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Extreme Light Infrastructure –  
Nuclear Physics (ELI-NP) 

Mission: Nuclear Physics studies with 
high-intensity lasers and brilliant γ beams 

RA4: Gamma-beam 
experiments 





The ELI-NP laboratory building 
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in September 2016 



ELI-NP Gamma Beam System (GBS) 

Laser Compton backscattering (LCB) 
Narrow bandwidth (≤0.3%) gamma-beams up to 19.5 MeV  

 ~ 4γ2·EL 

Strong forward focusing 
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Gamma Beam System 

low-energy accelerator section:  
0.2-3.5 MeV 

factory acceptance in Dec. 2015 
  

high-energy accelerator section: 
3.0-19.5 MeV 
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Nuclear Resonance Fluorescence (NRF) – Rom. Rep. Phys. 68, S483 (2016) 

Giant/Pigmy Resonances (GANT) – Rom. Rep. Phys. 68, S539 (2016)   

Photodisintegration (γ,n), (γ,p), (γ,α) – Rom. Rep. Phys. 68, S699 (2016) 

Photofission (γ,ff) – Rom. Rep. Phys. 68, S621 (2016) 

Experiments with high-brilliance gamma beams at ELI-NP 
S. Gales et al., Phys. Scr. 91, 093004 (2016) 

Applications – Rom. Rep. Phys. 68, S735 (2016), ibid 68, S799 (2016), ibid 68, S847 (2016)    



ELIADE array 

γγ coincidences 
angular distributions 

polarization measurements 

• detector tests are ongoing 
• array design is at a final stage 
• day-one experiments are under discussion 

 

NRF experiment at ELI-NP 
Rom. Rep. Phys. 68, S483 (2016) 

First in-beam test: Dec. 12-18, 2016 



ELI-NP NRF physics cases  

• Self-absorption measurements (Γ0/Γi) 

• Low-energy dipole response (e.g. Actinides) 

• Dipole response and parity measurements for weakly-bound nuclei 

• Investigation of the Pigmy Dipole Resonance 

• Rotational 2+ states of the scissor mode 

• Constraints on the 0νββ-decay matrix elements of the scissors mode 
decay channel: 150Sm  

 

 
Sensitivity frontier 
 

week channels 

Availability frontier 
 

p-nuclei and actinides 

Precision frontier 
 
high statistics 

Rom. Rep. Phys. 68, S483 (2016) 



ELIGANT-GN array 
30 LaBr3 or CeBr3 

20 7Li glasses 
30 Lq. Scint. 

 

E8 

ELIADE ELIGANT-GN 

 

GANT experiment at ELI-NP 
Rom. Rep. Phys. 68, S539 (2016) 

 

Day ONE:  
studies of GDR and PDR decay (90Zr, 208Pb) 
 

• combine with information from (γ,n) 
experiments 

• combine with information from (γ,γ’) 
experiments (e.g. polarization) 

• γ-decay to gs and excited states as a 
function of excitation energy  
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RCNP Osaka vs. ELI-NP experiments 

RCNP 
High-resolution (p,p’) measurement at 0⁰ and forward angles 

A. Tamii, NIM A605, 326 (2009)  

ELI-NP 
High-resolution (γ,γ’) + (γ,n) measurement 
 
experiment: polarized (>99%) γ beam 

      simultaneous (γ,γ’) + (γ,n) measurement 
  

= 
A. Tamii, PRL 107, 062502 (2011) 



 

(γ,n) cross-section experiment at ELI-NP 
Rom. Rep. Phys. 68, S539 (2016) 

ELIGANT-THN array 
30 3He counters 

40% detector efficiency 





ELITPC 

Front-end GET electronics  Readout plane PCB  

Mountable handles for 
base-plate manipulation  

HV BNC connectors  

Vacuum port   

Source ports   

Beam port   

Gas port   

Detector upside-down view  

The mini-eTPC detector with 256-channel 
readout was built and successfully tested 
in-beam at the IFIN Tandem in 2016 

flagship experiment: 16O(γ,α)12C 

U. Warsaw, ELI-NP, U. Connecticut 



C. Matei et al., exp. at HIγS in March 2017 

in collaboration with LNS Catania 



DSSD testing at ELI-NP 



ALTO, ARIEL, etc. 

Laser 
Compton 

back-
scattering 

ELI-NP 

γ–beam spectrum at the IP  
          (without collimator)   

~ 1011 γ/s 



IGISOL beamline: Location  

 
 

Location 1: 

- CSC at 7m from IP →A ≈ 0.7cm 

- maximum CSC length 1.5m 

- crowded exp hall! 

 

Location 2: 

- CSC at 40m from IP → A ≈ 4cm 

- plenty of space! 

E9 



segmented anode 

DC electrodes 

target assembly 
RF carpets 

Laval nozzles 

beam extraction 

Studies of gas-flow  
dynamics funded by the 
Romanian Science Agency 
 
Work in collaboration with 
GSI, Darmstadt and 
University of Giessen  

 

IGISOL facility at ELI-NP 
Rom. Rep. Phys. 68, S621 (2016) 

double-chamber CSC 
P. Constantin et al, NIM B 378, 78 (2016), ibid (2016) submitted 



P. Constantin et al, NIM B 378, 78 (2016), ibid (2016) submitted 



CSC Simulations: 
Fragment Slowing Down in the Gas Cell 

Geant4: He, T=70K, p=300mbar (ρ=0.206mg/cm3) → >95% of fragments stop in 

11.3cm → width~24cm 

CSC width [cm]:  90       40         24 

A 
B 

C 

ρA = 0.053mg/cm3 
ρB = 0.120mg/cm3 
ρC = 0.206mg/cm3 

RF 



CSC Simulations: Space Charge (I)  

Divide CSC in 1x1x1 cm3 cells: 24x24x100 for ρ=0.21 mg/cm3, 40x40x100 for ρ=0.12 mg/cm3,  
90x90x100 for ρ=0.05 mg/cm3; 

Cummulate dE/dx deposited in 1s of beam and divide by Wi=41 eV. 

ρ=0.05 mg/cm3 
ρ=0.12 mg/cm3 
ρ=0.21 mg/cm3 

~700 cells 

~2% stop in saturated region 
~10% stop in “dead region” 

~5% ions not stopped 
extraction efficiency < 85% 



Conservative “day-one”: beam 5∙1010 γ/s, target release eff. 25% , CSC extraction eff. 50%  

→  ~107 photofissions/s and ~ (0.8-2)∙106 extracted ions/s 

 

Optimal estimate: beam 1012 γ/s, twice CSC extraction eff. 

→ expect ~2 orders of magnitude more! 

Expected Rates 
Rom. Rep. Phys. 68, S699 (2016) 

IGISOL-4 
CARIBU 
ELI-NP 

IGISOL-4 
CARIBU 
ELI-NP 



Next phases of ELI-NP 
2018-2020 

beyond 2020 



EPS Topical Paper on Cultural Heritage 



 

Medical radioisotopes at ELI-NP 
Rom. Rep. Phys. 68, S849 (2016) 

•195mPt: In chemotherapy of tumors it can be used 

to exclude ”non responding” patients from 

unnecessary chemotherapy and optimizing the 

dose of all chemotherapy 

test case 

feasibility study: Wen Luo et al., Appl. Phys. B 122, 8 (2016) 



Human Resources 

Attracting the best 

competencies: 

• public announcements 

• international recruitment  

• head–hunting for  

     management positions 

• junior researchers 

     specializing in a unique and   

     top-level field of research 

• PhD students will benefit of 

     a very high specialization  

     with enormous possibilities  
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ELI-NP Team, March 5, 2013 

Thank you! 


