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Details on two proposed experiments

for ELI-NP

I. Production of neutron-rich nuclei with N~126
using a laser-accelerated Th beam
- experiment with high power laser

II. A pulsed micro-beam of thermal neutrons without 
moderation
- application of brilliant g source

Proposed by:  D. Habs, M. Gross and P.G. Thirolf
LMU, Munich, Germany
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Interest for N~126 neutron-rich nuclei

- Astrophysics: N=126 nuclei are an waiting point in R-process 

(explosive nucleosynthesis)

- Nuclear structure: magicity in neutron-rich nuclei

(proved collapse of N=20 and 28)
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Neutral bunch of ions + electrons 

accelerated.

Solid-state density:  1024 e cm–3

Classical bunches:  108 e cm–3

Very efficient energy conversion !

Laserion IE 

At ELI-NP possible to obtain:

1012 Th nuclei @ 10 MeV/u per shot

(= 370 J)

Requirements:   - thin target foils <100 nm

- ultra-high contrast

- intensity ~1022 W/cm2

Radiation Pressure Acceleration
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Bethe-Bloch formula for individual ion:

Modified stopping of high density bunches

a)     enhanced stopping (105 ×) in low-density targets
dense bunch interacts with collective wake
→  reduced fraction of nuclear reaction

b)     reduced stopping in solid target
first electrons of bunch kick out electrons of foil like a snow plow.
→  enhanced fraction of nuclear reactions. 
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beam: 232Th @ 10 MeV/u    5e+11 nuclei/shot

H,C,O @ 10 MeV/u    2e+13 nuclei/shot

a)  Fission H, C, O  +  232Th   →   fission of target in FL + FH
232Th  +  232Th   →   fission of Th beam in FL + FH               (s= several barns)

b)  Fusion: FL + FL →  AZ around 18275 including nuclei close to N=126 waiting point

FL + FH →   232Th old nuclei

FH + FH →   unstable

Fission-fusion reaction rate:   104 – 106 reac./shot 

Yield for 198Hf (N=126,Z=72) > 1/s ? (FAIR estimate)  

Fission-Fusion Reaction Mechanism
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Experimental set-up

~ 1013 fast n/shot => 2-3 m concrete shielding required

First experiments for target & laser optimization: 

use only tape transport system  

Size: 30 x 8 m2

Equipments cost: 3-4 MEuro
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(g,n) Photonuclear Reactions

Cross section: Breit-Wigner resonance Good chances to find a heavy nucleus

with  Er=Bn+100 meV and Gg=200 meV

Eg~ 6 MeV => lg= 160 fm => s=102 b
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Calculated neutron flux

Gamma source: 1015 g/s Eg= 6 MeV

Bandwidth = DEg/ Eg= 0. 1%

Peak brilliance = 1023 /(s mm2 mrad2 0.1%BW)

Pulse length = 20 ps

Usefull Eg range:

200 meV= 3x10-5 BW

Target size = neutron source size

=  100 mm x 100 mm x 300 mm 

Neutron yield:   1010 n/s in 4

Refocalized on sample with supermirrors

(preserving path length = only one reflection)

1011-1012 n/(cm2 s)

Advantages:   - low cost

- no chopper  reducing flux

- very good timing for

TOF measurements ILL High flux reactor (58 MW)



IFIN-HH General Seminar    22/03/2010                                             F. Negoita for ELI-NP  Experiments Working Group

Experimental set-up
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Cost of equipments for neutron experiments 
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Tomography with neutron micro-beams
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Other applications of neutron micro-beams


