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Latest achievments MCF

High fusion power produced and sustained for 5 seconds

Hybrid scenario DTE2
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First high confinement plasmas using D-T with berillium-tungsten wall

CONFIRMING MODELING PREDICTIONS

Courtesy Tony Donné
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Latest achievments ICF

RAVAAAS Become a Member
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Laser fu5|on reactor approaches ‘burning plasma’

milestone

By Daniel Clery | Nov. 23,2020, 10:45 AM

2020:
More than
150 kJ of
fusion
energy

Hot spot temperature (millions of degrees Celsius)
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GRAPHIC: PRAV PATEL/LLNL, ADAPTED BY N. DESAI/SCIENCE

Most recent results on NIF

(2020-2021)

2021: 1.35 MJ of fusion
1.0 energy over 1.93 MJ of

laser energy

/

Fusion yield (MJ)

NIC about 5 kJ of High foot
Fusion energy campaigns (~20 kJ)
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Year
v Improved radiation uniformity

v' Improved target quality

Reduced impact
of Rayleigh Taylor
instability
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Fusion

CHALLENGES
v" Fuel cycle (tritium breeding)
v' Material activation due to neutrons

v Economy of cost

Fusion Cross Sections
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Hydrogen-Boron Fusion

p+""Boa+%Be »a+(a+a)+8.7MeV
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1073 5 V.S.Belyaev, et al. Phys. Rev. E 72, 026406 (2005)
A.Bonasera, et al. in “Fission and Properties of Neutron-Rich Nuclei” (Sanibel
10-¢ Island, USA: World Scientific) 503-507 (2008)
10° 100 102 10° doi:10.1142/9789812833433_0061

Energy (keV) C.Labaune, et al. Nat. Commun. 4, 2506 (2013)

A Picciotto, et al. Physical Review X 4, 031030 (2014)
L.Giuffrida, et al. Phys. Rev. E 101, 013204 (2020)
D.Margarone, et al. Frontiers In Physics, 8, 343 (2020)
D. Margarone et al., Applied Sciences 12, 1444 (2022)
See presentation by Dieter Hoffmann
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Approaches used in experiments

Two types of experimental configuration have been used

Pitcher

N

N

x-particle

H-BORON

7

-particle

BORON ‘

Pitcher-Catcher configuration

In addition, Labaune et al. used a ns laser to irradiate the catcher before the arrival of protons
C.Labaune, et al. Nat. Commun. 4, 2506 (2013)
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Hydrogen-Boron Fusion

p+""Boa+%Be »a+(a+a)+8.7MeV
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v’ Laser-driven High brightness a.-particle sources: short duration / small source size

v Production of Short half-life radioisotopes for imaging or therapy
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PROBONO

Cost Action CA21128 "PROton BOron Nuclear fusion: from energy
production to medical applicatiOns” PROBONO —

approved and starting November 2022

v’ Motivation
v’ Mission
4 Large international collaboration

v’ Benefits
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Motivation

& Mission
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COST: Mission and Strategic Priorities

COST provides networking
opportunities for researchers

and innovators in order to Promoting and spreading

strengthen Europe’s capacity excellence
to address scientific, Y, Fostering interdisciplinary research
technological and societal for breakthrough science
challenges ,
Europe’s most Empowering and retaining young researchers
empowering
research
programme
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PROBONO: Physics Goals

PHYSICS

v" Increase of a-particle yield/shot

v’ Study possibility of triggering “avalanche” in proton-boron fusion reactions H.Hora, et
al. Matter and Radiation at Extremes 2, 177 (2017)

v’ Consider pB implosion (hybrid approach) (see presentation by Tom Mehlhorn)

New task - radiation losses very high in hydrogen boron plasma — opacity and EOS measurement
needed

Exploring laser-driven high-brightness a-particle sources
Which will allow:
e Study the a-particle (ion) stopping power in plasmas W. Cayzac, et al. NATURE
COMMUNICATIONS, 8:15693 (2017)
e Study self-heating regime induced by the a-particles generated in fusion
M. Temporal, et al., European Physical Joirnal D, 71, 132 (2017)
* Develop our understanding on low-rate nuclear reactions in plasmas for
astrophysical research M. Gatu Johnson, et al., Physics of Plasmas 24, 041407 (2017)
* Develop a compact alternative to standard a-particle sources used to produce
radioisotopes

ENERN
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PROBONO: Physics Goals

PALS laser facility at Prague, Czech Republic in 2022

) Mach Zender
Laser VISAR ‘ Interferometer CH + Al substrate
‘ Phase Plate

. ___________ ‘ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ‘ ,,,,,,,,,,,,,,,, s BRR PALS laser
Streak SOP
‘ Streak VISAR

e Studies of the equation of state (EOS) of boron compounds

Main focusing Lens

Quartz Parallelepiped

e SOP and VISAR system

e Accessible pressure range 10-35 Mbar
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PROBONO: Simulations

Laser-plasma interaction and lon acceleration
PIC Code (SMILEI) Nuclear reactions and transport

Monte Carlo Code (FLUKA)

protons

CH\ \ .
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Chain of numerical codes used to simulate the experiment Pitcher-Catcher .
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Chain of numerical codes used to simulate the experiment In-target

See presentation by Philippe Nicolai Courtesy Ph. Nicolai
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PROBONO: Medical application

Applied Radiation and Isotopes 118 (2016) 182-189

I
| Applied Ragiation and
Isotopes

Contents lists available at ScienceDirect

Applied Radiation and Isotopes

journal homepage: www.elsevier.com/locate/apradiso —

v" Perform the first

experiments

.

Production of medical Sc radioisotopes with an alpha particle beam @ o

r.el ate d to th e Katarzyna Szkliniarz®, Mateusz Sitarz”°, Rafal Walczak®, Jerzy Jastrzebski”",
Aleksander Bilewicz, Jarostaw Choiniski”, Andrzej Jakubowski”, Agnieszka Majkowska®,
Anna Stolarz’, Agnieszka Trzcinska”, Wiktor Zipper®

p ro d u Ct I O n Of 2 Institute of Physics, Department of Nuclear Physics and its Applications, University of Silesia, 40-007 Katowice, Poland
b Heavy Ion Laboratory, University of Warsaw, 02-093 Warszawa, Poland

¢ Faculty of Physics, University of Warsaw, 02-093 Warszawa, Poland

4 Institute of Nuclear Chemistry and Technology, 03-195 Warszawa, Poland

radioisotopes, their

ARTICLE INFO ABSTRACT

separation, ...

Keywords: The internal a-particle beam of the Warsaw Heavy Ion Cyclotron was used to produce research quantities of the
Alpha particle beam medically interesting Sc radioisotopes from natural Ca and K and isotopically enriched “*Ca targets. The targets
43’44§§ radioisotopes ) were made of metallic calcium, calcium carbonate and potassium chloride. New data on the production yields
l_{ad{o‘s?‘f‘o‘}?e przdgucnon and impurities generated during the target irradiations are presented for the positron emitters **Sc, ** 8Sc and
glhil:]j‘;arg;;i/el d Sc generator 44mge The different paths for the production of the long lived ** ™Sc/4* 8Sc in vivo generator, proposed by the
ARRONAX team, using proton and deuteron beams as well as alpha-particle beams are discussed. Due to the
larger angular momentum transfer in the formation of the compound nucleus in the case of the alpha particle
induced reactions, the isomeric ratio of ** ™Sc/** 8Sc at a bombarding energy of 29 MeV is five times larger than
previously determined for a deuteron beam and twenty times larger than for proton induced reactions on
enriched CaCOj targets. Therefore, formation of this generator via the alpha-particle route seems a very
attractive way to form these isotopes. The experimental data presented here are compared with theoretical
predictions made using the EMPIRE evaporation code. Reasonable agreement is generally observed.

See presentation by Juan Esposito
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PROBONO

Medical application

Recently radioisotopes produced by
Large Heavy lon Cyclotron systems

(ARRONAX or U-120M).

10 pA of a-particles = 1014 o/s

(for instance, ARRONAX produces 2x375 pA
protons but only 70 pA of a-particles)

o-yield achieved in laser experiments
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Laser experiments show a maximum of
1011 o /sr/shot.

In order to be competitive, we need:

i) use a new generation of 100 Hz laser systems
i) increase the oa-yield of at least 1 order of
magnitude
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PROBONO: Diagnostics

1 %TiF

CR39

125°
© @1 protons
- B - Courtesy Ph. Nicolai
omson parabola
e plastic target
0.2-2 mm i
pitcher
boron target
catcher

v Develop new diagnostics for better characterization of a-particle generation
v" Develop high repetition rate (HRR) diagnostics
v’ Use new approaches to the analysis of data (i.e. machine learning...)

See presentation by Fabrizio Consoli, Noaz Nissim
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PROBONO: Targetry

TARGETRY

v Develop new targets increasing a-particle production
v Develop new holders containing many targets assuring precise positioning
easy to align (HRR)

v Avoiding/shielding target debris after each shot

Examples of multiple target
holders used at
PALS

CLPU

See presentation by Edmond Turcu, and by Andrey Shukurov
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Large collaboration
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40 Members

Albania
Austria
Belgium
Bosnia and Herzegovina
Bulgaria
Croatia

Cyprus

Czech Republic
Denmark
Estonia
Finland

France
Georgia
Germany

1 Cooperating Member

O

Israel

Greece

Hungary

Iceland

Ireland

Italy

Latvia

Lithuania
Luxembourg
Malta

The Republic of Moldova
Montenegro

The Netherlands
The Republic of
North Macedonia

1 Partner Member
@ South Africa
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Large collaboration

@ Norway
Poland
Portugal
Romania
Serbia
Slovakia
Slovenia

@ Spain

@® Sweden

@ Switzerland
Turkey
Ukraine

@ United Kingdom

@® COST Members non-ITCs
(Inclusiveness Target Countries)

COST Members ITCs
COST Cooperating Member
@ COST Partner Member
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Large collaboration

®  South Africa 34

Algeria 16

Armenia 44

Azerbaijan 18

Belarus 33

Egypt 15

Jordan 18

Kosovo* 36

Lebanon 12

Morocco 36

Palestine** 7

Russian Federation o

Syrian Arab Republic 1

Tunisia 55

Argentina 14 Malaysia 2

Australia 69 Nepal 1

Bangladesh 1 New Zealand 13

Brazil 40 Nigeria 3

Canada 63 Pakistan 2

Chile 12 Peru 2

China 30 Republic of Rwanda 1

Colombia 11 Saudi Arabia 2

Costa Rica 5 Senegal 1

Cuba 1 Singapore 10

Ecuador 3 South Korea 7

Ethiopia 1 Taiwan 2

Hong Kong SAR 2 Uganda 1

India 13 United Arab Emirates 4

Iran 8 United States 211

Japan 47 Uruguay 2

Kazakhstan 2 Uzbekistan 1

COST Members Kenya 2 Venezuela 1

@ COST Partner Member Ku\@\t ! Vietnam 2
Mexico 11

COST Near Neighbour Countries

Third States/International Partner Countries

~
P
*** As of 6 May 2022 until further notice, measures are taken to suspend cooperation with Russia for the execution of the COST Actions and COST activities. Amongst these measures, participation and
eligibility of COST Action participants affiliated to a legal entity established in Russia are suspended for all COST Actions and COST activities.
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Large collaboration

COST Action CA21128
"PROton BOron Nuclear fusion: from energy production to medical applicatiOns"

15 Members ~
-

Bulgaria
Czech Republic
® France
® Germany
Greece
Hungary

@ Italy ’
Poland Queen S

Portugal .

Romania

Serbia ® JIHT RAS Moscow

lovenia
° zpam U.Darmstadt
Ukraine ‘ GSl ‘ IPPLM WarsaW

@ United Kingdom : ‘ ELI, |PP ‘ KlPT

1 Cooperating member @ Cosylab ® Magnite Tech.
Israel CELlA‘ @ ‘EL| ALPS
IST Lisb FBK‘ Wigner ‘ELI NP
. ISbon CLPU ° ® NILPRP
6 International e o Vinca @ NBU

Partner Countries ‘ ENE‘A

Australia

Canada ‘

Japan )

United States LNS . 3

China HMU

India : Hebrew Univ.
Soreq NRC
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Large collaboration

6 International
Partner Countries

Australia

Canada
China

India
INRS-EMT _]apan
o

United States
® \ViECs o o
ILE

° Xi"An Jiaotong University
TIFR

HB11

COST Members . . .
@ COSTpartner Member ‘ Macquarie University

COST Near Neighbour Countries ‘

Third States/International Partner Countries U NSW

DU

~
o

*** As of 6 May 2022 until further notice, measures are taken to suspend cooperation with Russia for the execution of the COST Actions and COST activities. Amongst these measures, participation and 9
eligibility of COST Action participants affiliated to a legal entity established in Russia are suspended for all COST Actions and COST activities.
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Large collaboration

COST Action CA21128

"PROton BOron Nuclear fusion: from energy production to medical applicatiOns"

18 Members

Bulgaria Bosnia and Herzegovina
Czech Republic Latvia
@ France

Turkey
® Germany

Greece
Hungary

@ Italy ’
Poland Queen S

Portugal .

Romania
Serbia
Slovenia
@ Spain
Ukraine
@ United Kingdom

1 Cooperating member
Israel CELIA‘

6 International e o

Partner Countries

Australia
Canada
Japan

United States
China

India

N
-

University of Latvia

e
® JIHT RAS Moscow
Vo armstadt o ippi v, INCT Warsaw
’ PY ELI, IPP ® KIPT
@ Cosylab ® Magnite Tech.
® o ELIALPS
FBK‘ Wigner ® ‘ELI NP
® NILPRP
(X ]
Y ) - Vinca @ NBU
ENEA ®
. | . . .
LNS o Adiyaman University

HMU
: Hebrew Univ.

Soreq NRC
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Structure
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Structure

Coordination by
Action Chair
Action Vice-Chair GH Scientific rep.

MC Members
MC Observers

—— |

Training and dissemination

|
|
|
|
|
|
|
|
|
:— =l ASSOCIATION
|
I
|
|
|
|
I
|

COoST

wn .
o Experiments ADMINISTRATION
@
9 ..
o Modelisation
=

Diagnostics

Targetry

Grant Awarding Coordinator
Science Communication Coordinator
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Structure

Main Contacts

[ 9
as atr
R EEEEEEEEEEEEEE————_ E—————
& 9
a as

Description

Management Structure Working Groups

Action Details

Action Leadership Positions

Description Management Structure

Working Groups
Description

Number  Title

Leader
F -N TBA
2 A ) ented e TBA
edmate evelopme: e e TBA
Express your interest to join any of the working group by applying below.
Management Committee tis required to have an e-COST profile to subl ppiication. If needea andthen click 'Appi

Country MC Member

12
A
<

https://www.cost.eu/actions/CA21128
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Training and Dissemination

TARGET PUBLIC
v’ Researchers
v Industry
v’ Citizens

v’ Politicians
MEANS and MATERIAL
Scientific papers,

Workshops,

Seminars
Informative videos,
Press releases,

Website,

LN N X X X X

Profiles in social media
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PROBONQO: Aims

CAPACITY BULDING

v’ Exchange of knowledge and building collaborations

v’ Facilitating access to large laser facilities

v’ Fostering opportunities for training and boosting the careers of young
researchers, involving underrepresented groups, gender, and researchers

from countries/regions with less capacity or support in the field.
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Facilities
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Laser Installations

Prague Asterix Laser System (PALS) in Czech Republic

LFEX laser facility at the University of Osaka in Japan

VEGA at CLPU (Centro de Laseres Pulsados) in Spain

LOA and CELIA laboratories in France

Vulcan facility at Rutherford Appleton Laboratory in the UK
TARANIS laser at Queens University Belfast (UK),

PHELIX laser at GSI Darmstadt (Germany),

ABC laser at ENEA Centro Ricerche Frascati (Italy),

Zeus laser facility at HMU/IPPL in Greece

AN N N U N N N N RN

Extreme Light Infrastructure (ELI) in Hungary, Romania and the Czech Republic

These systems differ in energies, peak intensity, pulse duration, so that the researchers will be
able to access different plasma regimes. Also, they offer various diagnostics, probing capabilities

and repetition rate regimes.
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CENTRO DE
LASERES
PULSADOS
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Laser Parameters

CLPU VEGAII
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E=3J
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| ~ 1020 W/cm?
Contrast 3 1010
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Laser Parameters

Institute of Physics
of the Czech
Academy of Sciences
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PROBONO: Physics Goals

PALS laser facility at Prague, Czech Republic in 2022

10
11 — 110
10 [ Pitcher-catcher |Giuffrida]

- - In-target Margarone 9
- 1010 'Y oo
@9 Picciotto| [Margarone| 1,8 O
Mach Zender 5 \5\ ] 23
Laser VISAR ‘ Interferometer o 108 _ N y 107 x
! [} E =
X IS Labaune 1 T

, @) 4108
‘ ‘ ‘ £ 107 k X 110° 5
Phase Plate © ] Q
, & 106 Baccou g/l:r:?,:g:e E 105 E
o : ©
PALS laser < 5 1,4 E
S 10 110* 5
Streak SOP 4 1,3 %

Main focusing Lens 10 \ 10
3 . ! . . ]
‘ Streak VISAR 10

1 102
2005 2010 2015 2020

Year

Laser experiments show a maximum of
Studies of the Equation Of State (EOS) 1011 a/sr/shot.
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Benefits
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Conclusions

v" The COST project PROBONO is a first opportunity to structure the reserach on proton
boron fusion and its application at he European (and international) level.
v’ It is a good framework for collaboration of academic reserach groups with the
industries and companies:
v" Those working on lasers (e.g. Thales), targetry and diagnostics (e.g. SourcelLab)

v" Those addressing research in Fusion (e.g. HB11, ...)

v’ Participation is open to all interested research groups (application via website)

https://www.cost.eu/actions/CA21128
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"This scientific presentation has been presented as part of the international project called

'PMW', co-financed by the Polish Ministry of Science and Higher Education within the
framework of the scientific financial resources for 2022 -2023 under the contract no
5256/PALS/2022/0".
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Thank you!
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