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Vorbemerkung

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

Der Ausschuss hat dem BMFTR im Juni 2025 empfohlen, das Vorhaben , High
Brilliance Neutron Source — Phase I (HBS-I)“ des Forschungszentrums Jiilich (FZ])
und des Helmholtz-Zentrums Hereon auf eine Shortlist fiir aus forschungspoli-
tischer Sicht prioritdre Forschungsinfrastrukturen aufzunehmen. |' Nach Zu-
sammenfiithren der Ergebnisse der wissenschaftsgeleiteten Bewertung mit der
parallel erfolgten Bewertung der Kosten und Risiken sowie des Innovations- und
Transferpotenzials folgte das BMFTR dieser Empfehlung und veroffentlichte im
Juli 2025 eine Shortlist mit neun Vorhaben, darunter HBS-I. Das Ministerium bat
den Wissenschaftsrat zugleich, die Vorhaben der Shortlist evaluativ zu beglei-
ten, um sicherzustellen, dass sie bestmoglich etabliert und die Empfehlungen
aus den Bewertungsstrangen der Priorisierungsphase aufgegriffen werden.

Der Ausschuss setzte zur evaluativen Begleitung von HBS-I eine Arbeitsgruppe
ein, die aus Gremienmitgliedern der drei Bewertungsstrange des Priorisierungs-
verfahrens, weiteren Expertinnen und Experten sowie jeweils einem Gast seitens
des Bundes und der Linder 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 FZ] am 17. und 18. November 2025 in Jiilich besucht
und auf Grundlage dieser Begutachtung einen Bewertungsbericht (Evaluation

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

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


https://doi.org/10.57674/gkyb-es17
https://doi.org/10.57674/gkyb-es17
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Report) verfasst. Nach Verabschiedung durch die Arbeitsgruppe ist der Bewer-
tungsbericht im weiteren Verfahren nicht mehr verdnderbar.

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



A. Kenngrolden

Die High Brilliance Neutron Source — Phase I (HBS-I) ist eine geplante For-
schungsinfrastruktur (FIS) in Form einer Hochstrombeschleunigerbetriebenen
Neutronenquelle (HiCANS). Die dafiir entwickelte Technologie nutzt gepulste
Hochstrom-Protonenstrahlen zur Erzeugung von Neutronen durch eine nieder-
energetische Kernreaktion in einem Target-Material. Mithilfe von hochbrillan-
ten Neutronenstrahlen mit kleinem Durchmesser konnen Struktur, Ordnung,
Dynamik und Magnetismus von Materialien auf atomarer und molekularer
Ebene untersucht werden, was insbesondere fiir die Material- und Biowissen-
schaften von Relevanz ist. HBS-I ist als User Facility konzipiert, die multidiszip-
lindren wissenschaftlichen und industriellen Communitys fiinf Neutronenin-
strumente fiir Experimente zur Verfiigung stellt: Neutronenkleinwinkel-
streuung (SANS), Reflektometer, Radiographie, Diffraktometer und Neutronen-
aktivierungsanalyse. HBS-I hat zum Ziel, sich in die europdische Neutronenland-
schaft einzugliedern und der knappen Verfiigbarkeit von Neutronenstrahlzeit
in Deutschland und Europa entgegenzuwirken.

HBS-I ist ein gemeinsames Vorhaben der beiden Trigereinrichtungen For-
schungszentrum Jilich (FZ]) und Helmholtz-Zentrum Hereon und soll als zent-
rale Einrichtung am FZ] aufgebaut werden. HBS-I beschreibt die erste Phase des
Projekts HBS, das seit 2013 am Jiilich Centre for Neutron Science (JCNS) entwi-
ckelt wird.

Die Gesamtkosten fiir den Aufbau von HBS-I belaufen sich gemif3 den einge-
reichten Unterlagen mit Preisstand von November 2025 auf 142,99 Mio. Euro.
Davon sollen 13,2 Mio. Euro durch die beiden Tragereinrichtungen FZ] und
Hereon getragen werden und zusitzlich 600 Tsd. Euro durch die Partnereinrich-
tung Goethe-Universitdt Frankfurt (GU). Somit verbleibt ein Finanzierungsbe-
darf von 129,19 Mio. Euro in der Aufbauphase. Der geplante Zeitraum fiir die
Aufbauphase betrigt sechs Jahre von Anfang 2028 bis Ende 2033.

Daran schlief3t eine 20-jahrige Betriebsphase bis Ende 2053 an. Die jahrlichen
Betriebskosten werden mit 6 Mio. Euro veranschlagt und belaufen sich auf eine
Gesamtsumme von 120 Mio. Euro, die vollstindig vom FZ] (ca. 94 %) und Hereon
(ca. 6 %) getragen werden sollen. Zusdtzlich werden Einnahmen von
16,8 Mio. Euro tiber die gesamte Betriebslaufzeit erwartet.
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Fir die dreijahrige Riickbauphase von 2054 bis 2056 wird mit Kosten in Hohe
von insgesamt 12 Mio. Euro, getragen durch die Trigereinrichtungen, sowie Er-
16sen von 900 Tsd. Euro gerechnet.



B. Stellungnahme
und Empfehlungen

Der Wissenschaftsrat schlie3t sich den Bewertungen und Empfehlungen der
eingesetzten Arbeitsgruppe grundsdtzlich an. Er wiirdigt die hohe Qualitit der
vorgelegten technischen Planungen und Vorarbeiten der beiden Tragereinrich-
tungen, Forschungszentrum Jilich (FZ]) und Helmholtz-Zentrum Hereon, sowie
die weitreichende strategische Bedeutung des Vorhabens fiir die deutsche und
europdische Neutronenlandschaft. Zugleich folgt der Wissenschaftsrat der Ein-
schdtzung, eine Prazisierung und Nachbesserung in den Bereichen Kosten, Risi-
ken und Management sei notwendig. Daneben weist er auch auf Handlungsbe-
darfe beziiglich des geplanten Betriebs von HBS-I hin.

Unter der Annahme einer planmiRigen Umsetzung der High Brilliance Neutron
Source — Phase I (HBS-I) nimmt der Wissenschaftsrat wie folgt Stellung:

Zur Bedeutung des Vorhabens

Der Wissenschaftsrat wiirdigt die groRen und vielfdltigen Potenziale, die HBS-I
sowohl fiir die Grundlagenforschung in der Festkorperphysik, molekularen Che-
mie und verwandten Disziplinen als auch fiir industrielle Anwendungen birgt.
Die vorgesehenen Neutronenexperimente ermoglichen tiefgehende Einblicke in
die Struktur, Ordnung und Dynamik verschiedenster Materialien, die damit
nicht nur analysiert und optimiert, sondern auch vo6llig neu entwickelt werden
koénnen. Dies gilt auch fiir Materialen, Bauteile und Gerdte in kritischen Anwen-
dungsfeldern mit hoher Relevanz fiir gesellschaftliche und 6kologische Heraus-
forderungen und politische Handlungsfdahigkeit. Die Férderung von Innovation
und Fortschritt in diesen Bereichen stirkt die Wettbewerbsfihigkeit Deutsch-
lands maf3geblich.

Der Wissenschaftsrat begriiRt die Zielsetzung von HBS-I, die knappe Versor-
gungslage mit Neutronenstrahlzeit in Deutschland und Europa zu verbessern
und die Anzahl an Messzeiten und -tagen fiir Nutzende von Neutronenquellen
zu erhohen. Die Bedarfslage wird von den Projektverantwortlichen tiberzeugend
analysiert und mit einem passgenauen technischen Konzept in Form einer ef-
fektiven, kompakten HiCANS adressiert. Ausdriicklich befiirwortet wird dabei
die Zielsetzung, HBS-I zeitnah und im Vergleich zu groRen Neutronenquellen
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mit schnelleren und weniger kompetitiven und strikten Zugangsmoglichkeiten
zur Verfiigung zu stellen. Von den geplanten Nutzungsangeboten fiir HBS-I wird
die gesamte Community im Bereich der Neutronenforschung profitieren: Forde-
rung und Training von Wissenschaftlerinnen und Wissenschaftlern frither Kar-
rierestufen gewdhrleisten den Fortbestand und die Wissenssicherung der Neut-
ronenforschung; ein kostenglinstiger und niedrigschwelliger Zugang
ermoOglicht eine breite Beteiligung; risikoreiche und explorative Experimente
sind die Basis fiir wissenschaftliche Durchbriiche und dienen als Sprungbrett
fiir Forschung an groRen Flaggschiff-Anlagen.

Langfristig wird HBS-I Expertise in der Neutronenforschung in Deutschland si-
chern und die Sichtbarkeit und Attraktivitit von Deutschland als Forschungs-
standort und Kooperationspartner in diesem Bereich erhéhen. Im globalen Ver-
gleich nimmt Europa — und speziell Deutschland — eine Spitzenstellung in der
Neutronenforschung ein, die priméar durch den fortlaufenden Betrieb von dezi-
dierten Neutronenquellen aufrechterhalten werden muss. Der Wissenschaftsrat
erkennt die Dringlichkeit an und sieht HBS-I als vielversprechende Antwort auf
diesen Bedarf.

Der Wissenschaftsrat begriit die Tatsache, dass HBS-I durch den gewdahlten
technologischen Ansatz zur Erzeugung der Neutronen — der HiCANS-Technolo-
gie — sowie durch die Strahleigenschaften und die Auswahl an Instrumenten die
einzige verbliebene grofRe Neutronenquelle in Deutschland, den Forschungsre-
aktor FRM II, ergdnzen und damit die deutsche Neutronenlandschaft bereichern
und in ihrer Kompetenz starken wird. Aus Sicht des Wissenschaftsrats positio-
niert sich HBS-I auch in der europdischen Neutronenlandschaft tiberzeugend
und wird den deutschen Forschungsstandort im internationalen Vergleich her-
vorheben. In dem Zusammenhang wiirdigt er die Publikations- und Vortragsta-
tigkeiten sowie die Vernetzung sowohl auf institutioneller als auch auf Projekt-
ebene durch das HBS-I-Team. Diese Aktivititen tragen mafRgeblich dazu bei, dass
HBS-I und das Projektteam als zentrale deutsche Akteure im noch wachsenden
Technologiefeld der HiCANS sichtbar sind.

Vor diesem Hintergrund unterstiitzt der Wissenschaftsrat ausdriicklich die Vi-
sion des Projektteams, HBS-I als nationale Neutronenquelle zu etablieren, die die
spezifischen Bediirfnisse der wissenschaftlichen und industriellen Communitys
erfiillt und sich bereichernd in die nationale und europdische Neutronenland-
schaft einfiigt. Sowohl das technische Design als auch die Konzeption von HBS-I
wurden erkennbar mit Blick auf diese Vision entwickelt.

Zum wissenschaftlichen Potenzial

Der Wissenschaftsrat sieht aullerordentliches wissenschaftliches Potenzial in
dem fiir HBS-I entwickelten Konzept einer Neutronenquelle, das auf innovativer
und hochmoderner HiCANS-Technologie beruht. Die Konzeptionierung der An-
lage, das Design sowie die technologische Entwicklung der einzelnen



Komponenten sind weit fortgeschritten und entsprechen dem neusten Stand der
Technik. Positiv hervorzuheben ist die durch die Konzeption der Anlage mini-
mierte Menge an radioaktivem Material und Gefahrstoffen. Neben der exzellen-
ten fachlichen Expertise am JCNS und am German Engineering Materials Science
Centre (GEMS) am Hereon bezeugen die umfangreichen geleisteten Vorarbeiten
einschlieRlich Testreihen, Simulationen und des Baus von Prototypen auch die
notwendigen technischen Kompetenzen sowie die Produktionskapazititen am
Institute of Technology and Engineering (ITE). Auch zukiinftig werden Kompo-
nenten und Bauteile intern entwickelt und produziert werden kénnen, was Ri-
siken und Zeitverzug durch externe Faktoren limitiert. Somit ist das FZ] ein ide-
aler Standort, um mit HBS-I die HICANS-Technologie in Deutschland — als eine
der ersten Anlagen weltweit — zur Umsetzung zu bringen und international zu
reprdsentieren. In dem Zuge begriiRt der Wissenschaftsrat die produktive Zu-
sammenarbeit von JCNS, ITE und GEMS als Institute der beiden Tragereinrich-
tungen zusammen mit dem Institute for Applied Physics (IAP) an der GU als
Partnereinrichtung. Sie bezeugt in hohem MaRe die wissenschaftliche Exzel-
lenz, die erst durch die gezielte Biindelung von unterschiedlichem Fachwissen,
Erfahrung und Fachkriften ermoglicht wird.

Der Wissenschaftsrat begriifdt, dass die fiinf angebotenen Instrumente anhand
des ermittelten Bedarfs an Neutronenanwendungen der Communitys sowie ho-
her Relevanz fiir die Industrie ausgewdhlt wurden. In Relation zu Ausrichtung
und Reichweite von HBS-I ist das Experimentportfolio stimmig und adressiert
typische Disziplinen und Anwendungsbereiche. Wiahrend die Technologie der
Neutronenquelle selbst den hochsten Standards entspricht, sieht der Wissen-
schaftsrat noch Innovationspotenzial in Umfang und Leistung der Instrumente
und Experimentiermoglichkeiten, die zukiinftig mit neuartigen Ideen und Kon-
zepten erginzt werden sollten.

Eine der wichtigsten Funktionen von HBS-I ist die Erhohung der Neutronenka-
pazitit in Deutschland. Um dieser Aufgabe bestmoglich gerecht zu werden,
empfiehlt der Wissenschaftsrat nachdriicklich, die derzeit geplante Betriebszeit
von wochentlich 40 Stunden deutlich zu erhéhen. Auch ein Dauerbetrieb sollte
hierbei in Erwdgung gezogen werden. Andernfalls kann das wissenschaftliche
Potenzial von HBS-I nicht vollumfanglich entfaltet werden. Auch da die Hbéhe
der Kosten fiir den Aufbau von HBS-I weitestgehend unabhingig von den an-
schlieflend zur Verfliigung gestellten Kapazitidten sind, empfiehlt sich eine Erho-
hung der Betriebstage und -stunden, um die Relation von Investition und wis-
senschaftlichem Output zu optimieren. Die hoheren Kosten, die durch mehr zur
Verfiigung gestellte Strahlzeit verursacht wiirden, werden als tragbar erachtet
in Anbetracht des dadurch entstehenden Mehrwerts fiir die Nutzenden.

Neben der neuartigen Neutronentechnologie erkennt der Wissenschaftsrat die
Flexibilitit und den modularen Aufbau des Systems aus Beschleuniger, Modera-
tor und Target als eines der zentralen Alleinstellungsmerkmale und
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Kompetenzen von HBS-I an. Dadurch wird eine kontinuierliche Anpassung und
Weiterentwicklung der technischen Komponenten, der Instrumente sowie der
Bandbreite an Experimenten und neuartigen, komplexen Probenumgebungen
ermoglicht. Dieser flexible Ansatz ist besonders begriifenswert, da er eine opti-
male Anpassung an die drangendsten Bediirfnisse der wissenschaftlichen Com-
munitys ermoglicht. Der Wissenschaftsrat empfiehlt daher, wiahrend der Auf-
bau- und Betriebsphase die Flexibilitit und Anpassungsfihigkeit kontinuierlich
auszunutzen, um HBS-I ihrer Aufgabe als User Facility vollumfianglich gerecht
werden zu lassen. Dabei weist er darauf hin, dass ein enger Austausch mit den
Communitys und Bedarfsanalysen erforderlich ist, um den Anschluss an neue
wissenschaftliche Entwicklungen, modernste Technik und aktuelle Fragestel-
lungen aufrechtzuerhalten. Zudem sollte stets nach eigenen innovativen Ideen
und Forschungskonzepten fiir das Angebot von HBS-I gesucht werden, die tiber
den aktuellen Stand hinausgehen.

Der Wissenschaftsrat betont, dass ein ausgereiftes Nutzungskonzept fiir HBS-I
unerlasslich ist, um der Nutzendencommunity Neutronenstrahlzeit auf schnel-
lem, effektivem und zuginglichem Weg zur Verfiigung zu stellen. Trotz der zu
erwartenden hohen Auslastung und einer Nachfrage, die die verfiigbare Neutro-
nenstrahlzeit voraussichtlich tibersteigen wird, befiirwortet der Wissenschafts-
rat das Ziel des Vorhabens, ein breites Zugangs- und Nutzungsportfolio aufzu-
bauen, das technische und fachliche Unterstiitzung, Trainingsmoglichkeiten,
Datenverarbeitung sowie Anwendungen im Bereich kiinstlicher Intelligenz (KI)
umfasst. Dabei sollten auch solche Fachcommunitys explizit angesprochen wer-
den, die Neutronen noch nicht standardméRig fiir ihre Forschung nutzen, wie
etwa die Lebenswissenschaften. Der Wissenschaftsrat begriifdt die Einfiihrung
eines userfreundlichen rollierenden Antragssystems, betont dabei aber den Auf-
bau eines ausreichend grofRen Pools an Sachverstindigen fiir die Antragsbewer-
tung und empfiehlt eine regelmiRige Uberpriifung des Systems auf seine Wir-
kung. Um den heterogenen Bediirfnissen von Nutzenden mit unterschiedlichen
fachlichen und institutionellen Hintergriinden, Karrierestufen, Unterstiitzungs-
bedarfen und Zielsetzungen vollumfinglich gerecht zu werden, werden die vor-
gesehenen 20 Planstellen selbst fiir einen Acht-Stunden-Betrieb als zu knapp be-
messen erachtet. Daher empfiehlt der Wissenschaftsrat eine Re-Evaluation des
Personaleinsatzes in Relation zu unterschiedlichen Modellen fiir die Betriebs-
zeit. Nicht nur die geplanten Dienstleistungen und Services erfordern eine solide
Personaldecke, sondern auch die Ermoéglichung von experimentellen und risiko-
reicheren Projekten, die Vorbereitung von geplanten Experimenten an grof3en
Neutronenquellen sowie Training. Der Wissenschaftsrat bestiarkt das Bestreben,
diese Anwendungsfille bei HBS-I anzubieten, da sie zielgerichtet eine Liicke fiil-
len und ein Angebot schaffen, das an groRen Neutronenquellen wie dem FRM II
nicht in der Form moglich ist. Des Weiteren empfiehlt er bei der Personalpla-
nung ein Service-orientiertes Nutzendenbiiro sowie technische Unterstiitzung
fiir die Experimente dezidiert einzuplanen.



Der Wissenschaftsrat wiirdigt die Ideen zur Digitalisierung von HBS-I, wie bei-
spielsweise die Erstellung eines digitalen Zwillings fiir jedes Instrument zu Vor-
bereitungs- und Trainingszwecken sowie zur ortsunabhidngigen Durchfiihrung
der Experimente. Dies ist nicht nur fiir Studierende und unerfahrene Nutzende
wertvoll, sondern stellt auch eine effektive und zukunftsweisende Form der di-
gitalen Nutzung von FIS dar. Der Wissenschaftsrat weist jedoch auf Klarungsbe-
darf zwischen dem FZ] und Hereon beziiglich der primidren Verwendung von
digitalen Zwillingen hin — als digitale Stellvertrete fiir Instrumente oder fiir Ma-
terialien selbst. Dartiber hinaus empfiehlt er, die Potenziale zur Digitalisierung
und Einbindung von KI mittels eines zielgerichteten und konkreten Konzepts
weiter auszuschdpfen und sowohl die Erarbeitung als auch die Umsetzung die-
ses Konzepts mit den noétigen personellen und finanziellen Ressourcen iiber die
gesamte Projektdauer hinweg zu hinterlegen. Der Wissenschaftsrat begriiRt aus-
dricklich die MaRnahmen zum Forschungsdatenmanagement, die vollumgang-
lich etablierten Standards an nationalen und internationalen FIS entsprechen.
Bei der grundsatzlich positiv zu bewertenden Open-Access-Datenpolitik sind je-
doch ein sensibler Umgang und entsprechende MaRnahmen fiir Wissenssicher-
heit und kommerzielle Daten erforderlich.

Neben Neutronenstreuung und Experimenten ist fiir HBS-I die Produktion von
Radioisotopen geplant. Zusdtzlich zum kommerziellen Verkauf an umliegende
Krankenhduser sollen diese auch der Forschung dienen. Der Wissenschaftsrat
stellt jedoch fest, dass in diesem Zusammenhang keine konkreten Forschungs-
projekte und -ziele dargelegt wurden, sodass eine Einschdtzung beziiglich des
damit verbundenen wissenschaftlichen Potenzials nicht méglich ist. Er emp-
fiehlt daher nachdriicklich, ein entsprechendes Konzept fiir die wissenschaftli-
che Nutzung von Radioisotopen in enger Abstimmung mit dem beteiligten Insti-
tut fir Neurowissenschaften und Medizin — Nuklearchemie (INM-5) am FZ]
auszuarbeiten.

Zum Potenzial fiir Innovation und Transfer

Der Wissenschaftsrat wiirdigt die vielfdaltigen Moglichkeiten fiir industrielle
Nutzung und Transferleistungen bei HBS-I. Die Ergebnisse der angebotenen
Neutronenexperimente werden weitreichende Kenntnisse tiber makroskopische
Eigenschaften, Funktionsweisen und Struktur von Materialien erlauben. Das ist
auch fiir Industrien von Bedeutung, die an hochrelevanten kritischen Materia-
lien und Geriten arbeiten, wie etwa Quantentechnologien, Arzneimitteln und
Impfstoffen sowie Energiematerialien. Im Bereich von Energiespeicherungs-
und Umwandlungssystemen kann beispielsweise das Verhalten von Wasserstoff
in Brennstoffzellen sowie Lithium-Ionen in Batterien charakterisiert werden,
um die Leistungsfahigkeit der entsprechenden Gerite zu erhohen. Diese Anwen-
dungsfelder tragen besonders zur Souverdnitit Deutschlands bei. Um das
enorme Potenzial der industriellen Nutzung von Neutronenquellen voll auszu-
schopfen, empfiehlt der Wissenschaftsrat kontinuierliche Bemiithungen um die
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Entwicklung branchenspezifischer Strategien, Marktanalysen und Kommunika-
tion. Die aktive Ansprache und Inklusion von Akteurinnen und Akteuren aus
der Industrie, einschlief3lich ganzlich neuer Branchen, sollte schon zu Beginn
der Projektlaufzeit verfolgt werden, um eine solide Basis von Nutzenden aus der
Industrie aufzubauen. Positiv zu nennen sind die am FZ] bereits vorhandenen
Kooperationen mit Industriepartnern, die mit HBS-I weiter ausgebaut und durch
spezifische Projekte erginzt werden sollten. Innovative Ideen und Projekte an-
stelle von altbewdhrten Konzepten sollten dabei ebenso eine Rolle spielen wie
die synergetische Einbindung von anderen bedeutsamen Infrastrukturen am FZ]
wie dem Supercomputer JUPITER. Davon koénnte nicht nur HBS-I profitieren,
sondern die Stellung des FZ] als eines der grof3ten interdisziplindren Forschungs-
zentren Europas untermauert werden.

Weiter ausgebaut werden sollten Kooperationen mit 6ffentlichen Institutionen,
die direkt dem gesellschaftlichen Wohl zugutekommen. Der Wissenschaftsrat
begriifdt die bereits anberaumte Zusammenarbeit mit der Bundesanstalt fiir Ma-
terialforschung und -priifung (BAM) als einen diesbeziiglich vielversprechenden
ersten Schritt. Die BAM ist auf einen schnellen und zuverldssigen Zugang zu
Neutronen angewiesen, was von HBS-I unmittelbar bedient werden kann. Ob-
gleich auch die Bereitstellung von Radioisotopen der medizinischen Versorgung
der Bevolkerung dienlich ist und somit einen gesellschaftlichen Nutzen erfiillt,
erkennt der Wissenschaftsrat hier noch keine ausreichende Strategie oder Vor-
bereitung und Planung fiir die Umsetzung. Diese Strategie sollte auf einer aktu-
ellen Marktanalyse fiir Radioisotopen aufbauen, aber auch spezifisch auf die Ka-
pazitaten und Leistungen von HBS-I zugeschnitten sein. Dartiber hinaus muss
sich das Vorhaben im Klaren dartiiber sein, in welchem Verhéltnis kommerzielle
Aktivitaten und Forschung stehen sollen, und die Strategie danach ausrichten.

Der Wissenschaftsrat unterstiitzt das Vorhaben darin, auch fiir industrielle Nut-
zende ein breites Portfolio an Nutzungsmoglichkeiten anzubieten, einschlief3-
lich verschiedener Servicepakete und Unterstiitzung bei der Durchfiihrung von
Experimenten und der Datenauswertung. Insbesondere die Option, Proben ein-
zuschicken und ohne eigene Beteiligung Ergebnisse und gewtiinschte Daten im
Austausch zu erhalten, diirfte fiir Industrienutzende attraktiv sein. Obgleich ein
solides Verstindnis der Bediirfnisse und Anforderungen von industrieller Nut-
zung von HBS-I erkennbar ist, empfiehlt der Wissenschaftsrat die Ausarbeitung
eines ausfiihrlicheren Portfolios unter Einbeziehung der zur Umsetzung not-
wendigen personellen sowie finanziellen Mittel. Die Einrichtung eines Industrial
Liaison Officer (ILO), der oder die in direktem Austausch mit anderen Einrich-
tungen steht, ist begriiRenswert. Unter Beriicksichtigung der genannten As-
pekte und Empfehlungen sieht der Wissenschaftsrat das Potenzial in HBS-I, sich
als zuverladssige und gewinnbringende Partnerin fiir die Industrie zu etablieren.



Zu Organisation und Management

Der Wissenschaftsrat wiirdigt das langjdhrige Engagement des Vorstands bzw.
der Geschiftsfithrung sowie der Aufsichtsrite des FZ] und Hereon im Hinblick
auf die Entwicklung von HBS-I und begriifRt ihre anhaltende Unterstiitzung bei
der Umsetzung des Vorhabens. Die vorgesehene Struktur der Governance von
HBS-I, insbesondere in Relation zu iibergreifenden Institutsstrukturen, wird je-
doch im Hinblick auf die fiir das Management einer FIS dieser GroRenordnung
unerlissliche Autonomie und Agilitit noch nicht als forderlich genug erachtet.
Um effektive und schnelle Entscheidungsfindungen sowie Problemlésungen si-
cherzustellen und die interne sowie externe Reprasentation des Projekts wahr-
nehmen zu konnen, benoétigt HBS-I eine klar benannte Projektleitung mit hin-
reichender Entscheidungsbefugnis, fundierter Managementerfahrung und
direktem Zugang zur Fihrungsebene von FZ] und Hereon. Auch auf mittlerer
Projektebene sieht der Wissenschaftsrat Nachholbedarf hinsichtlich der Vertei-
lung von Verantwortlichkeiten und empfiehlt, die Rolle des Projektmanage-
ments weiter zu definieren und ihre Handlungsfahigkeit zu starken. Autorita-
ten, Zustandigkeiten und Entscheidungsprozesse bediirfen zudem einer
Prazisierung, um mit transparenten aber klaren Strukturen die Schnittstellen
zwischen wissenschaftlicher, administrativer und strategischer Verantwortung
zu kliaren und dadurch die Gesamtsteuerungsfihigkeit des Vorhabens zu stir-
ken.

Der Wissenschaftsrat begriiRt, dass die Personalplanung bereits vorhandene Ka-
pazitiaten am FZ] berticksichtigt und auf hohe Kompetenz, Erfahrung und die
notige Infrastruktur zurtiickgreifen kann. Er gibt fiir die weitere strategische
Entwicklung zu Bedenken, dass es beim Einsatz von Personal, das nicht aus-
schlieRlich HBS-I zugeordnet ist, zu Engpédssen mit potenziell betriebsverzogern-
den Auswirkungen kommen kann. Des Weiteren ist im Rahmen einer durch-
dachten Personalplanung zu beriicksichtigen, dass qualifizierte Fachkrifte
verfiigbar sind und Schliisselpositionen in den technischen und leitenden Berei-
chen ab der Planungsphase tiber die Aufbauphase bis hin zum Betriebsbeginn
addquat besetzt werden. Die derzeitige Balance aus erfahrenen und jiingeren
Teammitgliedern, die aus einem erfolgreichen teilweisen Generationenwechsel
hervorgegangen ist, ist positiv hervorzuheben und bietet eine vielversprechende
Basis fiir Kontinuitit und Wissenssicherung.

Der Wissenschaftsrat unterstiitzt das Vorhaben darin, die Ausbildung und die
Erhaltung der nichsten Generation von Neutronenforscherinnen und -forschern
als eine der Kernaufgaben von HBS-I auch in der Personalstruktur zu verankern.
Daher sollten die Initiativen zur stirkeren Einbindung von Frauen auf allen Kar-
rierestufen sowie zur Verbesserung von Arbeitskultur und Vereinbarkeit nicht
nur konkret und messbar ausgestaltet, sondern auch regelméifRig evaluiert wer-
den.
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Zu Kosten, Finanzierung und Risiken

Der Wissenschaftsrat wiirdigt die vielseitige und langjahrige Erfahrung der Pro-
jektverantwortlichen nicht nur in der Planung und Durchfithrung von Projek-
ten, sondern auch in der Leitung und im Betrieb von FIS wie dem Heinz
Maier-Leibnitz Zentrum (MLZ). Zusammen mit etablierten Planungsstrukturen
am FZ] bilden sie eine solide Grundlage fiir die Projekt- und Finanzplanung von
HBS-I. Gleichzeitig konstatiert der Wissenschaftsrat, dass die Budgetplanung fiir
HBS-I derzeit noch nicht die erforderliche Tiefe, Detailgrad und Stringenz auf-
weist, um in dieser Projektphase als hinreichend belastbar zu gelten. Mehrere
Budgetpositionen, insbesondere im Bereich Instrumentierung und Betrieb, er-
scheinen nicht in einem Umfang begriindet, der dem fortgeschrittenen Stand
der Planung angemessen wdare. Der Wissenschaftsrat empfiehlt daher nach-
driicklich eine substantielle Uberarbeitung der Budgetkalkulation. Dazu gehort
neben der Erhohung des Detailgrads insbesondere die transparente Begriindung
zentraler Annahmen sowie die klare Benennung verbleibender Unsicherheiten.
Auch die empfohlene Erh6hung der Personalausstattung und der Betriebstage
sollte explizit und ausreichend in der Neukalkulation berticksichtigt werden.
Die Einnahmen, die aus dem Verkauf von Radioisotopen erwartet werden, sind
auf der Basis einer quantitativen Analyse und strategischen Planung neu zu be-
rechnen und in die Budgetplanung zu inkludieren. Zurzeit sind diese vor dem
Hintergrund des noch zu erarbeitenden Konzepts zur kommerziellen und wis-
senschaftlichen Nutzung der Radioisotope noch zu hoch und zu ambitioniert
geschatzt.

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 HBS-I. 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 begriidt die Entscheidung, HBS-I in der bestehenden
COSY-Halle unterzubringen. Dadurch werden Ressourcen geschont und bereits
vorhandene Einrichtungen, etwa zur Abschirmung, sinnvoll genutzt. Gleichzei-
tig weist er auf die damit verbundenen neuen Risiken fiir den Zeitplan hin, die
proaktiv kontrolliert werden miissen. Als besonders kritisch erachtet er die Ab-
folge von Umbauplanung, Genehmigungsprozessen, Abbau und Aufbereitung
der Halle fiir HBS-I. Die Einhaltung des geplanten Betriebsbeginns von HBS-I ist
direkt abhingig von der komplikationsfreien Abfolge aus einjihrigem Genehmi-
gungsverfahren (inklusive Ubertragung der COSY-Lizenz auf HBS-I sowie



Verhandlungen und behoérdliche Freigaben durch das Land Nordrhein-Westfa-
len), gefolgt von zweieinhalb Jahren Abbau von COSY durch die Jilicher Entsor-
gungsgesellschaft fiir Nuklearanlagen GmbH (JEN). Der Wissenschaftsrat emp-
fiehlt in dieser Phase eine hohe Prioritit der plangetreuen Umsetzung und
Risikominderung unter enger Einbeziehung aller Stakeholder einschliefRlich
klarer Verantwortlichkeiten und Kommunikationswege. In dieser Phase ist es
essenziell, dass die Prozesse, soweit dies moglich ist, parallel laufen und gemein-
same Meilensteine definiert werden. Fiir die Einhaltung dieser Meilensteine
tragt nicht nur das Projektteam Verantwortung, sondern auch die relevanten
Abteilungen, der Vorstand des FZ] sowie JEN als ausfithrende Gesellschaft. Der
Wissenschaftsrat weist die 6ffentlichen Stellen und Behorden auf diesen fiir den
Erfolg des Vorhabens kritischen Aspekt hin und empfiehlt daher, alle Moglich-
keiten auszuschopfen, um diese Phase so effizient und kurz wie moglich zu ge-
stalten.

Der Wissenschaftsrat wiirdigt die tiberzeugende Erfassung und Kontrollierbar-
keit der technischen Risiken und sieht darin eine besondere Stiarke der Planung,
die durch die umfangreichen geleisteten Vorarbeiten an Belastbarkeit gewinnt.
Fur die 20-jahrige Betriebsphase sieht er die Risikobewertung hingegen als un-
zureichend ausdifferenziert an; die angegebenen Werte wirken zu niedrig ange-
setzt und lassen darauf schlief3en, dass Reserven implizit an anderer Stelle ein-
kalkuliert, aber nicht explizit ausgewiesen werden. Fiir ein Vorhaben in der
Grollenordnung von HBS-I empfiehlt der Wissenschaftsrat jedoch die individu-
elle Erfassung und Quantifizierung der operativen Risiken, Einsparmoglichkei-
ten und Puffer. Dies wiirde nicht nur die finanzielle Planungssicherheit und
Transparenz steigern, sondern auch eine solide Basis fiir eine regelmiRige Be-
richterstattung und die Projektiiberwachung schaffen.

Neben der Uberarbeitung der Budgetplanung empfiehlt der Wissenschaftsrat
die Erarbeitung und Implementierung von geeigneten Protokollen und MafRnah-
men zur Planung, Kontrolle und Evaluation des Projektfortschritts. Dazu zdhlen
regelmafige Finanzprognosen, Kosteniiberwachung, Abweichungsanalysen so-
wie die Definition klarer Key Performance Indicators (KPIs), um den fortlaufen-
den Erfolg von HBS-I nicht nur sicherzustellen, sondern auch messbar zu ma-
chen. Das Ziel klar definierter Mechanismen ist es, Terminplanung und
Mitteleinsatz innerhalb des vorgegebenen Budgets stabil zu halten und auf Ab-
weichungen schnell und konsequent reagieren zu kénnen.

Der Wissenschaftsrat merkt an, dass die aktuelle Projektplanung grundsatzlich
dem derzeitigen Entwicklungsstand entspricht, im weiteren Verlauf jedoch
noch an Umfang und Prdzision gewinnen sollte. Die Projektverantwortlichen
haben die wesentlichen Risiken fiir HBS-I identifiziert, doch sieht der Wissen-
schaftsrat deutlichen Nachholbedarf beim Risikomanagement, um der Komple-
xitdt und dem Umfang des Vorhabens gerecht zu werden. Dabei wiirde HBS-I
von einem umfassenden, strukturierten Ansatz profitieren, der sowohl Risiken
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als auch Chancen abbildet — einschlief3lich interner Einflussfaktoren und exter-
ner Abhdngigkeiten. Jede identifizierte Position sollte zudem mit einer Wahr-
scheinlichkeitsabschidtzung quantifiziert werden. Die Berichterstattung und ge-
plante Eskalationsstufen sollten erginzt werden durch regelmafige,
strukturierte Berichte iiber Risikostatus, Potenziale und Fortschritte der Mal3-
nahmen an die Leitungsorgane von FZ] und Hereon. Des Weiteren ist ein belast-
barer Contingency-Plan erforderlich, der Szenarien und Reaktionsmechanismen
fiir potenzielle Kosteniiberschreitungen, Terminverzogerungen und Einnahme-
ausfille klar beschreibt. Der Wissenschaftsrat weist diesbeziiglich auf geeignete
Gegenmalfnahmen hin, wie beispielsweise eine Priorisierung und gegebenen-
falls Verschiebung einzelner Projektbestandteile, die Mobilisierung zusdtzlicher
finanzieller und personeller Ressourcen, Anpassungen des Zeitplans sowie eine
insgesamt klare Priorititensetzung. Erginzend zu einem reaktiven Risikoma-
nagement und Contingency-Plan empfiehlt der Wissenschaftsrat auch die Etab-
lierung eines Change-Managements als prozessuales System, um mit langfristi-
gen Dynamiken wie verdnderten Nutzungsbedarfen, wissenschaftlichen
Schwerpunkten und Entwicklungen innerhalb der Forschungscommunity um-
zugehen. Hierbei empfiehlt der Wissenschaftsrat eine enge Verkniipfung zwi-
schen Risikomanagement, Krisenplan und Change-Management einerseits und
der empfohlenen Neudefinition von Rollen und Verantwortlichkeiten in der
Governance andererseits. Die transparente Ausgestaltung von Mechanismen
und Instrumenten setzt zwingend eine transparente Governancestruktur vo-
raus, um die einzelnen Aspekte mit klar definierter Verantwortlichkeit und Au-
toritdt zu verkniipfen. Die Projektverantwortlichen haben ein exzellentes Ver-
stindnis von HBS-I in ihrer technischen Konzeption und Funktion als User
Facility, und die bisherigen Projektplanungen bilden das Grundgertst fur die
Umsetzung und den Betrieb. Die empfohlenen Ergdnzungen wiirden es ermaog-
lichen, die bestehende Planung in zentralen Punkten weiter zu vertiefen und
ihre Kohirenz im Hinblick auf das Gesamtkonzept zu erhéhen.

Der Wissenschaftsrat wiirdigt den Einsatz des Projektteams zu kontinuierlicher
wissenschaftlicher und technischer Weiterentwicklung und Anpassungsfihig-
keit, wovon der modulare Aufbau und die Flexibilitdt von HBS-I zeugen. Es wird
nachdriicklich empfohlen, dass dies auch auf die Projektplanung tiibertragen
wird, indem die genannten Prozesse zum Change- und Risikomanagement sowie
zum Contingency-Plan eingefiihrt werden, damit auch die Projektstrukturen
von HBS-I langfristig agil und anpassungsfahig bleiben.

Zur Umsetzung und Meilensteinplanung

Der Wissenschaftsrat wiirdigt die Meilensteinplanung fiir HBS-1, die die wesent-
lichen Etappen fiir Bau, Installation der Gerdte und Anlagen sowie den Betrieb
nachvollziehbar abbildet. Um die Zielerreichung sicherzustellen, sollten die Mei-
lensteine mit Erfolgskriterien, Monitoring sowie projektinternen Verantwort-
lichkeiten und externen Abhidngigkeiten verknipft werden. Der



Wissenschaftsrat empfiehlt daher, die Uberarbeitung der Finanz- und Risikoauf-
stellung sowie die Etablierung von Prozessen fiir Risiko-, Krisen- und Change-
Management nicht nur zeitnah durchzufiihren, sondern auch anschlieRend mit
der Meilensteinplanung zu verkniipfen und diese mit den wesentlichen genann-
ten Punkten anzureichern. Insbesondere die Messung von KPIs, die Zuordnung
von Verantwortlichkeiten sowie die Ausdifferenzierung kritischer und risikorei-
cher Prozesse ermoglichen die Identifizierung von Abhdngigkeiten, kritischen
Phasen und potenziellen Engpéssen.

Im Nachgang der Priorisierungsphase wurde der Projektplan von HBS-I ange-
passt, was sich insbesondere auf die Aufbauphase auswirkt. Der Betriebsbeginn
ist nun im Anschluss an eine sechsjihrige Aufbauphase fiir Anfang 2034 statt
2031 geplant, was unter anderem mit den Gegebenheiten der COSY-Halle zusam-
menhdngt, die zuvor nicht absehbar waren. Wenngleich die Griinde nachvoll-
ziehbar sind, weist der Wissenschaftsrat darauf hin, dass dieser verzogerte Be-
triebsbeginn der Mission von HBS-I zuwiderlduft: HBS-I verfolgt das Ziel, den
Communitys ziigig Neutronenstrahlzeit bereitzustellen, um auf die bereits be-
stehende und sich zukiinftig verschirfende Knappheit zu reagieren. Er emp-
fiehlt daher nachdriicklich, einen fritheren Betriebsbeginn anzustreben und da-
fiir erforderliche Mallnahmen und Optionen zu identifizieren und priorisiert
umzusetzen. Der Wissenschaftsrat sieht die Aufbereitung der COSY-Halle zur
Installation von HBS-I als kritischste Phase zu Beginn der Projektlaufzeit an. Er
empfiehlt, alle Moglichkeiten auszuschopfen, um diese Phase so effizient und
kurz wie moglich zu gestalten. Die Gestaltungs- und Umsetzungskompetenzen
liegen insbesondere fiir die baulichen Vorhaben jedoch nicht allein bei den Pro-
jektverantwortlichen selbst. Daher empfiehlt der Wissenschaftsrat allen betei-
ligten Akteuren, sich ebenfalls der ziigigen und prioritiren Umsetzung der Ge-
nehmigungs- und Lizenzprozesse sowie der baulichen Umsetzung zu
verpflichten. Im Falle von Verzégerungen muss das Vorhaben zwingend hand-
lungsfahig bleiben und entsprechende Auffangmafinahmen miissen ziligig grei-
fen. Es wird empfohlen, die dafiir notwendigen Vorbereitungen bereits jetzt zu
treffen.

Die technische Umsetzung von HBS-I ist iiberzeugend geplant und reflektiert die
Kompetenz der beteiligten Institute sowie der Wissenschaftlerinnen und Wis-
senschaftler. Der damit verbundene Zeitplan ist allerdings als konservativ zu er-
achten. Der Wissenschaftsrat sieht insbesondere bei der Entwicklung und In-
stallation des Beschleunigers Potenzial fiir eine deutliche Verkiirzung des
Zeitplans und empfiehlt, dies in enger Abstimmung mit der beteiligten Partner-
institution IAP zu evaluieren und bei Bedarf auch mithilfe weiterer Ressourcen
entsprechend umzusetzen.

Unter Einbeziehung der Empfehlungen zur Weiterentwicklung der Projektpla-
nung empfiehlt der Wissenschaftsrat, im Meilensteinplan Potenziale fiir eine
Verkiirzung der Aufbauphase auszumachen und umzusetzen und auch im
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weiteren Projektverlauf eine fortlaufende Aktualisierung des Zeitplans anzu-
streben.

Wissenschaftspolitisches Votum

Der Wissenschaftsrat wiirdigt HBS-I insgesamt als ein technisch hoch entwickel-
tes und innovatives Vorhaben. Mit der Bereitstellung von Neutronenstrahlzeit
in einer Zeit akuter Knappheit adressiert HBS-I ein drdngendes Bediirfnis diver-
ser wissenschaftlicher und industrieller Communitys. Um die Projektplanung
auf ein dhnlich weit entwickeltes Niveau wie die technische Planung zu heben,
sind Uberarbeitungen an Finanzplanung, Risikomanagement sowie Projekt- und
Managementstruktur notwendig.

Der Wissenschaftsrat befiirwortet die Umsetzung von HBS-I unter Beriicksichti-
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 verstiandigen.

Das BMFTR hat den Wissenschaftsrat gebeten, bei Notwendigkeit eine aktuali-
sierte wissenschaftspolitische Einschdatzung von HBS-I 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
‘High Brilliance Neutron Source — Phase I' (HBS-I) at the Forschungszentrum
Julich (FZ]) and the Helmholtz-Zentrum Hereon 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 BMFIR followed this recommendation and
published a shortlist of nine projects in July 2025, including HBS-I. 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 HBS-I, consisting of panel
members from the three assessment strands of the prioritisation process, other
experts, and one guest each from the federal and state governments. 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 FZ] on 17 and 18 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 23 March 2026.


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

30 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 High Brilliance Neutron Source — Phase I (HBS-I) is a planned research
infrastructure (RI) in the form of a high-current accelerator-driven neutron
source (HICANS). The developed technology utilises pulsed high-current proton
beams to generate neutrons with a low-energy nuclear reaction in a target
material. With the aid of highly brilliant and small cross-section neutron beams,
the structure, order, dynamics and magnetism of materials can be investigated
at the atomic and molecular level, which is particularly relevant for the
materials and life sciences. HBS-I is designed as a user facility that provides
multidisciplinary scientific and industrial communities with five neutron
instruments for experiments: small-angle neutron scattering (SANS), neutron
reflectometry, neutron imaging, neutron diffraction, and neutron activation
analysis. HBS-I aims to integrate itself into the European neutron landscape and
to counteract the scarcity of neutron beamtime in Germany and Europe.

HBS-I is a joint project between the two responsible institutions,
Forschungszentrum Jiilich (FZ]) and Helmholtz-Zentrum Hereon, and it is set to
be installed as a central facility at the FZ]. HBS-I represents the first phase of the
HBS project, which has been under development at the Jiilich Centre for Neutron
Science (JCNS) since 2013.

According to the submitted documents, based on prices as of November 2025,
the total costs of the HBS-I installation amount to 142.99 million euros. Of this
amount, 13.2 million euros are to be borne by the two responsible institutions,
FZ] and Hereon, and an additional 600 thousand euros by the partner institution,
Goethe University Frankfurt (GU). This leaves a funding requirement of
129.19 million euros for the installation phase. The planned duration of the
installation phase is six years, from early 2028 to the end of 2033.

This will be followed by a 20-year operation phase until the end of 2053. Annual
operating costs are estimated at 6 million euros, amounting to a total of
120 million euros, which are to be covered entirely by the FZ] (approx. 94%) and
Hereon (approx. 6%). In addition, proceeds of 16.8 million euros are expected
over the entire operation period.

For the three-year dismantling phase from 2054 to 2056, costs of
12 million euros are anticipated. These are to be borne by the responsible
institutions, which also expect proceeds of 900 thousand euros.
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B. Statement and
Recommendations

The German Science and Humanities Council (the Council) generally endorses
the evaluation and recommendations of the established working group. It
commends the high quality of the technical plans and preparatory work
undertaken by the two responsible institutions, Forschungszentrum Jilich (FZ])
and Helmholtz-Zentrum Hereon, as well as the far-reaching strategic
significance of the project for the German and European neutron research
landscape. Similarly, the Council concurs with the evaluation that further
clarification and refinement are necessary in the areas of costs, risks, and
management. It also highlights the need for measures to be taken regarding the
planned operation of HBS-I.

Assuming the High Brilliance Neutron Source — Phase I (HBS-I) is implemented
as planned, the Council issues the following statement:

On the significance of the project

The Council recognises the vast and diverse potential of HBS-I for both
fundamental research in solid-state physics, molecular chemistry, and related
disciplines, and for industrial applications. The planned neutron experiments
will provide in-depth insights into the structure, order and dynamics of a wide
variety of materials, which can thus not only be analysed and optimised, but
also newly developed. This also applies to materials, components, and devices in
critical application fields of high relevance to societal and environmental
challenges and political agency. Promoting innovation and progress in these
areas significantly strengthens Germany’s competitiveness.

The Council welcomes the objective of HBS-I to improve the scarce supply of
neutron beamtime in Germany and Europe by making it more available to users.
The project representatives have convincingly analysed the demand situation
and addressed it with a tailored technical concept in the form of an effective,
compact HiCANS. The objective of making HBS-I available as soon as possible
and, compared to large neutron sources, with faster and less competitive and
stringent access options is explicitly endorsed. The entire neutron research
community will benefit from the planned user services for HBS-I: supporting



and training early-career scientists ensures the continuity and preservation of
knowledge in neutron research; cost-effective and low-threshold access enables
broad participation; high-risk and exploratory experiments lay the foundation
for scientific breakthroughs and serve as stepping-stones for research at major
flagship facilities.

In the long term, HBS-I will secure expertise in neutron research in Germany
and enhance the visibility and attractiveness of Germany as a research location
and cooperation partner in this field. In global comparison, Europe — and
Germany in particular — occupies a leading position in neutron research, which
must be maintained primarily through the continued operation of dedicated
neutron sources. The Council recognises the urgency of the situation and
regards HBS-I as a promising response to this need.

The Council welcomes the fact that, through HiCANS as the chosen
technological approach to generating neutrons as well as through its beam
characteristics and range of instruments, HBS-I will complement the only
remaining large neutron source in Germany, the FRM II research reactor,
thereby enriching the German neutron landscape and strengthening its
expertise. In the Council’s view, HBS-I also occupies a compelling position within
the European neutron landscape and will highlight Germany’s standing as a
research hub in international comparison. In this context, it commends the
HBS-I team’s publication and conference activities, as well as its networking
efforts at both institutional and project levels. These activities play a key role in
ensuring that HBS-I and the project team are visible as central German players
in the still-growing field of HiCANS technology.

Against this backdrop, the Council supports the project team’s vision of
establishing HBS-I as a national neutron source that meets the specific needs of
the scientific and industrial communities and enriches the national and
European neutron landscape. Both the technical design and the concept of HBS-I
have clearly been developed with this vision in mind.

On the scientific potential

The Council recognises the exceptional scientific potential of the neutron source
concept developed for HBS-I, which is based on innovative, state-of-the-art
HiCANS technology. The conceptualisation of the facility, its design, and the
technological development of the individual components are at an advanced
stage and represent the cutting edge of technology. A particular strength is the
minimised quantity of radioactive material and hazardous substances as a result
of the facility’s design. In addition to the excellent technical expertise at the
JCNS and the German Engineering Materials Science Centre (GEMS) at Hereon,
the extensive preparatory work carried out including test series, simulations,
and the construction of prototypes demonstrates the necessary technical
expertise and production capacities at the Institute of Technology and
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Engineering (ITE). In future, components and parts will continue to be developed
and produced in-house, thereby limiting risks and delays caused by external
factors. Consequently, the FZ] is an ideal location for implementing HBS-I as a
HiCANS facility in Germany — as one of the first facilities worldwide — and for
representing it internationally. In this context, the Council welcomes the
productive collaboration between JCNS, ITE, and GEMS as institutes of the two
responsible institutions together with the Institute for Applied Physics (IAP) at
the GU as a partner institution. This collaboration is a strong testament to the
scientific excellence made possible only through the targeted bundling of
diverse expertise, experience, and qualified personnel.

The Council welcomes the fact that the five instruments offered were selected
on the basis of the identified needs for neutron applications within the scientific
communities, as well as their high relevance to industry. In relation to the focus
and scope of HBS-I, the experimental portfolio is coherent and addresses typical
disciplines and fields of application. Whilst the technology of the neutron source
itself meets the highest standards, the Council still sees potential for innovation
in the scope and performance of the instruments and types of experiments,
which should be supplemented in future with novel ideas and concepts.

One of the most important functions of HBS-I is to increase neutron capacity in
Germany. In order to fulfil this task as effectively as possible, the Council
strongly recommends significantly increasing the currently planned operating
time of 40 hours per week. Continuous operation should be considered in this
context. Otherwise, the scientific potential of HBS-I cannot be fully realised.
Furthermore, as the costs of the installation of HBS-I are largely independent of
the capacities subsequently made available, an increase in operating days and
hours is recommended in order to optimise the ratio of investment to scientific
output. The higher costs that would be incurred by providing more beamtime
are considered acceptable in view of the resulting added value for users.

In addition to the innovative neutron technology, the Council recognises the
flexibility and modular installation of the system — comprising the accelerator,
moderator, and target — as one of HBS-I's distinctive features and strengths. This
enables the continuous adaptation and further development of the technical
components, instruments, range of experiments, and novel, complex sample
environments. This flexible approach is particularly commendable, as it allows
for optimal adaptation to the most pressing needs of the scientific communities.
The Council therefore recommends that, during the installation and operation
phases, flexibility and adaptability be utilised continuously to enable HBS-I to
fully fulfil its role as a user facility. In this context, it is pointed out that a close
dialogue with the communities and needs analyses are necessary to maintain
alignment with new scientific developments, state-of-the-art technology, and
the latest research questions. Furthermore, HBS-I should constantly seek out its



own innovative ideas and research concepts that go beyond the current state of
the art.

The Council emphasises that a well-developed utilisation concept for HBS-I is
essential in order to provide the user community with access to neutron
beamtime in a rapid, effective, and accessible manner. Despite the expected high
occupancy rate and a demand that is likely to exceed the available neutron
beamtime, the Council supports the project’s aim of establishing a broad access
and utilisation portfolio encompassing technical and specialist support, training
opportunities, data processing and Al (artificial intelligence) applications. In
doing so, explicit attention should also be paid to disciplines that do not yet
routinely use neutrons for their research, such as the life sciences. The Council
welcomes the introduction of a user-friendly rolling access scheme, but
emphasises the need for a sufficiently large pool of experts for the evaluation of
applications and recommends a regular review of the system’s effectiveness. In
order to fully meet the diverse needs of users with different disciplinary and
institutional backgrounds, career stages, support requirements, and objectives,
the planned 20 full time equivalents (FTEs) are considered insufficient even for
an eight-hour operation. The Council therefore recommends a re-evaluation of
staffing levels in relation to different models for operating hours. A solid staffing
base is required not only for the planned services, but also for facilitating
experimental and higher-risk projects, preparing planned experiments at large
neutron sources, and providing training. The Council supports offering these
opportunities at HBS-I, as they specifically fill a gap and provide services that are
not equally possible at large neutron sources such as the FRM II. Furthermore,
it is recommended that a service-oriented user office and technical support for
the experiments be firmly incorporated into staffing plans.

The Council acknowledges HBS-I’s ideas on digitalisation, such as the creation
of a digital twin for each instrument for preparatory and training purposes, as
well as for remotely conducting experiments. This is not only valuable for
students and inexperienced users, but also represents an effective and
pioneering form of digital RI utilisation. However, the Council points out that
clarification is needed between the FZ] and Hereon regarding the primary use of
digital twins — as digital representatives of instruments or of the materials
themselves. It is further recommended that the potential for digitalisation and
the integration of Al is exploited through a targeted and specific concept, with
the development and implementation of this concept supported by the
necessary human and financial resources throughout the entire project
duration. The Council explicitly welcomes the measures on research data
management, which fully comply with established standards at national and
international RIs. However, whilst open-access data policy is generally
appreciated, a sensitive approach and appropriate measures for knowledge
security and commercial data are required.
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In addition to neutron scattering experiments, the production of radioisotopes
is also planned at HBS-I. As well as being sold commercially to nearby hospitals,
they are also intended for research purposes. The Council notes, however, that
no specific research projects or objectives have been outlined in this context,
meaning that an assessment of the associated scientific potential is not possible.
It therefore strongly recommends that a corresponding concept for the scientific
utilisation of radioisotopes be drawn up in close consultation with the Institute
of Neuroscience and Medicine — Nuclear Chemistry (INM-5) at the FZ].

On the potential for innovation and transfer

The Council recognises the wide range of opportunities for industrial
applications and technology transfer offered by HBS-I. The results of the neutron
experiments conducted there will provide far-reaching insights into the
macroscopic properties, functional mechanisms and structure of materials. This
is also significant for industries working on highly relevant critical materials
and equipment, such as quantum technologies, medicines and vaccines, as well
as energy materials. In the field of energy storage and conversion systems, for
example, the behaviour of hydrogen in fuel cells and lithium ions in batteries
can be characterised in order to enhance the performance of the corresponding
devices. These fields of application contribute significantly to Germany’s
sovereignty. In order to exploit the enormous potential of industrial use of
neutron sources to the fullest, the Council recommends conducting market
analyses and making ongoing efforts to communicate and develop sector-
specific strategies. The active engagement and inclusion of players from
industry, including entirely new sectors, should be pursued right from the start
of the project to build a solid base of industrial users. A positive aspect is the
existing cooperation with industrial partners at the FZ], which should be further
expanded through HBS-I and supplemented by specific projects. Rather than
relying on tried-and-tested concepts, innovative ideas and projects should play a
significant role. In addition, the synergistic integration of other key
infrastructures at the FZJ, such as the JUPITER supercomputer, is to be
considered. This would not only benefit HBS-I but also reinforce the FZ]’s
position as one of Europe’s largest interdisciplinary research centres.

Cooperation with public institutions that directly benefit the public good should
be further expanded. The Council welcomes the cooperation already planned
with the Bundesanstalt fiir Materialforschung und -priifung (BAM) as a
promising first step in this regard. The BAM relies on rapid and reliable access
to neutrons, a need that can be met directly by HBS-I. Although the provision of
radioisotopes also serves the medical care of the population and thus fulfils a
societal benefit, the Council does not yet see a sufficient strategy, preparation or
planning for its implementation. This strategy should be based on a current
market analysis for radioisotopes, but also be specifically tailored to the
capacities and services of HBS-I. Furthermore, the project must be clear about



the balance between commercial activities and research, and align its strategy
accordingly.

The Council supports the project in offering a broad portfolio of utilisation
options for industrial users as well, including various service packages and
support for conducting experiments and data analysis. In particular, the option
of sending in samples and receiving results and desired data in return without
direct involvement is likely to be attractive to industrial users. Although a solid
understanding of the needs and requirements of industrial use of HBS-I is
evident, the Council recommends the development of a more detailed portfolio,
taking into account the personnel and financial resources necessary for
implementation. The appointment of an Industrial Liaison Officer (ILO), who
maintains direct contact with other institutions, is a welcome step. Taking into
account the aspects and recommendations mentioned, the Council sees
potential in HBS-I to establish itself as a reliable and profitable partner for
industry.

On organisation and management

The Council commends the long-standing commitment of the Boards of
Directors, as well as the Supervisory Boards of the FZ] and Hereon, to the
development of HBS-I, and welcomes their continued support in implementing
the project. However, the proposed governance structure of HBS-I, particularly
in relation to overarching institutional structures, is not considered to be
conducive to the autonomy and agility essential for the management of an RI of
this scale. To ensure effective and rapid decision-making and problem-solving,
and to be able to represent the project both internally and externally, HBS-I
requires a clearly designated project lead with sufficient decision-making
authority, sound management experience, and direct access to the senior
management of the FZ] and Hereon. At project level, the Council sees room for
improvement regarding the distribution of responsibilities as well, and
recommends further defining the role of project management and
strengthening its capacity to act. Authorities, responsibilities, and decision-
making processes also require clarification in order to define the interfaces
between scientific, administrative, and strategic responsibilities through
transparent yet clear structures, thereby strengthening the overall governance
of the project.

The Council acknowledges that the personnel plan is developed with
consideration for the existing capacities at the FZ], and that it is able to draw
upon a substantial degree of expertise, experience, and the necessary
infrastructure. With regard to further strategic development, the Council raises
the concern that the deployment of staff not exclusively assigned to HBS-I could
lead to bottlenecks with potentially delaying effects. In addition, as part of a
well-organised personnel plan, it is essential to ensure the availability of
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qualified specialists and the adequate filling of key positions in technical and
managerial areas from the planning phase through to the installation phase and
the start of operation. The current balance of experienced and younger team
members, which has emerged from a successful partial generational transition,
is a positive feature and provides a promising basis for continuity and knowledge
retention.

The Council endorses the project’s objective to integrate the training and
retention of the next generation of neutron researchers as a fundamental
component of HBS-I's staffing framework. Consequently, initiatives to increase
the involvement of women at all career stages and to improve working culture
and work-life balance should not only be designed in concrete and measurable
terms but also evaluated on a regular basis.

On costs, financing, and risks

The Council acknowledges the diverse and long-standing experience of the
project representatives, not only in the planning and implementation of
projects, but also in the management and operation of RI facilities such as the
Heinz Maier-Leibnitz Centre (MLZ). Together with established planning
structures at the FZ], they form a solid foundation for the project and financial
planning of HBS-I. At the same time, the Council notes that the budget planning
for HBS-I does not yet display the necessary depth, level of detail, and rigour to
be considered sufficiently robust at this stage of the project. Several budget
items, particularly in the areas of instrumentation and operation, do not appear
to be substantiated to an extent commensurate with the advanced stage of
planning. The Council therefore strongly recommends a substantial revision of
the budget calculation. In addition to increasing the level of detail, this includes,
in particular, providing transparent explanations for key assumptions and
clearly identifying remaining uncertainties. The recommended increase in
staffing levels and operating days should also be explicitly and adequately taken
into account in the recalculation. The proceeds expected from the sale of
radioisotopes must be recalculated on the basis of a quantitative analysis and
strategic planning and included in the budget planning. Against the backdrop
of the as-yet-undefined concept of the commercial and scientific utilisation of
radioisotopes, these estimates are still too high and overly ambitious.

With regard to operating costs, the Council draws particular attention to
assumptions made concerning the Pact for Research and Innovation (Pakt fir
Forschung und Innovation, PFI). As the continuation and future volume of these
funds beyond 2030 have not yet been determined, uncertainty remains
regarding the sustainable financing of HBS-I's operations. The Council therefore
strongly recommends that alternative strategies to secure the financing of
operating costs be developed at an early stage. These include, in particular,
further funding options within the Helmholtz Association (HGF) as well as



models that ensure a sensible balance between commercial and scientific
utilisation.

The Council acknowledges the decision to house HBS-I in the existing COSY hall.
This will save resources and make efficient use of existing equipment, such as
shielding facilities. At the same time, the associated new risks to the schedule
and their need to be proactively managed are pointed out. The Council considers
the sequence of refurbishment planning, permission processes, dismantling,
and preparation of the hall for HBS-I to be particularly critical. Adherence to the
planned start of operation for HBS-I is directly dependent on the smooth
progression of a one-year licensing procedure (including the transfer of the COSY
licence to HBS-I, as well as negotiations and regulatory approvals by the State of
North Rhine-Westphalia), followed by two and a half years of COSY dismantling
by the Jillicher Entsorgungsgesellschaft fiir Nuklearanlagen GmbH (JEN). The
Council recommends that, during this phase, high priority be given to
implementation in accordance with the plan and to risk mitigation, with the
close involvement of all stakeholders, including clear responsibilities and
communication channels. In this phase, it is essential that processes run in
parallel as far as possible and that common milestones are defined.
Responsibility for meeting these milestones lies not only with the project team,
but also with the relevant departments, the FZ] Board of Directors, and JEN as
the executing company. The Council draws the attention of public bodies and
authorities to this aspect, which is critical to the success of the project.
Therefore, the Council recommends that every opportunity be taken to make
this phase as efficient and as short as possible.

The Council commends the convincing identification and controllability of the
technical risks and regards this as a particular strength of the planning, which
gains resilience through the extensive preparatory work carried out. For the
20-year operation phase, however, the risk assessment is considered to be
insufficiently detailed; the figures provided appear to be set too low and suggest
that buffers have been implicitly factored in elsewhere but are not explicitly
stated. For a project on the scale of HBS-I, the Council recommends the
individual identification and quantification of operational risks, potential
savings, and buffers. This would not only increase financial planning certainty
and transparency, but also create a solid basis for regular reporting and project
monitoring.

In addition to revising the budget planning, the Council recommends the
development and implementation of suitable protocols and measures for
planning, monitoring, and evaluating project progress. These include regular
financial forecasts, cost monitoring, deviation analyses, and the definition of
clear Key Performance Indicators (KPIs) to not only ensure the ongoing success
of HBS-I but also make it measurable. The aim of clearly defined mechanisms is
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to maintain stability in scheduling and resource allocation within the specified
budget and to be able to respond quickly and consistently to any deviations.

The Council notes that the current project plan is broadly in line with the
current stage of development, but should be expanded in scope and made more
precise as the project progresses. The project representatives have identified the
key risks for HBS-I, but the Council sees a clear need to improve risk
management in order to address the complexity and scale of the project. HBS-I
would benefit from a comprehensive, structured approach that maps both risks
and opportunities — including internal influencing factors and external
dependencies. Each identified item should also be quantified with a probability
assessment. Reporting and planned escalation levels should be supplemented by
regular, structured reports on the risk status, potential, and progress of the
measures to the governing bodies of FZ] and Hereon. Furthermore, a robust
contingency plan is required that clearly describes scenarios and response
mechanisms for potential cost overruns, schedule delays, and proceed shortfalls.
In this regard, the Council points to suitable countermeasures, such as
prioritising and, where necessary, postponing individual project components,
mobilising additional financial and human resources, adjusting the timetable,
and establishing clear overall priorities. In addition to reactive risk management
and a contingency plan, the Council also recommends establishing change
management as a procedural system to deal with long-term dynamics such as
changing user demands, scientific priorities, and developments within the
research community. In this regard, the Council recommends a close link
between risk management, contingency plan, and change management on the
one hand, and the recommended redefinition of roles and responsibilities in
governance on the other. The transparent design of mechanisms and
instruments necessitates a transparent governance structure in order to link the
individual aspects with clearly defined responsibilities and authority. The
project representatives have demonstrated a profound comprehension of HBS-I,
particularly with regard to its technical design and its role as a user facility. The
current project plans form the basic framework for implementation and
operation. The recommended additions would facilitate the refinement of key
aspects of the existing plans and enhance their coherence with regard to the
overall concept.

The Council commends the project team’s commitment to continuous scientific
and technical development and adaptability, as evidenced by the modular
installation and flexibility of HBS-I. It is strongly recommended that this
approach be extended to project planning by introducing the aforementioned
processes for change and risk management, as well as a contingency plan, to
ensure that the project structures of HBS-I remain agile and adaptable in the
long term.



On implementation and milestone planning

The Council commends the milestone plan for HBS-I, which clearly outlines the
key stages for construction, the installation of equipment and systems, and
operation. To ensure that objectives are met, the milestones should be linked to
success criteria, monitoring, internal project responsibilities, and external
dependencies. The Council therefore recommends that the revision of the
budget and risks plan, as well as the establishment of processes for risks, crisis,
and change management, should not only be carried out promptly, but also
subsequently linked to the milestone plan and enriched with the key points
mentioned. In particular, the measurement of KPIs, the allocation of
responsibilities, and the differentiation of critical and high-risk processes enable
the identification of dependencies, critical phases, and potential bottlenecks.

Following the prioritisation phase, the HBS-I project plan was adjusted, which
has a particular impact on the installation phase. The start of operation has now
been scheduled for early 2034, instead of 2031, following a six-year installation
phase. This delay is associated with a number of factors, including
circumstances pertaining to the COSY hall that were not previously foreseeable.
While the reasons for this are comprehensible, the Council has indicated that
this delayed start of operation is incongruent with the mission of HBS-I: to
provide the communities with neutron beamtime as soon as possible in order to
respond to the existing and, in future, worsening shortage. It therefore strongly
recommended to strive for an earlier start of operation and to identify and
prioritise the necessary measures and options to achieve this. The Council
regards the refurbishment of the COSY Hall for the installation of HBS-I as the
most critical phase at the start of the project. It recommends exploiting all
possibilities to make this phase as efficient and as short as possible. However,
the responsibility for planning and implementation — particularly regarding
construction works — does not lie solely with the project team itself. The Council
therefore recommends that all stakeholders also commit to the swift and
prioritised completion of the permit and licensing processes, as well as the
refurbishment. In the event of delays, the project must retain its capacity for
action, and appropriate contingency measures must be implemented quickly. It
is recommended that the necessary preparations for this be made now.

The technical implementation of HBS-I is well-planned and reflects the expertise
of the participating institutes and scientists. However, the associated schedule
should be regarded as conservative. The Council recognises the potential for a
substantial reduction in the schedule, notably concerning the development and
installation of the accelerator. It advises conducting a thorough evaluation in
close collaboration with the partner institution, IAP, and, if necessary,
implementing the adjustments with additional resources.

Taking into account the recommendations for the further development of the
project planning, the Council advises the identification and implementation of

41



42

measures to reduce the installation phase, and the continuous updating of the
schedule as the project progresses.

Science policy vote

The Council recognises HBS-I as a highly advanced and innovative project. By
providing neutron beamtime at a time of acute scarcity, HBS-I addresses a
pressing need within various scientific and industrial communities. In order to
elevate project planning to a level of maturity comparable to that of the
technical planning, revisions to financial planning, risk management, as well as
to the project and management structure are necessary.

The Council supports the implementation of HBS-I, 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 HBS-I should the need arise. The Council recommends revisiting
the project in the event of significant deviations in scientific potential, schedule
or cost developments.



Annexe: Evaluation Report on the High Brilliance Neutron
Source — Phase I (HBS-I)

2026

Document number: 2945-25
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Preliminary Remarks

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

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

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

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

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

A mandated committee, set up by the WR and consisting of WR members and
additional experts, carried out the science-driven assessment. In June 2025, the
committee recommended to the BMFTR to include the High Brilliance Neutron
Source — Phase I (HBS-I) at the Forschungszentrum Jiilich (FZ]) 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 HBS-I. At the same time, the Ministry asked the WR to individually
evaluate the concept for HBS-I to ensure that it will be established in the best

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

All web links in this publication were last accessed on 23 March 2026.
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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 each from the federal and state governments. The working
group visited the FZ] on 17 and 18 November 2025.

This evaluation report consists of two parts: The Initial Report (A) summarises
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 further developments and the reactions to the
assessment results submitted by the responsible institutions in October 2025
(A.III). The Initial Report has been reviewed with HBS-I to ensure that the facts
are presented accurately. The Report of the Individual Evaluation 2025-2026 (B)
reflects the working group’s assessment of HBS-I. Once approved by the working
group, the evaluation report cannot be changed in the further stages of the
process.



Key Information on HBS-I

Responsible institutions: Forschungszentrum Jilich (FZ]) and Helmbholtz-
Zentrum Hereon

Installation costs as of November 2025: 142.99 million euros (without indexing
and risks)

Installation phase: 2028 to 2033 (6 years)
Operation phase: 2034 to 2053 (20 years)

Dismantling phase: 2054 to 2056 (3 years)
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A. Initial Report

A.l DRAFT PROPOSAL FOR HBS-I IN THE PRIORITISATION PROCESS 2024

According to the submitted draft proposal, the High Brilliance Neutron
Source —Phase I (HBS-I) is planned as a neutron source at the
Forschungszentrum Jiilich (FZ]) that provides instrumentation for neutron
experiments in order to support research in the materials and life sciences. The
concept for this new RI has been developed by the Jiilich Centre for Neutron
Science (JCNS) at FZ] and the German Engineering Materials Science Centre
(GEMS) at the Helmholtz-Zentrum Hereon. It is based on high-current,
accelerator-driven neutron source (HiCANS) technology. The draft proposal
foresees the start of operation in 2031 and an operational lifetime of
15 to 25 years. |2 HBS-I aims to be integrated into the European neutron source
landscape by providing neutrons complementary to existing national and
international sources. In particular, HBS-I is intended to complement the
research reactor Forschungs-Neutronenquelle Heinz Maier-Leibnitz (FRM II) as
the only remaining major neutron source in Germany. Thus, it shall contribute
to neutron capacity in Germany and Europe, which includes research and
training opportunities for scientific, industrial, and early career users. This is
meant to strengthen Germany’s participation in international neutron research
and help to maintain its prominent position in this field. The planning of HBS-I
follows national and European coordination processes for neutron research,
including recommendations by the German Committee Research with Neutrons
(Komitee Forschung mit Neutronen, KFN) and European landscape
assessments. |2 In addition to its role as user facility, providing access to neutron
instrumentation for various scientific and industrial communities, HBS-I plans
to produce and distribute medical radioisotopes for applications in cancer
diagnostics and therapy.

| 2 Project planning and calculations are based on a 20-year operation phase.

| 3 See for example: League of advanced European Neutron Sources, BrightnESS2 (2022): Neutron Science in
Europe. Strengthening world-class research and innovation delivering economic and societal impact. URL:
https://lens-initiative.org/wp-content/uploads/2022 /08 /LENS-Report-fin_doublepages.pdf
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.1 Objectives for Research and Innovation

I.1.a Research Objectives

HBS-I combines characteristic properties of neutrons — such as high penetration
depth, sensitivity to light elements, isotope specificity, and sensitivity to
magnetic spin — with features of a HiCANS, including small neutron beam sizes,
low radiation background, and flexible pulse structures. These characteristics
are relevant for investigations of materials structure, order, dynamics, and
magnetism at atomic and molecular length scales. The direct access to larger
length scales and structural hierarchies that neutron scattering provides, offers
insights into the structure and dynamics of materials across a wide range of
length scales, and thus into the macroscopic properties that determine function
and performance. The spectrum of research activities that can be carried out at
HBS-Iincludes, for example: the development of materials for energy conversion
and storage, made possible by insights into atomic and molecular scale transport
of ions, electrons, or energy; an understanding of spin order and dynamics,
which is essential for the exploration of quantum phenomena and materials;
knowledge of the assembly of proteins, lipids, drugs, and mRNA, which are
crucial for the development of biomaterials and drug carrier systems. In general,
the higher penetration depths of neutrons enable the detection of light elements
buried in metals, investigation of processes in integrated devices, and discovery
of new electronic or spin states of matter at low temperatures. The small 1 mm
cross-section and brilliant neutron beams with variable pulse structure and low
radiation background generated at HBS-I, are expected to allow for research on
small amounts of samples and complex, miniaturised sample environments, as
well as nanoscale and multimodal investigations.

The modular design and construction of HBS-I is intended to enable an upgrade
of the accelerator to higher proton energies, and the incorporation of
technologically advanced components, thus providing higher neutron flux or
smaller neutron beams. The flexibility of HBS-I in neutron moderation and pulse
structure, together with the development of new sample environments and
additional in-situ analytical methods, is envisaged to enable adaptability to
newly emerging questions in fundamental and applied research.

[.1.b  Innovation Objectives

HBS-1is planned as an RI with a focus on technology development and industrial
cooperation. According to the draft proposal and the anticipated schedule, HBS-I
will be the first realisation of a HiCANS user facility. In addition to the
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involvement of ZEA-1 |4, the engineering institute at the FZ], major components
will be developed and manufactured in cooperation with industrial partners in
Germany. The further development of HICANS technology is intended to unlock
innovation potential regarding industrial components such as proton
accelerators, high-power cooling, cryotechnology, choppers, and neutron optics.
This is expected to generate interest and demand from other countries and
institutions planning HiCANS facilities, which could give German industry a
prominent position in this area of innovation transfer. The goal is to promote
this innovation pipeline from the coherent and staged development of new
ideas, technologies, concepts, and prototypes to their transfer to industry, in
close cooperation with partners.

Partnerships with industry and commerce are intended to support collaborative
research projects, longer-term industrial studies, and the development of
neutron techniques and sample environments relevant to industrial use cases.
Application areas include the improvement of energy-related materials and
devices such as batteries and fuel cells, the development of quantum materials,
as well as the characterisation of the internal structure of advanced composite
materials, including oil and gas pipelines, medical devices, and automotive
components. With regard to healthcare and pharmaceuticals, the
characterisation and development of consumer products, drug carriers, and
vaccines are seen as potential applications. The planned production of medical
radioisotopes, such as technetium-99m and lutetium-177, is intended to support
medical research and healthcare supply chains. The RI also plans to contribute
to research related to energy systems, materials cycles, and digital technologies.

HBS-I intends to contribute to sovereignty and resilience by improving research
and development (R&D) in critical areas and those specifically relevant to the
public: critical raw materials, including their recovery and recycling, net-zero
industry, digitalisation through the application and further development of
artificial intelligence (Al) for autonomous experiments and data analysis, as well
as health in Germany and Europe. Potential societal impacts include
contributions to materials research, medical diagnostics, and therapy, which
have the potential to be applied in areas relevant to the UN Sustainable
Development Goals (SDGs).

| 4 After the submission of the draft proposal, the Zentralinstitut fiir Engineering, Elektronik und Analytik -
Engineering und Technologie (ZEA-1) has been renamed Institute of Technology and Engineering (ITE).
Accordingly, in chapters A.l and A.ll the previous name is used, and in chapters A.lll and B the new name.



.2 Conception

I.2.a Technical and Structural Design

HBS-I is planned as a neutron source with accelerator-driven technology that
produces neutrons by low-energy nuclear reactions between a target and a high-
current proton beam. The design of the target, moderator, and reflector will
allow the generation of neutron beams with characteristics adaptable to
different scientific applications. HBS-I follows an approach that focuses on
efficient neutron use: while the total neutron yield is lower than that of reactor-
or spallation-based sources, a comparatively large fraction of the produced
neutrons is available for experiments, and only a limited proportion is absorbed
in the biological shielding. This results in reduced activation of structural
materials. The facility will provide neutron beams with small cross sections,
suitable for millimetre-scale samples, and enabling millimetre and sub-
millimetre spatial resolution, particularly for studies of complex devices in
engineering and energy research. The main components of HBS-I have reached
advanced Technology Readiness Levels (TRLs) between 6 and 8, as documented
in the Technical Design Report (TDR). |®> The accelerator technology delivers a
high-current proton beam for neutron production at the target and is developed
by the Institute for Applied Physics (IAP) at the Goethe University Frankfurt (GU).
Its design is based on the accelerator that was developed for the Belgian
MYRRHA project. Neutrons are coupled into thermal and cryogenic moderators
to provide a neutron spectrum suitable for scientific applications. The target,
moderators, and target station, which serves as biological shielding and beam
extraction port, have already been developed and tested at the Julich Light
Cyclotron (JULIC) neutron platform. Solutions for target cooling and operation
of cryogenic moderators have been established as well.

The envisaged instrument suite contains five instruments:

1 - Small Angle Neutron Scattering (SANS) can be used for the characterisation
of soft and nanomaterials. The SANS instrument will have a high throughput,
and among possible application areas are food science and topological spin
textures.

2 — Neutron Reflectometry will serve the characterisation of coatings,
multilayer materials, and biological membranes.

3 - Neutron Diffraction will provide a general tool for the investigation of, e.g.
engineering materials.

4 - Neutron Imaging can be used particularly for characterising soft/hard
composite materials and devices. As a non-destructive technique, its application

|5 For the five volumes of the TDR and the Conceptual Design Report see: https://hbs.fz-
juelich.de/de/prinzip/conceptual-and-technical-design
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ranges from cultural heritage and archaeological remains to energy devices and
organic materials.

5 - Neutron Activation Analysis is needed for elemental and isotope analysis,
e.g. for quality control.

In addition, a dedicated irradiation port is planned for the production of
neutron- and proton-rich medical isotopes, such as technetium-99m, lutetium-
177, or copper-67, used in medical diagnostics and therapy. The instruments are
selected on the basis of demands for neutron applications by the German user
community and their relevance to industrial R&D. Instrument development,
installation, and operation are carried out jointly by the FZ], Hereon, and RWTH
Aachen University, based on former experience in neutron instrumentation and
user operation. In general, HBS-I originated from a long-established cooperation
between the JCNS and ZEA-1 at FZ], and GEMS at Hereon.

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

As future part of the German and European neutron landscape, HBS-I intends to
provide experimental capacity in the context of reduced availability of neutron
beamtime, following the shutdown of several research reactors. There are four
major neutron sources in operation in Europe: the Institut Laue-Langevin (ILL)
in Grenoble, France, the FRM II in Garching, Germany, the ISIS Neutron and
Muon Source in Didcot (ISIS), UK, and the Swiss Spallation Neutron Source (SINQ)
in Villigen, Switzerland. In the near future, the European landscape will be
expanded with the European Spallation Source (ESS) in Lund, Sweden. The ESS
is a large-scale pan-European project, with 13 European nations as members. In
addition, German users have access to neutron facilities outside Europe, e.g. in
the USA, Japan, and Australia. Access is influenced by national allocation
procedures, travel distance, costs, regulatory requirements, and constraints
related to sample transport and complex sample environments. While
instrumentation capabilities have developed over time, the overall availability
of neutron beamtime has declined due to the shutdown of several research
reactors in Germany and Europe. In Germany, the research reactors at Jiilich
(2006), Geesthacht (2010) and Berlin (2019) have already reached the end of their
operational lifetimes. At present, the FRM II research reactor is the only national
facility formally available for users. However, maintenance work regularly leads
to temporary shutdowns, with the latest one ongoing since 2020 due to technical
issues. At the European level, following the closure of the neutron sources at the
Laboratoire Léon Brillouin (LLB) in Saclay, France (2019), and the Institute for
Energy Technology (IFE) Kjeller, Norway (2019), neutron user access is
concentrated at the ILL, SINQ, and ISIS.

The Helmholtz Association of German Research Centers (HGF) has provided
neutron RIs for German users since the early phase of nuclear research. At
present, the Helmholtz Centers FZ] and Hereon are running the Heinz Maier-



Leibnitz Zentrum (MLZ) together with the Technical University of Munich (TUM)
and operate instruments at the ILL in Grenoble. As an accelerator-based neutron
source, HBS-I joins a number of projects in Europe and around the world that
are also currently in development as national HiCANS facilities. In Europe, these
are ICONE in France and ARGITU in Spain, which are at earlier development
stages than HBS-I, according to the draft proposal. The JCNS/FZ] is part of
initiatives such as the League of Advanced European Neutron Sources (LENS) and
maintains cooperation with other institutions developing accelerator-driven
compact neutron systems, such as RIKEN in Japan, in order to exchange ideas
and concepts. On the national level, HBS-I is the only planned neutron source
RIL

I.2.c  Demand for Research and Development

HiCANS are a novel type of neutron source whose individual technologies,
components, and design are not yet established. Thus, extensive R&D work has
already been put into the development and concept of the HBS-I project. As a
result, the individual components of HBS-I, such as the accelerator including ion
source, target, moderator, target station, instrumentation, and isotope
production systems, have already been developed up to TRLs between 6 and 8,
as documented in the TDR. At system level, the proof-of-principle
demonstration, involving proton source, target, and moderator system, as well
as neutron instruments, was successfully carried out in December 2022,
producing first neutrons and enabling further component testing. Based on
these results and the use of established accelerator technology, the overall RI
has been assessed at a minimum TRL of 6. No unresolved questions concerning
technical feasibility or layout have been identified and, according to the project
team, no further major R&D work is required.

I.2.d Sustainability Across the Entire Life Cycle

During the installation phase, HBS-I is planned to be constructed in an existing
building at the FZ]. According to the draft proposal, there are suitable buildings
on the FZ] campus to host HBS-I, but no specific building had been selected at
the time of submission. This approach has been taken to avoid additional
emissions associated with new construction activities and to limit further land
use. Engineering measures are implemented to minimise emissions related to
the production and installation of the accelerator, neutron source, and
instrumentation. Companies involved in construction and component supply
will be required to comply with contractual provisions addressing sustainability
and climate-related aspects. Shielding and technical components are designed in
a modular manner, allowing reuse and reducing material demand across the RI’s
life cycle. The modular approach adopted during construction is intended to
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support efficiency and environmental considerations in the subsequent
operation and dismantling phases.

During operation, the main energy consumption of HBS-I will stem from the
accelerator and is estimated at approximately 19 GWh per year. Electricity
supply from renewable sources is foreseen to limit greenhouse gas emissions.
The campus energy infrastructure at the FZ], including the heat supply centre,
will contribute to reducing emissions related to electricity and heat demand.
Additional reductions are expected through technologies developed within the
Living Lab Energy Campus, including hydrogen technologies, energy storage
systems, and photovoltaic installations. Waste-heat recovery is planned, and
continuous monitoring and optimisation are carried out by the central energy
management system. Cooperation with the Jilich Brainergy Park is envisaged to
support sustainable local energy supply. Operation of HBS-I will be subject to
licensing under the German Radiation Protection Ordinance. Radiation
protection, safety management, and environmental monitoring are to be
implemented in accordance with regulatory requirements and established
institutional procedures. The RI design intends to allow technical adaptations
and upgrades during operation within the regulatory framework, building on
the modular design introduced during construction.

During decommissioning and dismantling, modular shielding and technical
components are intended to minimise activated materials, and facilitate
dismantling. Tantalum targets can be released after defined cooling periods. For
an operational lifetime of approximately 20 years, fewer than ten targets, with
a total mass below 100 kg, are expected to require interim storage before final
disposal. Concepts for dismantling and waste management are being developed
in cooperation with the radiation protection unit at the FZ] and the Jilicher
Entsorgungsgesellschaft fiir Nuklearanlagen GmbH (JEN), the organisation
responsible for disposal of nuclear waste from publicly operated nuclear
research and development in Jiilich. Radioactive waste management during
decommissioning will be carried out in compliance with the German Radiation
Protection Ordinance, and under regulatory supervision. Environmental and
health aspects will be addressed through material selection, safety concepts, and
established procedures for accelerator and neutron source operation. The
modular design adopted during construction and utilised throughout operation,
is intended to facilitate dismantling under defined environmental and
regulatory conditions.

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

I.3.a Target Groups and Anticipated Demand

HBI-I aims at multidisciplinary neutron applications spanning materials science,
physics, chemistry, engineering, biology, pharmacy, medicine, and cultural



heritage. Key scientific fields include magnetism, soft materials, solid-state
physics, energy materials, and drug carriers. The user base is anticipated to be
international, comprising researchers from Germany, Europe, and beyond. It
will also be intersectoral, with users from universities and non-university
research organisations, such as Helmholtz Centers and Max Planck, Leibniz, or
Fraunhofer Institutes. In Germany, HBS-I addresses a community of neutron
users, represented, for example, by the membership base of the KFN. For
industrial applications, HBS-I plans to foster fabrication and characterisation of
energy devices, composite materials for automotive and medical industries,
development of mRNA vaccine particles, and quality assessment of high-
performance metal alloys.

The project intends to answer to an increasing demand for neutron experiments
and at the same time, a decrease in availability of neutron sources in Germany,
due to previous shutdowns of research reactors. With the scheduled closure of
the ILL in 2033, and a corresponding reduction in available instruments, a
further decrease in the available number of instrument days is anticipated. In
the 2023 German neutron strategy paper — jointly written by the MLZ and KFN
— the number of instrument days per German user per year has been estimated
at 1.9 at the MLZ, 1.4 at the ILL, and 0.4 at the ESS, illustrating the expected
effects of facility transitions and operational interruptions on user access. |¢
According to the draft proposal, the limited access to neutron beamtime could
already have a negative impact on the German user community, as evidenced by
the stagnating number of applications from German users to the ILL. Eventually,
this development might influence the continuity of expertise in neutron
scattering and the operation of large-scale facilities, such as the ESS. Part of
HBS-I's activity profile will be offering users training, and opportunities to
perform preparatory experiments, and test methods, settings, and sample
environments before they carry out experiments at these large flagship sources.

HBS-I considers the provision of neutrons through a new compact accelerator-
based source, as a means to address the reduced availability of neutron
beamtime. It aims to provide specialised, and complementary neutron
instrumentation, and to contribute to training and research activities of early
career researchers in Germany, as well as to the provision of medical
radioisotopes. User demand became evident through the experimental use of the
HBS-I prototype test station at the FZ] in 2023, in which groups from Germany,
France, and Sweden participated.

| 6 Schreiber, F.; Forster, S.; Miller, M. et al. (2023): Status und Zukunft der Neutronenstreuung in
Deutschland 2023-2045; p. 17. URL: https://www.sni-portal.de/de/Dateien/status-und-zukunft-der-
neutronenstreuung-2023-2045
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[.3.b  Access Models, Service Structures, and Education

For scientific users, access to HBS-I will follow a merit-based proposal system.
Technical feasibility is planned to be assessed by instrument scientists, while
scientific quality will be evaluated by international review panels. Ethical review
may be required for biological and medical samples. Proposals meeting quality
criteria will be allocated beamtime through a rolling access scheme, designed to
minimise waiting times. Experiments are planned to be conducted on-site,
remotely (through AI applications), or as mail-in projects. EU-funded
transnational access consortia are envisaged to be able to use HBS-I instruments
as well. For industrial users, dedicated fast access is planned. The costs for
industrial services must be borne by the customer, with the estimated costs
amounting to approximately 750 euros per hour. Together with the proceeds
from the production and distribution of radioisotopes, the projected annual
proceeds amount up to 840 thousand euros, although the draft proposal
acknowledges that these figures carry uncertainties. In addition to beamtime
allocation, HBS-I plans to offer access models for industrial neutron experiments
through structured partnerships, coordinated by an Industrial Liaison Officer
(ILO).

HBS-I intends to offer training opportunities for users, following established
JCNS and GEMS programmes, including lectures, tutorials, and practical
training, supplemented by additional training for engineers and industrial
researchers. The Rl is planned to operate up to 200 days per year, corresponding
to 1,000 instrument days across the five instruments. Due to the limited
beamtime available in Europe, experiments are expected to be overbooked. In
order to optimise the quality of proposals, support services are envisaged for
early career researchers and inexperienced users. Guidance for users before,
during, and after the conducting of experiments is also planned, including
sample preparation, simulation with digital twins, on-the-fly data analysis, and
post-experiment data evaluation. Access to complementary infrastructures and
methods such as X-ray diffraction, electron microscopy, or spectroscopy on the
FZ] campus, can be facilitated as well. The modular design of HBS-I allows for
adaptation and potential expansion of operational time and number of
instruments, with additional costs depending on funding from partners.

[.3.c Data Utilisation

HBS-I plans to implement research data management (RDM) as part of its
operation, as a user facility. Data rates of up to 10 TB per day are expected,
primarily from event-mode, imaging, and tomography experiments. Multi-
modal experiments, using in-situ complementary methods, are expected to
produce additional data sets. Substantial computing and processing capacities
are required to efficiently handle such large amounts of data. Therefore,
automated workflows and pipelines are envisaged to be used for data reduction,



analysis and reconstruction. These can be applied both during and subsequent
to the experiment. The FZ] intends to provide access to the necessary digital
infrastructure so that reproducible methods for data reduction and analysis can
be implemented. Al-applications for reducing and analysing data are currently
in development at the JCNS Neutron SimLab, and shall further support users in
understanding and processing their experiment results. For particularly data
and computing intensive projects, such as molecular dynamics and density
functional theory simulations, or training of large Al models, it is under
consideration to offer joint application options for beamtime at HBS-I and
computing time at the Jiilich Supercomputing Centre (JSC).

All data will be associated with metadata provided by the instrument control
system, the proposal submission system, as well as sample and experiment
descriptions. It is planned for data to be managed according to FAIR (Findable,
Accessible, Interoperable, Reusable) principles to ensure high-quality,
annotated, and Al-ready data. The RDM guidelines and policies are based on,
among others, concepts developed by DAPHNE4NFDI and address initial,
subsequent and secondary data utilisation. They include an electronic metadata
catalogue that allows integration of catalogues from other facilities, data storage
based on the Helmholtz Open Science recommendations |7, as well as data
curation and storage for 10 years. It is planned for the data to be deposited in
national and  European  repositories, including the  Nationale
Forschungsdateninfrastruktur (NFDI), Germany’s national research data
infrastructure, and the European Open Science Cloud (EOSC), following an
embargo period.

The generated data at HBS-I can be utilised by both scientific and industrial users
worldwide. In addition to the investigation of materials, the data is intended to
be used for training machine learning (ML) models as well. Industrial users are
subject to a different data policy that pays particular attention to intellectual
property (IP) protection. Accordingly, access to this type of data is planned to be
strictly regulated and protected by cybersecurity measures.

The IT infrastructure required for these planned services and facilities is
intended to be modelled on established practices at the MLZ and the JCNS. They
include the instrument control systems, data storage and cloud infrastructure
(virtual experiments, remote access, metadata catalogues, automated workflows
for data reduction, and maintenance of all services and hardware). In addition
to the provision of the suitable technology and infrastructure, users are intended
to be supported by instrument scientists and staff from the Neutron SimLab.

[7 Helmholtz Association Open Science Working Group (2017): Recommendations for
Policies of the Helmholtz Centers on Research Data Management; Potsdam. DOI:
https://doi.org/10.48440/0s.helmholtz.036
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1.4 Project Planning

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

The project planning for HBS-I is based on the published TDR (2023) and draws
on test data obtained from the operation of the JULIC Neutron Platform. The
lifecycle of the RI is divided into a 5-year installation phase from 2026 to 2030,
a planned 20-year operation phase from 2031 to 2050, and a 3-year dismantling
phase from 2051 to 2053. Financial and personnel requirements have been
identified and form the basis for the project structure, organisational chart, and
key milestones. Cooperation agreements have been concluded with partners
involved in the development and installation of HBS-I, namely RWTH Aachen
University and the IAP.

The most relevant milestones for the installation phase include design updates
for the accelerator, target station and instruments within 12 to 18 months from
the start of the installation phase in 2026; completion of the neutron source and
accelerator within 36 to 39 months; completion of instruments within
48 months; and commissioning of the accelerator, neutron source and
instruments within 54 to 60 months. The installation of the accelerator and
commissioning of the target station define the critical path. In addition, the
successful construction of the instruments is crucial for the start of operation.

For the initial operation phase, test experiments conducted by selected friendly
users are planned under supervision of instrument scientists. Any occurring
issues or problems will be addressed before the instruments enter regular user
operation. This period is expected to last approximately one to two years. The
significant milestones for this stage include the establishment of the user office
(month 45 after project start in 2026), the appointment of a review panel
(month 57), first friendly (month 60) and regular user experiments (month 69),
the first call for proposals (month 66), and lastly full operation in month 72.
During the operation phase, one month of maintenance is scheduled annually
in summer and one month in winter. These include scientific test projects by
the instrument teams and safety inspections.

Two years prior to the end of operation, a working group is intended to prepare
a decommissioning plan with support from JEN and the radioprotection
department at the FZ]. As low residual activity is expected from the accelerator,
its dismantling can begin directly after shutdown, followed by the target station.
The key milestones for decommissioning include the authorisation for
dismantling six months before shutdown, the completed accelerator
decommissioning and start of target station dismantling 18 months after
shutdown, and the finished decommissioning of target station and instruments
36 months after shutdown. Reusable components and instruments are intended
to be transferred to other facilities.



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). The total costs are calculated at 249.7 million euros,
with financial contributions by the FZ] (135.29 million euros) and
Hereon (7.71 million euros). Total expected proceeds amount to 17.7
million euros. Additional risks are quantified with 16 million euros.

For the installation phase, total costs of 117.7 million euros are calculated,
mainly consisting of costs for construction and installation of technical
components and instruments. The staffing requirements for this phase are
calculated at 47 full time equivalents (FTEs), supplemented by 22 FTEs, provided
by the FZ] and Hereon (10.5 JCNS, 10 ZEA-1, 1.5 Hereon) from internal resources.
The responsible institutions declare to cover 10.25 million euros (FZ]) and
750 thousand euros (Hereon), resulting in a funding gap of 106.7 million euros.

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

) . Remaining
Financial Expected . .
Total Costs* . Funding Risks
Contributions Proceeds .
Required* *
Total Project 249.70 m 143.00 m 17.70 m 89.00 m*** 16.00 m
Duration
[2026-2053]
117.70 m 10.25 m n/a 106.70 m 14.40 m
Installation from FZJ
Phase
[2026-2030] 750.00 k
from Hereon
120.00 m 113.04 m 16.80 m - 1.20m
from FZ)
Operation Phase
[2031-2050]
6.96 m
from Hereon
Dismantling 12.00 m 12.00 m 900.00 k - 400.00 k
Phase from FZJ
[2051-2053]

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

*** The fact that the remaining funding requirements for the total project duration are less than for
the installation phase is due to the surplus generated by the proceeds of the operation and
dismantling phase.

Source: draft proposal submitted as part of the prioritisation process.
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The costs for the 20 years of operation are calculated at 120 million euros and
will be funded entirely by the FZ] with 113.04 million euros and Hereon with
6.96 million euros. Annual operating costs are estimated at 6 million euros,
covering staff (20 FTEs), materials, consumables, electricity, maintenance, IT,
and infrastructure, as well as target station and moderator system operations.
Electricity consumption is estimated at 19 GWh per year, with associated costs
of 1.9 million euros, representing one of the main cost factors. Expected
proceeds from industrial services and radioisotope production are estimated at
840 thousand euros per year, corresponding to a total of 16.8 million euros.

Dismantling costs are expected to amount to 12 million euros, which will be
covered by the FZ] and Hereon.

1.5 Organisation and Management

Governance is organised through a joint directorate, with cooperation regulated
by existing agreements between the responsible institutions and their partners.
The governance structure includes a Steering Committee, Coordination Group,
Topical Teams, Scientific and Technical Advisory Boards, Project Office, User
Office, and Instrument Teams. The Steering Committee consists of
representatives from the directorates of the JCNS, ZEA-1, and GEMS. They intend
to meet quarterly and oversee project implementation and risk management. To
this end, decision-making processes have been laid down in the rules of
procedure for the installation phase, and are aimed at reaching a consensual
agreement between the members. The Coordination Group includes a technical
and an administrative coordinator. They will manage daily operations, quality
assurance, milestone assessment, financing, communication, and risk
identification. Topical Teams of scientists will coordinate technical tasks and
report to the Coordination Group. Advisory Boards will provide technical and
scientific recommendations.

In the installation phase, the Project Office will manage finances and
contracting. During operation, the User Office and ILO will manage proposal
selection, user support, and industrial coordination. Instrument Teams will
manage day-to-day operation and support users with experimental setup and
data processing. Project management will use principles from PRINCE2 (a
structured, process-based project management method focused on control via
defined roles, stages, and governance) and Project Management Body of
Knowledge (PMBOK, a guide outlining best practices, tools, and processes across
ten knowledge areas), along with Earned Value Management (EVM) and a stage-
gate review process.

1.6 Risks

For HBS-I, financial, technical, and operational risks have been identified.
Financial risks during installation include potential cost overruns from design



changes, material costs, or delivery delays. Operational risks involve increases in
personnel requirements and electricity costs. Regarding decommissioning, the
primary risks are potential legislative changes affecting the storage of activated
material. Technical risks are evaluated using results from component testing
and operational experience. Risk management is carried out by the HBS
Coordination Group, with support from the Project Office. A risk register will be
maintained for all project phases. Topical Teams update subproject risks
monthly, and the Project Office consolidates this information for the
Coordination Group, which monitors, assesses, and applies mitigation measures.

For the budget calculation, the risks in the installation phase are estimated at
14.4 million euros (table 1). The risks for the operating phase are estimated
at 1.2 million euros and 0.4 million euros for the dismantling phase.

A.ll RESULTS OF THE ASSESSMENTS OF THE DRAFT PROPOSAL

The draft proposal of HBS-I 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 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.
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_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: |8

Scientific potential

HBS-I was regarded as exhibiting excellent scientific potential and addressing a
critical need for neutron sources in Germany and Europe. In view of the
forthcoming shutdown of existing large-scale facilities, the RI was considered to
fill a significant gap in the European research landscape. The provision of high-
intensity neutron beams was expected to enable considerable progress in
numerous scientific disciplines. By exploiting the specific properties of
neutrons, HBS-I was assessed to facilitate investigations in magnetism, quantum
materials, biomaterials, and energy storage, thereby positioning it on a scientific
par with existing neutron sources. Its technical parameters — in particular its
time structure, beam size, and accessibility — were considered to make HBS-I a
complementary addition to large facilities such as the ILL, FRM II, ESS, SINQ, and
ISIS. The assessment particularly highlighted the innovation potential in the
area of target, moderator, and neutron instrument concepts, which could enable
the development of new neutron techniques and applications. Nevertheless, it
was noted that the production of radioisotopes at HBS-I could be potentially
limited, due to the comparatively lower neutron flux.

Scientific utilisation

HBS-I was assessed as playing a central role at the interface between research
and industry. Its design was considered to enable various neutron scattering
experiments and techniques, facilitating cutting-edge research in the materials
and life sciences. Its user-friendly design and strong industrial application
potential were viewed as particularly noteworthy. HBS-I was recognised as an
important building block for promoting neutron research in a wide range of
scientific disciplines and for mitigating the current shortage of accessible
neutron sources. Significant international interest in the project was noted,
provided that sufficient resources were made available for instrumentation and
operation. The interdisciplinary orientation of HBS-I was seen as particularly

| 8 German Science and Humanities Council / Wissenschaftsrat (2025): Report on the science-driven
assessment of large research infrastructure projects for the national prioritisation process; Cologne, p. 40-
42. DOI: https://doi.org/10.57674/he9d-sv18
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promising for attracting new user groups for neutron characterisation,
especially with regard to the development of innovative materials and
pharmaceutical products.

Relevance for Germany as a location of science and research

HBS-I was considered to be of central relevance for Germany in light of
maintaining a leading position in neutron research and materials science. HBS-I
was expected to make an important contribution to the training of young
scientists and to secure Germany’s long-term expertise in the field of neutron
research. With the potential to become the most powerful non-fission-based,
non-spallation-based neutron source, HBS-I was described as crucial
contribution to Germany’s technological sovereignty and to its visibility and
competitiveness in neutron research. HBS-I was not regarded merely as an
alternative to existing neutron sources, but rather as a targeted expansion of the
availability of neutrons for research. This especially refers to the German
landscape, where HBS-I was considered to valuably complement the only
remaining major German neutron source, FRM II in Garching. The novel
experimental possibilities and simplified, lower-risk access for science and
industry, HBS-I offers, were expected to close a key gap in the German and
European research landscape and strengthen the sustainable supply of neutrons
— alongside the ILL, SINQ, ISIS, and, in future, ESS. The close integration with
complementary facilities, such as synchrotron radiation sources (PETRA III,
BESSY-II, ESRF) and electron microscopy (ER-C) was considered to make HBS-I a
central component of the national and European research strategy.

Feasibility from a scientific perspective

The feasibility of HBS-I from a scientific perspective was assessed as very high.
The ambitious schedule was considered realistic, as it built on the existing
infrastructure and comprehensive expertise of the FZ], internationally
recognised as a pioneer in the development of HICANS. The cost efficiency of
HBS-I was considered a particular advantage over larger neutron sources. Critical
technological challenges were assessed as largely solved, and no significant
doubts regarding technical feasibility were identified. However, personnel
resources were considered potentially insufficient, and it was recommended to
revise the staffing plan accordingly. In addition, it was recommended to conduct
a more comprehensive risk analysis, in particular regarding financial
uncertainties such as fluctuating raw material and electricity prices, which
could affect the number of operating days. Furthermore, the project could be
further improved by continuously adjusting the planning, specifying the
research objectives, and optimising the documentation.
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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 agency of
the government, 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 SDGs, for cooperation with civil society and societal relevance, as well
as transformative potential and contribution to a culture of innovation.

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

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

With regard to contributing to innovation and industry in Germany, HBS-I was
considered to have significant and convincing long-term potential. Given the
broad range of research fields addressed, innovations were expected across a
wide spectrum of industries. Particularly high innovative and disruptive
potential was identified in the field of materials science, especially with regard
to materials development, sustainability, and renewable energies. In the short
term, further innovation was anticipated during the installation and
instrumentation phase, notably in accelerator and cryogenic technologies. The
RI was therefore expected to contribute to technological development both
directly and indirectly. The FZ] was recognised for its extensive expertise in data
handling and data management, which was considered a key factor for potential
leaps in innovation and successful commercialisation. However, it was critically
noted that private-sector involvement was currently very limited. No concrete
cooperation with companies was described, the needs of potential industrial
users remained largely unclear, and the envisaged access structures for
economic actors were characterised as very traditional. In addition, the focus on
national, purely scientific partners and the strong regional orientation
suggested that the potential for private-sector cooperation and investment had



not yet been fully exploited. Therefore, it was recommended to actively recruit
and involve industrial partners at an early stage, supported by target group
segmentation, as well as needs analyses, and to develop more innovative access
models.

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

In terms of sovereignty, resilience, and agency of the government, the relevance
of HBS-I was considered to be high but insufficiently elaborated in the draft
proposal documents. Positive aspects include the prospect of reducing
dependence on international supplies of medical radioisotopes through in-house
production, which was expected to strengthen supply chains and technological
sovereignty. More broadly, the potential of HBS-I to reinforce Germany’s
technological leadership in materials science, for example through the
characterisation of novel materials, participation in standardisation processes,
and the development and testing of material requirements, was clearly
recognised, but not fully addressed. Contributions to security-related research,
such as materials testing, were regarded as conceivable, but hardly discussed,
and knowledge security was not addressed at all. While the concept presented a
differentiated and convincing approach to data collection, processing and
provision, concrete measures to strengthen knowledge security and IT security
were missing. It was concluded that this dimension offered substantial untapped
potential and should be addressed in a much more comprehensive and concrete
manner, if the infrastructure was to be implemented.

Societal effects

Regarding societal impact, it was acknowledged that, due to its broad orientation
towards fundamental research, HBS-I would have the potential to generate wide-
ranging societal benefits. Transformative effects were expected, in particular
through advances in materials science, with positive implications for resource
efficiency, emission reduction, and medical applications. The links to the SDGs
were presented in a comprehensible way. Nevertheless, the societal impact was
described only in outline, and the potential was considered to be not yet fully
exploited. Early specification of concrete application examples, impact
pathways, and possible projects in relevant fields, supported by demand analyses
or market research, would have been appreciated. Open questions remained
concerning the balance between data provision to societal actors and the
protection of IP. Although structures for cooperation with societal actors were
mentioned, they were only outlined in a rudimentary manner, and the
involvement of industrial and institutional partners was deemed to be limited.
The focus on FAIR data principles and integration into data infrastructures and
networks, were perceived positively, and it was suggested that links to federal
institutions, such as the Bundesanstalt fiir Materialforschung und -priiffung
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(BAM) be explored further. Overall, it was recommended that the project should
develop and specify credible projects addressing societal challenges at an early
stage, including appropriate outreach activities.

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.

_ 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

With regard to resource planning, and the financing concept, the project was
assessed as demonstrating a high level of maturity and overall reliability across
its entire life cycle. Resource planning was considered coherent across all phases,
and the overall funding plan was viewed as well advanced. The comparatively
low funding requirements foreseen for the installation phase were deemed
convincing, and consistent with the planned reuse of existing building
structures and equipment components. The planned accelerator was not
expected to require any special specifications, and was therefore assessed as low-
risk procurement. The intended use of an existing site was likewise considered
plausible, as the project does not impose particular requirements, for example
with regard to radiation protection, and no underestimation of costs was seen
evident in this respect. Additional funding needs, such as those for the target
and instruments, were judged to have been planned appropriately, and the
anticipated operational costs appeared plausible in terms of magnitude without
revealing major internal inconsistencies. Overall, the funding plan was
considered not to show any specific shortcomings and therefore reliable,



although the generally aggregated nature of several financial entries was seen
to limit traceability at the level of individual cost items.

The financing concept itself was assessed as largely sound, but significantly
constrained by a substantial funding gap in the installation phase. During this
phase, the responsible institutions plan to contribute 11 million euros,
corresponding to 9.3% of the required funding, leaving a funding gap of more
than 90% (106.7 million euros). In contrast, the operation phase was seen to
show no significant funding gap. The dismantling phase was assessed to be
covered as well by contributions from the FZ] amounting to 12 million euros,
resulting in no funding gap at this stage.

The funding gap was identified as the main factor limiting the overall resilience
of the financing concept. It was further noted that the reuse of existing
infrastructure and components entails inherent risks, for example with regard
to compliance with building, fire protection, or radiation protection regulations
or technical integration challenges, which could result in additional costs or
delays. These aspects could not be assessed on the basis of the available
information and were therefore not taken into account in the assessment.

Organisation and management

Organisation and management were assessed as predominantly positive but
with some reservations. The proposed organisational structure and governance
were considered only partially robust and not fully comprehensible with regard
to responsibilities and decision-making processes. Decision-making authority
was seen as only vaguely defined and the planned interval of three months
between meetings of the Steering Committee was considered too long to ensure
timely decisions. It remained unclear whether decisions could be made outside
these regular meetings, which gave the impression of a rather slow and
inflexible governance structure. The division of responsibilities between the
Steering Committee and an additional project group was assessed to lead to
shared accountability, which was viewed critically. In contrast, the quality
management concept was assessed very positively. Clearly defined milestones,
stage-gate procedures with independent audits, and the established funding
management structures at the FZ] constituted clear strengths. The proposed
time schedule was assessed as plausible and comprehensible, as it included
sufficient buffers, and project management was considered sound.
Implementation readiness was expected to be achieved within a maximum of
four years. At the same time, the highly parallelised work programme,
particularly in the initial phase from 2026 to 2029, was noted to entail potential
risks. It was recommended to provide adequate resources and include more
detailed specifications of parallel work packages. The implementation capacities
of the responsible institutions were seen as a major strength of the project. The
FZ] was recognised as contributing extensive experience and expertise for
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implementation, while the Hereon was seen as providing appropriate
complementary competencies, particularly in terms of personnel. Nevertheless,
it was recommended to review whether sufficient specialised personnel
resources, especially in the field of proton accelerators, are available at the IAP.

Sustainable planning of the Rl throughout the entire life cycle

Sustainable planning over the entire life cycle was assessed very positively. The
measures planned to optimise the ecological footprint were regarded as robust
and comprehensive, addressing ecological, economic, and technical aspects in
line with standards established by the German Sustainable Building Council
(DGNB). In addition to climate protection, energy use, local environmental
impacts, responsible resource extraction, and water requirements, the draft
proposal also considered process quality and long-term sustainability. The
approach was deemed consistent with the overall project and appropriate to the
current planning status. It was noted that further clarification was still required
regarding the suitability of the building once it is selected, including options to
further improve the ecological footprint. A dedicated study on necessary
structural extensions and possible optimisations, for example with respect to
temperature stability and energy efficiency, was therefore recommended. It was
further advised to aim for a high level of certification during implementation.
The planning for accompanying monitoring was likewise considered robust,
with a strong focus on radiation emissions and plausible mechanisms based on
assessments conducted in accordance with the Buildings Energy Act
(Gebdudeenergiegesetz, GEG). Even though CO: emissions were only briefly
addressed in the draft proposal, this was not considered critical, as such
emissions are usually calculated rather than measured. Nevertheless, further
specification of the monitoring concept, including explicit reference to CO:
emissions, was recommended. The planning with regard to potential
environmental and health impacts as well as corresponding mitigation
measures, were found to be coherent and sufficient, with a particular emphasis
on radiological and operational safety during operation and decommissioning.

Risk analysis and management

Risk analysis and risk management were assessed as largely reliable.
Quantifiable risks were addressed through a comprehensive risk register, with
risks and corresponding countermeasures described in a plausible manner. The
assumed risk level for the installation phase was considered appropriate,
whereas the level assumed for the operation phase appeared too low, indicating
a potential underestimation of operational funding requirements. The effects of
inflation were already taken into account when planning operating costs.
However, the projected proceeds were considered too ambitious, which entailed
an additional risk in cost planning in the form of an overestimation of proceeds.



Non-quantifiable risks were presented comprehensively and plausibly, although
a more in-depth analysis of expected supra-regional user demand was
recommended, in view of the competitive environment. Overall, the risk
management framework was found to be coherent and to build convincingly on
established risk control mechanisms already in use at the FZ].

A.1ll REACTIONS AND FURTHER DEVELOPMENTS

In response to the results of the three assessment strands, several specifications
and adjustments have been made to HBS-I. In the following, these specifications
and adjustments are briefly described. Prior to that, developments regarding the
building for HBS-I are elaborated.

Project development: choosing the building to house HBS-/

At the time the draft proposal was submitted, the plan was to house HBS-I on
the FZ] campus in one of the existing buildings but it was still open which one
it would be. The decision that has since been made to use Building 07.3 — the so-
called COSY hall — has consequences for the schedule, budget planning and risk
analysis. The facilities of the former COSY synchrotron (shutdown in 2022) are
still in the building and need decommissioning. Following this, the building
needs refurbishment and preparation under safety regulations for accelerator-
based neutron sources, before the construction of the actual HBS-I components
can begin. An assessment regarding the suitability and state of Building 07.3,
including radiation and fire safety requirements, has been made in coordination
with the construction and safety departments of the FZ]. Based on the results, a
timeframe for the dismantling of COSY, executed by JEN has been set up, the
cost calculations regarding the installation of HBS-I have been updated and the
associated risks identified. The updated schedule allows for four years from the
beginning of 2026 to clarify the dismantling conditions, acquire permits and
funds for dismantling COSY, and to actually carry out the dismantling. As other
processes related to the installation of HBS-I can run parallel, this leads to an
addition of one year to the installation phase. The costs for dismantling COSY
and the refurbishment of the building, are not part of the budget for HBS-I, since
they are not directly project-related. Without knowing which building would
eventually house HBS-I, the budget of the draft proposal phase included
8 million euros for radiation safety (concrete shielding) and 2 million euros for
conversion and extension of media facilities (electricity, water, gases). The
budget for Building 07.3 now includes only 1.9 million euros for radiation
safety, since shielding is already there and solely monitoring systems and
licensing are still necessary and 13.3 million euros for construction (target
station bunker, accelerator tunnel), technical facilities and additional costs such
as planning costs. This corresponds to an approximate increase of 52% for costs
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relating to the building for HBS-I. The major risks regarding the COSY hall lie in
delays and failure to adhere to the schedule. These could occur connected to the
works carried out by JEN or to licensing and permission by authorities.

On the Assessment of the Potential for Innovation and Transfer

In response to the remark regarding the low involvement of industrial and
private-sector players, the already established cooperation network of the JCNS
has been described. This includes project partnerships with established
companies in the chemical and skincare sectors, as part of a hydrogels project
and collaborations with pharma companies regarding the characterisation of
nanoscale drug carriers. The programme GNeuS (Global Neutron Scientists) is
coordinated by the FZ], and places postdoctoral researchers with large industrial
companies which has led to contacts with industry. Cooperations with
companies that are actively involved in HBS-I through the development and
manufacture of components have been listed as well. For future industrial
cooperations, active approaches and early involvement in the planning of
instruments and the development of sample environments, are intended.
Demand analyses, with support from an external consulting firm, are planned
in order to identify needs and demands, and incorporate them into project
planning. This analysis also includes target group segmentation, that takes
company size (start-ups, small and medium-sized enterprises [SMEs]|, large-scale
industry), sector (energy, health, mobility, IT), and maturity in technology
application, into account. A given list of the five planned instruments for HBS-I
includes their application areas, that could be particularly relevant for industrial
players and companies.

Another point that had been addressed in the assessment regarding industrial
users were the rather standard types of access and utilisation options.
Thereupon, further envisaged access models have been introduced for HBS-I,
including fast-track/rapid access, pay-per-use/service access for standardised
measurements as a service package, and shared infrastructure/hub models that
would enable preferential access coming with an investment in specific parts of
the facility. The described utilisation models, specifically for the requirements
of industry users, include public-private partnerships, in which instruments can
be jointly developed and operated, proprietary research mode, or hybrid models,
where only parts of the research remain confidential digital twins, and remote
access, as well as demonstrator and training programs.

In response to the statement that the potential contributions to sovereignty,
resilience, and agency of the government were not explored in sufficient detail,
advantages of HBS-I in that regard have been elaborated. This includes its
capability in non-destructive testing that is supposed to be relevant for critical
infrastructure such as tanks, pipelines, and transport systems. In order to assist
in setting standards and explore requirements for standardisation, a cooperation



with the BAM, a federal institute for materials testing, is envisaged. The supply
of critical medical radioisotopes, threatened by shortages and advising
policymakers on the national neutron strategy, or the legal and financial
management of large-scale research facilities, have been mentioned in favour of
HBS-I’s role for the public. The lack, or missing depth of knowledge security and
security-relevant research that had been attested for the draft proposal, has been
addressed by referencing the facility-wide safety management of the FZ], that
includes regulations for risk assessment, incident reporting, monitoring, and
emergency events. Staff, users, and contractors have to attend mandatory safety
trainings and the campus is under strict access control. Regulations and
standardised procedures for the handling of hazardous materials exist as well.
IT-security at the FZ] contains IT governance, data protection, multi-factor
authentication, and awareness trainings. With regard to security-relevant
research, the existence of policies on dual use, and a Commission for Ethics in
Research has been confirmed.

The potential for societal impact had been described as only rudimentarily
outlined. Therefore, the capabilities of HBS-I, together with application areas
that could have societal impact, have been elaborated: elemental analysis for the
purity or composition of recycled materials, in particular with respect to rare
earth element content, isotope analysis for dating and identifying provenance of
materials, as well as counterfeit products, and for detecting trace toxic
compounds in environmental samples. The produced medical radioisotopes help
to diagnose and treat cancer. As part of outreach activities, the possibility to
learn about the HBS project at the ‘Tag der Neugier’ (an open house at the FZ])
has been referred to. Similarly, the public has the opportunity to learn about
neutron experiments at the MLZ’s open house ‘Maustag’. As an in-depth learning
opportunity, there are plans to integrate a course on neutron science into the
‘Julab’ and ‘Girls Day’ pupil laboratories, as well as practical experience at HBS-I
as part of the annual JCNS school on neutron scattering.

In response to the recommendation to clarify IP rights of societal actors,
transparent I[P ownership policies have been announced for HBS-I,
distinguishing between academic, industrial, and public-sector users. For
publicly funded projects, open access to results and generated IP, as well as broad
publication, are envisaged. In turn, confidentiality and proprietary rights can be
protected for users from the private sector and industry.

On the Costs and Risks Assessment

In the costs and risks assessment strand, the organisation and management of
HBS-I had been criticised as not fully comprehensible and inflexible, with
inefficient meeting schedules and decision-making. In response, an
improvement of the structure and processes and a redefinition of roles and
responsibilities, have been announced, including the setup of a RACI matrix. The
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body, or role, of project management has been added to the governance. The
project management is responsible for operational decisions, involving
implementation, budget, timeframe, quality objectives, and risk management.
It reports to the steering board, which bears ultimate responsibility for budget,
resource allocation, personnel availability, overall scope of the project, strategic
integration, and prioritisation in relation to other projects and responsibilities.
The meeting schedule between project management and steering board allows
for biweekly status meetings, monthly review meetings, and quarterly strategic
meetings. Ad hoc meetings are excluded from the schedule and may be held
immediately in urgent matters. Contrary to the outline in the draft proposal,
the director of the IAP is intended to be a member of the steering board as well.

The recommendation to verify whether the IAP has sufficient human resources
has been addressed by confirming that 6 FTEs are available, which is expected
to be sufficient for the production of the accelerator. It had been additionally
commented in the assessment that many processes in the installation phase are
intended to run parallel, which comes with risks and therefore requires detailed
planning and back-up resources. Due to the choice of the COSY hall,
decommissioning COSY has to be further added to the processes of developing
and installing components. However, it has been assured that careful and
detailed planning, with support from JEN and the FZ] building department has
been carried out to optimise the parallel execution of work packages, while
mitigating risks.

In response to the assessment that the estimated risks in the operation phase
are too low, the figures have not been adapted. Instead, it has been stated that
they have been examined more precisely to make sure that the operation costs
are not underestimated. To secure these costs, which are intended to be entirely
covered by the responsible institutions, it is planned to operate HBS-I in the LK II
scheme (Leistungskategorie II) in the HGF Program-Oriented Funding (PoF)-VI
period between 2035 and 2041. |? It had further been noted that the expected
proceeds are too ambitious, and that the expected supra-regional demand might
need re-examination. In response, the intention has been expressed to achieve
added value for medical radioisotopes, by working with the Institute of
Neuroscience and Medicine — Nuclear Chemistry (INM-5) to make progress in the
product value chain from radioisotope production, purification, and medical
functionalisation. Awareness of the competitive situation had been confirmed.

| 9 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. In the PoF at the HGF, funds are
allocated competitively, according to scientific and strategic criteria, and on the basis of in-depth external
evaluations.



The demand from users outside the FZ] region is expected to be high, due to the
small number of currently operating neutron sources.

At the time of the cost and risk assessment, the plan was to house HBS-I in an
existing building on the FZ] campus, but it had not yet been decided which one.
The comments were therefore of a general nature. The corresponding
recommendation had been to carefully examine which extensions or
renovations would be necessary for the selected building and to aim for a high
level of DGNB certification. Following the selection of Building 07.3, the project
team has pointed out that the intention to reuse a building sustainably could be
put into practice, and extended to the reuse of the radiation protection area
already installed in the building. In addition, it has been confirmed that detailed
plans for the necessary modernisation and the associated costs had been drawn
up and that a high level of certification was being sought, adopting the DGNB
standards for upgrades, and ISO 14001/50001 for operation and management.
Furthermore, the monitoring of CO; emissions, and the use of sustainable
electrical energy, are planned.

Updates to budget planning and schedule

The budget plan for HBS-I was considerably updated, not only due to the
newly developed conditions of the COSY hall (table 2). Total costs,
considering the updates and a Q4/2025 pricing basis, now amount to 274.99
million euros over the whole lifecycle. The FZ], Hereon, and IAP will contribute
145.8 million euros to this. Total expected proceeds amount to 17.7 million
euros, and additional risks are quantified with 23.04 million euros.

The installation phase was subject to the most significant adjustments in the
budget. A necessary change in the design of the target led to an increase in its
estimated price by about 140% to 4.8 million euros. Further cost increases in the
installation phase were caused by among others updated manufacturing prices
for the accelerator, additional staffing, and an expanded IT infrastructure. In
total, the installation costs for HBS-I were adapted from 118 million euros as
stated in the draft proposal documents (cf. table 1) to 142.99 million euros in
the revised documents of 2025. A share from the IAP has been added to the
financial contributions, so that these amount to 13.8 million euros, which
represents about 11% of the total costs for the installation. This equates to a
funding gap of 129.19 million euros in the installation phase.

The operating costs constitute primarily of costs for operating the accelerator,
running the instruments, including consumables, devices, and IT service,
staffing for target station, accelerator, instruments, and administration as well
as electricity consumption. The latter represents the highest individual amount,
with 38 million euros allocated over its 20-year lifespan. No changes have been
made to these figures in the revised version, so that the total costs for the
operation phase remain at 120 million euros. The FZ] will cover for
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113.04 million euros, and Hereon for 6.96 million euros. Similarly, no updates
or adjustments have been made to the proceeds, which are still expected to
amount to 16.8 million euros. No funding gap is expected in the operation
phase.

Dismantling costs are expected to amount to 12 million euros, which will be
fully covered by the FZ]. Additionally, 900 thousand euros are expected in
proceeds.

The significant changes to the installation phase do not only concern the budget,
but also the schedule. Its beginning has been postponed from 2026 to 2028, and
the duration extended by one year. The three years prior to the beginning of the
installation phase have been marked as planning phase and include building the
governance, design updates to the components, and, in particular, activities
around the dismantling of COSY and the refurbishment of the COSY hall.

Table 2: Key figures from the revised budget plan of HBS-I as of November 2025,

in euros.
Remainin Total Costs
Financial Expected . g ) Including
Total Costs* . Funding Risks N
Contributions Proceeds R Indexing and
Required* * R
Risks***
Total Project 1,74 99 m 145.80 m 17.70m  111.49 m**** 23.04m 354.91m
Duration
[2028-2056]
142.99 m 12.30 m n/a 129.19 m 21.44m 182.43 m
from FZ)
Installation 900.00 k
Phase from Hereon
[2028-2033]
600.00 k
from Frankfurt
University
120.00 m 113.04 m 16.80 m - 1.20m 151.57 m
Operation from FZ)
Phase
[2034-2053] 6.96 m
from Hereon
e 12.00 m 12.00 m 900.00k - 400.00k 20.91m
Phage from FZ)
[2054-2056]

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

**** The fact that the remaining funding requirements for the total project duration are less
than for the installation phase is due to the surplus generated by the proceeds of the operation
and dismantling phase.

Source: revised documents submitted as part of the individual evaluation of HBS-I.



B. Report of the Individual
Evaluation 2025-2026

B.l SIGNIFICANCE

Neutrons are part of the nucleus of most atoms, and their properties make them
particularly useful as probes for the characterisation of the structure and
dynamics of matter. This is not only relevant for, e.g. fundamental condensed-
matter physics, but also offers a wide range of applications in other fields, such
as materials science, engineering, cultural heritage, chemistry and biology.
Neutron scattering experiments — which direct a beam of neutrons at a sample
and observe the occurring changes in the beam to analyse the material — offer
insights into material structures and characterisation, thus enabling
improvement and development of (novel) materials. Because intense and
well-controlled neutron beams are required for such investigations, dedicated
neutron sources have been developed as large Rls, serving diverse scientific and
industrial communities. These neutron sources use different methods and
processes to produce neutron beams (mainly nuclear research reactors or
spallation sources), but together they form a landscape that provides capacity
and capability for scientific discoveries in neutron science and promotes the
development of advanced technologies. Therefore, access to neutron sources can
serve as an indicator of a country’s or global region’s competitiveness and
economic strength.

HBS-I is a planned national neutron source user facility, and is intended to be
closely integrated into the European neutron landscape. Globally, neutron
sources are primarily located in the USA |0, Asia/Oceania |'!, and in Europe.
From this global perspective, the European neutron landscape occupies a
prominent position. With the ILL in France, FRM II in Germany, ISIS in the UK,
and SINQ in Switzerland, four main neutron sources are presently operated in
Europe. In addition, the ESS, currently under construction in Sweden, is

| 10 NIST Center for Neutron Research (NCNR) and the Spallation Neutron Source (SNS), among others.

| 11 For example, the Japan Proton Accelerator Research Complex (J-PARC), the China Spallation Neutron
Source (CSNS), and those run by Australia’s Nuclear Science and Technology Organisation (ANSTO).
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envisioned to be the world’s most powerful accelerator-based neutron source
once it starts operating.

HBS-I is designed as a neutron user facility based on HiCANS technology, which
stands for high-current compact accelerator-driven neutron sources. To date, no
similar facility is in operation, but there are several projects aiming to develop
and operate HiCANS as national neutron sources as well. In Europe, these
include, in addition to HBS-I, ARGITU by the ESS Bilbao in Spain and the French
ICONE project at the LLB, which is expected to begin its first phase of operation
in 2034. The respective project teams joined forces in the European Low Energy
accelerator-based Neutron facilities Association (ELENA), an association that
promotes cooperation between European institutions, companies, or individuals
working in the field of neutron sources based on an accelerator and a low energy
reaction to produce neutrons. As HiCANS facilities are less suited to serving as
large-scale international flagship sources, they primarily target their respective
national communities, while also being open to international users. Due to this
specific scope and the different main user groups, these facilities can enhance
the European neutron landscape in a complementary rather than a competitive
manner.

Due to the complex technological equipment involved, the landscape of neutron
sources and facilities is subject to constant change and development, which is
also noticeable in Germany. At the Helmholtz-Zentrum Berlin (HZB), the Hereon
(at that time called GKSS-Forschungszentrum Geesthacht), and the FZ] itself,
three neutron sources have been permanently shut down within the last
20 years in Germany alone. The lifespan of such infrastructures is generally
limited, as installed technologies age and technological advances create new
potential. Regular maintenance periods, which can last several years, are an
issue as well. The FRM II has been shut down since 2020, and the restart has
been postponed due to difficulties in the supply of materials. Apart from these
scientific and technological aspects, political and societal developments can also
have an impact on the lifespan of neutron sources, for example in the case of
research reactors, which are subject to the ongoing debate on nuclear energy
and waste. In addition, RIs are often dependent on public funding commitments.
The establishment of new neutron sources requires a substantial amount of
time, negotiation, and financial effort that is, to some degree, proportionate to
the size and power of the planned facility.

These developments in recent decades have led to limited neutron capacities in
Germany and Europe, creating a shortage. HBS-I envisions itself to be an answer
to this shortage of beamtime and to partly fill the gap in experimental capacity.
Providing sufficient beamtime and access to neutron instrumentation is
essential not only for specific research cases and industrial projects. Instead, it
represents the foundation for securing knowledge and expertise in the field of
neutron science and the continued full exploitation of scientific and application-



oriented potential. Further, the next generation of neutron scientists and early
career researchers need the opportunity to get to know the field and experience
it first-hand, as well as to be properly trained at the instruments. As a pulsed
neutron source with flexible intermediate pulse lengths, HBS-I sees itself not
only as complementary to other European sources on a technological level, but
also as ideal test bed for instrumentation concepts. In that respect, it seeks to
establish itself as training ground and experimentation site that serves
researchers on a lower and more flexible level with a lower threshold compared
to the larger-scale facilities. Especially for the German community, the
availability and accessibility of a neutron source operated by experienced
Helmholtz centres and embedded in the national science system is expected to
be of great value.

The German and European neutron communities are in need of neutron sources
that provide beamtime and experimental capacity, and it is evident that HBS-I
will be able to meet some of that demand. HBS-I is neither of the same scope as
the flagship sources ILL and ESS, nor able to fully satisfy the demand. However,
the project team is well aware of this and developed a concept appropriate to the
project scope. The expressed vision to provide a neutron source where access for
users is faster, less competitive, and less strict than at larger sources and to build
such a source quickly, is commendable. The training opportunities for doctoral
students and early career researchers, as well as the possibility to freely perform
novel experiments with low costs, will be able to benefit the scientific
community as a whole. Further, securing expertise and skills, respectively
bundling it at a well-known German neutron research site like the FZ], is
expected to boost Germany’s attractiveness for scientific and industrial
collaboration and increase its visibility. The application areas of the neutron
experimentation HBS-I intend to offer are valuable and can lead to material
optimisation or the development of completely novel materials and advanced
technologies, ranging from batteries and other energy devices, over drug carriers
and soft materials, to quantum materials and technologies. These are key
technologies and products for current and future societal, environmental, and
developmental challenges. Innovation and resources in these fields significantly
strengthen Germany’s competitiveness. Whereas the scientific significance for
the community and its demand is beyond question, achieving continuous and
growing industry engagement is less straightforward and requires ongoing
dedication and commitment.

Within Europe’s strong position in neutron science, Germany has a leading role
and counts as a location for excellent and collaborative university and non-
university research. HBS-I is conceived to further strengthen the German
position by complementing the FRM II with a different source technology, beam
characteristic, and instrument suite. HBS-I plans to tighten collaborations and
explore synergies in the European neutron landscape — not only with other
neutron sources but also facilities from neighbouring disciplines, such as
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synchrotrons or electron microscopy facilities. The national perspective and
significance of neutron science is reflected in regularly published strategy
papers and status reports, e.g. by the KFN, as well as the neutron facilities
themselves. These publications also point to the risk of a shortage of beamtime
and recommend immediate measures to ensure that Germany can maintain its
leading role in neutron research. |2 On a European level, LENS published a
report on ‘Neutron Science in Europe’ warning of the impending instability of
the European neutron ecosystem through the decrease of experimental capacity,
which will only aggravate after the closure of the ILL (planned for 2033) and that
cannot be fully compensated for by the ESS (currently planned to open in
2027). |1

It was convincingly demonstrated how HBS-I positions itself in the current
landscape of neutron research, and how it can contribute to solving pressing
challenges. HBS-I will make an important contribution to ensuring that the
German neutron community can maintain its strength and position on a global
level. Lastly, participating in the highly connected networks of European and
global neutron sources and facilities provides an opportunity to strengthen
Europe as a location for research and innovation by intensifying collaboration
and state partnerships.

The vision of establishing a national neutron source that meets the specific
needs of the community and fits efficiently into the landscape is clear, and its
execution is much needed. This vision is well-reflected in the technological and
conceptual design. However, organisational decisions, e.g. regarding operating
hours and schedule, should also be made in line with this vision and the
associated goals (see B.I.2 and B.V). Constant engagement with users and
communities, as well as a strategic observation of the ever-evolving neutron
landscape, are essential in order to continuously align the project with the actual
requirements and the current situation.

B.1l SCIENTIFIC PLANNINGS

.1 Scientific Potential

HBS-I is a planned neutron source based on HiCANS technology. This describes
a novel concept for generating neutron beams using pulsed high-current proton

| 1211th Committee Research with Neutrons (KFN) (202 1): Neutron Research in Germany. For Science and
Society. Prospects and Recommendations 2020. Committee Research with Neutrons; Zorneding. URL:
https://www.sni-portal.de/en/files /kfn-strategy-brochure-neutron-research-in-germany-for-science-and-
society and Schreiber, F.; Forster, S.; Miller, M. et al. (2023): Status und Zukunft der Neutronenstreuung in
Deutschland 2023-2045. URL: https://www.sni-portal.de/de /Dateien/status-und-zukunft-der-
neutronenstreuung-2023-2045 (only available in German).

| 13 League of advanced European Neutron Sources, BrightnESS2 (2022): Neutron Science in Europe.
Strengthening world-class research and innovation delivering economic and societal impact. URL:
https://lens-initiative.org/wp-content/uploads/2022 /08 /LENS-Report-fin_doublepages.pdf


https://www.sni-portal.de/en/files/kfn-strategy-brochure-neutron-research-in-germany-for-science-and-society
https://www.sni-portal.de/en/files/kfn-strategy-brochure-neutron-research-in-germany-for-science-and-society
https://www.sni-portal.de/de/Dateien/status-und-zukunft-der-neutronenstreuung-2023-2045
https://www.sni-portal.de/de/Dateien/status-und-zukunft-der-neutronenstreuung-2023-2045
https://lens-initiative.org/wp-content/uploads/2022/08/LENS-Report-fin_doublepages.pdf

beams with a low-energy nuclear reaction in a target material. This offers two
main advantages: first, HICANS require less shielding and simpler target
engineering, as opposed to spallation sources which use high-energy, pulsed
proton beams with energies on the order of giga-electron-volts (GeV) on heavy
targets to generate neutron beams. Second, HiCANS do not require full
nuclear-reactor safety systems, fuel handling infrastructure, and
correspondingly stringent regulatory oversight, as reactor sources with their
sustained fission chain reaction in a nuclear core do. With its compact and
modular design of the target and moderator, variable pulse structure, as well as
less shielding due to the low-energy process, HBS-I will put these advantages into
effect.

The scientific innovation of HBS-I primarily lies in the concept, design, and
technology of the source itself. The technology is well designed and developed
by the project team. Particularly noteworthy as cutting-edge technologies are
the modular reflector and moderator assembly as well as the innovative micro-
channel cooling system to manage the high heat loads on the tantalum target
that arise due to the high proton beam current incident on it.

HBS-I could be one of the first RIs that brings HICANS technology into successful
operation. That would be a jump in technology and demonstrate a leading role
of the JCNS, ITE (formerly known as ZEA-1), and GEMS in the development of
new concepts and technologies regarding neutron science. The French HiCANS
ICONE at the LLB is scheduled to start operation in 2034 at about the same time
as HBS-I. With the adjustments to the schedule, HBS-I might no longer align
with the timeline previously presented by the project team for becoming the
world’s first operating HiCANS facility. However, the integrated research
environment at the FZ] is uniquely positioned to ensure the success of HBS-I,
regardless of the progress of other HiCANS projects. The accelerator is based on
a previous development for the Belgian MYRRHA project and therefore already
established technology. Building a compact source with lower costs and
construction time, less regulatory and organisational efforts as well as simpler
design and engineering is not only a scientific and technological advancement.
It is also a suitable and efficient solution to the shortage of neutron sources and
available beamtime in Europe. The compact size and design are beneficial for
the initial installation, as the modular shielding design of the target station can
be dismantled and reassembled within one week. This enables a fast change of
targets and easy access to components during the operation as well. In addition,
the target and shielding are designed to minimise the amount of radioactive and
hazardous materials and to keep the effort of managing activated materials low.

Besides these aspects of logistics and cost-efficiency, the modularity and
flexibility of HBS-I also offer a scientific advantage, as it allows adaption to new
and emerging research questions and the integration of new and advanced
technologies. This adaptability should remain a focus within the installation

81



82

phase, so that at the time when HBS-I goes into operation, the FZ] and Hereon
have an elaborate science case that takes new developments into account and
reflects bold, state-of-the-art research and a clear idea of which challenges and
projects to tackle first.

So far, the focus of scientific and technological innovation lay in the
development and design of the HiCANS technology, i.e. the neutron source itself.
Considering the overall mission to provide the community with an efficient
neutron source as fast as possible, this is a reasonable and comprehensible
approach. The promising concept and the preparations already done leave no
doubt that the project scientists at the FZ] and Hereon have the expertise,
experience, and capacity to develop new and advanced neutron techniques. All
three institutes, JCNS, ITE, and GEMS, have been successfully developing or
operating neutron sources (or components thereof) and instruments for many
years. The mature state of development, pre-studies, and testing of HBS-I
components is a remarkable reflection of that. It is expected that the new source
technology will be further developed and optimised in the future — both at HBS-I
and by the HiCANS community — creating space and opportunity for new
scientific potential and technological progress. Whereas providing the much-
needed capacity for neutron experimentation, i.e. beamtime, should remain the
baseline for HBS-I, the potential for innovative and outside-the-box
instrumentation seems to not have been fully explored yet. Neutron sources,
comprising an accelerator, target, and moderator, produce neutrons, while
specialised instruments that shape, direct, and detect the resulting beams are
required to probe material structures and dynamics. Diverse instrument types
employ distinct techniques tailored to specific experimental objectives.
Therefore, the instrument suite available at a neutron research facility
determines the range and type of experimentation users can perform.

HBS-I aims to include five neutron instruments:
_ SANS for the characterisation of soft and nano materials,

_Neutron Reflectometry for the characterisation of coatings, multilayer
materials and biological membranes,

_ Neutron Diffraction for the investigation of, e.g. engineering materials,

_ Neutron Imaging particularly for characterising soft/hard composite materials
and devices, and

_ Neutron Activation Analysis for elemental and isotope analysis, e.g. for quality
control, including Prompt Gamma Neutron Activation Analysis (PGNAA) that
provides an elemental composition of items by measuring isotope specific
prompt gamma rays induced by neutron capture.

These instruments were selected based on a landscape review that revealed the
highest demand of the German user community and the potential impact for



industrial applications. This type of proactive approach is fruitful, and the
instrument’s characteristics, areas of use, as well as their combination as a set
of available tools align with the project scope and the primary needs of scientific
and industrial users. Thus, the experiment portfolio is well planned and covers
a range of disciplines and addresses the typical problems and challenges they
are facing. Especially during the installation phase but also beyond that, it is
recommended on the one hand to closely engage with the different communities
(scientific disciplines, industry, society etc.) so that their ever-evolving needs and
requirements are catered for by the source, instruments, and supporting
infrastructure. On the other hand, an innovative approach to developing
instruments, i.e. a shift of some of the technological innovation efforts towards
instrument development, could lead to novel types of experiments offered at
HBS-I. In both cases, the flexibility and modularity of the HBS-I facility are the
key, unique features and should be exploited to the fullest. Such flexibility is not
so readily possible at larger sources, so this represents an area in which HBS-I
has particular strength that should be exploited. For instance, the ability to
replace neutron moderators with new designs on a rapid timescale, tailored to
individual instruments or even individual experiments, will set HBS-I apart.
Innovative approaches could include, for example, the exploration of brilliance
and timing other sources cannot reach. Cold neutron coherence could also be an
attractive option to explore. While that has been largely successful with X-rays,
it is still somewhat speculative for neutrons due to the relatively low brilliance
of neutron sources. HBS-I, as a high brilliance source, creates an opportunity to
explore this approach with the potential of opening up new scientific
opportunities. This would be a high-risk, high-reward proposition that requires
technological advancement beyond the source in optics and detectors.

In addition to the instruments that allow neutron experiments, installations for
the production of isotopes for medical diagnosis and therapy are planned. Aside
from a vague statement that these isotopes could be used for research purposes
in addition to selling them to local hospitals, no potential research projects or
objectives have been disclosed. Therefore, it is not possible to evaluate the
scientific potential of radioisotope production at HBS-I (see B.III.3 for further
details on the economic and societal utility).

The development, installation, and operation of HBS-I raise opportunity for
cooperation between scientific institutions. This includes the close and
established partnership between the JCNS at the FZ] and the GEMS at the
Hereon. The ITE, also part of the FZ], as well as the partners RWTH Aachen and
the IAP at the GU, take part in the development and the operation of neutron
technology and instrumentation, as well. The IAP plays a particularly significant
role in the installation of the HBS-I, as it provides the accelerator technology,
including the ion source, Radio Frequency Quadrupole (RFQ), and linear
accelerator (LINAC). These kinds of partnerships and collaboration foster
scientific excellence by bringing together different kinds of expertise,
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experience, and workforce. This form of optimisation of resources and scientific
output benefits not only the users directly, but also the entire community
indirectly, as long-term networks make the German science system more robust
and efficient.

1.2 Scientific Utilisation

The scientific communities that frequently use neutron facilities are for
example condensed matter physicists, materials scientists, chemists, biologists,
food scientists, and pharmaceutical scientists. As a user facility with the goal to
serve these and all relevant communities with neutron beamtime in an efficient,
accessible and timely manner, a sound concept for the utilisation of HBS-I is
crucial. The KEN represents the interests of the German academic neutron user
community and has been advocating for the urgent need of more neutron
sources for years. | '* Particularly following the anticipated closure of the ILL in
2033, which is when HBS-I is currently scheduled to begin operation, high
demand for neutron experimentation is expected. This includes universities,
non-university research institutions, such as Helmholtz Centres and Max Planck
Institutes, as well as to a lesser extent industry and federal institutes, such as
the BAM. Whereas it is not uncommon for scientists and other users to travel
long-distance to access neutron sources, the location in Jilich, being central in
Europe, is favourable and easily accessible for European users, making visits
more efficient and less time consuming.

In addition to disciplines and communities that are well experienced with
neutrons and who know how to make use of them for their research, there are
also scientific fields left to explore. For example, neutron sources like HBS-I are
less well known in the broader life sciences community, and engagement with
them is currently at a lower level (though this is growing). Therefore, to build a
solid and sustainable user base, it is essential to actively engage with various
communities by promoting advantages and areas of application and by
introducing the instrument suite. Maintaining flexibility regarding instruments
and support offers is crucial in order to address new and emerging research
questions, respond to evolving needs of communities, and constantly seek out
new scientific areas to include. The degree of involvement of the HBS-I team in
the user experiments depends on individual wants and needs. The utilisation
portfolio should therefore cover a spectrum from self-conducted experiments
over high levels of support and collaborations to services that require low self-
involvement by users.

HBS-I is planned to run for 8 hours per day and only on weekdays, resulting in
a maximum of 200 operation days per year. This effectively means that existing
capacities would not be fully utilised. Moving from an 8-hour single-shift

| 14 See https://www.sni-portal.de/en/user-committees/committee-research-with-neutrons
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operation to 24/7 operation would triple the available beamtime at an estimated
additional cost of 2 million euros per year. Over the entire lifecycle this
represents a marginal incremental cost for a substantial increase in scientific
output and user capacity. According to the project representatives, the decision
not to let the source run continuously — as is common for other sources — was
primarily based on budget limitations. The annual budget of the operation phase
is primarily composed of costs for personnel (20 FTEs), electricity, and
consumables and sums up to 6 million euros. Both the runtime of the source
and the corresponding FTEs are considered to be conservative approaches that
are not appropriate for the project’s declared vision to fight the capacity
shortage in the neutron science landscape. The primary justification for HBS-I is
the acute shortage of neutron beamtime in Germany and Europe. An operating
model that utilises only one third of the planned facility’s available capacity
fundamentally undermines this rationale. The working group firmly
recommends increasing the runtime, possibly even to a 24/7 operation. The
additionally required budget that 1is estimated to range around
2 million euros p.a. for personnel and electricity would be an adequate
investment to multiply the output of HBS-I. Otherwise, HBS-I will not reach its
full scientific potential and scope.

Further, to fulfil the valuable intention to offer beamtime also for entry-level or
outside-the-box experiments and non-expert users, a certain latitude in staff
planning is necessary. Processes that require time and are not possible at large
high flux facilities like the ILL — for example, developing sample environments
directly at the source — are of great value to users and should be made possible.
Even for the 8 hr/iday schedule, 20 FTEs are considered too low to ensure
productive utilisation in a supportive and experimental environment. A well-
equipped and service-oriented user office should also be explicitly included in
the FTE estimates, alongside with a team of technicians to provide solid
experimental support.

As it is not unusual for instruments to be overbooked at RIs like neutron sources
or synchrotrons, scientific users have to apply for beamtime, with various access
models being in use. Both the JCNS and GEMS have experience in this regard
through their leadership at the MLZ. A rolling access scheme is planned for HBS-I
which represents a more novel, yet not unprecedented, approach, as it has
already been applied in a pilot phase at the PETRA III synchrotron. The
advantage over the traditional call for proposals at fixed dates once or twice a
year lies in the flexibility for applicants, the prospect of quicker success, and
earlier certainty of access to allow planning of related experiments. Since the
period between a first idea and the actual experiment can take a lot of time and
requires intensive preparation, a rolling access scheme is a user-friendly
approach. However, it requires a significant number of external peer reviewers
to evaluate the proposals on short notice. As this is not an established access
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model at neutron sources, HBS-I should carefully monitor the effects and
evaluate whether or not it leads to the anticipated outcomes.

Another significant aspect of the scientific utilisation that also stands in line
with the goal to benefit the neutron community, is providing training
opportunities. At HBS-I, the next generation of researchers is intended to be
trained in theory and practice to nurture the neutron community, keep the
expertise on a top level and preserve a solid user base for the future. This
includes specialised workshops and schools for various qualification levels from
Master’s level upwards, as well as training for researchers in the preparation of
experiments, the development of sample environments and the operation of
instruments. The latter creates valuable experience and an in-depth knowledge
that can serve as basis for planning experiments at larger sources like the ESS,
thus ensuring that the return on German investment in the ESS is enhanced.
Regarding the training and education initiatives, the project team defined the
continuous increase in the number of trainees as a criterion for success. In
addition to users, developers are a target audience for training opportunities, as
well. Coming from both academia and industry, the novel HICANS technology
offers a valuable training ground for developers to learn about and further refine
compact sources and technologies. To conclude, the efforts and plans that have
been made to establish HBS-I as a distinguished location for training and
education on various levels are promising and should be further pursued.

Digitisation and research data management

Access to neutron facilities extends beyond conventional in-person
participation. Although direct interaction with instrumentation is indispensable
for mastering operational protocols, digital integration is expanding the scope
of utilisation through remote methodologies and virtual environments. At
HBS-I, every instrument is designed to feature a digital twin, enabling the
simulation of experimental conditions and configurations to optimise expected
results and overall performance. Using these digital twins is intended to serve as
training and thorough preparation for proposals and experiments, but also
enable a fully remote performance of experiments. This is particularly valuable
for (doctoral) students, offering them their first experience with neutron
sources. In general, this is a promising approach for integrating digital
technologies effectively into neutron source user facilities. However, its
implementation requires thorough care and resources. After the setup, it is
essential to do maintenance and regular updates of the digital twins to ensure
that they actually model the real-time state of the instruments. Beyond
instrument operation and data analysis, a third pivotal application of Al at HBS-I
involves supplying data to populate digital twins. Within this framework,
cataloguing and storing comprehensive data on constituent materials during the
construction phase is essential, as these metadata form the foundational
baseline for accurate life-cycle simulations and material performance modelling.



Other Al applications, such as language models, are also in planning to support
data processing (i.e. data reduction after the experiment) and data analysis.
Furthermore, HBS-I is envisaged to supply a feed of raw data that is readily
accessible to train Al systems in the development of digital twins of materials
themselves. The latter is an objective specifically pursued by the Hereon as it is
aligned with their institute strategy. However, this is a somewhat different
approach to the concept and utilisation of digital twins, and it remains unclear
to what extent the FZ] and Hereon are aware of this. Therefore, it is
recommended to clarify the strategy for their use including a comprehensive
definition as well as tasks and goals. This would avoid the creation of digital
twins and Al applications that do not fully correspond to the intentions of either
of the two responsible institutions, FZ] and Hereon.

In general, HBS-I offers many promising and ambitious ideas regarding
digitisation. For example, automated and Al-assisted workflows to reduce and
analyse data would be truly beneficial for the user experience and leave more
room to work creatively and think outside the box. However, it appears that the
project team has not yet fully explored the tremendous opportunities a new
facility has in digitisation and has therefore not yet recognised the need for an
extensive strategy and appropriate resources. The latter to some degree also
refers to budget, but primarily to highly qualified personnel. The FZ] and Hereon
can draw on expertise and experience from the MLZ and their own IT divisions
or information centred research departments.

The instrument control software NICOS, developed by the JCNS for instruments
at the MLZ and intended to be used at the ESS and SINQ as well, is also planned
to be utilised at HBS-I. This is a sensible and pragmatic choice. For simulations,
VITESS is a programme adapted from the HZB and now being further developed
for HBS-1. Both tools are envisaged to be applied in instrument development,
digital twins, and Al-supported data analysis at HBS-I, although clearly other
tools will become necessary as use cases develop based on experience of
operations and emerging technologies. A key requirement is a defined software
architecture, general hardware architecture, and instrument hardware
structure that offer sufficient flexibility and extensibility. As noted above, there
is extensive experience at the FZ] and Hereon that should enable this, and early
plans along these lines do exist.

Although this is solid groundwork, resources dedicated specifically to the
digitisation strategy of HBS-I from the installation phase onwards, and
particularly for the operation phase, are considered insufficient. A powerful
strategy would include a full exploration of the potential of digital twins and the
information they can carry. By way of example, a well-constructed digital twin
that encompasses instruments, sample environment, and other metadata would
enable much more straightforward implementation of Al-agentic-controlled
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autonomous experiments, where appropriate. That is an area that is already
under development at current neutron and photon sources.

Building on this, a clear idea of what Al should and can achieve is necessary and
needs full attention during the whole lifecycle of HBS-I due to rapidly evolving
Al-technologies. It is recommended to prioritise focus on Al for particular tasks,
and put sufficient effort and resources into the execution. Lastly, part of the
strategy should be a deliberate balance between in-house expertise and relying
on national as well as international cooperation. This requires a keen sense of
where the strengths and capabilities lie on campus, e.g. by integrating the
computing capacities of the JSC.

Whereas Al and digitised technologies are powerful tools to enhance
accessibility, user support, and data processing at HBS-I, they also pose a security
risk. Nearly all RIs and user facilities face the challenge to balance open access
on the one hand and cybersecurity as well as knowledge security on the other
hand. While protective measures, such as a modular system of secure data hubs
and the IT security standards at the FZ], are already convincingly taken care of,
the aspect of knowledge security is currently undergoing significant change in
Germany. | > Therefore, this aspect should be considered during the further
planning and installation phase, and appropriate measures should be taken in
line with ongoing developments. A similar sensitivity is required when
balancing (open) data access and restricted data, respectively IP protection.

From the five instruments at HBS-I, up to 10 TB of data are expected daily. The
planned data management is based on recommendations from Deutsche
Forschungsgemeinschaft (DFG), Helmholtz, and DAPHNE4NFDI and includes
hot and cold storage of data, suitable containers, and publication after an
embargo period. The extent of stored data — full and reduced data sets, metadata
including proposals, instrument settings, etc., as well as experiment reports —
and the time of its publication can be determined in consultation with the
Principal Investigators (PIs) who conducted the experiments. These measures
that are planned or have already been taken regarding the handling, storage,
sharing, and protection of data and metadata generated by the facility and
instruments operation fulfil the requirements of FAIR and the European Photon
and Neutron Open Science Cloud (PaNOSC) initiatives. The planned data access
routes are along state-of-the-art existing practice (embargo period,
controlled/open access) at existing national and international facilities. The
engagement with data infrastructure initiatives, such as the DAPHNE4NFDI
consortium or the EOSC, is equally promising.

| 15 German Science and Humanities Council | Wissenschaftsrat (2025): Science and security in times of
global political upheaval | Position paper; Cologne. https://doi.org/10.57674 /v8dp-8269
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1.3 Implementation from a Scientific Perspective

As things stand at present, HBS-I would be one of the first-of-its-kind HiCANS
user facilities worldwide and bringing a new technology into operation naturally
implies risks. Since the beginning of the project planning in 2013, extensive pre-
studies, experiments, and simulations have been carried out by the project team.
The JULIC Neutron Platform has been set up as a testbed for the HBS-I
components at the COSY facility. The cyclotron JULIC provides a proton beam
with less power than is planned for HBS-I. Nonetheless, together with the built
prototype for the target station, basic scattering experiments, moderator
validations and detector tests were performed and the key HBS-I components
have been successfully tested and optimised. This represents excellent
preparatory work, which has made it possible to identify and implement any
necessary adjustments. For example, as a further development compared to the
specifications in the TDR, the dimensions of the target station were adjusted to
integrate a fully automated changing system. The testing has not only extended
to the performance of individual components but also to an assembled system
of proton source, target, and moderator structure, as well as instrumentation.
In 2022, a proof-of-principle could thereby be demonstrated. The experiments
have not only been performed by HBS-I project members, but also by external
users from the ESS, TUM, and the CEA Paris-Saclay. As a result, the components
of the accelerator-target-moderator structure have reached a TRL of 8 and the
instruments and isotope production installations a TRL of 6. These are ideal
conditions for the technological implementation of HBS-I, demonstrating the
expertise and capability of the researchers and engineers involved.

Although there are minor concerns that not all simulations and extrapolations
to the actual scope of HBS-I are reliable, there is no doubt that the maturity of
the technological design is very high. In terms of technology, the successful
implementation of HBS-I as a HiCANS facility including the five planned
instruments, is considered as certain. The statement made in the draft proposal
that no extensive R&D work is necessary prior to the installation, can be fully
confirmed. The extent and elaborateness of the preparatory planning and the
experiments undertaken are impressive and serve as an excellent starting point
for the installation phase. Further, the knowledge and experience gained
provide a solid base for further conceptual and organisational project planning.

The thorough preparatory work and the ability to demonstrate mature
components and devices are not only an indicator for the availability of
technologies, but also for the expertise contributed by the project team. Several
institutes at the responsible institutions bring in their specific knowledge and
skillset. At the FZ], the two main institutes are the JCNS, which divides into
Neutron Scattering and Soft Matter (JCNS-1), Quantum Materials and Collective
Phenomena (JCNS-2), Neutron Analytics for Energy Research (JCNS-3), and
Neutron Methods (JCNS-4), as well as the ITE. Additionally, the INM-5 at the FZ]
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is partner in the development, production, and use of medical isotopes. At the
Hereon, the GEMS is the central user access platform, where the Hereon provides
a unique infrastructure for complementary research with photons and
neutrons. JCNS and GEMS both have profound experience in the development of
neutron instruments at research facilities like the ESS, SNS or MLZ. The latter is
the research centre for the scientific use of the FRMII and represents a
cooperation between the TUM, FZ], and Hereon. Therefore, the FZ] and Hereon
not only have extensive knowledge in neutron science but are also well-
connected and reputable players within the neutron source landscape — both
individually as well as in joint endeavours. Due to the knowledge, capability, and
capacity of the ITE, many components can be designed, developed, and even
manufactured in-house, which increases control and planning reliability. The
ITE can draw on considerable workshop and lab space for these purposes. This
is particularly valuable in the installation phase. In addition to the close
cooperation between the FZ] institutes directly involved in HBS-I, the FZ], as an
established research centre, offers several assets that HBS-I could profit from.
This includes expertise in other areas covered by the FZ], such as Al applications
at the JSC, labour in general, as well as infrastructural facilities like advanced
heating systems. In addition to the institutional level, the involved scientists,
engineers, and researchers have shown remarkable enthusiasm and
commitment to the project. It is evident that HBS-I has been developed and is to
be operated under the best institutional conditions and by a highly suitable and
qualified team with a strong standing in Germany.

Apart from the aforementioned institutes of the responsible institutions — FZ]
and Hereon - other partner institutions are directly involved in the
implementation of HBS-I. The RWTH Aachen is a longstanding partner to the
FZ] in the framework of the Jilich Aachen Research Alliance (JARA), which
entails shared science policy strategies and research goals, joint investments,
and the exchange of academic staff. The RWTH is supposed to contribute
expertise and experience in the realisation of neutron instrumentation to HBS-I.
All partnerships at HBS-I are regulated by cooperation treaties to ensure
sustainable and efficient cooperation. The partnership with the IAP is of
particular importance, as they provide the accelerator system, a critical
component of HBS-I. The IAP has already developed a similar accelerator for the
MYRRHA research reactor in Belgium. Thus, the accelerator system is based
partly on existing technology and partly on an already tested design. Together
with their profound expertise, the realisation of the accelerator as part of the
source technology, is of no concern regarding the implementation of HBS-I.
However, the manufacture of the LINAC is commissioned to external companies,
which implies the threat of delays and the development schedule is considered
rather long and inefficient. Shortening this process would be appropriate in the
course of revising the schedule (see B.V for further details).



B.II1 CONTRIBUTIONS AND PLANNINGS FOR INNOVATION AND TRANSFER

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

The experiments that can be conducted with brilliant neutron beams allow
unique insights into materials structure, order, and dynamics at atomic and
molecular length scales. This is highly relevant for industrial R&D in different
branches and can foster their innovation pipeline. This includes industry
branches that work on critical and highly urgent topics, such as energy
conversion, production, and storage. Materials can be tested for performance,
stress, efficiency, aging and degradation processes, compatibility, and further
aspects, in-situ and operando, under realistic conditions. All these testing
options eventually contribute to the improvement and development of
materials, equipment, and processes, for example for high-performance
batteries and fuel cells, turbines, or hydrogen storage systems. Apart from the
energy sector, there are further areas of application in highly relevant fields,
such as quantum materials and technologies, magnetism, biomaterials,
membranes, and drug carrier systems. These fields and branches work on some
of the biggest challenges of our time, and serving them would have a direct
impact on Germany as a location for business and innovation, as well as its
economic competitiveness. Realising the enormous potential that lies in the
utilisation of neutron sources on an industrial scale at HBS-I needs effort and
determination, as well as constant interaction with the industrial user
community. Market research and underline of Unique Selling Points (USPs) for
industry, adaptability to evolving needs and a communication strategy are
needed and should be equipped with appropriate resources. One of the greatest
barriers regarding industry participation is the low number of people in the
industry who know about neutron sources and the possible use cases for them.
In addition to frequent users, who primarily seek reliable opportunities to
return to a source, the engagement and education of new users and
communities should therefore be a priority. Inviting users and representatives
from the industry to neutron science workshops and trainings at the MLZ is a
good start to establish and expand a user base for HBS-I — an endeavour that
should already be carried out during the installation phase.

Opposed to scientific users, industrial users primarily strive for exploitable
results in an efficient, fast, and affordable manner. Therefore, manual training
for operation as well as extensive and experimental participation at the source
are less significant. Instead, industrial users require access and service models
that allocate beamtime quickly and simply, allow for proprietary research and
data, and compensate for a possible lack of deep scientific background. Since
they have to pay for access, it is standard that they can simply acquire dedicated
beamtime, also via a fast-access model. In addition, HBS-I wants to offer pay-per-
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use/service access for standardised measurements as a service package. As
industry users often do not have and need full knowledge of the scientific
background of the instruments and their utilisation, it would be attractive for
them to be able to solely send samples and receive the edited experiment results
in return. Similarly to the utilisation portfolio for scientific users, there should
be one for industrial users, with various possibilities of conducting experiments
independently or take advantage of services and support by the HBS-I team.
Equally, support with data processing and analysis should be offered as
individual packages. Although the project team has presented further access
models for industrial users, in response to the assessment of the potential for
innovation and transfer, a detailed portfolio that takes the above criteria into
account still needs to be developed, alongside resourcing requirements to deliver
the services outlined above.

A substantial knowledge of requested sample environments, instrument types,
and levels of involvement and autonomy of industry users — not only as a whole,
but tailored to certain branches — is essential to build a solid user base and be an
attractive cooperation partner to companies. In that respect, the planned
installation of an ILO, and especially the intended cooperation with ILOs at the
Hereon and other neutron facilities, in order to exchange experience, best
practices, and contacts, is promising. The access and service models proposed by
the project team demonstrate a sound understanding of the needs and requests
of industrial users. If the continuous flexibility and adaptability to those needs
— regarding access and support, but also instrument design — is maintained as
planned, HBS-I has the potential to establish itself as reliable and profitable
neutron source for the industrial community.

One type of industry collaboration at HBS-I is the strategic partnership with
companies regarding the development and manufacture of components and
technologies for the HiCANS source itself, especially the accelerator. Due to the
high competence and capability of the ITE, only about 20% of manufacturing
tasks are contracted to third parties. As a technological innovation itself, the
fully developed HiCANS technology could boost the distribution and further
development of compact neutron sources, which in turn involves companies and
industries who already have the necessary expertise or are willing to acquire it.
Other types of industry collaborations, with a focus on new and innovative
projects that lie outside of the neutron source technology itself, have not been
outlined in detail yet. However, in response to the assessment results of the
potential for innovation and transfer, HBS-I has illustrated how it could profit
from the already established cooperation network at the JCNS, including a
number of pharma companies regarding nanoscale drug carriers and
participation in projects like GNeuS. This is a solid foundation for the
establishment of industrial cooperation and there is no doubt that the JCNS and
GEMS are reputable and experienced partners. Nonetheless, specific projects and



other forms of collaboration should be prepared and defined in order to set out
a strategy for industry partnerships.

Whereas the general concept of industry participation at HBS-I appears to be
solid and clear, it does represent a conservative approach. Innovative ideas and
potentials have not yet been fully explored. The (superjcomputing and Al
capabilities already present at the FZ] campus could be made considerably more
use of by incorporating them into specific innovation cycles. Theoretic
calculations and development of specific models with AI are highly demanded
in some fields and can easily reach a scope users cannot handle themselves. For
example, models capable of predicting powder diffraction data that are
indistinguishable from experimentally measured patterns are already a reality.
However, at HBS-I, full integration of the capabilities offered by the
supercomputing facilities and materials research laboratories at the FZ] would
enable a transformative step forward. By combining real-time neutron
scattering data with predictive AI models, neutron-based digital twin
instruments could enable continuous observation, dynamic adjustment, and in-
situ hypothesis testing during experiments. Such an approach would guide
experimental decisions in real time, accelerate materials discovery, and provide
deeper mechanistic insight into chemical and structural processes. These kinds
of services and projects, when effectively integrated into the FZ] would make it
an even more attractive cooperation partner and location for industrial
development.

On an institutional level, HBS-I plays a distinct role for the responsible
institutions FZ] and Hereon. For the FZ], HBS-I would be a valuable addition and
defining feature of its unique infrastructure including the renowned
supercomputer JUPITER or the ER-C. The importance of the project is further
underlined as it is a cross topic within the FZ] research pillars energy,
bioeconomy, and information. Furthermore, the FZ] is an integral part of the
scientific research landscape in North Rhine-Westphalia (NRW), which is
dedicated to attract young talents and outstanding scientists as part of the
federal state’s structural change (meaning the transition of the rhenish lignite
mining region to a future region for sustainable business). For the Hereon, HBS-I
would play an important role in implementing the institute’s recently
established strategy focused on digitalisation and the development of digital
twins.

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

The scientific and commercial achievements expected to take place at HBS-I
include many subjects and fields that are relevant for Germany’s sovereignty:
quantum materials and technology, microelectronics, soft materials, and a new
generation of drugs, to name a few. Providing the capabilities and infrastructure
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for scientific as well as industrial R&D in relevant fields on a national level,
significantly contributes to the state’s sovereignty.

Direct cooperation between HBS-I and a public institution is planned with the
BAM, which uses neutrons for non-destructive testing and investigations in
engineering materials, especially through imaging and diffraction. Since the
objects under investigation may be part of critical infrastructure or have come
into focus following a crisis event, BAM requires reliable, rapid, and easy access
to neutron beams. This is currently no longer fully guaranteed following the
2019 decommissioning of the BER II research reactor at the HZB. Therefore, by
establishing this partnership including customised access modalities, HBS-I is
able to respond directly to a public need.

While the collaboration with the BAM is a positive and encouraging example,
the potential contributions of HBS-I to sovereignty, resilience and security,
consultation, and other public and government requirements have not yet been
fully explored. Despite the recommendation from the assessment strand to
address these issues more comprehensively (see A.II.3), HBS-I has not yet gone
into detail or developed concrete ideas. Thorough reflection on the role that
HBS-I could play in favour of the public and the government is hence advised.

1.3 Concept for Achieving Societal Impact

HBS-11is also supposed to be established as an irradiation facility by incorporating
a dedicated installation for producing isotopes. This includes both neutron-rich
and proton-rich medical radioisotopes. From the nuclear reactions, a broad
spectrum of radio-nuclides can be produced, e.g. technetium-99m, lutetium-177,
or copper-67. These neutron-rich isotopes are intended to be mainly used for
research purposes which are carried out in cooperation with the INM-5 at the
FZ]. As a nuclear chemistry department, the INM-5 operates its own accelerator
and a certified cleanroom area. Proton-rich isotopes are already produced there
as well including the whole value chain from generation to delivery under good
manufacturing practice (GMP). The customers are primarily local and regional
hospitals, which use the radioisotopes for diagnostics. HBS-I shall increase the
scope of production with the goal to expand distribution of the isotopes and to
further include clinical applications like therapy and treatment.

Radioisotopes are essential for medical diagnostics and treatment, especially
relating to cancer. Therefore, there is a constant high demand and an impending
shortage. Enhancing the supply of medical radioisotopes thus has a direct
societal impact and constitutes a benefit to the public. Whereas this is valuable
in itself, a clear idea and a strategy for radioisotope production and utilisation
are not yet recognisable. The lack of strategy is already evident from the sparse
mention of radioisotopes in the draft proposal, which does not exceed general
ideas. The close cooperation with the experienced INM-5, as well as with the
MLZ, where proton-rich nuclides are also produced, is indeed a solid basis.



However, developing a strategy specific to HBS-I is necessary. This should begin
with a realistic estimate of the capabilities of the facility, followed by a thorough
reflection on the intended relation between scientific and commercial activities.
A market analysis, including target groups and expected demand, as well as
stakeholder analysis and engagement, are the foundation for planning modes of
operation and estimating proceeds. Lastly, a perspective on research objectives,
potential projects and qualified personnel completes the required preparations
to efficiently integrate the production, utilisation, and distribution of
radioisotopes into the HBS-I project scope. Initial ideas and a rough direction are
already perceptible, but it is advisable to consider carefully whether the
necessary preparations and strategic planning are in progress.

B.1V FUNDING CONCEPT, ORGANISATION, AND RISK MANAGEMENT

V.1 Budget Planning

The budget planning for HBS-I covers the most significant aspects and figures
and is self-consistent. Key factors for the budget such as the decision on a specific
building and the resulting refurbishment requirements, had not yet been fully
determined at the time of the costs and risks assessment and could therefore
not be considered. The revised budget estimates for HBS-I provided by the FZ]
and Hereon would benefit from greater depth, detail, and rigour in order to
substantiate their reliability at this stage. Several budget items, e.g. for
instrumentation and operation, do not appear to be substantiated at a level
commensurate with the current planning stage. Figures remain on a general
level. For example, the annual contribution of about 6 million euros from the
FZ] (5.7 million euros) and Hereon (348 thousand euros) plus indexing
(estimated at 2% p.a.) are supposed to cover the full costs for operation, but
are not further detailed (see table 2). Assumptions about additional resources
to be made available to HBS-I have not been made explicit. The costs for
running the instruments in the operation phase are generically
indicated as 250 thousand euros p.a. for each of the five instruments.
According to the project team, the annual budget for operation was calculated
based on electricity consumption for a 24/7 operation, rather than the 8-hours
per day assumed for staff costs in an effort to create a buffer for
uncertainties, e.g. from refurbishments. It is recommended to improve
the quality of the budget estimates to provide a sound basis for funding
decisions by increasing the level of detail, substantiating key assumptions,
and clearly identifying residual uncertainties. This should also include a
holistic recalculation of the budget for personnel (see below B.IV.2 for further
details on staffing). In the course of this budget revision, it is advisable to
include the recommended increase in operating days (see above B.IL.2) in
the calculation, possibly applying different models. The investments by the
responsible institutions FZ] and Hereon,
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respectively JCNS and GEMS, that have already been made in the development,
preparatory work, and experimental test runs for HBS-I are laudable and should
be made explicit. Used efficiently and productively, these investments are the
technological foundations for the planning of HBS-I and highlight the FZ]’s and
Hereon’s commitment to the project.

In addition to improved budget estimates, the project should invest in regular
forecasting, cost control, deviation analyses, and define clear Key Performance
Indicators (KPIs) that are systematically tracked to ensure that the project
schedule and expenditure remain within budget. Judging by the documents and
information provided by the project team, such precise and clearly defined
mechanisms are not yet in place. The JCNS and ITE have recent experience in
project planning and budget calculations with the development of the
Moderator & Reflector Plug (MRP) and a T-REX spectrometer for the ESS. The
planning for HBS-I would benefit from this expertise, tweaked to the context
and goals of HBS-I.

Apart from the incurring costs for operation, including personnel, electricity,
consumables, etc., estimated revenues are a significant factor in the budget.
During the operation phase, annual proceeds as high as 840 thousand euros
have been budgeted by the project team. This amount is composed of roughly
equal parts from beamtime and services for industrial users, as well as
irradiation of radioisotopes and others. About 10-12% of beamtime is planned
to be facilitated to industrial use, with an average fee of approximately 750 euros
per hour. These estimated figures are based on experience, and in the case of the
distribution of radioisotopes, on already established processes at the INM-5.
Although it was already stated in the draft proposal that these estimations are
subject to considerable uncertainty, and in the costs and risks assessment the
proceeds were considered to be too high and ambitious, they were not adjusted
in the revised budget of 2025 (cf. table 1 and 2). A shortfall in expected proceeds
would have a direct impact on the operation. Nevertheless, the budget plan
estimated the risk of decreased proceeds from industrial services for the entire
20-year operation phase at only 68.4 thousand euros, which is clearly
insufficient.

Beyond the budget estimates themselves, a robust contingency plan is needed
that defines scenarios and response mechanisms for potential cost overruns,
schedule delays, and revenue shortfalls, rather than relying primarily on
escalation to higher institutional levels. Appropriate mitigations could include
deferrals of project scope, additional resources, adjusting the schedule, and
generally clear prioritisation. A clear governance structure for such decisions
helps avoiding inefficient and risky case-by-case decisions. For HBS-I, there are
already some concepts in place, such as an escalation procedure from the project
over institute level up to the FZ] board of directors and supervisory board, as
well as in-depth knowledge of the adaptability of technical components. Finally,



the HGF and the institutional funding of the FZ] and Hereon can help absorbing 97
potential cost increases if other mitigations fail. Regarding HBS-I, the necessary

scale and depth for a reliable contingency plan have not yet been fully achieved,

and it needs to be further developed.

IV.2  Organisation and Management

Personnel

For the installation phase, the required scientists, engineers, technicians, and
administrative staff amount to 69 FTEs. About one third is allocated and
financed by the responsible institutions, FZ] and Hereon. For operating HBS-I
with the intended 8-hour shift system, 20 FTEs are calculated: 3 FTEs for the
source, 6 for the accelerator, 8 for the instruments, and 3 for administration,
services, and IT. These permanent positions are occupied by 12 scientists and
8 engineers. For the required technicians, computer scientists, etc., staff and
service support from the FZ] mechanic workshop, IT department, and other
facilities is intended, so that the expertise is available without the need to create
dedicated positions. This is generally a plausible approach, but it requires
strategic personnel planning to prevent bottlenecks that cause operating delays.
Another strategic aspect is securing the availability of qualified and specialised
personnel when HBS-I starts operating, which is planned for 2034. In addition
to the general issue of the shortage of skilled personnel, there should already be
an idea of how the most important positions related to the operation of HBS-I
can be filled and how the period until then can be bridged. This applies to both
technical staff as well as management staff. With regard to the latter, there has
already partly been a generational shift due to the planning phase of the project
that began more than ten years ago. The current mix of experienced and
younger team members is promising for the project’s future and succession.
Knowledge retention, even over long periods of time, should continue to receive
attention.

Unequal gender distribution remains a problem to this day, particularly in STEM
subjects. HBS-I has a responsibility to pursue further progress concerning gender
equality and should develop an ambitious goal and a credible plan in this regard.
This is particularly true, given that the RI considers training and fostering
interest of the next generation of neutron scientists to be one of its main tasks
and contributions to the neutron landscape. The JCNS and GEMS already
monitor gender distribution, and while the ratio is roughly equal in workshops
and schools, the percentage of women drops significantly after the doctoral
phase. Actively addressing and involving female students, postdoctoral and
advanced researchers, as well as continuously improving work culture and
work-life balance should be supplemented by concrete measures on an ongoing
basis. Challenging stereotypes within a broad diversity framework remains a
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fundamental priority for ensuring meritocracy and equity. As Helmholtz Center,
the FZ] is committed to the Helmholtz Guideline on Diversity and Inclusion and
a Diversity and Inclusion strategy specifically for the FZ] was initiated in 2020
to be implemented by 2025. These are meaningful and future-oriented measures
that promote equality and equal opportunities, not only at the institutional level
but also at the project level. Accordingly, HBS-I should demonstrate a clear
commitment to these standards in its future staffing strategy for all functions
and leadership positions.

Management and governance structure

The governance structure of HBS-I is currently deeply embedded in the
institutional hierarchies of the FZ] and its constituent institutes. While
institutional backing is essential, the present arrangement does not provide the
project with the degree of autonomy and agility required to manage an RI of this
scale. HBS-I requires a clearly designated project leader with sufficient authority,
management experience, and direct access to the top management of both the
FZ] and Hereon to take effective decisions, resolve conflicts between
institutional and project priorities and represent the project externally. Without
such a role, there is a risk that the project remains subordinate to institutional
line structures and their competing operational priorities.

Currently, HBS-I is overseen by the board of directors and the supervisory board
as the managing bodies of the FZ], as well as the directors and the directorate as
the leaders and monitoring body of the Hereon. These bodies regularly monitor
the project’s progress and science cases, as well as its schedule and budget. In
addition, the Hereon directorate is closely monitoring whether the project is in
line with the overall strategy of the Hereon. It is commendable that these bodies
have supported the planning and development of HBS-I for years and stay
committed to its implementation and success.

The project governance of HBS-I lies with the team and the participating
institutes. The concerns about the efficiency of this structure and distribution
of responsibilities, as expressed in the initial costs and risks assessment, have
not been fully addressed in the individual evaluation. Currently, the steering
board is the highest decision-making body within the project and consists of the
directors of the involved institutes, JCNS, ITE, GEMS, and IAP, as well as a
representative from the technical infrastructure and safety departments of the
FZ] and from JEN, blurring the lines between FZ] operations and HBS-I project.

Reporting to the steering board and at the heart of planning, implementation,
and operation, is project management. The role under this name has been
introduced in the revised documents for HBS-I and it is not entirely clear
whether it replaces the HBS coordination group mentioned in the draft proposal
or to what extent structural changes have been made to the governance. The
project manager is simultaneously the head of the HBS-I department at the FZ]



and responsible for the budget and day-to-day business. For the installation
phase, 2 million euros are calculated for project management, which is a
relatively low amount compared to the project costs. The blueprint for the
structure of the project management was derived from the FZ] project of
developing the MRP for the ESS. Whereas this is valuable and relevant
experience, it should be kept in mind that this project was of considerably
smaller scope and for HBS-I the project management capabilities will need to be
enhanced. Filling the project manager position internally is by no means per se
a disadvantage. However, a scientific or technical background poses the risk that
the actual management of the project might not be given the necessary priority
over the pursuit of scientific or technical achievements. To avoid this and
further strengthen the role of the project manager, it could be helpful to hire
someone — possibly from outside the HGF — to support the project manager by
providing guidance and an external perspective.

Leadership and ownership remain critical issues in the current planning of
HBS-I. To date, the governance structure has focused primarily on monitoring,
communication, and reporting mechanisms. For example, in response to the
criticism in the costs and risks assessment strand, it has been further
determined which governance bodies will oversee whom, to whom they will
report, and what their meeting schedule will look like. While this is important,
it constitutes only one aspect of an effective governance structure. Authority,
responsibilities, and decision-making are aspects of the governance that need
clarification. Additionally, the central roles of project manager and chair of the
steering board need to be redefined and their capacity to act re-examined.

Current status and ability to change

The current project planning is appropriate for the present stage of
development, but will need to be substantially enhanced in scope and details as
the project progresses towards implementation. The plan will have to become a
credible basis to support rigorous reporting, monitoring, and nimble decision-
making that a project of this scale demands. While the issues identified in this
section require attention, they are not unusual for a project at this stage of
development and can be addressed within the planned timeline, provided they
are prioritised early on.

The project team should articulate further what success looks like and how it
can be measured through KPIs. This should be supported through a project plan
at the appropriate level of detail. There should also be clear change control, i.e.
clear and transparent processes with clear ownership for changing the scope,
schedule, or budget of the project. The project planning is not yet at this stage
(see B.IV.1 and B.IV.4). The project team is advised to revisit these aspects and
address them in order to achieve a more mature and reliable planning status.
There is no doubt about the necessary expertise, capability, and experience to
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achieve this but the competencies need to be translated into project planning.
The continued support and commitment of the management level of both the
FZ] and Hereon will be crucial in this upcoming planning phase. The experience
gained at the MLZ or in the development of components and instruments for the
ESS provides a solid framework. The project team should build on this and
further develop a unique project plan for HBS-I which takes into account its
significant budget.

So far, there is no dedicated change management planned for HBS-I
notwithstanding the fact that even with solid project planning, changes will be
inevitable during installation and operation. Instead, any necessary change
processes are to be handled as part of other structures, such as the risk
management, project office or the quality management system at the ITE.
Change control should not only include schedule, scope, and budget but also
more long-term aspects, like changes in demand and users’ needs, scientific
orientation, and a culture shift within the community. A change management
with the ability to respond effectively and in a targeted manner to future
developments and to accordingly adapt the RI so that it meets the new
conditions requires established and solid processes and mechanisms. The
modular design of the facility and the focus on flexibility and adaptability alone
clearly demonstrate the project team’s commitment to continuous change in
line with future developments. However, currently the necessary processes and
standards do not yet exist for HBS-I and there is an urgent need to fill this gap
in order to make HBS-I sustainable for the future.

IV.3  Sustainable Planning

One of the main aspects of sustainability lies in the reusing of built structures
such as the COSY hall, including the shielding and other suitable facilities.
Equally, during the operation phase, the modularity and the design of the
facility allow for the reuse of components and the changing or repair of specific
parts. As part of the FZ], HBS-I will be built and operated under the institution-
wide sustainability guidelines of the FZ] and the HGF. It can further profit from
infrastructure and established measures such as renewable energy supply,
systems for the reuse of waste-heat and waste-energy as well as emission
reduction and monitoring strategies.

Further opportunities to increase the sustainability of HBS-I should be developed
for both construction and operation. Active, rather than passive, engagement
with institution-wide sustainability initiatives at the FZ] is essential.

IV.4 Risks

The project team has identified the principal risks facing HBS-I, but the risk
management framework requires further development to match the scale and
complexity of the project. In particular, HBS-I would benefit from a



comprehensive and structured approach that covers both risks and
opportunities, encompasses factors within the project team's control as well as
external dependencies, and clearly distinguishes between the two.

Each identified risk and opportunity should be quantified in terms of probability
and financial impact accompanied by a specific mitigation strategy with defined
activities, timelines, and clear ownership. Risk management that relies
primarily on monitoring and reporting, as is currently the case, is a necessary
but insufficient foundation. The governing bodies of both FZ] and Hereon should
receive regular, structured updates on the status of risks, opportunities, and the
progress of mitigation measures, enabling timely intervention where needed.

The decision to house HBS-I in the existing COSY hall is a sound and resource-
efficient approach that makes good use of available infrastructure, including the
existing radiation shielding. However, it also introduces new risks to the project
schedule that require careful and proactive management. The most critical
period lies in the sequence of licensing, dismantling, and refurbishment: the
clarification of dismantling conditions for the COSY facility has only recently
started; the permit and licensing procedure — including the transfer of the COSY
licence to HBS-I negotiations with authorities, and approvals by the state of NRW
— is optimistically scheduled at one year, followed by two and a half years for
the actual dismantling by JEN. Delays in any of these steps will directly postpone
the start of HBS-I operations. To mitigate this, all relevant stakeholders —
including the North Rhine-Westphalian authorities, JEN, and the FZ] building
and safety departments — need to be actively and closely involved from the outset
and must have a clear stake in adhering to the schedule. Wherever possible,
processes should be run in parallel rather than sequentially. It is advisable to
establish shared milestones and accountability across these parties, so that
schedule adherence is not solely the project team's concern. Representatives
from JEN have already asserted that there will be no delays in the process due to
overlaps with other upcoming projects at JEN. The decision which projects to
prioritise lies with the FZ] board of directors, which is committed to moving
things forward for HBS-I including covering the costs for dismantling COSY.

The technical risks associated with HBS-I appear to be well understood and
under control. This is in large part due to the considerable investment that the
FZ] and specifically JCNS, ITE, and GEMS have made over many years in
prototyping, testing, and validating the essential technical components of the
facility — from the target station and moderator system to instrumentation. The
experience gained by the IAP in developing the accelerator for MYRRHA,
including the lessons learned from supplier delays in that project, further
strengthens the technical knowledge base. The depth of in-house expertise
across all involved institutes means that necessary design changes — as have
already occurred with the target — can be handled efficiently. Where external
suppliers are involved for instance for the LINAC cavities, the availability of
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multiple qualified manufacturers in Germany provides a reasonable degree of
supply chain resilience. This extensive preparatory work lends considerable
credibility to the technical planning of HBS-I and is one of the clear strengths of
the proposal.

For the 20-year operation phase, the current risk assessment requires significant
further development. The quantified risks for the entire operating period
amount to just under 2 million euros — a figure that was already considered
substantially too low in the initial costs and risks assessment and has not been
revised since. This suggests that risk provisions are implicitly absorbed within
assumed budget buffers, rather than being explicitly identified and quantified.
This approach is not adequate for a facility of this scale and duration. Instead, —
operational risks and opportunities should be individually identified, quantified,
and provided for in the budget as explicit risk provisions, separate from the base
cost estimates. This would not only improve the reliability and transparency of
the financial planning but also provide a sound basis for the regular reporting
to and oversight by the governing bodies of the FZ] and Hereon.

B.V MILESTONE PLANNING

The revised milestone plan for HBS-I comprises a total of 94 milestones and
phases, separated into Organisational, Construction and Infrastructure,
Scientific, Innovation and Transfer as well as Further Project-Related
Milestones. Table 3 shows the milestones that are decisive for HBS-I and have
been marked as critical by the project team. Unless otherwise indicated, the
stated year and quarter refer to the completion of the respective activity.

The declared primary mission of HBS-I is to provide accessible neutron
beamtime for the community as soon as possible in order to compensate for a
shortage of neutrons in Europe. However, the start of operation of HBS-I is
currently planned for the beginning of 2034. Considering the time that has
already passed since the previous neutron sources in Germany were closed or
since the FRM II has been in shutdown, it will still be a very long time before
users can conduct experiments at HBS-I. In order to fulfil the mission and
provide the greatest possible benefit to the community, it is therefore strongly
recommended to accelerate the schedule and begin operation sooner than
currently planned.

HBS-I, the FZ], and Hereon should assess the following options:

_ Prioritising and accelerating the refurbishment of the COSY hall. This is in
general a critical point for the entire project planning. The FZ] is equally aware
of this, since half of the critical milestones are related to the building and three
of them concern the dismantling of COSY. Due to the necessary preparation
and licensing processes associated with the choice of the COSY hall, the



installation phase has been extended by a whole year (see above A.IIl and
B.IV.3). To counterbalance this, as many resources as possible should be put
into the refurbishment and all options explored to let processes run parallel.
Since the dismantling of the COSY facility is not part of the HBS-I budget and
since COSY needs to be dismantled anyway, it can and should be started prior
to the BMFTR’s funding commitment for HBS-I. The clarification of
dismantling conditions has just started at the end of 2025 and requires an
entire year, before the license processing that takes another year can even
begin. If this whole process of refurbishing the COSY hall could be accelerated,
it would not only mean that operations could begin earlier, but also that one
of the biggest risk factors for the project could be eliminated as quickly as
possible. Prioritising this would also signal a strong commitment by the FZ] to
the BMFTR and other stakeholders.

_In addition to handling COSY, the recommended reflection on cost and risk
planning as well as certain aspects of organisation and project management is
a task that should be carried out quickly within the early stages of the project
in order to further consolidate the basis of project planning and ensure smooth
progress.

_The technical implementation of HBS-I is scheduled in a conservative and
careful manner as well. The Scientific Milestones account for more than half
of all milestones and include design, installation, and commissioning of the
accelerator, target station, the five instruments, and the isotope station. Of all
the technical components, the diffractometer and the accelerator were
classified as critical. The manufacture and installation of the latter is a
particular example of the conservative approach to scheduling. According to
the schedule, six and a half years will pass from the design update as a first
step to the installation of the beamstop as final step. The testing and
installation of the cavities is the most critical part and is scheduled to take a
little over two years, because it is planned for each cavity to be sent to the FZ],
installed and tested there before continuing with the next cavity. Considering
the high maturity of the technology, this is a very conservative approach and
a long timeframe. Options to shorten this timeframe should be explored, for
example through commissioning two vendors for the manufacture of the
cavities.

Overall, it is advisable to carefully revise the schedule with the aim of
identifying and pursuing opportunities to keep the installation phase as short
and efficient as possible.
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Table 3: List of critical milestones for HBS-I

Year Quarter Milestone Category

2026 Q2 Planner selected C(?nstructlon and Infrastructure
Milestones

2026 Q3 JEN: Clarification of dismantling conditions Fl{rther ProjectRelated
Milestones

2027 Q2 JEN: Permit and funds for dismantling of COSY FL{rther Project-Related
Milestones

2028 Q1 Refurbishment planning C(?nstructlon and Infrastructure
Milestones

Economic feasibility study for building Construction and Infrastructure
2028 Q4 . .
renovation Milestones

2029 Q3 JEN: Dismantling of COSY Further Project Related
Milestones

2029 Q3 Construction permit for Building 07.3 Cc?nstructlon and Infrastructure
Milestones

2029 Q4 Start of construction in Building 07.3 anstructlon and Infrastructure
Milestones

2030 Q2 Construction of accelerator infrastructure C(?nstructlon and Infrastructure
Milestones

2030 Q3 Accelerator: Installation of front-end Scientific Milestones

2032 Q3 Accelerator: Test and installation of cavities Scientific Milestones

2032 Q4 Accelerator: Installation of HEBT Scientific Milestones

2032 Q4 Diffractometer: Installation Scientific Milestones

2033 Q1 Diffractometer: Cold commissioning Scientific Milestones

2033 Q3 Diffractometer: Hot commissioning Scientific Milestones

2033 Q4 End of commissioning Organisational Milestones

Source: revised documents submitted as part of the individual evaluation of HBS-I.
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106 Appendix 1: Documents submitted by the FZ) and Hereon for HBS-I

Documents submitted for the first phase of the prioritisation process:

_ Draft proposal
_ Addendum 01: Basic Information

_Addendum 02: Confirmation by the Supervisory Committees of the Leading
Responsible Institutions

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

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

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

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

_ Addendum 10: Organisational Structure and Governance

_ Addendum 11: Risk Analysis and Concept for Risk Management

Documents submitted for the individual evaluation:

_ Comments on the assessment results
_ Milestone plan

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

_ Further explanations of the calculated costs and risks

_ Contextualisation within the National and International Research Landscape
_ Conceptual Design Report

_ Technical Design Report

_ Explanations on Conceptual and Technical Design Report

_ Work breakdown structure
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Al

BAM

BERII

BESSY

BMBF

BMFTR

CEA

Paris-Saclay

COSY

DAPHNE4NFDI

DGNB

ELENA

EOSC

Artificial Intelligence

Bundesanstalt fiir Materialforschung und -prifung

Berliner Experimentierreaktor II

Berliner Elektronen-Speicherring Gesellschaft fiir
Synchrotronstrahlung

Berlin Electron Storage Ring Society for Synchrotron
Radiation

Bundesministerium fir Bildung und Forschung
Federal Ministry of Education and Research

Bundesministerium fiir Forschung, Technologie und
Raumfahrt
Federal Ministry of Research, Technology and Space

Commissariat a 1'énergie atomique et aux énergies
alternatives, Paris-Saclay

Cooler Synchrotron

Daten aus Photonen und Neutronen Experimenten fiir
NFDI
Data from Photon and Neutron Experiments for NFDI

Deutsche Gesellschaft fiir Nachhaltiges Bauen
German Sustainable Building Council

European Low Energy accelerator-driven Neutron
facilities Association

European Open Science Cloud



108 Ernst Ruska-Centrum fiir Mikroskopie und Spektroskopie
mit Elektronen

ER-C
Ernst Ruska-Centre for Microscopy and Spectroscopy with
Electrons

ESRF European Synchrotron Radiation Facility

ESS European Spallation Source

EU European Union

FAIR . )

L Findable, Accessible, Interoperable, Reusable

(principles)

FIS Forschungsinfrastruktur

FRM II Forschungs-Neutronenquelle Heinz Maier-Leibnitz
Research Neutron Source Heinz Maier-Leibnitz

FTE Full Time Equivalent

FZ] Forschungszentrum Jilich

GEMS German Engineering Materials Science Centre

CKSS Gesellschaft fiir Kernenergieverwertung in Schiffbau und
Schifffahrt

GMP Good Manufacturing Practice

GNeuS Global Neutron Scientists

cU Goethe-Universitiat Frankfurt
Goethe University Frankfurt

HBS-1 High Brilliance Neutron Source — Phase I

Hereon Helmholtz-Zentrum Hereon



HGF

HiCANS

HZB

IAP

ICONE

IFE

ILL

ILO

INM-5

IP

ITE

JCNS

JEN

JsC

JULIC

KFN

Helmholtz-Gemeinschaft Deutscher Forschungszentren
Helmholtz Association of German Research Centres

High-current Accelerator Neutron Source
Hochstrombeschleunigerbetriebene Neutronenquelle

Helmholtz-Zentrum Berlin

Institute for Applied Physics

Installation COmpacte de NEutrons
Innovative COmpact NEutron facility

Institutt for energiteknikk

Institut Laue-Langevin

Industrial Liaison Officer

Institut fiir Neurowissenschaften und Medizin —
Nuklearchemie

Institute of Neuroscience and Medicine — Nuclear
Chemistry

Intellectual Property

Institute of Technology and Engineering

Jiilich Centre for Neutron Science

Jilicher Entsorgungsgesellschaft fiir Nuklearanlagen
GmbH

Jilich Supercomputing Centre

The Julich Light Cyclotron

Komitee Forschung mit Neutronen
Committee Research with Neutrons
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KI

KPI

LINAC

LENS

LLB

MLZ

mRNA

MRP

MYRRHA

NFDI

NICOS

NRW

PETRA III

PGNAA

PoF

PRINCE2

RACI

R&D

RDM

Kiinstliche Intelligenz

Key Performance Indicator

Linear Accelerator

League of Advanced European Neutron Sources

Laboratoire Léon Brillouin

Heinz Maier-Leibnitz Zentrum

Messenger Ribonucleic Acid

Moderator & Reflector Plug

Multi-Purpose Hybrid Research Reactor for High-tech
Applications

Nationale Forschungsdateninfrastruktur

Networked Instrument COntrol System

Nordrhein-Westfalen
North Rhine-Westphalia

Positron-Elektron-Tandem-Ring-Anlage III

Prompt Gamma Neutron Activation Analysis

Programm-orientierte Forderung
Programme-oriented Funding

Projects in Controlled Environments

Responsible, Accountable, Consulted, Informed

Research and Development

Research Data Management



RFQ

RI

RWTH Aachen

SANS

SDG

SINQ

SME

SNS

STEM

TB

TDR

TRL

TUM

UK

UN

USA

WR

ZEA-1

Radio Frequency Quadrupole

Research Infrastructure

RWTH Aachen University

Small Angle Neutron Scattering
Neutronenkleinwinkelstreuung

Sustainable Development Goal

Swiss Spallation Neutron Source

Small and Medium-Sized Enterprises

Spallation Neutron Source

Science, Technology, Engineering, Mathematics

Terabyte

Technical Design Report

Technology Readiness Level

Technical University of Munich

United Kingdom

United Nations

United States of America

Wissenschaftsrat
German Science and Humanities Council

Zentralinstitut fiir Engineering, Elektronik und Analytik
— Engineering und Technologie
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