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ECOS REPORT (2007): Describe the research 
perspectives at EU with high intensity stable ion beams, 
categorize existing facilities and identify the 
opportunities for a dedicated new facility in EUROPE 

ECOS: European Collaboration on Stable ion Beams. 
 (http://www.ensarfp7.eu/project/ecos)  

Expert working group of the Nuclear Physics European 
Collaboration Committee (NuPECC) 

…“The long-term goal for a new dedicated high intensity 
stable ion beam facility in Europe, with energies at and 
above the Coulomb barrier, is considered to be one of the 
important issues to be discussed in the next Long Range 
Plan of the nuclear physics community.”… 

IV: Concluding remarks and recommendations 



ECOS-LINCE: a proposal for building a new EUROPEAN FIRST CLASS High 
intensity heavy-ion accelerator for stable ions, with energies at and above the 
Coulomb barrier.  

Preliminary physics program based on the original ECOS report: 
•  Nuclear structure at low, medium and high spin 
•  Reaction mechanisms 
•  Charge exchange reactions 
•  Isomers 
•  Ground state properties 
•  Nuclear astrophysics 
•  Superheavies 
•  Nuclear equation of state (EOS) and symmetry energy 
•  Fundamental physics (e.g: neutrinoless double-beta decay) 

To be proposed as ESFRI facility: European Strategy Forum on Research 
Infrastructures 

! Carry out studies demanding high intensity stable beams and/or long beam time 
experiments (months of continuous beam time!)   





σ ∼picobarn!!  at relevant energies < 1 MeV, few GK   
Extrapolation from higher energies by using the 
astrophysical S(E) factor: 

S(E) = σ(E) E exp(2πη)  
! DIRECT & INDIRECT METHODS  

- Increase number of detected particles ( “brute force”: ! intensity, ! detector eff.) 

-  Reduce the background 

- Fight with electron screening: theory does not work!! 

DIRECT  METHODS 

Coulomb dissociation: Determine the absolute S(E) factor of a radiative capture reaction  
A+x ! B+γ  studying the reversing photodisintegration process B+γ → A+x  ~100 MeV/
A 

Trojan Horse Method (THM): Determine the S(E) factor of a charged particle reaction 
A+x!c+C selecting the Quasi Free contribution of an appropriate  A+a(x+s)! c+C+s 
reaction. 

INDIRECT  METHODS 

Asymptotic Normalization Coefficients (ANC): Determine the S(0) factor of the 
radiative capture reaction, A+x ! B+γ studying a peripheral transfer reaction into a 
bound state of the B nucleus.  



- Pair correlations (nn,pp,np channels) in transfer reactions at sub-barrier 
energies 
- Charge exchange reactions 
- Multinucleon transfer reactions (neutron rich nuclei) and effects on induced 
fission and quasi fission processes 
- Hindrance phenomenon in sub-barrier fusion reactions…  



In-flight production of exotic nuclei at reaction targets 
Typical beams 

40Ar ~ 14 MeV/u 
86Kr ~ 8.5 MeV/u 
84Kr ~ 10 MeV/u  
136Xe ~ 7 MeV/u 

Exotic isotope production:  

Height of the Coulomb barrier ~ 4 to 5 MeV/nucleon: 
!  compound nucleus/fus.evap reactions,  E ~   Eb ! proton 
rich 
!  reactions of nucleon exchange, E>> Eb ! neutron rich  

Compound nucleus/fus. evap reactions ! Basic mechanism for production of proton rich 
nuclei de- excitation channels: 3-6n, p2-5n, a2-5n 

M. Veselsky, G.A. Souliotis, Nuclear Physics A 765 (2006)  252; A 781 (2007) 521. 
G.A.Souliotis et al., PRC 84, 064607 (2011); M. Veselsky,et al., Nucl. Phys. A 872 (2011) 1. 

Cortesy of M. Veselsky 



Double charge-exchange reactions: 
Xsections: ~nanobarn 

Courtesy of F. Cappuzzello, INFN-Catania 



Ecos-Lince 2013, Ulli Coester, Grenoble 

Modern radioisotopes are currently investigated/used to treat in a more 
efficient way the different tumours and cancer disease of our society.  



E (MeV) Depth (mm) 

10 1 

20 4 

50 22 

100 76 

120 105 

150 155 

200 256 

Protons: 
Adapted from Pawel Olko, IEEE meeting, 30.06.2008 

Uveal  
melanoma 

Intracraneal 

All 

Cancer research using light-heavy ions 



Highly demanded ions & energies ~10 MeV/u 

Typical figures from RADEF, Finland 

High energy ion beams are used in aerospace programs for 
radiation resistant electronics and in nuclear energy applications. 
Quality tests are required in order to accomplish with UE safety 
regulations for energy control and aerospace on-board electronics. 
Research can be centred on the impact of radiation on the 
response of new device technologies and single-event effects in 
new technologies and ultra-small devices. 



ECOS-LINCE: Main characteristics (as proposed today): 

- Light and heavy ion accelerator, from protons to Uranium 

-  High Intensity:  ~  mA’s of beam intensity at target ! eg., 48Ca (8+) ~ 10 
pµA 

- Energies up to ~ 10 MeV/u – 50 MeV/u to 200 MeV for light ions. 

Multiuser facility: LINCE must provide 7000 hours of availability/year, 
with high stability and reliability for long run experiments:  

~ 5000 hours for ECOS science and 2000 hours for Applications.  

! VERY STABLE AND RELIABLE FACILITY 



!  CW LINAC, energy up to 10 MeV/u (Range: protons 45 MeV, 238U @ 8.5 
MeV/u). Based on superconducting QWR cavities and/or CH structures.  

!  SYNCHROTON, energy booster up to 50 MeV/u  and 200 MeV (light 
ions). Based on FFAG (superconducting cavities & magnets). 

!  Full-SC ECR ion source for high-charged & high-intensity ion beams (eg, 
238U @ 34+). High stability and reliability. 

!  CW RFQ for 1 ≤ A/q ≤ 7 (room temperature). 

!  Instruments: High resolution magnetic spectrometer.  



Experimental 
areas @ 10 MeV/u 

ECR ion source 

Multiharmonic 
buncher (MHB) 

RFQ 

Superconducting linac @ 
10 MeV/u (QWR or CH) 

Reaction  
target 

High voltage 
platform 

Experimental areas 
@ 200 MeV/u 

FFAG sychrotron 
@ 200 MeV 

Reaction  
target 

Magnetic 
spectrometer 

LINCE “energy 
booster” 



HEAVY-ION SYNCHROTON (FFAG ¿?): 

- LINAC injection at 10 MeV/u  
-  OUTPUT: 50 MeV/u for light ion species & ~200 MeV for p, d, t, 3He  

Kyoto University Research Reactor Institute (Japan) 





!  Spain has no dedicated nuclear physics facility: boost visibility and impact of 
Nuclear, Particle, Astroparticle physics communities. 

!  ECOS-LINCE is an opportunity to build in Spain an European facility with the 
support of NuPECC and European Labs, taking advantage of structural EU 
funding. (Example: ELI-NP at Romania). 

!  A young and dynamic group in accelerators/instruments is being formed in Spain 
(CONECTA: CIEMAT (Madrid) -ALBA/CELLS (Barcelona)-UPC (Barcelona)-IFIC 
(Valencia)- UHU (Huelva)-CNA (Sevilla) ) 

!  Strong support from Spanish High-Tech. Companies and Industrial associations 
(INEUSTAR, FOE, AIQBE, etc):  
!  Technology transfer  & technological return  
!  Improve competiveness in the international markets, and in particular nuclear 

and particle physics projects for international collaborations (CERN, FAIR, 
ILC, ESS, etc). 

!  National needs of industry (Aerospace, Medicine, Materials,…) 
!  Why not Andalusia/Huelva? ! “Convergence European region”  



 PARQUE CIENTÍFICO TECNOLÓGICO DE HUELVA (PCTH, Aljaraque)  



Spanish National Grant for R&D on accelerator technology with 
industry (2012-2014) 

LINAC design team: 

Univ. Huelva –Spain (Coord.) 
Univ. Sevilla -Spain 
Univ. Granada -Spain 
Univ. Bilbao -Spain 
IPNO –France 
ANL –USA 
LNL –Italy 

Funding: CDTI-MINECO Spain 

IDOM SA 
ALTER TECH.-TÜV 
ELYTT ENERGY 
AVS 
TTI Norte 
CIBERNOS 
FAYSOL  

! Collaboration with: 

 - Argonne National Lab-USA  
       - Laboratori Nazionali di Legnaro (INFN)-Italy  
       - Orsay Institute of Nuclear Physics IPNO-France 

! preliminary study of ECOS-LINCE faicility (LINAC)  



Líneas de irradiación 

Acelerador alta energía 

Acelerador Baja energía 

LINCE: LINAC DESIGN STUDY AT UNIVERSITY OF HUELVA 

Plataforma HV 
Fuente de iones 
Dipolos 

Acelerador RFQ 

Diagnósticos  
baja energía 

Buncher  
multiharmónico 

Criomódulos 
Cavidad aceleradora 
Solenoides 
Acoplador RF 

Diagnósticos  
alta energía 

Eq. auxiliares 

Amplificador RF 
LLRF control 

Diseño 
líneas 

Dinámica y  
transporte de haz 

Edificio  
Sistemas generales 

Radioprotección 

Sistemas de 
protección personal 

Anáisis de componentes & 
certificación 

Control y adquisición de datos 
- EPICS interface 
-  Timing/global clock 
-  Slow/fast control & dacq 
-  Human interface 
-  Data base 



C1: β = 0.045,  
f = 72.75 MHz 

C2: β = 0.077,  
f = 72.75 MHz 

C3: β = 0.077,  
f = 72.75 MHz 

C4: β = 0.15,  
f = 109.12 MHz 

RFQ  
f = 72.75MHz 

LINCE LINAC:  
“60 MV equivalent 
electrostatic 
accelerator” 

MHB2 f = 36.250 MHz 
MHB1  f = 18.125 MHz 

Rebuncher 

LINAC design study 

COMPACT  
DESIGN:  
-  26 cavities 
-  4 cryomodules 

ECR Source 14/18GHz 
HV Platform 250 KV 



RFQ 

Cold model 

Figure 5.2 – Surface resistive losses for 20 MV/m on-axis longitudinal peak
electric field.

The resistive losses couple to the heat transfer simulations. Thus Fig. 5.3 shows two
examples of temperature map for 1 W and 10 W heat load.

Figure 5.3 – Niobium wall temperature for two levels of applied heat power on the
inner surfaces.

26

Test model section OFC with 
LNL (Italy) 

Prototypes designed and produced by local industry 



 HV platform & ion source 

 ECR ion source 

  Cryostat for testing SC cavities 



RFQ cold model & bead-pull system 

RF AMPLIFIERS & 
MEASUREMNTS 

Clean room 50 m2 

Superconducting solenoids for beam 
focussing 
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ECOS-LINCE LINAC  
Recent Publications 



Pre-design  Detailed design Construction Commissioning 

2012-15 2017/18 2019/22 2023 

ECOS-LINCE WORKSHOP: Huelva (Spain), 29 Oct – 1 November 2013 
ECOS-LINCE WORKSHOP: ! Huelva (Spain) 8-10 July 2015. 

WORKSHOPS: 

Proposal for Ecos-Lince full design study 

To be presented at next INFRADEV  call at HORIZON2020 program during 2017!! 



Summary and conclusions 

-  ECOS: physics cases and applications must be updated and new report should be 
produced. 

-  Preliminary design of ECOS-LINCE (LINAC part) has been carried out (~10 
MeV/u).  

-  Full study of the facility layout up to 50 MeV/u ~ 200 MeV (including 
instrumentation) still to be carried out.  

-   INFRADEV application for “ECOS-LINCE Design Study” expected for 2017. 

LINAC design team: 

Univ. Huelva -Spain 
Univ. Sevilla -Spain 
Univ. Granada -Spain 
Univ. Bilbao -Spain 
IPNO –France 
ANL –USA 
LNL –Italy 
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TTI Norte 
CIBERNOS 
FAYSOL  

ECOS Group: 

D. Ackermann, GSI, Germany 
F.  Azaiez, IPNO, France 
G. de Angelis, LNL, Italy 
M. N. Harakeh, KVI, The Netherlands 
A. Jokinen, Univ. Jyväskylä, Finland 
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