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Electron scattering off RIBs 

-a few good reasons 

1. Clean pointlike electromagnetic probe 

- no nuclear background  

                      (as in conventional scattering experiments) 
 

2. Sensitivity to charge distributions     

-   higher moments of charge distributions (density wf.)   

-   absolute charge radii                  (ab initio calculations) 

 Deformation vs. Clustering for (very) proton-neutron   

    asymmetric nuclei              

    (facilitated access compared to conventional methods) 
    

3. Transition form factors 

-   additional information to plain spectroscopy 
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300 MeV e- fixed target 

46Ar 

L=2.7  1028 cm-2 s-1 

 

 

Absolute measurement 

Charge distributions 

 

Nucl. Phys. A800(2008)37 

Phys. Rev. C79(2009)034318 

[nucl-th] 1311.4412 (2013) 

Ar: inversion (2s1/2, 1d3/2) 

Elastic Scattering 
 

 

change in interior… 
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“17Ne is a proton-dripline nucleus, 

 with strong indications of having a 2p – halo” 

 

… vs. valence or surface structure.  

Zhukov & Thompson, PRC 52 (1995) 3505 

15O 
p 

p 

17Ne W. Geithner, T.Neff et al, PRL 101 252502 (2008)  

• S2p = 943 keV, Sp = 1479 keV 

• T1/2 = 109.2 ms (β+ to 17F) 

• Groundstate J=1/2-; no bound exc. States 

 

 

~50% Probability  

  outside classical forbidden region 

• Indirect measurements not always conclusive 
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Novel Opportunities @ FAIR, RIKEN, GANIL                                      

Intensity increase 3-4 orders of magnitude !  

start version 
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• 125-500 MeV electrons  

• 200-740 MeV/u RIBs 

 

 up to 1.6 GeV CM energy 

 

- Original plans K4-K10 Dubna (1992) 

Footnote: „We anticipate a  possibility to  

extend in future the K4-K10 complex by  

installing over the K10 ring a 0.5-1.0 GeV  

electron storage ring. The very long straight  

section of the K10 ring will be suitable for  

arranging  electron-ion collisions. This  

would add a new important  dimension to  

the K4-K10 complex" 
 

- Part of the core facility 
http://www.gsi.de/fair/reports/btr.html 

 

AIC option: 

•  30 MeV antiprotons 

NESR 

Realization of an RIB electron collider setup 

The ELISe experiment 



H. Simon ●  Crossing bounds: From exotic nucl. sys. to FAIR 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 
 

 

    Expected Luminosities (NESR)  

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Full simulation of production, transport and storage 

Inelastic ( e.g. GR studies ) 

Quasielastic (spectroscopic factors) 

charge distributions 

charge radii 

 

For too unstable nuclei (T1/2< 1d) 

 
 

 

 

 

 

accessible for the first time ! 

890 Isotopes 

1472 Isotopes 



Selected isotopes… 



Main use cases SCRIT vs. eA collider 

 



 

T. Suda/Tohoku Univ. 



 



Further Systems 

L~ 1030cm-2s-1 

Antoine Chancé 
ER-LINAC 

15x15 µm²  

Electron beam spot 



Fixed target vs. colliding beams … 
- trying to get through the eye of the needle 

• Target and scattered off particles can be detected 

 excitation and deexcitation process is studied 

 

 

• kinematical focusing  

 solid angle 

 Mott cross section enhanced (small angles) 

 

 

• luminosity for unstable nuclei (no target)  

 100µm x 100µm interaction area 

    vs e.g. dilute ions in a trap 



Gain factors through different kinematics 
 

     compared to conventional (fixed target) experiments     ( Leff  1032..33 cm-2s-1 ) 

S. Strauch et al., PRL 85 (2000) 2913 Fixed target Collider 1.5GeV 

48Ca(e,e‘n) 48Ca(e,e‘A‘) 

Wn  =100msr  100 Wn  ~ 4 

neff =20 % 5 neff  ~ 100 % 

Qe‘ = 40 °  50 Qe‘ = 5 ° 

>104 

L=1031 – 1032 

 
cm-2 s-1 L ~ 1027 

  

 

 Another large gain through kinematics   

SCRIT ~1028/ETIC ~1030 

elastic 

ELISe ~1028 



Kinematics 

= 0.3 @ 740 AMeV/500MeV 

 Electron scatt. @1.64 GeV 

Fixed target   Collider 



Where’s the challenge ? 

      
Monte Carlo Simulation: DE* = 1 MeV 

Cola++, Simul++           (H. Merkel, Univ. Mainz) 

Pure kinematics calculus: 

 

• colliding beam kinematics 

• angular and energy resolution 

  coupled 

• achievable resolution can be  

  improved by getting the “target”  

  to “rest”  

   reduced luminosity 



Electron beam properties 

Synchrotron  

radiation 

Intra-beam  

scattering 

 Trade resolution vs. rate 

Loss with  

d = 0.3 (first order) 



System design: 
-TDR  

… 

ELISe collaboration, 

NIM A637 (2011) 60 



Butterfly Magnet 

(Pre-deflector) 

Quadrupole 

Magnet (MQ) 

Hexapole 

Magnet (MH) 

Vertical 

Dipole 

Magnet (VM) 

Focal Plane Det. 

GPA Berg et al.,  

NIM A640 (2011) 123 

 e 

RI 

z 

y 

x 

      … and    a             suitable magn. high resolution 

spectrometer 

GPA Berg et al. 

 
 



Resolution    

GPA Berg et al.  T. Adachi et al. 

> 104 i.e. ok 

 

 QLab:  10-60°  

 q:      20-600  MeV/c    
 

 for electron energies: 

          125-500 MeV 

   



In-Ring spectrometer in the Bypass 
CEA-DAM Bruyères-le-Châtel, JINR Dubna, GSI (FELISe  SOFIA) 

S
3 

S
1 

S
2 

Neutron 

Detector 

Most demanding physics case: Electrofission studies (FELISe) 

-coincident identification of both fission fragments 

-prefragment excitation energy directly accessible (e,e‘f) 

Ongoing: 

Detector 

prototype 

developments 

SOFIA@  

      R³B-Cave-C 

future: (p,2pf) 



Current status with respect to the MSV 

- NESR is delayed 

Ring facility: 
HESR/CR/ESR/ 

Cryring complex 
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Possible realization of the ELISe  

experiment at the ESR                   

NESR 

D 
D 

Q GPA Berg et al.,  

NIM A640 (2011) 123 

NIM A659 (2011) 198 

P. Shatunov,  

Internal report 

(2012/13) 

ELISe Collaboration 

NIM  A637  (2011)  60 

Paper in preparation 



Main consequences: 

• Lower ion energies (340 AMeV vs. 740 AMeV) 

   - less maximum luminosity ( tune shift ~ factor 3…4 ) 
 

• Higher resolution / better sensitivity 
 

• No injection from SuperFRS to ESR, bad injection efficiency 

 for non pre-cooled beams  

 

 initial programme with ~106 less particles for most exotic 

species at the outskirts of the nuclear chart (flat top for 

isotopes close to stability) 

 

• All properties of ESR (stability, … to be checked) 

• Modifications to prolong straight sections & Cave 
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Summary 

• Electron Scattering becomes first available for RIB  

studies, main obstacle is the usable rate for studies 

• Fixed target setup(s) for use with ISOL type facilities become online 

• Electron(Antiproton)-RIB Collider is feasible - 

collider mode provides optimal use for RIBs.  Another  

Large gain factors are expected, especially enabling inelastic scattering 

studies. 

 Conceptual design for all major systems are done 

 Options for running at the existing ESR have been studied 

 

     Viable physics programme for an initial facility in the 

HESR/CR/ESR/Cryring complex at FAIR.  

• Unique experiment for FAIR (and other in-flight facilities)   
                                      

                                        http://www.gsi.de/elise/   
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