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Brain research has entered a new epoch. Large-scale, multidisciplinary collaboration and progressive digitalisation have
enabled a new, multiscale approach to decode brain organisation. This transformation opens up entirely new opportuni-
ties for brain science, medicine and technology and will shape the decade to come.

Katrin Amunts®?, Markus Axer"*, Swati Banerjee *,Lise Bitsch®, Jan G. Bjaalie®, Philipp Brauner’, Andrea Brovelli®, Navona Calarco?, Marcel
Carrere®®, Svenja Caspers™ ', Christine J. Charvet!'!, Sven Cichon™!?!*, Roshan Cools*, Irene Costantini®, Egidio Ugo D’Angelo’, Giulia De
Bonis'’, Gustavo Deco'® ' Javier DeFelipe?®?!, Alain Destexhe??, Timo Dickscheid® 3, Markus Diesmann?:’, Emrah Diizel* 2527, Simon B. Eick-
hoff?:2° Gaute Einevoll*’, Damian Eke®, Andreas K. Engel®, Alan C. Evans®* Kathinka Evers®*, Nataliia Fedorchenko?, Stephanie J. Forkel*®,
Jan Fousek®’, Angela D. Friederici®®, Karl Friston®, Stephen Furber?, Liesbet Geris**“, Rainer Goebel*, Onur Guntlrkin*, Aini Ismafairus
Abd Hamid*®,Christina Herold?, Claus C. Hilgetag*"*¢, Sabine M. Holter*’, Yannis loannidis®®®, Viktor Jirsa®’, Sriranga Kashyap®, Burkhard S.
Kasper>, Alban de Kerchove d’Exaerde, Roxana Kooijmans®®!, Istvan Koren’, Jeanette Hellgren Kotaleski®>°¢, Gregory Kiar®’, Wouter Klijn*¢,
Lars Kliver®, Alois C. Knoll*?, Zeljka Krsnik®, Julia Kdmpfer!, Matthew E Larkum®, Marja-Leena Linne®’, Thomas Lippert®®, Jafri Malin Abdul-
lah*, Paola Di Maio®, Neville Magielse?® % Pierre Maquet*, Anna Letizia AllegraMascaro® ', Daniele Marinazzo®, Jorge Mejias®®, Andreas
Meyer-Lindenberg®’, Michele Migliore®, Judith Michael’, Yannick Morel®, Fabrice O. Morin®?, Lars Muckli®, Guy Nagels™, Lena Oden®®"? Nicola
Palomero-Gallagher'?, Fanis Panagiotaropoulos’, Pier Stanislao Paolucci™, Cyriel Pennartz®, Liesbet M. Peeters’™, Spase Petkoski®’, Nico-
lai PetkoV’®, Lucy S. Petro™, Mihai A. Petrovici’ "¢, Giovanni Pezzulo™, Pieter Roelfsema®®8.8285 | aurence Ris®!, Petra Ritter®> % ¢ Kathleen
Rockland®®, Stefan Rotter®®, Andreas Rowald®, Sabine Ruland’, Philippe Ryvlin®, Arleen Salles® , Maria V. Sanchez-Vives'®* Johannes
Schemmel”, Walter Senn® | Alexandra A. de Sousa® *, Felix Stréckens?, Bertrand Thirion?, Kamil Uludag®*>?, Simo Vanni®, Sacha Jennifer van

Albada?®°, Wim Vanduffel#» 10101 " jylien Vezoli'® 1% Lisa Vincenz-Donnelly* ,Florian Walter'®, Laszlo Zaborszky'®.

A position paper published in: Imaging Neuroscience (2024). DOI:10.1162/imag_a_00137

Corresponding Author: Katrin Amunts (k.amunts@fz-juelich.de)

INTRODUCTION

The way brain research is carried out has
changed fundamentally in recent years. Digital
technologies and new instrumentation, tools
and methods, are transforming the field. New
large-scale collaborations, within Europe and
globally, building on data and tool sharing, cre-
ate synergies and serve as drivers for progress
at a rate never seen before.

A research field that has previously been rather
fragmented is now combining data and knowl-
edge about different levels of brain organisation
by utilizing new technologies and closely col-
laborating across disciplines and national bor-
ders. This enables a new multiscale approach
that is key to understanding the brain - one of
the most complex systems known to man.

The complexity of the brain is characterised by
its organisation on multiple spatial (from mol-
ecules to the whole brain and body) and tem-
poral (from milliseconds to an entire lifetime)
scales that need to be considered in concert in

order to uncover the basic principles of brain
function.

Large-scale collaboration and the new multi-
scale approach of studying the brain have been
facilitated by digital methods and computing
including shared curated databases, advanced
informatics, supercomputing, big data analyt-
ics, artificial intelligence as well as modelling
and simulation methods. Digital platforms
have been developed to enable neuroscien-
tists to integrate data from different scales, to
extract new insights from large amounts of het-
erogeneous data and to work collaboratively
on a larger scale.

Notably, this digitalisation does not compete
with wet-lab research or the development of
novel experimental methods. On the contrary,
huge advances in experimental data genera-
tion have, in fact, necessitated this next phase,
which will be marked by new solutions to make
the most of the data.
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The transformation of the field has led to out-
standing progress and opened up entirely new
opportunities of advancing brain science, med-
icine and brain-inspired technologies. Moving
forward, a systematic approach will be essential
to meet pressing challenges of the next decade
by making full use of these new opportunities.
This systematic approach includes continuous
large-scale, inter-disciplinary exchange and
collaboration that starts with a joint vision for
the future of digital brain research.

In this paper, we provide an overview of how
digital neuroscience has developed, what char-
acterises the current moment, the impact on
medicine and technology and the advances we
expect and envision for the coming decade.

THE HBP AND EBRAINS - NEUROSCIENCE,
TECHNOLOGY AND MULTIDISCIPLINARY
COLLABORATION

Few projects in the world have driven these
developments as broadly and as deeply as the
Human Brain Project (HBP). The HBP is a Euro-
pean Flagship project in the field of Future and
Emerging Technologies. Started in 2013, it was
one of the first large-scale research projects of
neuroscience worldwide and played a pioneer-
ing role for digital brain research (Amunts et al.,
2022)*.

The HBP followed a systematic approach of
empowering the neuroscience community to
take advantage of the most recent develop-
ments in computing, simulation, neuro-derived
technologies and artificial intelligence. Experi-
mental data, computational models and tools,
instruments and dedicated hardware such as
neuromorphic systems have been developed
in the project and made available to the com-
munity to significantly speed up developments

in brain medicine and research.

The consortium has developed and is operat-
ing EBRAINS as a collaborative research plat-
form with the aim of bringing brain research to
the next level through digital tools and compu-
tation and by further developing applications
in medicine and neuro-derived technologies.
EBRAINS is being developed by scientists for
scientists. EBRAINS was selected for the Euro-
pean Strategy Forum on Research Infrastruc-
tures Roadmap (ESFRI), which aims to support
a strategic approach to policy-making and to
facilitate multilateral initiatives to optimise the
use of research infrastructures, at the EU and
international levels.

SCOPE OF THE POSITION PAPER

The new science of the brain combines
high-quality basic research, data integration
across multiple scales, large-scale collabora-
tion and translation into applications. New
computational techniques allow a better un-
derstanding of the brain, but at the same time
open the door to a new level of complexity and
new questions. It is crucial to assess, foresee
and shape these changes, maximize opportu-
nities and address challenges of the next de-
cade for scientific research, technology and
engineering, as well as ethics.

In 2022, the Science and Infrastructure Board of
the HBP initiated an open and community-driv-
en process that led to this position paper. Afirst
version was published on Zenodo in March
2022. While the composition of collaborations
in the HBP is broad, the input of the larger
community beyond the HBP was crucial. Input
from new authors led to 5 versions published
in regular intervals and promoted for further
comment on Zenodo. In the process the num-
ber of authors grew to 106. In April 2024 the
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final paper was published in the open-access
journal Imaging Neuroscience (DOI: 10.1162/
imag_a_00137)

By discussing views with the research commu-
nity at large, this paper identifies points of con-
vergence and common goals, and provides a
scientific framework for current and future de-
velopments in digital brain research. With this
collaborative approach we also outline an inte-
gration of reflection, dialogues and societal en-
gagementon ethical and societal opportunities
and challenges as part of future neuroscience
research. We are convinced that digital brain
research will continue to help drive progress in
the transformation of brain models for Artificial
Intelligence, including machine learning and
deep learning, and for neuroscientific research
at large. With the paper we also aim to inform
and engage stakeholders, funding organiza-
tions and research institutions regarding these
developments.

CURRENT STATE OF THE ART AND
ACHIEVEMENTS OF DIGITAL NEUROSCIENCE

The changes described in this paper have pre-
cipitated a range of advances over the last de-
cade.

The HBP has made available a high-resolution
multiscale ‘living’ digital atlas of the human
brain. This atlas allows for active interaction
akin to Google Maps and multimodal analysis
of selected areas, while the atlas’ usability with
the tool suite siibra allows data to be used in
computer models by programmers and com-
putational scientists.

Scaling up previously unconnected data-driven
brain models has resulted in powerful multi-
scale co-simulation applications, and person-

alisation of such models has allowed for tai-
lored diagnostics and prediction of therapeutic
effects in individual patients. Employing the
highly promising concept of brain and nervous
system digital twins, next-generation person-
alised models will permit continuous updating
with real-world data from patients.

Closely connected to the increasing sophis-
tication of brain models is the development
of brain-inspired A.l., which has resulted, for
example, in the HBP-funded development of
BrainScaleS and SpiNNaker, Europe’s most
powerful neuromorphic systems. Brain-derived
A.l. algorithms have demonstrated remarkable
capabilities emulating the brain, notably its en-
ergy- efficiency, high flexibility and plasticity,
and the ability to learn from sparse data. Using
models of cerebellar, hippocampal and senso-
ry areas, scientists are building robots increas-
ingly capable of exploring and learning from
their environment, based on principles from
embodied cognition.

Given these and other developments over the
past decade, the authors of the position paper
have defined goals for the next decade.

* Katrin Amunts, Javier DeFelipe, Cyriel Pennartz, Alain
Destexhe, Michele Migliore, Philippe Ryvlin, Steve Furber,
Alois Knoll, Lise Bitsch, Jan G. Bjaalie, Yannis loannidis,
Thomas Lippert, Maria V. Sanchez-Vives, Rainer Goebel
and Viktor Jirsa, Linking brain structure, activity and cog-
nitive function through computation. eNeuro, 2022; DOI:

https://doi.org/10.1523/ENEURO.0316-21.2022




RESEARCH TOPICS

Below “roadmap” draws estimates for different intersecting areas of research in the coming

decade, going from (1) Near-term or current work, to (2) Middle-term, to (3) Long-term. It is

based on the input that was gathered during the process of writing the position paper, but has

been condensed and shortened.

MULTI-LEVEL BRAIN ATLAS AND HIGH-
RESOLUTION BRAIN MODELS

1

Integrate data, from the whole-brain level to
cells, into a comprehensive, high resolution
brain atlas as basis to get a deeper under-
standing of general principles of brain organ-
isation, to enable the prediction of missing
features where the atlas is incomplete, and to
guide comparative studies about interspecies
similarities and differences.

Generate detailed, data-driven, multiscale
models to study the role of variability in
human brain organization during the lifespan,
under different conditions.

Provide a sound answer on what the condi-
tions of brain organisation and structure are to
develop complex behaviours, intelligence and

CONSCIoUSNEsS.

MULTI-LEVEL BRAIN MODELS AND SIMULATION

1.

Multiscale integration of models, from local
biophysical properties to whole brain models,
including detailed bottom-up and top-down
models. Models are driven and tuned by data
and their predictions tested.

Model biologically realistic, complex brain
functions using multiscale, whole-brain mod-
els — approaching digital twins for concrete use
cases.

Apply model predictions to larger-scale use
cases in basic science, medicine and A.l., which
in turn drive model testing and sophistication

(“productive loops”).

BRAIN PLASTICITY, LEARNING AND ADAPTION
DURING THE ENTIRE LIFESPAN

1.

Identify and integrate the rules of plasticity,
learning and adaptation into existing multilev-
el brain models.

|dentify constraints of brain plasticity and tools
to modulate it for the benefit of patients.
Reveal mechanisms of memory consolidation

and translate this to medicine and technology.

NEUROMORPHIC BRAIN MODELS FOR BIO-
INSPIRED ARTIFICIAL INTELLIGENCE

1.

Develop training methods for spike-based
deep neural networks using leaky-integrate-
and-fire-based neuron models. Integrate com-
plex hardware neuron models in simulation
environments.

Develop hardware and training methods for
large-scale and highly performant spiking net-
work models using complex neuron models.
Integrate results from plasticity research to de-
velop large-scale spiking networks with built-in

learning capabilities.




COGNITION AND BEHAVIOUR

Develop a coherent framework describing the
mechanisms of cognitive functions using a multi-
scale perspective, from sensory- and visuomotor to
more complex cognitive functions.

Formulate a coherent framework for language, as a
uniquely human complex cognitive function, inte-
grating insights from linguistics and neuroscientific
research using multilevel brain approaches, and
using brain development as a window to speciali-
sation.

Link concepts of different hypotheses about
self-consciousness to each other and to mecha-

nisms at the cellular, molecular and genetic levels.

BRAIN AS PART OF THE BODY

1. Link advanced digital brain models to spinal cord

models based on multilevel atlases.

2. Model sensorimotor integration and coordination

for interaction, task performance and navigation.

3. Integrate somatic and autonomic regulation in

combined, multi-organ models to construct Patient
Twins, which reflect nervous system, organ and
body regulatory functions. Develop and apply
cellular level body twins which model nervous sys-
tem, endocrine/hormone, immune regulatory and

homeostatic mechanisms.

DIGITAL BRAIN MEDICINE

1.

Develop and apply personalised models,
informed by brain atlas and individual pa-
tient data, for diagnosis and treatment of a
broad range of brain disorders (e.g., epilepsy,
tumours, movement disorders, psychiatric
disorders).

Construct and apply data-driven models of
development and aging, to brain medicinein
different age groups (from children to elderly).
Develop and apply digital body twins, contin-
ually amenable to new real-life sensor data, to
brain medicine (e.g., diagnostics, rehabilita-

tion, intensive care and surgery).

BRIDGING THE GAP BETWEEN HUMAN AND

MACHINE INTELLIGENCE

1. Simulate complex behaviour using robots
interacting with rich environments. Promote
convergence of deep learning A.l. and event-
based (spiking) neural networks facilitated by
neuromorphic technology. Democratise and
develop complex (brain-inspired) A.l. models,
including large language models, in an open
and transparent approach.

2. Apply insights into brain mechanisms behind
cognitive functions, such as perception and
decision-making, to emulate learning and
developmental processes in the fields of A.l.
and neuromorphic technology, and test the
potential role of organoids and organoid intel-
ligence.

3. Apply fundamentally new concepts and
algorithms to machine learning and novel
engineering applications (e.g., new materials,
artificial life, replacing and enhancing brain

function).




)

I

Human Brain Project =~ EBRAINS

AFFILIATIONS OF THE AUTHORS

1. Institute of Neurosciences and Medicine (INM-1), Research Centre Jiilich, Germany

2. C.&0.Vogt Institute for Brain Research, University Hospital Diisseldorf, Heinrich-Heine University Diisseldorf, Germany
3. Faculty of Mathematics and Natural Sciences, Bergische Universitat Wuppertal, Wuppertal, Germany

4. Université Paris-Saclay, CEA, List, Palaiseau, France

5. The Danish Board of Technology Foundation, Copenhagen, Denmark

6. Institute of Basic Medical Sciences, University of Oslo, Oslo, Norway

7. RWTH Aachen University

8. Institut de Neurosciences de la Timone, Aix Marseille Université, CNRS, France

9. University of Toronto, Canada

10. Institut fir Anatomie |, Heinrich-Heine-Universitat, Diisseldorf, Germany

11. College of Veterinary Medicine, Auburn University, USA

12. Department of Biomedicine, University of Basel, Switzerland

13. Institute of Medical Genetics and Pathology, University Hospital Basel, Switzerland

14. Radboud University Nijmegen, Netherlands

15. European Laboratory for Non-Linear Spectroscopy; Department of Biology, University of Florence, Italy

16. Neurological Institute Foundation Casimiro Mondino (IRCCS), University of Pavia, Italy

17. Istituto Nazionale di Fisica Nucleare (INFN), Sezione di Roma, Rome, Italy

18. ICREA, Barcelona, Spain

19. University Pompeu Fabra, Spain

20. Laboratorio Cajal de Circuitos Corticales, Centro de Tecnologia Biomédica, Universidad Politécnica de Madrid, Spain
21. Instituto Cajal, Consejo Superior de Investigaciones Cientificas (CSIC), Spain

22. Paris-Saclay University, Centre National de la Recherche Scientifique, Gif sur Yvette, France

23. Institute of Computer Science, Heinrich-Heine-Universitat Diisseldorf, Diisseldorf, Germany

24. Institute of Neuroscience and Medicine (INM-6) and Institute for Advanced Simulation (IAS-6) and JARA Institute Brain Structure-Function Relationships (JBI-1/INM-10), Julich Research Centre, Jiilich, Germany
25. Institute of Cognitive Neurology and Dementia Research, Otto-von-Guericke University, Magdeburg, Germany

26. German Center for Neurodegenerative Diseases (DZNE), Magdeburg, Germany

27. Institute of Cognitive Neuroscience, University College London, London, UK

28. Institute of Neuroscience and Medicine, Brain and Behaviour (INM-7), Research Centre Jiilich, Jilich, Germany

29. Institute of Systems Neuroscience, Medical Faculty, Heinrich Heine University Diisseldorf, Diisseldorf, Germany

30. Norwegian University of Life Sciences&University of Oslo, Norway

31. De Montfort University, UK

32. Department of Neurophysiology and Pathophysiology, University Medical Center Hamburg-Eppendorf, Hamburg, Germany
33. Montreal Neurological Institute, Canada

4. McGill University, Canada

35. Centre for Research Ethics and Bioethics, Uppsala University, Uppsala, Sweden

36. Donders Institute for Brain, Behaviour, and Cognition, Radboud University, Netherlands

37. Aix Marseille Université, Institut National de la Santé et de la Recherche Médicale, Institut de Neurosciences des Systémes (INS) UMR1106, Marseille, France
38. Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig, Germany

39. University College London, UK

40. Department of Computer Science, The University of Manchester, Manchester, UK

41. Université de Liége, Belgium

42. KU Leuven, Leuven, Belgium

43. VPH Institute, Leuven, Belgium

44. Maastricht University, Maastricht, The Netherlands

45. Biopsychology, Institute of Cognitive Neuroscience, Faculty of Psychology, Ruhr-University Bochum, Bochum, Germany
46. Brain Behaviour Cluster, Department of Neurosciences, School of Medical Sciences, Universiti Sains Malaysia

47. Institute of Computational Neuroscience, University Medical Center Hamburg-Eppendorf, Hamburg, Germany

48. Health Sciences Department, Boston University, Boston, MA, USA

49. Helmholtz Zentrum Miinchen, Institut fir Entwicklungsgenetik, Neuherberg, Germany

50. ATHENA Research & Innovation Center, Greece

51. Department of Informatics & Telecom, Nat'l and Kapodistrian University of Athens, Greece

52. University Health Network, Canada

53. FAU Erlangen-Nuremberg; Dept. Neurology, Epilepsy Center

4. Neurophy lab, ULB Neuroscience Institue, Université Libre de Bruxelles (ULB)

55. Computational Science and Technology, KTH Royal Institute of Technology, Stockholm, Sweden

56. Karolinska Institutet (KI), Solna, Sweden

57. Child Mind Institute, New York, USA

58. Institute for Advanced Simulation (IAS), Jiilich Supercomputing Centre (JSC), Research Centre Jiilich, Germany

59. Department of Informatics, Technical University Munich, Munich, Germany

60. Croatian Institute for Brain Research, School of Medicine, University of Zagreb, Croatia

61. Humboldt University of Berlin, Berlin, Germany

62. Tampere University, Faculty of Medicine and Health Technology, Finland

63. Center for Systems, Knowledge Representation and Neuroscience, Ronin Institute,

64. Neuroscience Institute - National Research Council, Italy

65. University of Ghent, Belgium

66. Swammerdam Institute for life Sciences, University of Amsterdam

67. Department of Psychiatry and Psychotherapy, Central Institute of Mental Health, Heidelberg University, Heidelberg, Germany
68. Institute of Biophysics, National Research Council, Palermo, Italy

69. University of Maastricht, Maastricht, Netherlands

70. University of Glasgow, United Kingdom

71. University of Brussels, Belgium

72. FernUniversitét in Hagen, Faculty of Mathematics and Computer Science, Hagen,Germany

73. Cognitive Neuroimaging Unit, CEA, DSV/I2BM, INSERM, Universite Paris-Sud, Universite Paris-Saclay, Neurospin Center, Gif/Yvette, France
T4. INFN- the National Institute of Nuclear Physics, Rome, Italy

75. Biomedical Research Institute & Data Science Institute, Hasselt University, Belgium

76. Bernoulli Institute for Mathematics, Computer Science and Artificial Intelligence, University of Groningen, The Netherlands
77. Kirchhoff-Institut fiir Physik, Ruprecht-Karls-Universitat Heidelberg, Heidelberg, Germany

78. University of Bern, Switzerland

79. Institute of Cognitive Sciences and Technologies - National Research Council, Italy

80. Netherlands Institute for Neuroscience (KNAW), Netherlands

81. Laboratory of Visual Brain Therapy, Sorbonne Université, INSERM, CNRS, Institut de la Vision, France

82. Department of Integrative Neurophysiology, VU University, De Boelelaan, Netherlands

83. Department of Psychiatry, Academic Medical Center, Netherlands

4. Université de Mons, Belgium

85. Berlin Institute of Health at Charité, Universitatsmedizin Berlin, Berlin, Germany

86. Charité-Universitatsmedizin Berlin, corporate member of Freie Universitét Berlin and Humboldt Universitét zu Berlin, Department of Neurology with Experimental Neurology, Berlin, Germany
87. Bernstein Focus State Dependencies of Learning & Bernstein Center for Computational Neuroscience Berlin, Germany
88. Boston University School of Medicine, USA

89. Bernstein Center Freiburg & Faculty of Biology, University of Freiburg, Freiburg im Breisgau, Germany

90. ProModell Group, Chair for Digital Health, Department of Medical Informatics, Biometry and Epidemiology, Friedrich-Alexander-Universitat Erlangen-Nirnberg, Erlangen, Germany
91. Department of Clinical Neuroscience, Lausanne University Hospital and University of Lausanne, Lausanne, Switzerland
92. Centre for Research Ethics & Bioethics, Uppsala University, Uppsala, Sweden

93. Programa de Neuroetica, Centro de Investigationes Filosoficas, Buenos Aires, Argentina

94. Systems Neuroscience, Institute of Biomedical Investigations August Pi i Sunyer, Barcelona, Spain

95. Bath Spa University; UKRI ART:Al, University of Bath, UK

96. Allen Institute for Brain Sciences, USA

97. Inria, CEA, Université Paris-Saclay, Palaiseau, France

98. University of Helsinki, Finland

99. Institute of Zoology, University of Cologne, Germany

100. Athinoula A. Martinos Center for Biomedical Imaging, Department of Radiology, Massachusetts General Hospital, Boston, MA, USA
101. Harvard Medical School, Boston, MA, USA

102. Ernst Striingmann Institute for Neuroscience in Cooperation with Max Planck Society, Frankfurt, Germany

103.Inserm, Stem Cell and Brain Research Institute, Université Claude Bernard, France

104. Technical University of Munich, Chair of Robotics, Artificial Intelligence and Real-time Systems, Germany

105. Center of Molecular and Behavioral Neuroscience, Rutgers University, Newark, USA

w

o

@

RESEARCHERS SUPPORTING THE POSITION PAPER

Pietro Avanzini, Marc Beyer, Maria Del Vecchio, Jitka Annen, Maurizio Mattia, Steven Laureys, Rosanne Edelenbosch, Rafael Yuste, Jean-Pierre Changeux, Linda Richards, Hye Weon Jessica Kim, Chrysoula Sa-
mara, Luis Miguel Gonzalez de la Garza, Nikoleta Petalidou, Vasudha Kulkarni, Cesar David Rincon, Isabella O’Shea, Munira Tamim Electricwala, Bernd Carsten Stahl, Bahar Hazal Yalcinkaya, Meysam Hashemi,
Carola Sales Carbonell, Marcel Carrére, Anthony Randal McIntosh, Hiba Sheheitli, Abolfazl Ziaeemehr, Martin Breyton, Giovanna Ramos Queda, Anirudh Nihalani Vattikonda, Gyorgy Buzsaki, George Ogoh,
William Knight, Torbjern V Ness, Michiel van der Vlag, Marcello Massimini, Thomas Nowontny, Alex Upton, Yaseen Jakhura, Ahmet Nihat Simsek, Michael Hopkins, Addolorata Marasco, Shamim Patel, Jakub Fil,
Diego Molinari, Susana Bueno, Lia Domide, Cosimo Lupo, Mu-ming Poo, George Paxinos, Huifang Wang.




READ THE FULL PAPER

published in Imaging Neuroscience

April 2024 | Executive Summary
The coming decade of digital brain research
Avision for neuroscience at the intersection of technology and computing



