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Extreme Light Infrastructure

ELI–ALPS, Szeged, HU

Attosecond Laser Science

new regimes of time resolution 

ELI–Beamlines, Prague, CZ

High–Energy Beam Facility

development and application of ultra–short 

pulses of high–energy particles and radiation

ELI–NP, Magurele, RO

Nuclear Physics Facility with ultra–intense laser 

and brilliant gamma beams (up to 19 MeV) 

novel photonuclear studies 

ELI   4 , to be decided

Ultra–High–Field Science 

direct physics of the unprecedeted laser field 

strength 

the world’s first international laser research

infrastructure 

“The CERN of Laser Research”

a distributed research infrastructure based

initially on 3 facilities in CZ, HU and RO

Total budget: 1 B€, e.g. 350 M€ for ELI-RO



June 7th, 2013

Mission: Nuclear Physics studies with high-
intensity lasers and brilliant γ beams
• 2 x 10 PW synchronizable lasers
• 0.2 – 20 MeV 0.5% bw 95% polarized γ beam



1.5m thick, 150,000 ton “optical table”

1000 springs + vibration dampers



250 J  in  25fs

1 pulse/min

Contrast

1:107    @ 5ps

1:109    @ 10ps

1:1014  @ 100ps

Stations E1 and E6
2 x 10 PW/min

Station E5
2 x 1 PW/1 Hz

Station E4
2 x 0.1 PW/10 Hz



10 PW lasers will enable unique experiments from Day-1  

 Day-1 experiments reviewed by ELI-NP International Scientific Advisory Board 

Extreme light intensity (1023 W/cm2)  

Nuclear Physics with Lasers

Extreme light pressures (Tbar)

Radiation Pressure Acceleration of  
dense 10 MeV/A ion beams

Neutron-rich 
nuclei

Strong-field QED  

Extreme electric fields (1015 V/m)

10 PW laser + 10 GeV 
LWFA electron beam

Radiation reaction, 
Breit-Wheeler pairs

10 PW laser 
+ solid target

Ultra-intense 
PW  g-source

Nuclear 
reactions 
in plasmas

Ultra-
intense 
neutron 
source

“Day-0”





Laser System Implementation Schedule

2017 20192018

100 TW
June

1 PW
Sept

10 PW
June

Thales Laser System Implementation

10PW Laser Beam Transport System Impl.

Commissioning Exp.



Nuclear processes in plasmas

observed in cold targets at 10-8

rates in 197Au, 189Os, and 193Ir; 
never observed in plasmas 

never observed

Nuclear (de-)excitations in plasmas

Nuclear lifetimes in plasmas

significant changes of nuclear 
lifetimes are predicted in hot 
and dense plasmas 



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

~ 4γ2·EL



Gamma Beam System – Layout 

e– RF LINAC

Low Energy 

300 MeV

Interaction Laser

Low Energy 

Photo–gun Laser

Interaction Point

Low Energy 

Photogun

multi-bunch

e– beam 

dump

g beam 

coll&diag
e– beam 

dump

Low-Energy Stage: γ rays up to 3.5 MeV  

Control

Room
Racks

Room

Racks

Room

High-Energy Stage: γ rays up to 19.5 MeV  

Interaction Point

High Energy 
e– beam 

dump

g beam 

coll&diag

e– RF LINAC

High Energy 

720 MeV

Control

Room

Interaction Laser

High Energy 

Master clock synchronization  @ < 0.5 ps

11



what to remember

• beam size: 1 mm at 10 m away from collimator 

• energy spread: 50 keV at Eγ=10 MeV 

• time structure: micropulses at 16 ns

• photons/pulse: 105

• photons/macro-pulse: 32 x 105=3 x 106

• photons/s: 3 x 108



Gamma Beam System Implementation 
Schedule

2017 20192018

3 MeV
May

19.5 MeV
June

Gamma Beam System Implementation

Commissioning Exp.



Experiments with high-brilliance gamma beams at ELI-NP

g

(Z, N)
g.s.

separation threshold

photoactivation

(Z´±1, N´ 1)

±

n, p, α, ff

(Z´, N´)

TDRs: > 300 scientists involved
6 MoU with German institutes
> 20 German research groups  

Rom. Rep. Phys. 68 (2016)

Nuclear Resonance Fluorescence (NRF) – A. Zilges group, N. Pietralla group, D. Savran, W. Verner

Giant/Pigmy Resonances (GANT) – A. Zilges group, N. Pietralla group, D. Savran, R. Schwengner

Photodisintegration (γ,n), (γ,p), (γ,α) – N. Pietralla group, T. Aumann

Photofission (γ,ff) – J. Enders, P. Thirolf, Ch. Scheidenberger

Applications (positron beams) – Ch. Hugenschmidt



ELIADE array
in collaboration with U. Koeln
and TU Darmstadt

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)

Key contributions of several German research groups: N. Pietralla group, A. Zilges group, D. Savran, W. Verner…



Day-zero: Photoactivation of 180Ta (ISAB recommendation)

Belic D et al. 2002 Phys. Rev. C 65 035801
Belic D et al. 1999 Phys. Rev. Lett. 83 5242



Day-one: Separation of the parity doublet in 20Ne (ISAB recommendation) 

Beller J et al. 2015 Phys. Lett. B 741 128

advantages at ELI-NP
• Large volume Clover detector array
• Higher brilliance of the γ beam
• Narrow band-width: 0.3% vs 3% at HIγS
• Simultaneous measurement of 

polarization with ELIADE and within 
each Clover detector 



ELIGANT-GN array
30 LaBr3 or CeBr3

20 7Li glasses
30 Lq. Scint.

E8

ELIADEELIGANT-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 

key input U. Milano and Konan U.



ELIADE ELIGANT-GN





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

ELIGANT-TN



Day-zero: Measurement of the 9Be(γ,n) cross section (ISAB recommendation)

Unsunomiya H et al. 2015 Phys. Rev. C 92 064323
Arnold C W et al. 2012 Phys. Rev. C 85 044605



A case where ELI-NP will have a say at Day-Zero!



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

in collaboration with U. Warsaw



o-TPC, HIγS

Zimmerman W R et al. 2012 Phys. Rev. Lett. 110 152502

mini-TPC event recognition
e-TPC, tests

Bihałowicz J S 2015 AIP Conf. Proc. 1645 301



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

in collaboration with INFN LNS Catania



7Li(γ,t)α w/ SIDAR at HIγS, March-April 2017

• addressing the Li-problem and theoretical aspects

• using SIDAR array from ORNL

• two lamp-shades of YY1: 300, 500, 1000 μm

• clean alpha-triton coincidence

• proposed by ELI-NP together w/: ORNL, Rutgers U,

INFN-LNS, York U, Aarhus U, U Michigan

alphas

tritons

tritons



DSSD testing at ELI-NP



see also ELI-NP White Book: contributions of P. Thirolf and D. Habs

Note: Nuclear structure correlations influence the fission probability



Photofission experiments at ELI-NP
Rom. Rep. Phys. 68, S621 (2016)

ELI-BIC

Array of Bragg ICs coupled to 
Si DSSD based ∆E-E detectors

BIC prototype tested with 
sources and in-beam

in collaboration with ATOMKI





RA4 Timeline of Instrument Implementation



ALTO, ARIEL, etc.

Laser 
Compton 

back-
scattering

ELI-NP

γ–beam spectrum at the IP 
(without collimator)  

~ 1011 γ/s



ELI IGISOL
• Simulations related to the cryogenic stopping cell (CSC) are finalized. 
• Gas flow simulations to study the properties of the supersonic jets through the 

nozzles are ongoing. 
• An extension (E9) along the high-energy gamma beamline is under construction. 
• A project to connect the ELI experimental building with the Reactor hall has been 

prepared.  



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

4 m



IGISOL beamline:
Exotic Neutron-Rich Isotopes 

IGISOL beam line:
(collaboration with GSI/Giessen)

1. Cryogenic Stopping Cell (orthogonal extraction)
2. RFQ
3. MR-ToF mass spectrometer

A β-decay measurement station:
(collaboration with IPN Orsay)
tape station, HPGe detectors

T. Dickel et al., NIM B 376 (2016) 216

• Energy range up to 19.5MeV covers the GDR:
• RIB via photofission in a actinide thick target

• Production of exotic neutron-rich fission fragments
• Refractory elements: light region Zr-Mo-Rh and heavy 

rare-earths region around Ce

U-238 target:
• thick because σ(γ,f)~1b
• sliced in many thin foils: refractory, fast extraction
• tilted foils:

(1) avoid hitting neighboring foils
(2) increase γ pathlength w/o increasing thickness



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%



CSC Simulations: Space Charge (II)

Q is not the best parameter. S. Purushothaman et al., NIM B 266 (2008) 4488

d = distance between parallel electrodes
ε = electrical permitivity
μ(T,p) = ion mobility
Universal threshold at Vind/V≈1-2.
Field saturation sets in for Vind/V>1.

However, for our CSC: Q(r,φ,z) inhomogeneous! → moving to SIMION!

Supported by theoretical calculations:
S. Palestini et al., NIM A 421 (1999) 75



CSC Simulations: Space Charge (III)

Heavy ions trajectory: (1) stopping segment: ultra-fast (~50 ns), high KE (>20 MeV), high charge (>30+)
(2) electric drift segment: slow (~several ms), low KE (~2 keV), low charge (1-2+)

SIMION 8.1 simulation in 3 steps:
1) solves the Poisson equation:

with Q(x,y) from Geant4 and DC extraction time: τ
i
= 1.32/E (+7ms along carpet)

2) drifts 4000 photofission fragments from Geant4 thru Φ(x,y)
3) obtain extraction efficiency ε and time τ. Reiterate until <10% variation: ε = 50-85%, τ ~ 10ms

ρ=0.21 mg/cm3

E=100 V/cm

τ
i
=20 ms

i

ρ=0.21 mg/cm3

E=40 V/cm

τ
i
=40 ms

ρ=0.21 mg/cm3

E=40 V/cm

τ
i
=1 s

ε=86%

<τ>=6ms

ε=50%

<τ>=15ms

ε=29%

<τ>=1ms

NB! IF τ<9.5ms: PULSED REGIME!



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







Summary

• the instrumentation of the ELI-NP GBS experimental program is been 
implemented according to the project timeline; 

• the physics cases, which will be addressed, have been prepared within a 
broad scientific community; 

• commissioning and day-one experiments are currently under discussion; 

• the ELI-NP GBS is expected to provide beam to the users in 2020. 



ELI-NP Team, March 5, 2013

Thank you!


