected. It was stated that Germany holds a leading
position worldwide in the field of THz technology and research and that this was
reflected not least in the large number of Lols from international partners
interested in cooperation. In this context, DALI was acknowledged for its
potential to contribute to securing German technological leadership. However,
contributions to technological sovereignty, for example in terms of securing
supply chains, were not seen on a larger scale. With regard to the provision of
actionable and orientation knowledge for politics and administration, it was
noted that this was only of minor importance in the draft proposal documents,
leaving room for improvement in the services offered to non-scientific actors.
Nevertheless, for DALI, these services were interpreted only as minor potential
for improvement and not specifically as weaknesses, since comprehensive
experience was regarded as already available and a broad-based concept as
already existing. Based on this concept, no distinct contributions were apparent
with regard to the conceivable significance of the infrastructure for security-
related research; nevertheless, potential was identified here (e.g. non-destructive
testing technologies). Findings that contribute to the field of critical



infrastructure were only expected to a limited extent, with reference being made
to the development of the 6G communication standard, which could represent
critical infrastructure in the future.

It was recommended to review the possibilities for providing actionable and
orientation knowledge and accessibility for non-scientific actors. Likewise,
further conceivable potential with regard to security-related research should be
examined and addressed accordingly. Concrete measures to improve research
security and IT security should be developed for the RI.

Societal effects

It was stated that DALI does not exploit its potential in terms of social impact
and could only make a limited contribution to the status quo. Not least because
of the expected broad impact, corresponding potential was identified. In
principle, reference was also made here to the responsible institution, on whose
behalf the addressing of social goals was anchored. Specifically, potential could
be derived, for example, with regard to ultra-fast energy transmission and
storage. Thus, transformative potential was also foreseeable in principle.
Nevertheless, corresponding  contributions  were  not  addressed
comprehensively, application potentials were not specified and linked to a
corresponding ‘vision’. The UN sustainability goals were not specifically
mentioned, but reference was made to the consideration of the goal of
sustainability in the development and operation of the RI itself. Strong
international use and corresponding networking could be assumed, as was also
the case with the predecessor ELBE. Furthermore, emphasis was placed on
embedding DALI in two European platforms (LEAPS, FELs of Europe). Finally, it
was pointed to a positive regional impact as the RI based in eastern Germany,
which, however, should be further refined in the course of further development.

It was recommended to comprehensively explain the regional and supraregional
social impact of the RI and to illustrate it with examples or scenarios.

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:

_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 supporting and partner institutions, as
well as the time planning were assessed.
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_ 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

Overall, the resource planning for the entire life cycle was assessed as reliable.
The planning presented was regarded as comprehensible and fundamentally
consistent. While the proposed funding requirements for many (in some cases
costly) key items appeared reliable in the installation phase and could therefore
be procured with a low risk of additional costs, the estimate for the
superconducting electron source appeared more difficult, although the amount
seemed appropriately planned in this case. The plans for the building also
appeared to be plausible in terms of cost, even taking into account radiation
protection requirements. Here, too, the complexity and thus any risks were
assessed as comparatively low. The fundamental necessity of the new building
was seen justified in a comprehensible manner.

In contrast to the above items, the personnel requirements, especially for
operation and user support, were considered as significantly underestimated.
Concerns were raised that the scientific potential of the project could not be
fully realised with the planned personnel resources, leading to a
recommendation for higher staffing levels at a factor of 1.5. It was acknowledged
that the dismantling costs had already been estimated in the planning. Due to
the high dependence on external conditions such as radiation protection, etc.,
the funding requirements for disposal could not be reliably estimated.

It was recommended that the extent to which cost savings could be achieved
through energy efficiency measures should be examined.

In general, it was noted that all numbers in the documents provided by the
responsible institution were given in net amounts, which deviated from the
original templates, but was not taken into account negatively in the assessment.

The plan for financing the project was assessed as largely reliable. Significant
financial contributions from the responsible institution were planned for the
operation and dismantling phases (100% in each case), while relatively small
financial contributions from the responsible institution were planned for the
construction phase. The funding contributions of the responsible institution for
the construction and operation phases were confirmed by a letter of support



from the supervisory board. In the construction phase, the financial
contribution from the HZDR was calculated at 5.2%, resulting in a funding gap
of 94.8%. In the operation and dismantling phases, the financial contribution
from the HZDR was calculated to be fully covered at 100%. Against this
background, a funding gap of 40.9% across the installation and operation phases
was stated.

Organisation and management

The proposed organisational structure and governance were assessed as robust.
The management structure was considered proven, based on the established
structures and competencies at HZDR, making the proposal comprehensible and
plausible in this regard. Only personnel planning was seen as significantly
underestimated or unrealistic, as mentioned above.

The existing implementation competencies and contributions of the supporting
and partner institutions were assessed as reliable. Due to the size of the project,
it was expected that DALI would have a significant impact on the orientation of
the HZDR, therefore, in addition to the contribution during the operation phase,
a higher own contribution to the setup would be desirable. It was acknowledged
that the HZDR has relevant previous experience in the required areas and a high
level of implementation expertise.

The time schedule was considered as reliable, but very ambitious. Given the early
stage of the project, it was understandable that a TDR was not yet available. A
need for clarification was identified regarding the presentation of details and
dependencies (including the development and procurement of the electron gun),
some of which were likely to emerge from the TDR. The construction phase of
two years appeared to be possibly underestimated, even if the specifications
were considered as complete and reliable for the early planning status. It was
recommended to include a milestone for the compilation of the TDR in the
further planning, which should be tackled as soon as possible.

Sustainable planning of the Rl throughout the entire life cycle

The planning for measures to optimise the ecological footprint was assessed as
largely reliable. Key aspects of ecological quality according to the German
Sustainable Building Council (Deutsche Gesellschaft fiir Nachhaltiges Bauen,
DGNB), including climate protection and energy, risks to the local environment,
responsible resource extraction, and land use, were presented in a largely
plausible and comprehensible manner. Although the more qualitative
explanations were regarded as overall comprehensible and described in a
coherent manner, a lack of concrete reference to the project was identified in
some cases, including the absence of specific quantitative targets derived for the
specific project. In total, the measures mentioned appeared to be of a general
nature and not very innovative, thus creating a need for more detailed
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specifications. The approach of following the BNB standard was considered
consistent in principle, but here too, a clear definition of the target standard to
be achieved (gold, silver, or bronze) was deemed required, with the
recommendation for aiming for a high level of certification. It was stated that
ambitious targets should already be set at the early planning stage, as the
building was intended to be used for 50 years.

The planning for accompanying monitoring was considered as largely reliable,
while some considerations in this regard were deemed too generic and focused
on standard practices. In this context, it was noted that energy monitoring was
described, but no measures for efficiency or savings were derived, so more
concrete details (including Key-Performance-Indicator [KPIs]) were required.

The planning with regard to possible environmental and health impacts with
countermeasures was assessed as robust. The aspects considered in relation to
the building deemed to be consistent and complete at the early stage of
planning. While it was acknowledged that referencing the BNB standard
ensured that the most important aspects were taken into account, it was
required to specify which standard (gold, silver, or bronze) was being targeted.
A need for further clarification was identified, in particular regarding the
planned storage of hazardous materials (including radioactive waste).

Risk analysis and management

The presentation of quantifiable risks was considered as not reliable. It was
noted that inflation was identified as a risk by the responsible institution, but
was assessed as too low. As a result, the funding requirements were regarded as
significantly underestimated. Overall, the risks of the installation and operation
phases were assessed as too low. While the technical risks in the installation
phase were considered to be low for DALI, the construction risks were regarded
as not adequately presented in the documents. In the operation phase in
particular, risks were set too low at 0.9% in relation to the funding
requirements. Here, too, the funding requirements were underestimated.

The presentation of non-quantifiable risks was assessed as largely reliable. It was
noted that the risks and countermeasures presented in the proposal were
described in a plausible manner. However, possible project risks due to the long
duration (with a planned operation start in 2037) with regard to demand and
capacity utilisation were not addressed. This applied, for example, to the
community development, the responsiveness of the RI to possible future
demands, new trends and technological or scientific changes, as well as the
development of national and international competition. Furthermore, the
availability of personnel was viewed critically.

The risk management concept was regarded as robust, concisely but plausibly
described in the documents, and therefore assessed positively.



A.1ll1 REACTIONS AND FURTHER DEVELOPMENTS

In response to the results of the three assessment strands, several specifications
and adjustments were made to DALI by the HZDR. 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 cooperation with the private sector could be
initiated in a more focused manner, the HZDR has announced that this should
be achieved through a new service and access concept. It is now planned to
deploy innovation managers as interface to industry and to enable feasibility
studies for low-threshold technology access with a table-top laboratory. Initial
commercial standard services are to be offered via the HZDR’s transfer
subsidiary HZDR Innovation GmbH. It is intended to establish an industrial fast
lane with reserved beamtime and transparent pricing models for companies.
Group-orientated communication measures, ranging from an industry landing
page to a presence at leading trade fairs, are designed to address relevant target
groups in the private sector, such as SMEs and start-ups, and to improve the
networking with non-scientific actors.

With regard to possible contributions to the state’s sovereignty, resilience and
capacity to act, the responsible institution has provided some clarifications.
Thus, it is planned to systematically incorporate the expertise developed at DALI
into national scientific advisory structures, providing actionable, evidence-based
knowledge for policymakers and administrators on future-oriented topics such
as microelectronics, quantum technologies, 6G, and materials for fusion
technologies. In addition, it has been examined to what extent DALI can
contribute to security-related research. Potential areas of application in this
context include the non-destructive detection of hidden substances or objects,
the development of robust near-field communication systems or sensors, and
metamaterials for stealth technologies. With regard to the recommendation to
increase research security and IT security accordingly, DALI points out that
proven concepts from former and running projects such as ROCK-IT, Photon and
Neutron Open Science Cluster (PANOSC), and European Open Science Cloud
(EOSC) Photon and Neutron Data Service (ExPanDS) are planned to be
implemented, including multifactor authentication, network segmentation,
strong encryption, security operation centres, emergency concepts, Security
Information and Event Management (SIEM) systems, and mandatory training.

Some clarifications have also been made with regard to the societal impact in
response to the assessment that the expected research results give rise to a
multitude of implied potentials for society, but that these were not presented in
sufficient detail in the draft proposal documents. Against this background, the
HZDR states that DALI offers specific application potential with societal benefits,
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such as energy-efficient semiconductors (including 6G) and storage technologies
for digitisation with low-energy consumption, quantum materials for
spintronics and sensor technology for secure information processing and
communication, solid-state batteries and high-temperature superconductors for
the energy transition and sustainable mobility, selective catalytic processes for
resource-saving and environmentally friendly chemical processes, as well as
molecular dynamics for medicine and biology. Furthermore, DALI would
stimulate regional effects through new jobs in research and technology, the
strengthening of regional suppliers in high technologies and the strengthening
of local networks such as Silicon Saxony and DRESDEN-concept. Taken together,
this could contribute to the UN Sustainable Development Goals, such as SDG 4
(quality education), SDG 7 (affordable and clean energy), SDG 9 (industry,
innovation and infrastructure) and SDG 17 (partnerships for the goals).

On the Costs and Risks Assessment

The assessment noted that all funding requirements were given in net amounts,
which deviated from the original templates requesting gross amounts, but had
not been taken into account negatively. The HZDR has clarified that net amounts
had been stated as the HZDR is being treated as a company in the context of the
Value Added Tax Act (Umsatzsteuergesetz) and the invoiced value added tax is
reimbursed by the tax office as so-called input tax (Vorsteuer). Thus, there were
no risks of increased financing requirements due to the deductibility of value
added tax (Umsatzsteuerabzugsfihigkeit).

In response to the assessment that personnel requirements had been
underestimated, the planning of personnel capacities has been adjusted. The
number of FTEs has been increased from 83 to 92 (6.5 for engineering and 2.5
for scientific support staff) during the installation phase and from 58 to 68 (6 for
scientists and 4 for operators) during the operation phase. The planned changes
represent an increase factor of 1.2 compared to the original plans of the draft
proposal and thus remains below the factor of 1.5, which the assessment
considered necessary. However, the increase of FTEs for operators is intended to
enable 24/7 operation in a fully continuous shift model, i.e. shift operation is to
be guaranteed in 8-hour shifts and not, as in the original planning, in 12-hour
shifts on weekends.

As a result of a revision of the project planning, it has been decided to extend
the installation phase from 8 to 9 years, responding to the assessment that the
necessary duration of the installation phase appeared to be underestimated.

With regard to risks, the assessment noted that the quantifiable risks were too
low. Following this conclusion, the HZDR has reviewed the risk assessment,
resulting in a number of adjustments in this area with regard to both the
overarching quantifiable risks and the risks in the specific installation and
operation phases. In this context, regular or annual inflation has been taken into



account in the financial planning with an increase of 4% p.a. for construction
and an increase of 3% p.a. for personnel, materials, and investment resources.
This is based on a calculation of the average for the development of the
consumer price index over the last 5 to 10 years. In addition, increased inflation
risks due to one-off events have been taken into account at 10% in both the
installation and operation phases, as well as monetary risks after completion of
service phase 3 due to unforeseen events at 10%. With regard to non-
quantifiable risks, the assessment noted potential risks due to the long project
duration in terms of demand and capacity utilisation. From the perspective of
the HZDR, it is expected that the anticipated demand and utilisation for DALI
can be ensured through the ongoing user operation of ELBE and continuous
collaboration with leading THz groups worldwide. As a central element of risk
management, regular updates are now planned, with an additional 5 million
euros at 5-year intervals. These updates are intended to allow the user
community to be served through the timely integration of new methods, to
adapt scientific and technological trends at an early stage, and thus to ensure
the long-term attractiveness of the DALIL.

With regard to sustainable planning, the assessment highlighted the need to
make the relevant measures more specific and to aim for a high level of
certification in terms of the BNB. Against this background, the HZDR has
clarified its planned measures in this area, including power-to-heat and large-
scale heat storage, decentralized LowEX systems for the use of waste heat as a
primary energy source, sector coupling through photovoltaics, and flexible
control with Al-supported operations management and monitoring, all
integrated into the HZDR’s site development and long-term energy planning
(GreenLEP). HZDR also confirmed to aim for a high certification of new buildings
according to BNB with at least a silver rating. It stated that a comparable
certification of the laboratory extension of DALI can be obtained via the BNB-LN
system, which was developed specifically for new laboratory buildings. Since the
hall with the laboratory installation and the accelerator does not correspond to
a classic laboratory building in terms of its construction, the BNB-Vario system
can be used here to evaluate the sustainability criteria. It is planned that these
circumstances will be precisely defined in advance with the BNB coordinator and
the conformity assessment body.

Updates to budget planning and schedule

Following the adjustments made in response to the results of the assessment of the
prioritisation process, the HZDR has made several changes to the budget
plan and schedule, which are outlined in the table below.

The budget plan was considerably updated, primarily due to adjustments in
staffing requirements as well as revisions in the project’s risk analysis and
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management framework (see Table 2). These updates affect both the installation
and operation phases, each of which underwent significant modifications:

Following a revision of the project plan, the overall installation phase has been
extended from eight to nine years, now scheduled for completion in 2035. This
adjustment aims to prevent construction delays and ensure a smoother
expenditure flow throughout the project lifecycle. Consideration has also been
given to potential changes in construction costs after the completion of service
plan phase 3, allowing for unanticipated cost fluctuations of up to 10%, based
on experience with comparable construction projects at HZDR.

Sustainability measures have been integrated more extensively, particularly
concerning energy infrastructure, in response to new legal obligations and
institutional sustainability and resilience targets.

The risk assessment was updated across the full project timeline, covering both
overall and phase-specific construction and operational risks. Separate inflation
assumptions were applied for construction and for personnel, materials, and
investments, with a general contingency included for both installation and
operation. Construction risks are now described in greater detail, including
impacts from regulatory changes, legal disputes, and cost increases due to
downtime or delays.

Staffing has been significantly adjusted, with an overall increase in FTEs by a
factor of 1.2. In addition, the shift model has been revised, replacing extended
weekend shifts with a continuous schedule based on standard-length shifts
across all operational periods.

In consequence, total costs considering the above-mentioned updates and a
Q4/2025 pricing basis now amount to 762.83 million euros over the whole
lifecycle. The HZDR will contribute 430.64 million euros to this. Total expected
proceeds amount to 18.52 million euros and additional risks are quantified with
50.87 million euros.

In total, the installation costs for DALI were adapted from 291.7 million euros
as stated in the draft proposal (cf. table 1) to 333.91 million euros in the revised
version of 2025. The share of the HZDR to the financial contributions during
installation phase amount to 20.24 million euros, which represents about 6%
of the total costs for the installation. This equates to a funding gap of 313.67
million euros in the installation phase.

The operating costs constitute primarily of costs for operating the accelerators,
running the probe stations and instruments including consumables, devices and
IT service, staffing for the accelerators, instruments and administration as well
as electricity consumption. Following adjustment, the total costs for the
operation phase amount to 426.83 million euros. The HZDR will cover for 408.31
million euros. No updates or adjustments have been made to the proceeds which



are still expected to amount to 18.52 million euros. No funding gap is expected

in the operation phase.

Dismantling costs are expected to amount to 2.09 million euros, which will be

fully covered by the HZDR without expected proceeds.

Including indexing and risks, total costs would amount to 1.277 billion euros.

Table 2: Key figures from the revised budget plan of DALI as of October 2025, in euros.

relng Total Costs
Total Costs* Fmanf:lal. Expected Funding Risks Includ'lng
Contributions Proceeds . Indexing and
Required* * .
Risks* **
Total Project 762.83 m 430.64 m 18.52 m 313.67 m 50.87 m**** 1.277 bn
Duration
[2027-2057]
333.91m 20.24 m n/a 313.67 m 26.64 m 462.53 m
Installation from HZDR
Phase
[2027-2035]
426.83 m 408.31m 18.52 m - 15.37 m 809.34 m
Operation Phase from HZDR
[2034-2055]
Dismantling 2.09m 2.09m - - - 531m
Phase from HZDR

[2056-2057]

* Without indexing and risks.

** Total costs minus financial contributions and proceeds.

*** Proceeds substracted.

**** The additional 8.9 million euros result from overarching estimated risks that cannot be assigned to
individual project phases.

Source: revised documents submitted as part of the individual evaluation of DALI.
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B. Report of the Individual
Evaluation 2025-2026

B.l SIGNIFICANCE

The Dresden Advanced Light Infrastructure (DALI) is a highly significant project
in accelerator-based photon science. It is designed to substantially expand
Germany’s and Europe’s experimental capabilities to investigate molecular
systems and biological environments and to manipulate matter under strong,
phase-controlled electromagnetic driving. Such capabilities are scientifically
enabling for understanding and designing functional materials relevant to
energy and climate technologies, microelectronics and communication, health,
and data-driven materials.

DALI is positioned to occupy a unique strategic position in the global research
landscape. It addresses a gap in the photon energy spectrum between
conventional IR and X-ray sources by combining (i) intense, widely tunable and
phase-stable THz pumping radiation in the range 0.1-30 THz with (ii) ultrafast,
short-pulsed electron and positron beams and (iii) a complementary array of
probing techniques. This combination targets a methodological gap that goes
beyond observation: coherent control, non-linear field-driven dynamics, and
time-resolved tracking of structural, electronic and defect degrees of freedom.
The planned multi-probe architecture has the potential to enable experiments
that are currently difficult or impossible within a single facility, in particular
those requiring simultaneous access to electronic, structural and defect
dynamics on ultrafast time scales.

By providing superconducting-accelerator based positron sources capable of
high-resolution defect spectroscopy and dynamic materials studies in
conjunction with THz capabilities, this dual-beam approach will unlock a
uniquely wide analytical and experimental parameter space, bridging
microscopic defect characterization and macroscopic material transformation
under extreme fields. This integration of scales and methods will place Germany
in a global leadership position in the study of matter under non-equilibrium
conditions.



Regionally, DALI is projected to become the largest RI in Saxony and to act as a
catalyst for scientific and economic development through its embedding into
the Dresden research and innovation ecosystem.

At the national level, DALI is firmly embedded within the strategic framework
of the Helmholtz Association. As a user facility within the Helmholtz Program
‘From Matter to Materials and Life’ |9, it complements the existing portfolio of
photon, neutron, ion, and high-field facilities, particularly by covering photon
energy ranges not addressed by other infrastructures. In parallel, HZDR’s strong
activities within the Helmholtz Program ‘Matter and Technologies’

7, including
accelerator development, novel accelerator concepts, and internationally
leading expertise in computing, data management, and data analysis, provide a
robust institutional foundation for DALI’s operation and further development.
Within the national photon science landscape, DALI is strategically aligned with
the Helmholtz Photon Science Roadmap |8, which coordinates major upgrades
and new-build projects such as PETRA IV, BESSY III, and DALI itself. While
synchrotron sources such as PETRA III & IV and BESSY II & III are primarily
optimised for diffraction and linear spectroscopic investigations, DALI addresses
a complementary regime by providing high-field, phase-stable THz radiation. In
positron-based materials research, DALI builds on and extends capabilities
established at ELBE and FRM II. Since the temporary shutdown of FRM II in 2020
due to maintenance work, ELBE has remained the sole facility sustaining
Germany’s international standing in this field. DALI is expected to consolidate
and further extend this leadership, aiming at a step change in performance
(intensity, repetition rate, stability) as well as in integration of modalities.

At the European level, DALI is expected to complement existing IR/THz and FEL
infrastructures such as FELIX, CLIO, FLASH2020+, and FHI-FEL, as well as
emerging facilities under construction such as TARLA (Turkey) and PolFEL
(Poland). Both TARLA and PolFEL are based on the free-electron laser (FEL) at the
Electron Linear accelerator with high Brilliance and Low Emittance ELBE (FELBE)
technology, with HZDR scientists contributing expertise to their development.
The operating facilities above typically operate in burst or macro pulse modes
with limited average power and are often optimised for molecular spectroscopy.
In contrast, DALI’s superconducting accelerator technology enables continuous-
wave operation with higher average power, enhanced tunability, and superior
phase stability, particularly suited for condensed-matter research and high-field

| 6 Helmholtz (2026): From matter to materials and life - in the molecular kitchen for tomorrow’s innovations.
URL: https://www.helmholtz.de/en/research /research-fields/matter/from-matter-to-materials-and-life /

| 7 Helmholtz (2026): Materie und Technologien - Schlisseltechnologien fiir die Wissenschaft. URL:
https://www.helmholtz.de /forschung/forschungsbereiche /materie /matter-and-technologies /

| 8 Helmholtz (202 1): Nationale Strategie zur Weiterentwicklung beschleunigerbasierter Nutzereinrichtungen
fur die Forschung mit Photonen und mit hohen elektromagnetischen Feldern (,Helmholtz Photon Science
Roadmap®). URL: https://www.helmholtz.de/fileadmin/test/Helmholtz-Photon-Science-Roadmap-2021-
Langfassung-210625.pdf
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driven phenomena. By addressing a clearly identified gap in the European
photon science landscape, DALI strengthens Europe’s position in advanced
materials and photon science. DALI’s intended integration into European
networks such as LEAPS and FELs of Europe, and data infrastructures supports
interoperability, user access and scientific sovereignty in the sense of
maintaining advanced experimental capabilities within Europe.

From an international perspective, DALI occupies a clearly distinctive position.
Comparable RIs are extremely limited worldwide, with none in the USA and only
one in Japan. Existing positron and IR/THz facilities outside Europe are
predominantly based on normal-conducting accelerator technology, offer
restricted parameter ranges, or are not operated as open user facilities. The few
superconducting-based installations outside Europe are either not accessible to
external users or do not provide comparable performance. As a long-wavelength
radiation source based on mature superconducting radiofrequency technology
developed in Germany, DALI is therefore globally unique.

DALT’s significance extends well beyond its scientific value. The facility will
decisively strengthen the visibility, competitiveness, and attractiveness of
Germany as a leading location for research as well as innovation. DALI will also
drive sustainable innovation and industrial transformation. By providing
experimental access to field-driven materials processes, the facility will
contribute to the design of low-loss electronic components, highly efficient
catalysts, and radiation-based medical technologies. Its research agenda aligns
directly with national and European missions targeting sustainable energy,
green industry, and digital transformation. Specific societal impacts include the
development of radiation-based diagnostics and cancer therapies, fundamental
contributions to resource- and energy-efficient materials and enabling
technologies for quantum communication and Al-based sensing. These
applications demonstrate DALI’s ambition to connect cutting-edge research with
societal benefit, reinforcing Germany’s profile as a leading player both in
scientific pioneering and responsible innovation.

DALI’s expected role as a training ground for future generations of researchers
and engineers is equally significant. Through structured programs in
collaboration with the TU Dresden, DALI will establish interdisciplinary
education across fields like physics, health research, materials science,
microelectronics and Al. The inclusion of targeted start-up support and
entrepreneurial training promises to promote knowledge transfer and to
contribute to concrete value creation. This will strengthen Germany’s and
Europe’s long-term attractiveness for academic careers, retaining talent and
fostering mobility within a strong research ecosystem.

Overall, DALI is judged to be a project of outstanding significance, regarding its
expected scientific, technological, economic and societal implications. It
promises to establish Germany and Europe as the global reference point for THz



photon and positron research, consolidating technological sovereignty in areas
central to future industries and sustainable development. By combining world-
leading capabilities with responsible governance and open accessibility, DALI
can be regarded as an exemplary future-oriented large RI, creating a synergistic
environment where discovery, innovation, and education reinforce one another
to generate lasting impact across science, economy, and society.

B.11 SCIENTIFIC PLANNINGS

.1 Scientific Potential

Scientific vision and ambition

DALI possesses exceptional scientific potential through its unique combination
of technical capabilities, thematic breadth, and strategic integration into the
national and European research landscape. As the advanced successor to ELBE,
it represents a generational leap in experimental capacity, enabling higher
intensities at high repetition rates, increased flexibility, dynamic defect studies,
and parallel beamline operation. The facility’s configuration of THz sources,
electron and positron beams, together with ultrafast optical techniques, will
open new avenues for research on dynamic processes in matter.

By enabling both fundamental and application-oriented research, DALI is
positioned to enable scientific progress with clear downstream relevance,
thereby strengthening Germany’s and Europe’s position in high-field science.
The proposed scientific program targets dynamic processes and quantum effects
in the THz spectral range and is connected to major challenge areas such as
energy and climate transformation, health-related technologies, and secure
digitalisation. The open user platform, combined with education and training
activities and international networking, provides an appropriate framework to
translate technical capability into broad scientific impact. Given HZDR’s strong
ties with TU Dresden, including joint professorships, DALI is also well placed to
contribute to teaching and research. In this context, strategic recruitment
aligned with DALI’s scientific roadmap would be an opportunity to strengthen
future-relevant research directions.

In addition to technological leadership, DALI’s location within the Dresden
ecosystem is an important enabling factor. Embedded in a regional landscape
that includes Silicon Saxony, the DRESDEN-concept alliance and TU Dresden,
DALI Dbenefits from strong regional synergies and interdisciplinary
collaboration. This environment supports DALI’s ambition to develop into an
international centre for high-field THz research and innovation and to attract
excellent early-career talent.
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Scientifically, DALI focuses on dynamic, non-equilibrium THz phenomena and
the response of matter to intense electromagnetic fields, including hidden
phases, ultrafast spin/charge/lattice dynamics, catalysis and solvation dynamics,
and positron-based defect kinematics. This supports a conceptual shift from
static observation to controlled driving and steering of material properties and
reaction pathways, including access to non-linear high-field effects. By
integrating electron, positron and photon sources with wultrafast laser
infrastructure, DALI addresses inter- and transdisciplinary challenges spanning
condensed matter and quantum materials, catalytic chemistry, biomedical and
biomolecular dynamics, and energy transfer.

DALI’s infrastructure is designed as a coherent, synergistic experimental
platform that integrates high-intensity THz FEL capabilities with
complementary probes such as UED, ARPES, scanning near-field optical
microscopy (SNOM), and a pulsed positron source. This architecture provides
femtosecond access to structural, electronic and defect dynamics of complex
materials and enables tightly synchronised pump—probe and multi-modal
experiments within a single facility.

The facility’s unique specifications — including tunable 0.1-30 THz operation,
ultrashort pulses with energies up to 1 mJ, repetition rates up to 1 MHz, and
high phase stability — will enable investigations of THz-driven phenomena that
are currently difficult to realise. By bridging photon, electron and positron
interactions in an integrated experimental environment, DALI goes beyond
isolated techniques and fills a spectral and methodological gap, thereby
complementing existing European FEL and synchrotron infrastructures.

Interdisciplinarity and adaptability

A defining strength of DALI is its thematic breadth. Covering physics, chemistry,
materials science, biology and engineering, it connects communities that are
often separated by methodology and scale. Expected research directions include
quantum materials and spintronics, semiconductors relevant for
communication technologies such as 6G, sustainable catalysis, materials
diagnostics, fusion and energy materials, and biomolecular dynamics. By
facilitating interactions between physical principles and chemical/biomedical
applications, DALI can foster translation between fundamental and applied
research communities. Interdisciplinarity is central to DALI’s design and
operation. The combination of THz, electron, positron and optical probes
encourages collaboration across domains and the joint development of
experimental approaches and theoretical models. The open-user policy and
international orientation provide a sound basis to broaden the user community,
including emerging THz-driven research directions in chemistry and biology.

It is to be commended that DALI’s operational model encourages technical staff
and beamline scientists to pursue their own research. This can support long-



term knowledge retention and a co-creative culture where scientific and
technical expertise remain closely integrated, strengthening innovation and
training in parallel to operation.

Finally, the modular end-stations and parallel beamline operation provide
flexibility to accommodate evolving research goals and future technological
upgrades. As the direct successor to ELBE, DALI combines continuity of expertise
with a forward-looking commitment to innovation. Through its user-driven
model and upgradeable design, it is well positioned to remain a long-term hub
for methodological and conceptual advances in the study and control of dynamic
matter.

Overall, DALI represents a transformative step in European high-field research,
combining advanced technical performance with outstanding thematic breadth.
By integrating THz, electron, positron and optical capabilities within a flexible,
user-driven framework, it creates a distinctive environment for exploring and
controlling dynamic processes in matter. Its potential to link scientific discovery
with application-oriented research, foster new collaborations, and attract top
talent suggests a lasting impact as a visible centre for innovation and knowledge
creation.

1.2 Scientific Utilisation

DALI is conceived as a high-performance, user-oriented facility that will
significantly enhance HZDR’s scientific and technological capabilities. The
scientific utilisation concept is coherent and well developed, with a strong focus
on efficient operation, user support, and sustained international relevance.

Anticipated demand and operational continuity

DALI is expected to attract strong demand from the scientific community, as
indicated by Lols, articulated pre-project interest and international engagement.
The facility responds to a clear need for accelerator-based THz and positron
beams for materials research, particularly in view of the limited availability of
suitable user facilities and the evolving landscape of alternative positron
sources. Building on established usage and scientific output at ELBE, DALI is well
positioned to serve as a key European hub for electron and positron-based
research.

The operational model foresees parallel use of up to three beamlines (including
the positron beamline), enabling high utilisation rates and experimental
flexibility — an essential step beyond ELBE, which can operate only a single
beamline at a time. With the capability to offer approximately 700 annual user
shifts (equivalent to 8,400 hours of operation), DALI’s utilisation capacity will
substantially exceed that of its predecessor. Downtime is expected to be limited,
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since ELBE will remain operational until the majority of DALI’s construction is
completed, resulting in an estimated dark period of about one year.

With these capacities, DALI is positioned for continuous, high-efficiency
operation supporting a broad variety of user needs and experimental formats.
The planned 24/7 availability of trained beamline scientists is to be commended,
as it will enable highly specialised, non-standard experiments and make DALI
accessible not only to established expert users but also to new communities from
other disciplines and industry. This operational concept supports a seamless
transition from ELBE while maintaining usability, accessibility and high
performance.

User community and strategic development

DALI’s scientific utilisation model builds on an interdisciplinary user
environment, addressing target groups worldwide from universities, research
organisations and industry across physics, chemistry, biology, materials science
and engineering. It is appropriate that DALI capitalises on the established ELBE
user base while aiming to broaden participation through outreach and
partnership initiatives. To further strengthen user sustainability and
community growth, these efforts should explicitly include early-career
researchers and underrepresented communities, in addition to the planned
industry-focused training and communication activities. A structured, proactive
community-building strategy — supported by visible participation in workshops,
conferences, information days and relevant fairs — will be important to ensure
that DALI’s capabilities translate into a broad and resilient user portfolio. The
HZDR is therefore encouraged to further pursue and expand this approach.

The proposed procedures for international engagement are well conceived.
Structured user interaction through user meetings, workshops, advisory
committees and scientific events provides a sound mechanism for continuous
feedback on strategic and operational priorities. The expected distribution of
approximately 50% national users and 50% international users appears
reasonable for a European flagship facility of this type. In early operation,
demand is likely to be driven by the existing national ELBE/TELBE community,
with a gradual increase of international participation as DALI’s end stations
mature and visibility grows; monitoring and periodic review of user composition
is recommended.

Integration into European collaborations and research data infrastructures
promotes interoperability, coordinated access and good practice in data
governance. These include ReMade@ARI, a hub for recyclable materials
development at analytical research infrastructures, and the Nationale
Forschungsdateninfrastruktur (NFDI), Germany’s national research data
infrastructure, including DAPHNE4NFDI, a consortium for data from photon
and neutron experiments. These efforts are appreciated, and it is recommended



to pursue and expand the inclusion of emerging and currently underrepresented
THz-driven research disciplines through a dedicated, strategic framework with
clear objectives and sustained resource allocation.

Access procedures and modes of use

DALTI’s access model constitutes a forward-looking framework. Curiosity-driven
fundamental research is expected to account for up to 80% of available
beamtime, with allocation based on feasibility, scientific excellence and
expected outcomes. Proposal review will be carried out by the external SAC of
up to twenty members. In addition, a challenge-driven access mode is planned
for projects addressing pressing questions, to be defined via an external
committee comprising five members; allocation is to be based on novelty and
feasibility. This overall approach is appropriate. However, the challenge-driven
mechanism would benefit from clearer specification (scope, transparency of
selection criteria, governance and safeguards against conflicts of interest) to
ensure acceptance and credibility across the user community.

Beyond these modes of access, it is recommended to consider a limited set of
additional access instruments to enhance inclusivity and responsiveness while
supporting community building. Options include pilot/feasibility access, rapid
access for time-critical opportunities, high-risk/high-reward calls, and
structured early access to end stations for experimental preparation. While such
diversification may introduce additional competition for beamtime, a
transparent multi-layered structure can increase resilience and better serve
diverse user groups.

The inclusion of industrial access, targeted at 5%, is appropriate given the
anticipated gradual development of demand. To realise this potential, formal co-
innovation and long-term partnership models, transparent access procedures
and realistic pricing structures will be essential to balance academic and
commercial interests. A comprehensive, sector-specific outreach strategy is
recommended to maximise long-term industrial utilisation and impact.

User support and digitalisation

The planned expansion of user support capacity compared to ELBE is a notable
strength. Increasing technical and scientific staff dedicated to user engagement
demonstrates institutional commitment to high service quality. An increase
beyond the current planning may be considered to ensure sustained operational
stability and service quality. Strategic partnerships with leading international
academic and industrial institutions are promising; DALI is encouraged to
implement these partnerships as early as possible. Continued improvements in
remote operation, data handling and communication platforms will support
efficient workflows and user satisfaction. Digitalisation can enable secure
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remote interaction while preserving strong user engagement and valuable
hands-on training opportunities.

The current target of up to 20% remote utilisation provides an appropriate
initial framework. To broaden participation and increase operational efficiency,
it is recommended to expand remote access capabilities gradually in a phased
and controlled manner, based on evaluation of user experience, data security
and training needs.

Research data management

A robust and modern data management framework strengthens DALI’s
utilisation concept. Proposal submission via a dedicated management platform
(building on ELBE’s GATE system), integration into established HZDR
infrastructures (such as HELIPORT), and alignment with FAIR principles provide
a mature basis for data governance. Together with the Helmholtz initiative
ROCK-IT and established repositories (ROBIS, RODARE), this framework supports
secure storage, controlled access and traceable workflows.

Robust cybersecurity measures (including real-time monitoring and automated
shutdown protocols) further uphold data and experimental integrity and
contribute to a secure and reliable operational environment. DAPHNE4NFDI
provides an appropriate complement by strengthening coherence and
interoperability from a national perspective. While the CDR does not yet specify
the detailed end-to-end data pipeline, policies on data security, integrity, access
rights, archiving and embargo periods are well defined. User-friendly data
access, including the retrieval of tailored data subsets for analysis, and the
linkage between proposal submission, data tracking and analysis workflows
represent good practice and strengthen transparency, reproducibility and
traceability. Continuous enhancement of data management and remote
operation systems will support scalable operation and long-term collaboration
with international partners.

Overall, DALI’s scientific utilisation concept embodies a high level of maturity
and foresight. The facility is well positioned to meet the demands of a global,
cross-disciplinary user community while ensuring high operational efficiency
and data reliability. The main area requiring further attention is the structured
development of new user groups, notably in currently underrepresented
research areas and industrial sectors. Strengthening proactive community
building is strongly recommended to help DALI realise its full potential as an
internationally recognised, state-of-the-art RI.

1.3  Implementation from a Scientific Perspective

As the successor to the well-established ELBE facility, DALI builds on a strong
foundation to establish itself as a leading international RI in materials science



and solid-state physics, while also expanding into areas such as chemistry and
biology. The facility concept combines technical ambition with a coherent
implementation strategy and benefits from extensive operational experience at
HZDR, enabling DALI to operate at the forefront of THz-driven science.

Overall, DALI is a technically sound and well-planned project that represents a
substantial innovation step in accelerator-based THz photon science. The design,
informed by lessons learned from ELBE, reflects a high degree of maturity in
technical and organisational planning. Supported by HZDR’s proven expertise,
an established project management culture, and a comprehensive risk
management approach, the proposed nine-year installation phase appears
credible.

Construction and implementation strategy

The construction and installation strategy is guided by efficiency, continuity and
risk mitigation. Parallel workstreams and early subsystem installation prior to
full assembly are designed to reduce integration risks and to limit interruptions
during the transition from ELBE to DALI. Maintaining ELBE operation through
most of the construction phase and planning for a short dark period of
approximately one year are appropriate measures to preserve scientific
productivity and user continuity.

The implementation is further underpinned by HZDR’s experience in
coordinating large-scale projects across engineering/technical, research and
administrative divisions. The collaborative culture inherited from ELBE -
characterised by transparency, communication and continuity — supports
effective knowledge transfer and reduces organisational risks during planning
and construction.

Implementation of scientific and technical solutions

Adaptability is a central component of DALI’s implementation concept. The
facility is designed to flexibly configure pump—probe schemes and to integrate
advanced electron and positron beam technologies for multi-probe experiments.
Key end stations such as UED, SNOM and ARPES are under development and are
appropriately recognised as essential to achieving full scientific functionality.
The strategy to develop major components in parallel and integrate them into
the facility at a later stage is scientifically sensible, provided that interfaces,
responsibilities and timelines are managed with sufficient coordination and
quality control. The planned combination of experienced ELBE staff with newly
recruited experts is a strength, as it supports both continuity and innovation.

The earmarked upgrade budget of five million euros every five years is an
important mechanism to maintain scientific competitiveness over DALI’s long
operational horizon. Whether this envelope will remain sufficient should be
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reviewed periodically against technology cycles, inflation and the evolution of
the end-station roadmap; a structured review process involving scientific
advisory input and user feedback is recommended, while keeping maintenance
and repairs clearly separated as planned. Integrating a regular technical review
would help to identify user interests and needs, to realign upgrade priorities and
funding levels and to accommodate evolving technical requirements and cost
developments as needed, while ensuring transparent and accountable use of
resources. Opportunities to leverage additional or complementary upgrade
funding should also be considered, as they can enhance financial flexibility and
sustain scientific competitiveness.

The proposed user access concept — combining remote operation and mail-in
sample handling with on-site supervision for complex tasks — appears feasible
and supports flexibility and inclusiveness. In combination with the facility’s
strong technical integration and modularity, this strengthens DALI’s capacity
for adaptability, reliable operation and future upgrades. The strong institutional
linkage between scientific expertise and engineering capability at HZDR ensures
robust planning and implementation. A well-defined project timeline and a
comprehensive risk mitigation strategy, addressing both quantifiable and non-
quantifiable overarching and phase-specific risks, collectively demonstrate high
feasibility and implementation reliability. The strategy systematically considers
personnel, materials, and investment requirements, as well as unforeseeable
developments. Installation-related risks include potential impacts of changes in
statutory building requirements, legal disputes, and the recalculation of
additional costs resulting from downtimes or project delays. Together, these
measures ensure that the project remains resilient and adaptable under varying
external and operational conditions.

DALI also demonstrates strong awareness of data and knowledge security. The
cybersecurity concept includes automated machine monitoring, controlled
shutdown protocols and mandatory user verification procedures to maintain
operational integrity. Complementary measures for secure data management
(e.g. Al-tool verification, controlled storage and modification monitoring) reflect
a proactive approach to data-related risks. Sustained implementation of these
measures will be important for maintaining reliability and trust in operations
and outputs.

Organisational and strategic plannings

The project has progressed in line with its established planning timeline,
including the completion of the Pre-CDR (2020), a positive evaluation in the
Helmholtz Roadmap process leading to inclusion in 2021, and completion of the
CDR (2023); the TDR is currently in preparation |°. The overall schedule — nine
years of installation, two decades of operation, and a two-year dismantling

| 9 As of November 2025. A first complete TDR version was submitted to the BMFTR in December 2025.



period — is considered realistic and consistent at the current stage. The planned
one-year dark period between the decommissioning of ELBE and DALI’s
commissioning appears minimal and well justified. At the same time, particular
attention will be required for schedule elements that are not fully under the
project’s direct control, notably building-related approvals and construction.
The project’s potential operation beyond 2055 confirms its endurance and long-
term scientific impact. The strategy to recruit top scientists and strengthen
academic ties supports DALI’s long-term scientific positioning and international
competitiveness.

HZDR’s established project management framework is considered suitable for
ensuring effective coordination between internal divisions and external
partners. The staffing strategy combines the long-term experience of the ELBE
team with the recruitment of new personnel through academic collaborations,
preserving institutional knowledge while fostering innovation. Continuous
commitment to improvement supports technological renewal and enhances
operational efficiency throughout all phases of the project. In conclusion, DALI’s
scientific implementation demonstrates a coherent, feasible, and forward-
looking strategy based on comprehensive experience from ELBE. The project
effectively integrates technological innovation with scientific objectives and
provides credible mechanisms for adaptability, sustainability, and international
competitiveness. The interplay between robust risk management, technical
competence, and institutional strength provides a solid foundation for
successful implementation.

B.II1 CONTRIBUTIONS AND PLANNINGS FOR INNOVATION AND TRANSFER

1.1 Contributions to Strengthening Germany as a Location for Innovation and Industry
in Europe

Through its platform character and broad usability, DALI is expected to generate
spillover effects across multiple scientific and economic sectors, particularly in
technology-relevant fields such as quantum and functional materials, batteries
and semiconductor-related materials science. By providing capabilities that are
otherwise difficult to access, DALI can support cross-sector collaboration and
facilitate research-to-industry transfer within a strong regional ecosystem that
includes the DRESDEN-concept alliance and Silicon Saxony.

Building on the established infrastructure and operational experience at HZDR
and ELBE provides credibility, continuity and a realistic pathway to
implementation. DALI combines advanced THz capabilities with unique
positron-based methods, offering complementary strengths that are closely
integrated into the local scientific environment. These capabilities are expected
to attract a diverse user community and to enhance regional attractiveness
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through collaboration, talent development and retention, while reinforcing
Germany’s and Europe’s visibility in photon and materials science.

Strategy for filling the innovation pipeline

The project follows a multi-faceted strategy to support the full innovation chain
from scientific discovery to application and commercialisation. The transfer
concept appropriately addresses both technological and commercial pathways
and builds on existing HZDR instruments, including the HZDR Innovation
Competition and Fund, the Innovator School, and HZDR Innovation GmbH for
standardised services. Plans for a dedicated transfer department with innovation
managers as central points of contact are plausible and can support effective
interfacing with external stakeholders.

Spin-offs are envisaged as an important element of DALI’s transfer strategy and
are supported by targeted training, highly skilled technical personnel and an
entrepreneurial culture within the ecosystem. Technology transfer is already
advanced during design and construction through collaborative development of
high-tech components. In operation, the guided machine usage concept and
close interaction with beamline scientists can further build practical know-how,
enabling licensing opportunities, supplier capability development and, where
appropriate, spin-off activities.

While the anticipated effects on the regional industrial environment are
plausible, DALI is not primarily expected to generate immediate disruptive
innovations. Rather, its strengths lie in enabling iterative development,
reproducibility and systematic learning cycles supported by user feedback and
by constructive exchange within the Helmholtz Association. This provides a
credible basis for gradual and sustained technological advancement.

At the same time, some elements of the innovation and transfer concept would
benefit from further specification. In particular, the proposed service and access
model for industrial users, especially the role, responsibilities and operational
scope of innovation managers as an interface to industry, should be clarified to
ensure transparent, predictable and practically feasible processes.

Strategy for collaboration with industry and commerce

DALT’s strategy for collaboration with industry is embedded in a well-developed
local ecosystem comprising universities, non-university research organisations,
and private-sector actors. This environment enables trust-based cooperation and
builds on an existing innovation infrastructure, including the HZDR Innovation
Office and long-standing experience at ELBE. Co-creative formats with industry
partners, including structured in-kind contributions and the joint development
of high-tech components, constitute a central element of the approach.



DALI is expected to be particularly relevant for the semiconductor industry and
other high-tech sectors that rely on advanced materials and field-driven testing.
Industrial access is planned via a streamlined ‘fast lane’ with shorter response
times and more flexible procedures than the standard proposal cycle. This
includes pilot experiments carried out jointly with beamline scientists
(‘twinning’ of beamtime), as well as mail-in sample submission and remote
experiment control options tailored to industrial needs. The planned
appointment of a liaison officer already during the installation phase is
appropriate to engage potential users early, identify sector-specific needs and
communicate DALI’s capabilities through targeted outreach activities (e.g.
information days and participation in relevant fairs, workshops and
conferences).

Challenges remain regarding cost structure and accessibility, as the currently
estimated hourly rates may limit participation, particularly for SMEs and start-
ups. To enhance broader usability, it is recommended to further clarify the
service concept and pricing logic, strengthen target-group-oriented
communication, and develop a small number of clearly defined industrial use
cases to focus outreach and demonstrate value. The proposed mechanisms for
collaboration with high-tech industry are plausible; however, their effectiveness
will depend on clear access procedures, realistic pricing models, and sustained
community building beyond the existing core user base.

Continued alignment with European Union frameworks for innovation and
research infrastructures, such as Horizon Europe RI instruments and European
Open Science Cloud (EOSC)-related frameworks, will further support coherence
with European policy and funding structures.

I1.2  Contributions to Sovereignty, Resilience, and Agency of the Government

DALI is strategically positioned to contribute to Germany’s and Europe’s
sovereignty, resilience and capacity to act primarily through maintaining and
advancing scientific and technological capabilities in future-oriented domains.
Through collaborations with industry and applied research institutes, DALI can
support co-development and validation of critical components under high-field
conditions and facilitate the transfer of know-how into industrial innovation
processes. In this sense, DALI commits to provide high-intensity THz fields,
positron beams and multimodal diagnostics as a testbed to qualify components,
explore performance limits and prototype technologies, thereby strengthening
technological capabilities in accelerator systems, detectors, photonics and
materials analytics.

Contribution to technological sovereignty and industrial innovation

A relevant enabling factor is the governance framework for research security
and integrity. DALI’s positioning on defence-related research emphasises
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academic freedom as a social responsibility and defines clear boundaries:
Engagement in security-relevant research is considered acceptable only when it
serves peaceful, humanitarian or defensive aims, is conducted under democratic
and rule-of-law oversight, and complies with ethical standards, international law
and scientific integrity. Complementary internal measures (e.g. controls related
to publications, travel, access regulations and handling of dual-use topics) will
be implemented as safeguards. This approach provides a credible basis for
integrity and public accountability. At the same time, it implies that DALI’s
direct contributions to governmental sovereignty in sensitive domains will
remain selective and bounded by these governance principles.

From the perspective of technological sovereignty and competitiveness, DALI
can make a meaningful contribution to Germany’s and Europe’s positioning by
preserving and advancing critical expertise and by anchoring advanced
experimental capabilities in Europe. Its integration into international research
networks and cooperation interests can support innovation pathways relevant
to microelectronics and advanced communications, including aspects related to
future communication standards such as 6G. However, impacts on broader
dimensions of sovereignty — such as supply chain security, large-scale
technological self-sufficiency, and immediate governmental capacity for
autonomous strategic action — are likely to remain indirect and should not be
overstated.

Governance framework, research security, and institutional resilience

In terms of resilience and governmental agency, DALI has substantial potential
to strengthen evidence-based decision-making through knowledge generation
and expertise in areas relevant to microelectronics, quantum technologies,
advanced communications, fusion-related materials, and applications for energy
and health. By fostering domestic expertise through industrial collaborations
and testbed use cases, DALI can enhance adaptive capacity for future challenges
such as energy security and advanced manufacturing. While DALI provides a
solid foundation for knowledge transfer, current utilisation of this expertise
within governmental advisory and decision-making structures remains minor.
To increase impact in this dimension, more systematic interfaces between DALI-
generated expertise and national advisory or standardisation structures should
be considered (where appropriate), enabling structured knowledge transfer
beyond the scientific user community.

DALI also demonstrates notable strengths regarding resilience of research and
digital environments. Through associated initiatives such as ROCK-IT, PaNOSC
and ExPaNDS, comprehensive IT and cybersecurity measures are
foreseen/implemented. Together, these measures strengthen the reliability and
resilience of scientific infrastructure and data environments.



Overall, DALI demonstrates strengths in ethical governance, technological
capability, international integration and robust IT security practices. While
direct contributions to state sovereignty and operational governmental agency
are expected to be more indirect in nature, the project provides a credible
foundation for impact in these areas. By maintaining a clear governance
framework for security-relevant research, strengthening structured knowledge
transfer to non-scientific stakeholders where appropriate, and further
developing resilience aspects with relevance to critical infrastructures, DALI has
potential to increase its strategic and governmental relevance over time.

1.3 Concept for Achieving Societal Impact

DALI addresses societally relevant challenges in the areas of energy transition,
digitalisation, sustainable mobility and health through advanced THz and
positron-based research. These focus areas align with HZDR’s core research
fields (‘Energy, Health, Matter’) and with Helmholtz research field priorities
(‘Energy’, ‘Earth & Environment’, ‘Health’, ‘Matter’, ‘Aeronautics, Space &
Transport’ and ‘Information’), providing a credible framework for contributions
that can extend beyond fundamental research. At present, however, the
pathways from DALI’s scientific programme to clearly articulated societal
outcomes remain partly implicit and would benefit from more explicit
objectives and impact logic.

Alignment with societal challenges and the Sustainable Development Goals

In this context, DALI shows potential to contribute to several United Nations
SDGs. Education and training activities (doctoral programmes, summer schools
and research-based learning environments) align with SDG 4 (quality education).
Research themes such as energy-efficient materials, superconducting and
battery-related materials align with SDG 7 (affordable and clean energy), while
providing a high-level RI that enables technological innovation contributes to
SDG 9 (industry, innovation and infrastructure). DALI’s open user model and its
integration into European research platforms and collaborations support SDG
17 (partnerships for the goals). Although sustainability considerations are
embedded in the development and operation of the infrastructure, a clearer
mapping to specific SDG targets and measurable indicators would strengthen
visibility and strategic coherence of the societal impact concept.

Civil society engagement and transformative potential

Cooperation with civil society is institutionally supported and benefits from
HZDR’s close collaboration with TU Dresden. Joint professorships and academic
linkages foster transdisciplinary connections across materials science,
engineering, healthcare, microelectronics, communications and Al, and
contribute to teaching through lectures, seminars and joint educational
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activities. Existing outreach formats (e.g. school laboratories and educational
programmes) provide a sound starting point. However, a comprehensive and
clearly defined strategy for civil society engagement is not yet evident. More
structured formats, clearer objectives and defined target groups would enhance
effectiveness and visibility. It is therefore recommended to further develop a
targeted engagement strategy, for example through outreach initiatives and
public-facing programmes that communicate the relevance of THz/positron
research for societal challenges and promote dialogue with non-scientific
stakeholders.

In terms of social innovation and transformation, DALI primarily acts as an
enabling infrastructure: Societal impact is expected to emerge indirectly
through translation of fundamental research into application-oriented
knowledge and technological options. The open user model supports
international exchange and transdisciplinary collaboration, and contributions
to education, skills development and early-career support are well established.
Overall, however, the transformative potential could be strengthened by clearer
application pathways, a limited set of concrete societal use cases (beyond general
alignment statements), and a more coherent long-term vision linking research
activities, transfer instruments and engagement formats to societal outcomes.

B.IV FUNDING CONCEPT, ORGANISATION, AND RISK MANAGEMENT

V.1 Budget Planning

The budget planning for DALI convincingly demonstrates a coherent and well-
structured funding concept covering installation, operation and dismantling.
The documentation appears comprehensive and credible, supporting confidence
in the overall financial framework. The proposed schedule, cost levels and
associated risk management are appropriate at the current stage of the project.
It is particularly commendable that dismantling costs are already included,
reflecting foresight and maturity in financial preparation.

Compared with the earlier draft proposal documents, the budget planning has
improved markedly in both structure and level of detail. Current cost estimates
are realistic and well substantiated, with transparent allocations between
technological components and personnel. The revised FTE planning for both
installation and operation reflects staffing levels that appear adequate to meet
scientific, technical and organisational requirements, thereby increasing
robustness, transparency and credibility.



Cost evolution and financial assessment

Although total costs for development, installation and operation have increased
relative to earlier drafts — driven by technological advances, higher personnel
costs, sustainability measures, extended timelines and inflation assumptions —
the updated financial outlook remains coherent and consistent. The use of a net-
based cost calculation is justified given that HZDR qualifies for input tax
deduction under the German Value Added Tax Act (Umsatzsteuergesetz, VAT
Act); reimbursed VAT does not affect actual financing needs and would
otherwise overstate requirements by 19%.

Major cost components in the installation phase are substantial but generally
well planned and convincingly substantiated. In particular, the costing of the
superconducting electron sources as a technologically complex element appears
appropriate and credible. Building costs, including radiation protection
requirements, are proportionate, and the rationale for new construction rather
than refurbishing the existing ELBE facility is persuasive, notably with regard to
reducing downtime and enabling a smoother transition.

Personnel and staffing adjustments

Personnel planning has been revised in a realistic and proportionate manner.
During installation, staffing levels increase from 83 to 92 FTEs to add necessary
engineering/technical and scientific expertise. For the operation phase, FTEs
increase from 58 to 68, enabling sustained 24/7 operational availability with
standard 8-hour shifts, improving both working conditions and operational
reliability. An additional 3 FTEs are foreseen to strengthen central technical and
innovation support. The decision to apply a staffing increase factor of 1.2 instead
of the initially recommended 1.5 reflects fiscal prudence and careful calibration,
while additional support from HZDR central departments (research technology,
information services/computing and technical services) further strengthens
feasibility. Involving ELBE personnel in planning and installation in parallel is
appropriate to ensure knowledge transfer and continuity.

Long term financial sustainability and upgrades

Long-term budgetary considerations are credibly embedded in the financial
plan. The recurring allocation of five million euros every five years for upgrades
is explicitly earmarked for innovation-driven enhancements, while maintenance
and repairs are covered separately. This mechanism is considered reasonable and
important to safeguard DALI’s long-term scientific performance and
competitiveness.

Potential cost or schedule impacts are more likely to arise from external legal or
regulatory factors than from deficiencies in the project’s internal planning,
which appears solid and well managed. Against this background, timely
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initiation is recommended to reduce the probability of delays or cost escalations
driven by external influences.

In summary, DALI presents a coherent funding concept with credible cost
estimates, realistic staffing plans and a sound long-term framework. The
improved transparency and organisational detail substantially enhance the
project’s financial credibility, and the project appears financially robust at this
stage, supporting timely implementation.

V.2 Organisation and Management

The organisational and management concept proposed for DALI appears well
conceived and benefits from a strong institutional framework. As an integral
part of HZDR, DALI will operate within the established structures and
governance mechanisms of a Helmholtz Association member, which provides a
solid basis for accountability and implementation.

Governance structure and institutional embedding

The proposed governance model is generally plausible. The envisaged multi-
layered structure — comprising a steering committee, a dedicated Scientific
Advisory Board (SAB), and additional advisory and technical committees —
appropriately combines strategic oversight with scientific expertise.
Establishing the SAB early in the installation phase should support independent
and continuous guidance. To safeguard objectivity, it is recommended to clearly
separate the SAB from steering and decision-making bodies. Inviting the chair
of the User Committee to SAB meetings as a non-voting observer may further
support transparency and constructive user representation while maintaining
the independence of the advisory process. At the same time, the relationships
and interfaces between governance bodies (in particular between the SAB and
the management board) should be described more clearly, and the roles and
responsibilities of key leadership positions (including the director and senior
principal investigators) would benefit from further definition.

The engagement of scientists and users through early user workshops and a User
Advisory Committee is a positive element and reflects a participative approach.
To avoid overlaps and to ensure transparency, the distribution of advisory
responsibilities across committees should be refined and communicated clearly.

In terms of organisational maturity, HZDR’s experience in operating large RIs
provides a dependable foundation. The application of a structured project
management methodology (PRINCE2) is appropriate and supports coordination
across project components. Combining internal expertise with external
contractors (e.g. Research Instruments GmbH) under HZDR supervision is a
practical and tested model. Planned measures to maintain parallel operations at
ELBE during DALI’s construction phase are welcomed; however, allocation of



personnel between ELBE operations and DALI installation will require careful
monitoring to avoid overextension. Overall, institutional commitment and
planned in-kind contributions by HZDR underline the project’s strategic
relevance.

Implementation planning, human resources and operational continuity

The transition from installation to operation builds on established Helmholtz
models: a management board reporting directly to the HZDR Board of Directors,
with user access coordinated via the central user office. The planned transfer of
experienced staff from ELBE to DALI is expected to support operational
continuity.

The currently available time schedule presents a coherent overall structure but
appears ambitious relative to the project’s complexity and maturity. The absence
of a completed TDR |'° at this stage is understandable; nevertheless, further
specification of critical dependencies — particularly those related to key
technology developments such as the electron gun — will be important. While
the proposed nine-year installation phase may prove challenging, the underlying
planning assumptions appear broadly credible at this stage. The feasibility of the
core technologies is considered demonstrated, while further Research and
Development (R&D) efforts (e.g. superconducting electron source development,
the use of an OK, and ultrafast electron diffraction) are foreseen and appropriate.

Human resources management and equality aspects are addressed
comprehensively. The anticipated generational shift is recognised, and
structured succession planning — especially for leadership roles — will be
important. Recruitment, retention and knowledge transfer strategies will be key
to sustaining scientific and technical expertise over the long term and should
remain a continuous management priority. HZDR’s policies on gender equality
and diversity provide a strong basis for balanced staff development. Measures
such as the Lucy-Mensing Fund, family-friendly support and efforts to increase
the representation of women in senior scientific positions are commendable and
should be further strengthened, accompanied by continued benchmarking and
evaluation.

Overall, DALI’s organisational and management framework is appropriate for
this stage of planning and provides a convincing foundation based on
institutional experience and coherent governance principles. Further
elaboration of role definitions, interfaces between governance bodies and critical
schedule dependencies would strengthen transparency and implementation
robustness, but the overall approach aligns well with established Helmholtz
standards.

| 10 As of November 2025. A first complete TDR version was submitted to the BMFTR in December 2025.
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IV.3  Sustainable Planning

DALI presents a structured sustainability approach that is systematically
integrated into HZDR’s GreenLEP framework. Environmental and resource
management principles are addressed across the full lifecycle of the facility —
planning, construction, operation and dismantling. The concept combines
energy efficiency with material and energy-cycle optimisation within a coherent
institutional framework, supporting the development of a low-carbon, resource-
conscious and future-oriented RI.

Integrated energy and resource efficiency concept

Energy and resource optimisation are central elements of DALI’s sustainability
strategy. The planned systems reflect a coherent and forward-looking approach
aimed at minimising primary energy demand and emissions while maintaining
operational reliability and resilience. Key measures include:

_ Power-to-heat with large-scale storage enables the conversion of surplus
renewable electricity into thermal energy, stabilising the grid and supporting
low-emission operation.

_ LowEX systems recover and reuse waste heat from technical and laboratory
processes. Heat pumps and advanced re-coolers repurpose this energy for
ventilation and building heating, creating a closed and efficient energy loop.

_ Photovoltaic and photovoltaic-thermal (PVT) systems on roofs and facades
expand the site’s renewable generation potential and contribute to peak load
reduction.

_ Al-supported operations management ensures real-time optimisation of
energy flows, responding dynamically to environmental parameters such as
temperature, humidity, and solar radiation in real time.

Taken together, these elements constitute a technically integrated energy
concept that balances operational requirements with resource efficiency. While
the monitoring approach is well structured, it remains partly qualitative; it is
therefore recommended to further develop quantitative monitoring metrics to
enhance measurability and enable robust impact assessment.

To sustain long-term relevance, DALI includes a recurring adaptation fund of
five million euros every five years for innovation-driven upgrades. This
mechanism allows regular consideration of improvements in efficiency,
functionality and sustainability over the facility’s lifetime. The flexibility to
allocate these resources in response to evolving technological and research
requirements supports operational continuity, resilience and lifecycle
sustainability.



Environmental and lifecycle sustainability

The planning for ecological footprint improvement is methodical and addresses
key BNB and DGNB dimensions (e.g. climate protection, resource extraction,
local environmental compatibility). The focus on waste-heat utilisation, energy
efficiency and closed-loop processes indicate a mature sustainability model.
However, the planning documentation would benefit from clearer project-
specific performance targets — particularly regarding emissions and material
cycles — to strengthen traceability, evaluability and accountability.

DALI’s monitoring concept covers continuous measurement of relevant
parameters, including electricity consumption, thermal energy flows and
system efficiency. The appointment of a designated sustainability officer is
foreseen to coordinate data collection and ensure consistent implementation of
energy and environmental objectives. The planned integration of Al-based
operational control systems is an advanced feature, with potential to improve
energy management precision and process transparency during operation while
maintaining stable laboratory conditions.

Environmental protection planning aligns well with BNB and DGNB criteria and
includes preventive and mitigation measures to limit emissions, risks of air and
water contamination, and occupational exposure during construction and
operation. The handling and storage of hazardous and radioactive materials are
described at a conceptual level; further clarification of implementation
measures and documentation requirements is recommended to ensure
procedural compliance in later project phases.

Radiation protection strategies cover essential design and operational measures
to reduce activation and exposure. The use of high-purity aluminium in beam
dumps, improved local shielding and optimised diagnostic components are
expected to reduce radiation levels within and beyond the facility and
correspond to established safety practices.

Overall, DALI presents a mature and strategically coherent concept for
sustainable infrastructure planning. Strengths include the technically
integrated approach to energy efficiency, adaptability and environmental
protection, supported by institutional commitment via GreenLEP. Further
quantification of performance targets and added implementation detail would
enhance evaluability, but the sustainability concept already represents a
credible approach for an advanced research environment.

V.4  Risks

DALI proposes a comprehensive and methodically developed approach to risk
management. Mitigation strategies are systematically documented and are
generally convincing. A continuous risk monitoring framework is intended to
ensure early identification of deviations, and the planned appointment of a
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dedicated risk manager will further strengthen organisational responsiveness
through an updated risk analysis and effective communication across teams.
Project controlling is embedded in the management structure to identify and
escalate deviations by contractors and subcontractors in a timely manner. The
inclusion of financial and schedule buffers adds resilience and supports a
positive overall assessment of risk exposure.

Quantifiable risks

Quantifiable risks have been reassessed and are now considered with greater
reliability (see A.III). In particular, inflation assumptions based on long-term
consumer price index trends have been incorporated into financial planning for
both construction and operation, and funding requirements have been adjusted
accordingly.

The current risk catalogue is comprehensive and benefits from experience
gained in previous large-scale initiatives, including ELBE and HIBEF at the
European XFEL, which have strengthened HZDR’s understanding of technical
and scientific vulnerabilities.

Construction related risks are described in greater detail than in the earlier draft
proposal documents, notably with respect to changes in statutory requirements,
potential legal disputes, and the cost implications of schedule delays. Technical
risks are mitigated by DALI’s modular design and the planned use of test setups,
which should reduce the likelihood of extended interruptions. The modular
configuration reduces systemic vulnerability and makes a full operational
shutdown less likely. Continued operation of ELBE during the construction
phase provides an additional risk mitigation measure by enabling testing of
critical components under real operating conditions.

Civil engineering is identified as the most critical risk factor with respect to
potential cost escalation. A major cost overrun is currently considered unlikely;
nevertheless, continuous monitoring remains essential, and adaptive measures
should be implemented promptly as soon as emerging developments require
corrective action.

Non-quantifiable risks

Non-quantifiable risks are analysed in a consistent and persuasive manner. The
long development horizon up to the planned start of operation in 2036 entails
uncertainties regarding future demand, user community development and
scientific direction. The planned upgrade model — five million euros every five
years for technical and scientific enhancements — constitutes an important
mechanism to adapt to emerging trends and to maintain competitiveness and
long-term scientific relevance.



Research security and regulatory compliance are appropriately treated as core
risk mitigation elements rather than administrative add-ons. Security
requirements are addressed with diligence through continuous monitoring of
relevant national and international regulations. Only projects complying with
oversight and security standards are approved, limiting institutional and
reputational risk. Control mechanisms to prevent misuse of research outputs
related to potential dual-use applications are in place, with particular attention
to MIR and THz technologies subject to embargo and export control frameworks.
Overall, this approach is assessed as comprehensive and proactive and
demonstrates commitment to scientific integrity and responsible risk
mitigation.

Organisational and financial risk controls

DALI’s organisational and financial structures provide a solid basis for reducing
long-term operational and managerial risks. Clear leadership and ownership
responsibilities support continuity and reduce the likelihood of governance gaps
or decision-making uncertainty. Succession and recruitment planning are
rightly prioritised given sustained competition for technical/accelerator and
scientific expertise. Financially, stable staffing levels, transparent adjustment
mechanisms, and firm support within the Helmholtz framework strengthen
fiscal stability, while adequate reserves limit exposure to short-term
fluctuations.

In regulatory and administrative terms, maintaining momentum towards
timely implementation will be important to reduce schedule-related risks and
to remain aligned with scientific and technological progress. Increased
efficiency in approval and procurement procedures would support this goal,
particularly given the complexity of European-wide procurement requirements.
Alignment with federal initiatives to streamline administrative procedures is
viewed positively and may help reduce uncertainty and enable earlier project
initiation.

Overall, DALI demonstrates a mature, well-integrated and forward-looking risk
management approach. Both quantifiable and non-quantifiable risks are
addressed through clear accountability structures and mechanisms for
continuous monitoring and adaptation, providing a robust foundation for long-
term project success and financial stability.
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B.V MILESTONE PLANNING

The revised milestone plan for DALI comprises 52 milestones and phases,
grouped into Organisational, Construction and Infrastructure, Scientific,
Innovation and Transfer, as well as further project-related milestones. Table 3
summarises those milestones identified by HZDR as critical. Unless otherwise
indicated, the stated year and quarter refer to the completion of the respective
activity.

DALI presents a clearly structured sequence of milestones guiding progression
from planning to scientific operation. While the schedule is ambitious, it
appears achievable at the current stage. Particular attention is required for
milestones that are not fully under the HZDR’s direct control, especially those
related to approvals and construction.

Following the anticipated funding approval in late 2026, DALI is planned to enter
a nine-year installation phase extending to 2035. Early phases focus on
establishing the organisational and regulatory framework, finalising site
infrastructure design, and conducting detailed design reviews of scientific
equipment and the building. A notable advantage is the continued availability
of the existing ELBE facility and building, which enables early instrument
development as well as preparatory work, testing and validation. Procurement
of scientific equipment is planned to proceed continuously throughout the
installation phase, allowing early preparation and optimisation before
completion of the main construction activities.

The construction of the new DALI building is scheduled for 2031-2035 and
represents a key schedule risk, as timelines depend on external processes and
stakeholders. The overall project progress will depend critically on timely
completion of the building, and delays would likely have significant downstream
effects. Continued proactive communication with state and municipal decision
makers is therefore essential, and effective support by the State of Saxony and
the City of Dresden will be important to enable efficient planning and
construction.

Between 2033 and 2035, accelerator installation, start-up and commissioning are
planned in parallel with implementation and handover of the building and its
infrastructure. ELBE is expected to remain operational until the end of 2034 to
support ongoing research and testing. The transition from ELBE to DALI entails
an estimated one-year ‘dark period’ (from 2035) without user operation, which
appears minimal and well justified given the scale of the transition, but should
remain a key point of schedule control.



Table 3: List of critical milestones for DALI

Year Quarter Milestone Category
2026 Q4 DALI Project funding approval Organisational Milestones
2027 Q1 Final definition of cost bearing structure Organisational Milestones
Establishment of construction management Construction and
2028 Q1 with external partners (environmental impact Infrastructure Milestones
assessment and planners)
Construction and Infrastructure
2029 Q3 Conceptual Design and Project Planning .
Milestones
Construction and Infrastructure
2030 Q2 Governmental approval process (RZBau) .
Milestones
. . Construction and Infrastructure
2030 Q2 Construction permit .
Milestones
2031 Q2 Detailed design of building Construction and Infrastructure
(end of critical phase regarding this activity) Milestones
2032 Q2 Procurement and Construction Preparation Construction and Infrastructure
(end of critical phase regarding this activity) Milestones
Start of installation f ientifi
2033 Q3 art or user instatiation for scientific Scientific Milestones
equipment
2035 Q1 Operation license for radiation protection Organisational Milestones
2035 Q4 Construction of building Construction and Infrastructure
(end of critical phase regarding this activity) Milestones
Implfementatlon and handover of building Construction and Infrastructure
2035 Q4 and infrastructure .
Milestones
Installation, Startup & Commissioning of
2035 Q4 P & Scientific Milestones
accelerator
2036 Q1 Start of Operation Scientific Milestones
Installation, Startup & Commissioning of user o
2037 Q4 . P & Scientific Milestones
end stations
2037 Q4 DALI partial operation Scientific Milestones

Source: revised documents submitted as part of the individual evaluation of DALI.
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Installation, start-up and commissioning of user end stations are planned for
2033-2037. Following the required approvals and safety licences, DALI aims for
partial operation in 2036/2037, followed by a phased ramp-up. As not all user
laboratories will be available from the outset, these will be successively
integrated over the following years. Full operational capacity is expected by 2038
once all user stations and laboratories are installed, integrated and validated.
Dismantling of ELBE is planned to occur in parallel with DALI’s early operational
years in 2037/2038.

DALI is projected to operate for approximately twenty years (until around 2055),
followed by a two-year dismantling phase in 2056—2057. Throughout operation,
regular upgrades of experimental modalities and user end stations are foreseen
to keep the infrastructure aligned with technological and digital developments.
From an evaluation perspective, the proposed schedule is considered
fundamentally feasible. However, the success of the timeline will depend on
effective management of critical dependencies — most notably those related to
building-related approvals and construction — and on maintaining strong
coordination across parallel workstreams. It is recommended to implement
schedule governance and monitoring in a way that safeguards timely realisation
of DALI’s scientific potential.
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_ Addendum 01: Basic Information
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Responsible Institution
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_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
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_ Comments on the assessment results
_ Milestone plan
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