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Mini-recoil spectrometer 



Physics opportunities 

The ISRS allows an application of several reaction mechanisms to produce exotic 

nuclei in the energy levels of interest, decays of which can be observed by 

detecting particles or photons with the existing and planned detection systems  
 

Reaction mechanisms 

 Deep inelastic reactions  

 Coulomb dissociation  

 Transfer reactions in inverse kinematics 

 Multinucleon transfer reactions 

 Fusion evaporation reactions in inverse kinematics 

 Transfer, breakup and fusion reactions 

 Resonant elastic scattering   
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ISOLDE Recoil Separator ISRS 

Based on superconductor combined function magnets  
dipolar and quadrupolar components  
Maximum magnetic field ~ 6 T  
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Superconducting combined magnets  

Fixed field alternating gradient (FFAG) focus 
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Canted Cosine Theta (CCT) 

test bench at 
CERN 

Two superimposed coils, oppositely skewed 
                                                             pure cosine-theta field  
      No axial field.  
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Dipole field 
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Multifunction and high order aberrations  with CCT 
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Ion optics 

Fixed field alternating gradient (FFAG) focus 

Significantly reducing the size with respect to standard recoil 
separator configurations 
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Angular and momentum acceptance – Resolving power 
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High momentum acceptance  desing 
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A conceptual design of the ISRS ring showing the main subsystems 

Energy-saving and lightweight 

 helium circulating system that re-liquefies all the 
evaporating helium gas and consumes far less power 
than conventional systems 
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Injection/extraction systems 
SuShi (for superconducting shield) septum using a canted cosine theta-like (CCT) magnet 
being developed for the HiLumi LHC phase 

Dániel Barna, Martin Novák, Kristóf Brunner, et al. Rev. Sci. Instrum. 90, 053302 (2019) 
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Isochronous mode  

By placing a small RF cavity at the isochronous focus, it is possible to deflect the recoils 
according to their m/q ratio, independent of their energy and scattering angle.  
 
By carefully choosing the harmonic and phase used in the cavity, several charge states of the 
same isotope can be aligned to have the same deflection and be focused at the same location. 
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50Cr(56Ni,α2n)100Sn at about 3.7 MeV/u, where the 100Sn ions are produced with 
charge states ranging from 22+ to 26+. 

Nuclear Instruments and Methods in Physics Research B 317 (2013) 319–322 

Isochronous condition  
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Isochronous mode  



Maybe at GANIL? 
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Momentum acceptance 
Δp/p ~30 % for 10 MeV/u 
 
To be studied for other 
energy ranges   

At LISE ? 
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FFAG-SCMR advantages 
 State-of-the-art  iron-based magnetic systems are heavy energy-consuming. Currents up 

to 200 A with 20 KW energy consumption per coil are typical, requiring cooling systems 
to remove the heat dissipated by ohmic losses. 
 

 Magnet operation suffers from nonlinearities, hysteresis, and remnant magnetization of 
the iron yokes.   
 

 The use of SC magnets avoids energy losses of equivalent conventional warm magnets 
down to a few watts, reaching 30 times higher fields with 10 times smaller size and 
1000 times reduced weight. 
 

 The equivalent system of an FFAG-SCMR with similar functionalities, would be at least 
twenty times larger and three orders of magnitude heavier and energy-consuming.  
 

 The advances in iron-free SC coils, together with cryostat optimization, make cryocoolers 
a good option that eliminates  the need for important and expensive infrastructures to 
produce and distribute liquid helium and all the associated safety and maintenance 
constraints. 10 €/litter… 
 

 Adding acceleration cavities to the layout, the FFAG-SCMR will become a very compact 
lightweight particle synchrotron accelerator. 
 

 Recirculating target 
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ISRS Collaboration 

72 members of 30 Institutions from 13 countries 
Spain 
UK 
France 
Italy 
Switzerland 
Poland  
Sweden 
Hungary 
Denmark 
Finland 
Romania 
Mexico 
Saudi Arabia 



That’s all  folks 


