Details on two proposed experiments
for ELI-NP

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

Il. A pulsed micro-beam of thermal neutrons without

moderation o
- application of brilliant y source

Proposed by: D. Habs, M. Gross and P.G. Thirolf
LMU, Munich, Germany
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Interest for N~126 neutron-rich nuclel
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- 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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Laser
(circ. pol.)

Target

Radiation Pressure Acceleration

Neutral bunch of ions + electrons
accelerated.

Solid-state density: 10%* e cm™3
Classical bunches: 108 e cm=3
lons

Eion C I Laser

Very efficient energy conversion !

Electrons

At ELI-NP possible to obtain:
1012 Th nuclei @ 10 MeV/u per shot
(=370J)
Requirements: - thin target foils <100 nm
- ultra-high contrast
- intensity ~1022W/cm?
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Stopping power of high density bunches

Bethe-Bloch formula for individual ion:
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binary collisions long-range _
kp = Debye wave number collective interaction
w, = plasma frequency

Modified stopping of high density bunches

a) enhanced stopping (10° x) in low-density targets
dense bunch interacts with collective wake
— reduced fraction of nuclear reaction

b) reduced stoppin%in solid target -
first electrons of bunch kick out electrons of foil like a snow plow.
— enhanced fraction of nuclear reactions.

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



Fission-Fusion Reaction Mechanism

232Th

1mm

232Th target

15nm * Qum diam.

> Fission fragments

high-contrast =~ ===------- -
Apollon laser

600d) e - \ (5 MeV/u)
/ -“-““"““>

H, C, O target
300nm

. Fusion products

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 targetin F_ + F,
2%2Th + 232Th — fission of Thbeamin F + F, (o= several barns)

b) Fusion: F_+F,_ — AZ around 8275 including nuclei close to N=126 waiting point
F.+F, — 23%Thold nuclei
F,+F, — unstable

Fission-fusion reaction rate: 104 - 10° reac./shot
Yield for 198Hf (N=126,2=72) > 1/s ? (FAIR estimate)
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Experimental set-up

Size: 30 x 8 m?
high—power .
s,f"mfu.se Equipments cost: 3-4 MEuro
laser APOLLON
"SHIP"-like
velocity filter
mirrar
stopper Gas stopping cell
target or cooler
- 1
I
concrete transport
— shielding System
Penning trap
detector
:IL mass measurements
to Amm=10"%

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

First experiments for target & laser optimization:
use only tape transport system
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(v,n) Photonuclear Reactions
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Cross sections and resonances unknown
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Cross section: Breit-Wigner resonance
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many cascades

v
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Many studies — level densities at B,

Good chances to find a heavy nucleus
with E,=B,+100 meV and I'’=200 meV

E,~ 6 MeV => hy= 160 fm => 06=102%Db
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Calculated neutron flux

Gamma source: 101> vy/s Ey=6 MeV
Bandwidth = AEy/ Ey=0. 1%
Peak brilliance = 103 /(s mm? mrad? 0.1%BW)

Pulse length = 20 ps 1015
(b) _
Usefull Ey range: o 11 _
200 meV= 3x10° BW S
TN |
= ot TN
Target size = neutron source size K © = By
= 100 pm x 100 pm x 300 pm IE o N HIH A h-i.\‘ H1
Neutron yield: 101°n/sin 4x 3 Rk H'I
% 10" A1
E \.\’
Refocalized on sample with supermirrors = -\}\ -
(preserving path length = only one reflection) |G 10" =
1011-1012 n/(cm? s) ° i\
109 _ A\ H18
Advantages: -low cost R
- no chopper reducing flux 08 1 1 [ i
- very good timing for | wave length A [4]
TOF measurements ILL High flux reactor (58 MW)
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Experimental set-up
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Cost of equipments for neutron experiments

Nr. Instrument / sample environment | Physics Costs
1 POL-TOF intermediate focusing | magnetism, superconductivity 7000 k€
2 TOF + chopper + interm. foc. lattice dyn., diffusion, tunneling 6000 k&
3 TAS + monochr. + analyser collective excitations, order param. | 2000 k€
4 Imaging + foc. + spin analysis macrosc. magn. distrib., domains 800 k&
5 TOF + chopper structure, diffraction 5000 k€
6 Imaging with parallel beam industrial applications 700 k€
7 Diffractometer + monochromator | structure, industrial applications 1500 k€
8 SANS soft matter, supercond. biophys. 4000 k&
9 Reflectometry + chopper heterostructures, soft matter 3000 k€
10 Reflectometry + monochromator | heterostructures, order parameters 1500 k€
11 Irradiation station cancer therapy 1000 k€
12 large magnetic fields magnetism, phase transitions 1500 k€
13 high-pressure cells geoscience, phase transitions 200 k€&
14 biomedical cell setup dynamics in cells 100 k€
13 gas handling systems chemistry, energy research 200 k€
16 in-situ reflectometry heterostructures, spintronics, GMR 600 L€
17 cryogenics all fields of research 2000 k€&
Total 37100 l€
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Tomography with neutron micro-beams

detector
[ object
object LiF counter scanned p
*He counter
‘ SEDMEEL v o) with 100% ¢
‘ enlarged image

» polarized y — polarized neutron — magnetic imaging

+ cw neutron beam (Munich, Berlin, P5I)

» pulsed neutron source (SNS Oak Ridge, JPARK Japan, ESS Lund)
studying Larmor precession, spin echo.
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"\k,: Neutron scattering
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Other applications of neutron micro-beams

« Study of quantum phase transitions
- very high pressures (3-10° bar)

}small samples
- very high magnetic fields

« Many new applications for beams with much higher brilliance
- nm beams in biology, studying the motion of subsections of cells

« Study of engines (BMW, Daimler), all time dependent-
- injection nozzle
- lubrication of piston

« Study of rotor blades, turbines
- cracks, stress
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