
The C400: the ARCHADE
multi-ions cyclotron

Jacques BALOSSO

CFB at Caen and UGA at Grenoble

https://www.google.fr/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwisgIXBwZvbAhXE1xQKHdymBK8QjRx6BAgBEAU&url=https://www.normandie.fr/logo-et-charte&psig=AOvVaw1DcusN6krByVXYOrZYFeBS&ust=1527153836288393


Outline

• History of the C400 project

• The ARCHADE project in Caen

• The CYCLHAD SAS in Caen

• The use of C400 in CYCLHAD

• The production of C400 by Normandy 
Hadrontherapy SAS

• Medical interest and constrains
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History of the C400 project

• After ASCLEPIOS (2005-2007) challenger of ETOILE …
• ARCHADE was a pure scientific resource project (2008) 

with a unique industrial partner (IBA)
• But… economically unsustainable
• Introduction of the principle of a limited proton 

treatment production (2012) by a Proteus®One
equipment

• ARCHADE progresses as a scientific project with mixed 
clinical/scientific activities

• A specific Co. and building are devoted : CYCLHAD SAS

• The heart of the project is the development and the 
scientific use, mostly by external users, of the multi-
ions superconducting cyclotron C400
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The ARCHADE project in Caen
ARCHADE partners are 

all located in the 
« North end » of Caen

CYCLHAD

GANIL

Guesthouse for external users

CIMAP-LARIA

CYCERON-ISTCT-CERVOxy

Medical School

ENSICAEN-LPCCaen-GREYC

Scientific Univ.

Univ. Hospital

ABTE-TOXEmac

Centre Fr Baclesse

1300m
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GANIL as > 30 years of 
experience on welcoming 
experiments

The ARCHADE project in Caen
External users welcoming
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Practical organization
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The ARCHADE project in Caen
Organization with a Proposal advisory committee
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The ARCHADE project in Caen :
position in France …

… coming soon: RADIOTRANSNET
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An exact correspondence of ARCHADE 
scientific program and FrHA project

• WP1: Clinical 
research in 
hadrontherapy

• WP2: Basic 
physicochemical data 
for hadrontherapy

• WP3: Radiobiology 
data for 
hadrontherapy

• WP4: Operational 
developments for 
improving the quality 
of treatments
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The CYCLHAD SAS in Caen
building completed in 2017
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The CYCLHAD SAS in Caen
the treatment and experimental rooms



At the 2nd floor, 28 rooms devoted to science (researcher offices, laboratories, animal 
house, and logistic spaces) totalizing about 500 m ²
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The CYCLHAD SAS in Caen
the surfaces for laboratories 
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The CYCLHAD SAS in Caen
the installation of the Proteus®One in September 2017
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The 
CYCLHAD 

SAS in Caen
the pillars to 
receive the 
C400 for its 
assembly 
starting in 

2020 
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The CYCLHAD SAS in Caen
the beam lines hall seen from the physics exp. room
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The production of C400 by NHa SAS
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• The C400 has been designed by Russian teams of Doubna
between 2006-2009 for IBA under the direction of Yves Jongen

• The PI is presently owned by the ARCHADE organization 
• It will by an isochrone super conducting cyclotron able to 

accelerate Protons, He, Li, B, C, N, O, Ne
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The main parameters of the C400 cyclotron for carbon 

ions

Energy (fixe) 400 MeV/u

Courant extracted beam  Maximum 30 enA

Minimum 0,03 enA

Emittance of extracted beam

maximum (1 )  (horizontal) 6  mm.mrad

(vertical) 8  mm.mrad

External diameter of the magnet 628 cm

Total height of the magnet 340 cm

Total weight 694 tonnes

The production of C400 by NHa SAS
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The main parameters of the C400 cyclotron helium ions

Energy (fixe) 400 MeV/u

Courant extracted beam  Maximum 300 enA

Minimum 0,3 enA

Emittance of extracted beam

maximum (1 )  (horizontal) 6  mm.mrad

(vertical) 8  mm.mrad

The main parameters of the C400 cyclotron for protons

Energy (fixe) 260 MeV/u

Courant extracted beam  Maximum 500 enA

Minimum 0,5 enA

Emittance of extracted beam

maximum (1 )  (horizontal) 8  mm.mrad

(vertical) 9  mm.mrad

The production of C400 by NHa SAS
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The production of C400 by NHa SAS
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The production of C400 by NHa SAS
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The production of C400 by NHa SAS

• 2010 the PI of C400 is sold to Normandie

• 2010 legal creation of Normandy Hadrontherapy 
(Nha)

• 2018 complete capitalization of Nha

• 2019 review of the specifications and design

• 2020 initiation of the construction on site in 
CYCLHAD

• 2022 starting the commissioning

• 2023 validation and beginning of use / test / upgrade
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Medical interest and constrains

• From the C400 we are awaiting:

– High dose rate for fast irradiation

– Limited cost of running

– Real multi-ions capacity in the same fraction…

– Hight level of up time

• The use will be shared:

– 50% for medical use

– 50% for experimental use including machine tests 
and upgrades.
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The business model of CYCLHAD could be:
• 50% of the C400 beam time will be devoted to 

radiation oncology (protons and ions) and sold to 
the Centre Fr Baclesse (as for the ProteusOne presently)

• Up to 50% will be devoted, “free of charge” to 
non profit scientific users in the frame of 
ARCHADE scientific project and external users
– However the access to CYCLHAD installation will not 

be “no cost” for ARCHADE: so the ARCHADE costs will 
have to be compensated.

– We hope not to have to go beyond “marginal costs” 
but it will largely depend upon availability of running 
fundings…

– Thus ion beam access in CYCLHAD will NOT be no cost!

Medical interest and constrains



To conclude… ARCHADE project is three folds
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Thank-you, questions ?
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