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Disclaimer(s) & Acknowledgments

Of course, | had to select the material to be included.
And of course, Physics # HEP (but a lot of HEP here, and a lot of CERN examples).

The CERN medical applications-related projects presented in this talk are realized by the CERN scientists and
engineers: without their skills, ingenuity, and dedication, there would be no knowledge to transfer! Some names
are acknowledged on the respective slides, but there are many more.

The KT group and myself are privileged to have the opportunity to support these projects in a tailored way, and to
help bridge the gap between CERN technologies and society.

Many thanks to all the colleagues from CERN, CNAO, CHUV, CNRS, GSI, MedAustron, INFN, TERA who have shared
their material and wisdom with me; thanks to Ugo Amaldi and Manjit Dosanjh, from whom | first learned about
hadron therapy.

| am neither a doctor, nor a medical physicist, nor a technical expert in most of the technologies | present, so the
Q&A will be fun! ©
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Par Sam LaRussa from United States of America —
Radithor, CC BY-SA 2.0,
https://commons.wikimedia.org/w/index.php?curid=5784
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Photo of the “Pierre Curie” arm, burned by radium salt
applied for 10 hours. This was also the time when people
became aware of the effect of radiation and the possibility
of using it for medical purposes. In 1900, the German
dentist Walkhoff noted that radium rays act energetically
on the skin in a manner analogous to that of X-rays. This
observation was confirmed a few weeks later by the
German chemist F. Giesel, with whom Pierre and Marie

Friedrich Giesel . 8 Pierre Cune

1852-1927 W SRR I el 1859-1906 maintained regular correspondence.
' | © CNRS Audiovisuel ©

Burning of Pierre Curie's arm

research and innovation programme under grant agreement No 101008548
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X-ray apparatus used for treatment of
epithelioma of the face, 1915.

Small tubes containing radium salts are strapped
to a woman's face to treat what was either lupus

dent 05.
HITP‘WI or roden
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Foundation archive
Isidor Isaac Rabi

Prize share: 1/1

The Nobel Prize in Physics 1944 was awarded to
Isidor Isaac Rabi "for his resonance method for
recording the magnetic properties of atomic
nuclei."

HITRI
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Felix Bloch Edward Mills Purcell

Prize share: 1/2 Prize share: 1/2

The Nobel Prize in Physics 1952 was awarded
jointly to Felix Bloch and Edward Mills Purcell "for
their development of new methods for nuclear
magnetic precision measurements and discoveries
in connection therewith."

P.a.u.l C.. I_'a.u'férbur

Prize share: 1/2

Sir Peter Mansfield
Prize share: 1/2

The Nobel Prize in Physiology or Medicine 2003
was awarded jointly to Paul C. Lauterbur and Sir
Peter Mansfield "for their discoveries concerning
magnetic resonance imaging."

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 101008548
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Over 70 companies and institutes
produce accelerators for industrial
applications; these organizations sell
more than 1,100 industrial systems
per year — almost twice the number
produced for research or medical

therapy — at a market value of $2.2B.

Over $1B of this amount is generated
by the sales of accelerators for ion
Implantation into materials —
primarily semiconductor devices —
whose worldwide value of production
is about $3008B.

Hamm,R.andHamm,M.(2012).Industrial accelerators and their
applications. World Scientific Publishing Co.

As of 2014 there were 42,200
accelerators worldwide:

27,000 (64%) in industry,

14,000 (33%) for medical purposes
1,200 (3%) for basic research.

These figures exclude electron
microscopes and x—ray tubes, and
the security and defense industries.

Chernyaev, A. P. and Varzar, S. M. (2014). Particle accelerators in
modern world. Physics of Atomic Nuclei, 77(10):1203-1215.

This project has received funding from the European Union’s Horizon 2020
search and innovation programme under grant agreement No 101008548
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Status of Radiation Therapy Equipment
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EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
CERN - PS DIVISION

CERN/PS 2000-007 (DR)

PROTON-ION MEDICAL MACHINE STUDY (PIMMS)
PART 11

Accelerator Complex Study Group*
supporied by the Med-AUSTRON, Onkologie-2000 and the TERA Foundation
and hosted by CERN

ABSTRACT

The Proton-lon Medical Machine Study (PIMMS) group was formed following an
agreement between the Med-AUSTRON (Austria) and the TERA Foundation (Italy)
to combine their efforts in the design of a cancer therapy synchrotron capable of
accelerating either light ions or protons. CERN agreed to support and host this study
in its PS Division. A close collaboration was also set up with GSI (Germany). The
study group was later joined by Onkologie-2000 (Czech Republic). Effort was first
focused on the theoretical understanding of slow extraction and the techniques
required to produce a smooth beam spill for the conformal treatment of complex-
shaped tumours with a sub-millimetre accuracy by active scanning with proton and
carbon ion beams. Considerations for passive beam spreading were also included for
protons. The study has been written in two parts. The more general and lhem'et«:al
aspects are recorded in Part I and the specific technical design ids are
presented in the present volume, Part II. An accompanying CD-ROM contains
supporting publications made by the team and data files for calculations. The PIMMS
team started its work in January 1996 in the PS Division and continued for a period of
four years.

INFN

*Full-time members: L. Badano'', M. Benedikt™, P J Br)wi"(smdy Leader), M. Crescenti'’, P. Holy",
A. Maier'™", M. Pullia", S. Reimoser™, 5. Rossi

Part-time members: G. Borri”, P. Knaus™™

Contributors: F. Gramatica'’, M. Pavlovic®, L. Weisser”

1) TERA Foundation, via Puccini. 11, 1-2B8100 Novara.

2) CERN, CH 1211 Geneva-23.

3) Oncology-2000 Foundation, Na Morani 4, CZ-12808 Prague 2.

4) Med-AUSTRON, c/o RIZ, Prof. Dr. Stephan Korenstr. 10, A-2700 Wr. Neustads,

5) Sommer & Partner Architects Berlin (SPB), Hardenbergplatz 2, D-10623 Berlin,

Geneva, Switzerland
May 2000

PIMMS August 2000
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Three alternative accelerator designs

Improved synchrotron (warm)

Equipped with several innovative
features: multi-turn injection for
higher beam intensity, new
injector at higher gradient and
energy, multiple extraction
schemes, multi-ion.

Circumference ~ 75 m

New bnac (10 MeV/u)

Heavy lon Therapy Research Integration

Knowledge Transfer
Accelerating Innovation

Improved synchrotron
(superconducting)

Equipped with the same
innovative features as warm, but
additionally 90° superconducting

magnets.
Circumference ~ 27 m

MS
Im Il nl \
Sexiupoles:
\

= resonance
« phase
~Q,,Q,

ourtesy: TERA

New hrad (10 MeV/u)

MANUELA CIRILLi - HEAvY ION THERAPY ONLINE COURSE

Linear accelerator

Linear sequence of accelerating
cells, high pulse frequency.

Length ~53 m

70 MeV/u 34m - 34 ki

< 430 MeV/u

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 101008548




Protons:
the LINAC way

1990 2007 2014 Fig. 4. TOP-IMPLART SCDTL structure: (left) schematic (right) 18-24 MeV booster built for the SPARKLE Company.
RFQ2 LINAC4 RFQ HF RFQ

200 MHz 352 MHz 750MHz TOP IMPLART M
0.5 MeV /m 1MeV/m 2.5MeV/m

Weight :1200kg/m Weight : 400kg/m Weight : 100 kg/m
Ext. diametre : ~45 cm Ext. diametre : 29 cm Ext. diametre : 13 cm

C. Ronsivalle, M. Carpanese, C. Marino, G. Messina, L. Picardi, S.
Sandri, E. Basile, B. Caccia, D.M. Castelluccio, E. Cisbani, S. Frullani,
F. Ghio, V. Macellari, M. Benassi, M. D’Andrea, L. Strigari, The TOP-
IMPLART project, Eur. Phys. J. Plus 126: 68 (2011) 1-15,
http://dx.doi.org/10.1140/epjp/i2011-11068-X.

Compact High-Frequency Radio Frequency @
Quadrupole (RFQ)

M. Vretenar, A. Dallocchio, V. A. Dimov, M. Garlasche, A.
Grudiev, A. M. Lombardi, S. Mathot, E. Montesinos, M. Timmins,

“A Compact High-Frequency RFQ for Medical Applications”, in .
Proc. LINAC2014, Geneva, Switzerland, September 2014 LInac BOoster (LIBO)

I U. Amaldi et al., “LIBO-a linac booster for protontherapy: construction and test of a |
prototyne,” Nucl. Instrum. Meth- ods Phys. Res. A, vol. 521, pp. 512-529, 2004.

This proiect has received fundina from the Eurobean Union’s Horizon 2020



The RFQ for C®* LINAC option

First (of 4 sections) completed

Collaboration CERN-CIEMAT-CDTI-Spanish industry
2.0 m long

750 MHz

Will deliver Carbon (or Helium) at 5 MeV
(total energy)

Designed at CERN built in Spanish Industry

This projl
research.
.




FLASH therapy — a growing clinical interest

NATURE May 23, 1959 vou. 163

Modification of the Oxygen Effect when
Bacteria are given Large Pulses of Radiation

D. L. DEweyY
J. W. Boaa
Research Unit in Radiobiology,
British Empire Cancer Campaign,
Mount Vernon Hospital,
Northwood.

HITRI
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> Sci Trans| Med. 2014 Jul 16;6(245):245ra93. doi: 10.1126/scitransimed.3008973.

Ultrahigh dose-rate FLASH irradiation increases the
differential response between normal and tumor
tissue in mice

Vincent Favaudon ', Laura Caplier 2, Virginie Monceau 3, Frédéric Pouzoulet 4,
Mano Sayarath 4, Charles Fouillade 4, Marie-France Poupon 4, Isabel Brito 2, Philippe Hupé €,
Jean Bourhis 7, Janet Hall 4, Jean-Jacques Fontaine 2, Marie-Catherine Vozenin 8

Affiliations + expand
PMID: 25031268 DOI: 10.1126/scitranslmed.3008973

In vitro studies suggested that sub-millisecond pulses of radiation elicit less genomic instability

than continuous, protracted irradiation at the same total dose. To determine the potential of

ultrahigh dose-rate irradiation in radiotherapy, we investigated lung fibrogenesis in C57BL/6J mice
exposed either to short pulses (= 500 ms) of radiation delivered at ultrahigh dose rate (= 40 Gy/s,

FLASH) or to conventional dose-rate irradiation (= 0.03 Gy/s, CONV) in single doses. The growth of
human HBCx-12A and HEp-2 tumor xenografts in nude mice and syngeneic TC-1 Luc(+) orthotopic

lung tumors in C57BL/6J mice was monitored under similar radiation conditions. CONV (15 Gy)

triggered lung fibrosis associated with activation of the TGF-f (transforming growth factor-f)

cascade, whereas no complications developed after doses of FLASH below 20 Gy for more than 36
weeks after irradiation. FLASH irradiation also spared normal smooth muscle and epithelial cells

from acute radiation-induced apoptosis, which could be reinduced by administration of systemic

TNF-a (tumor necrosis factor-a) before irradiation. In contrast, FLASH was as efficient as CONV in

the repression of tumor growth. Together, these results suggest that FLASH radiotherapy might

allow complete eradication of lung tumors and reduce the occurrence and severity of early and late 020
complications affecting normal tissue. 548



CERN CHUV - THERYQ collaboration on FLASH
VHEE therapy

CLIC technology for a FLASH VHEE facility designed R 3
in collaboration with CHUV and realized by THERYQ. | —_——T7frfrtH itho

f——-\ _ Bending magnet
¢°—
L

™~ Source of electrons ~ Accelerating stage ' € b,

: _,Bending magnets
2, o
-
-
= ]

_~ Patient

An intense beam of electrons is produced in a photoinjector,
accelerated to around 100 MeV and then is expanded,
shaped and guided to the patient.

Jean Bourhis from CHUV:
“The clinical need that we have really converges with the
technological answer that CERN has.”

Close-up of the Compact Linear Collider prototype, on which the electron FLASH design is based (Image: CERN)

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 101008548
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The remarkable connection between CLIC technology and A
FLASH electron therapy

Very intense electron beams
CLIC — to provide brightness needed for delicate physics
experiments
FLASH —to provide dose fast for biological FLASH effect

Very precisely controlled electron beams
CLIC — to reduce the power consumption of the facility
FLASH — to provide reliable treatment in a clinical setting

High accelerating gradient (that is high beam energy gain per
length)
CLIC —fit facility in Lac Leman region and limit cost
FLASH — fit facility on typical hospital campuses and limit cost
of treatment

CERN KT Seminar on April 26th, 2021
https://indico.cern.ch/event/975980/

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 101008548




IMAGING

1 the European Union’s Horizon 2020
nder grant agreement No 101008548
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David Townsend, Alan Jeavons
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Fast forward to 2018




Hybrid Silicon Pixel Detectors

sensor chip (e.g. silicon)

high resistivity n-type silicon
p-type i

- aluminium layer
silicon layer

flip chip
bonding with
solder bumps

> Semiconductor
detector

_________

=

-

~ Bump-bond

electronics chip contact

single pixel
read-out cell

Noise-hit free particle detection
Standard CMOS can be used allowing on-pixel signal processing
Sensor material can be changed (Si, GaAs, CdTe..)

HITRI
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> ASIC

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 101008548




S. Procz et al.

HITRI(

Heavy lon Therapy Research Integration

UNI

FREIBURG

bpean Union’s Horizon 2020
t agreement No 101008548




Spectral imaging of joints

Titanium implant in sheep bone
TN

Enables better understanding of

. - process of bone ingrowth
HITP."/ - bone / implant interface

This project has received funding from the European Union’s Horizon 2020
search and innovation programme under grant agreement No 101008548




The water has been partly cut away to reveal the bone, gold, gadolinium and iodine

__J( Images presented at the Eur&gegh Congress of Radiology, Vienna, March 2017.



Spectral CT image showing wrist implant
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Ethanol-preserved mouse heart scanned using the WidePIX1,,s detector
60 kVp tungsten spectrum
720 projections, 5 seconds per projection (one hours total)
Spatial resolution ca. 7 um

H I I p ﬂ Reconstructed using Volex, visualized using CTVox and Am
o
//

ﬁlis project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 101008548
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MiniPIX TPX3
Miniaturized spectral camera supporting Si and CdTe sensors

\\\\ // ‘\14 mm
P, It’s really small...

Very first Broié%%@
(without sensor yet)

TPX3 detector

55 pum resolution,
+ energy, + time

ANANDVALCAM

HITRI

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 101008548
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Gamma camera applications: Thyroid diagnostic

Stage IVB Medullary Thyroid Cancer

Thyroid cancer diagnostics and treatment monitoring:
The second most frequent cancer for women (after breast can

Current imaging methods offer resolution of about 12 mm in -

This technology allows S
> 5 times better resolution and 3D (2.5 mm) Sp'"e\J} o

Tissue in front

Common
carotid artery

. of the spine
° 4 times lower dose /]\Camr

.| "Lymph node

=— Cancer

H I I p | 1 NIS project has received Tunding Trom the European union's Horizon zuzQ®
d \p/ivs ’; : research and innovation programme under grant agreement No 101008548
o * g *
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In-line images of a hadron therapy beam

Protons 221 MeV Carbons 89 MeV/u Carbons 430 MeV/u

B MeV

This project has received funding from the European Union’s Horizon 2020
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TimePIX 3 photon fluence
measurement in hospital theatres
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Colour maps of the photon fluence measured with a Timepix Il in
an hospital theatre at four horizontal eights.
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Radioisotopes: The medical testing crisis Classification of Isotopes for

(]
With a serious shortage of medical isotopes looming, innovative companies are exploring M e d l CI n e :
ways to make them without nuclear reactors.

Richard Van Noorden
1. Established isotopes - Industrial suppliers
11 December 2013 99mTc 18F 123,125,131 111j 90y
’ ’ ’ ’
=) poF = W, Rights & Permissions
2. Emerging isotopes = Small innovative suppliers
68Ga, 82Rb, 897r, | 188Re
3. R&D isotopes > Pesearch labs
44’47SC, 64’67CU, 134Ce’ 140Nd, 149, 152,455, 161Tb, 166HO, 195mpt’ 211At,
212, 23Ry B
) 1AEA 0 IR ke T >0 2
u::"':::"’r"w SRS O F 0B Shy ~A Courtesy U. Koester

VIENNA INTERNATIONAL CENTER - ROOM M2- ling from the European Union’s Horizon 2020
d 9-10 OCTOBER 2018 ramme under grant agreement No 101008548

/;//m
. * 4 K
Heavy lon Therapy Research Integration




Theranostics

Tb 149 Tb 152

42m 41h 42m 175h
€ € ly 283, €
b a397 | [160. | pr2s.
a3.99 pr1.8 ... y 344;
y 796; y 352, y 344; 586,
165... 165... 411... 271...

Tb 1585 Tb 161
5.32d 6.90 d

€
y 87, p-0.5;06...
105;... v 26; 49; 75...
180, 262 e

A Unigue Matched Quadruplet of Terbium Radioisotopes for PET and SPECT and for a- and f~-Radionuclide Therapy: An In Vivo
Proof-of-Concept Study with a New Receptor-Targeted Folate Derivative

Cristina Miiller, Konstantin Zhernosekov, Ulli Koster, Karl Johnston, Holger Dorrer, Alexander Hohn, Nico T. van der
Walt, Andreas Turler and Roger Schibli

Journal of Nuclear Medicine December 2012, 53 (12) 1951-1959; DOI: https://doi.org/10.2967/jnumed.112.107540

HITRI

Heavy lon Therapy Research Integration

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 101008548




Principle of isotope production bzaieis
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airror_mod.use y -~ True
mirror mod.use z = False
ehf _operation — "MIRROR_Z7":
mirror mod.use x =
mirror_mod.use y =
mirror_mod.use _z =

#selection at the end -add back the deselected mirrgg modifier object
mirror_ob.select= 1 X N ]
modifier_ob.select=1
bpy . context.scene.objects.active = modifier_ob —
print(“Selected” + str(modifier ob)) # modifier ob is m ob

Smirror ob.select = @ _ i | o
e - Me cawfaet e e
. P e o -

the European Union’s Horizon 2020
der grant agreement No 101008548




Geant4-DNA applications

Simulation using Geant4-DNA of irradiation of a pBR322
plasmid, including radiolysis

o - movie courtesy of V. Stepan (NPI-
H I I R ‘l ASCR/CENBG/CNRS/IN2P3/ESA
/;//m
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Model of nucleosome created using DnaFabric*, imported into
Geant4 to model irradiation, repair mechanisms.

*S. Meylan et al, Comp. Phys. Comm. 204 (2016) p159

*
Pl This project has received funding from the European Union’s Horizon 2020
** : research and innovation programme under grant agreement No 101008548
* oy *




TOOIS fO 'S peCifi C .. & ( Example GATE geometries

Triple-head gamma cé‘f‘ne_r»a

applications

based on Geant4

Tools provide specific capabilities for crea

create setup, steer simulation via ‘text ¢ S

S:.Staelens

output adapted for application-area | Uni Ghent

GATE (FR, DE, GR, PL, AT) - PET/SPECT, = < Tool for

Particle Simulation

TOPAS (us) - protontherapy

To use Monte Carlo transport for radiation therapy research in the past, one had
to be both an expert in Monte Carlo and an expert in medical physics.
With TOPAS, it is sufficient to be an expert in medical physics or biology

GAMOS (ES) - for nuclear medicine applications

David Hall

Bruce Faddegon
Aimee McNamara
Harald Paganetti

Developed by external parties - using capabilities of "

Jungwook Shin

» "
{
José Ramos a 18
N
)
n
u

I I I I p ‘l TOPAS supported by the U.S National Institutes of Health under contracts bpean Union’s Horizon 2020
d i 2R01Cl_\14073€i-05 and 1 RO1 CA187003-01A1 and by TOPAS MC Inc t agreement No 101008548
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http://opengatecollaboration.org/
http://topas-mc.org/
http://fismed.ciemat.es/GAMOS/

BioDynaMo: An open-source software framework

Newcastle
Qe Lniversity !

b o
. . N\ A2
The Open-Source Biology Dynamics Modeller. A\' \'A

- =
00 LB\
~ O — E E ][
Get the source Installation Guide Tutorials

Find the source code for BioDynaMo on Install BioDynaMo on your own system. Browse tutorials and learn how to use

hu BioDynaMo R | : \\
Learn mo re Learn more > Learn more > cCimyuLr
PUNAAL

/=, BioDynaMo

University
of Cyprus

BioDynaMo is a software platform to easily create, run, and visualise 3D agent-based biological simulations.

41 UNIVERSITE
/) DE GENEVE

AN
(I
0
T
o(
$
G

ENYS

An open-source software platform to easily create, run,
: UNIVERSITY OF

and visualise 3D agent-based simulations, built up ﬁ SURREY
around CERN-developed technologies " et

Statistics
H I ° P E Netherlands Checkpo'qt
www.biodynamo.org
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BIODYNAMO

BIOLOGY DYNAMICS MODELLER

Courtesy Nicolo Cogno, TU Darmstadt (Germany)

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 101008548




BioDYNAMO

BIOLOGY DYNAMICS MODELLER

=1 CERN

1= openlab

Courtesy Jean de Montigny and Roman Bauer

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 101008548
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COVID Airborne
Risk Assessment

Results Input Data Applicable Rules

Q CARA - COVID Airborne Risk Assessment calculator astits

~
o]
Simulation name: Office Eventdata: @
Room number: e | Totlnumberol s |
—_— occupants: s
Number of infected ] .
P v P ] Probability of infection (%)
Variant: SARS-Co-2 (Dedta VOC) 5
Aoty type: [Office 7] Acceptable: Taking into account the uncertainties tied to the model variables, in this
Room 3 Exposed vs) e - r N .
o a.,:.“.:u... ™0 o :: ;T.ﬂ; % o scenario, the probability of one exposed occupant getting infected is 1.6% and the
Floor area: o R fected person(s) presence - =
bl Sureloe §] PN S expected number of new cases is 0.03
Central beating systesn nuse: @ Mo Oes Which month s the event?| December |
Location: @ | Melboume, Victona, AUS
bl Activiey bresks: @ This level of risk is within acceptable parameters, no further actions are required.
jont : .
Ventilation type: | Nowentation  Mechanical (® Natural * The results are based on the parameters and assumptions published in the CERN Open Report CERN-OPEN-2021-004.
Numder of windows:[T —— Lunch bresk: 1 No (@ Yes
Height of window: (1.5 N san(12:0 @| Fnsh[13:0 @] : “
Window ype: @ Siding] T g Coffec Breaks: ~ Nobreaks 2 @4 Mean concentration of virions
\’ﬂﬂ:ho‘wvxj”' Duration {minutes):[ 10w - -
Opening distance: 1.0 3.0 — Mean concentration
Windowsopen: Coffee Dreaks ave spread evenly throughout the day. Presence of exposed person(s)
® Permanently

. S 25+
HEPA fltratice: @ No  Yes

Facemasks: @ oy
Are masks worn when occupants are at workstations? @ Yes ) No

Type of masks used: ( Type1 @ FFP2

Mean concentration (virions/m™)

Developed by CERN personnel to assess the COVID airborne
risk in indoor spaces with a risk-based approach.

T T T T T T T T
0800 1000 1:00 1200 13:00 1400 15:00 18:00 17:00
Time of day

Includes hourly fluctuations in outdoor temp (GVA data) and
detail window modelling for natural ventilation, complex
occupancy and ventilation profiles.

HI s Andre Henriquez (CERN)
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From HEP to society:
a long and winding road...

This project has received funding from the European Union’s Horizon 2020
search and innovation programme under grant agreement No 101008548
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The ISEULT
magnet -

a French-German
initiative

Full field of 11.72
teslas achieved — i
on July 18, 2019 &>
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The

In the end, utility resulted, but it

Usefulness was never a criterion to which
: his (Faraday's, nadr) ceaseless
()f Use]ess experimentation could be subjected.

Knowledge

—_——

| am not for a moment suggesting that

everything that goes on in laboratories

will ultimately turn to some unexpected

With a companion essay bt " "

R()BBERT[ l)IJKGRI//\A/F praCtlcal use Orthat an UH:Imate .
practical use Is its actual justification.

* * This project has received funding from the European Union’s Horizon 2020
*,, : research and innovation programme under grant agreement No 101008548
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