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F1c. I,1. Schematic curve of atomic abundances as a function
of atomic weight based on the data of Suess and Urey (Su56).
Suess and Urey have employed relative isotopic abundances to
determine the slope and general trend of the curve.
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S-process regimes and sites

"weak “component main component
60 <A < 90 90 <A <209
Temperature 2.2-3.5x 108 K 0.9 x 108K
25-30 keV 10 keV
Neutron density 106-107 cm?3 108-1010 cm-3

Neutron source

Stellar site

22Ne(a,n)25Mg

core helium burning
In massive stars

13C(a,n)00,
22Ne(a,n)*°Mg

thermal pulses
asymptotic giant-
branch (AGB) stars



Nuclear astrophysics need good quality data on (n,») cross sections on
stable and unstable nuclei. The relevant quantity is the Maxwellian-
averaged cross section (MACS) defined as:
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at nuclear reactors
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traditional neutron time-of-flight measurements of o= o (E,)

more recently at spallation neutron sources :
CERN (n-TOF) ), Los Alamos (LANSCE, DANCE, Geel (GELINA)

activation measurements using the ‘Li(p,n)’Be reaction



‘Li(p,n)’Be as neutron source

Thick target integral spectrum:

Q= -1.644 MeV
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- neutron emission:
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Cu backing Gold foils

1.5 mm

"Li(p,n) )
neutron source Li target

neutron
detector

neufron cone 120

|, <50-100 pA, E; = 1.912 MeV, N, ~ 0.5-1 x 10° n/s
Proton beam (and neutron intensity) limited by target cooling

In particular for radioactive targets (usually ng’s), higher fluxes are
needed:

mg — Ng

conventional Li target i HA — MA i high-power Li target
W — kW



A high-intensity neutron source based on ’Li(p,n)
requires two components:

- high-intensity proton beam -> RF accelerators (RFQ,
linac)
- high-power L. target

The present project:

- SARAF light-1on accelerator facility

- design and construction of a Liquid-Lithium Target
(LiLiT)

- The LILIT target is a forced-flow windowless liquid-
lithium jet designed to act as ;

- neutron production target

- power beam dump (~5-7 kW)




SARAF Layout:
a high-intensity light-ion superconducting linac
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Phase | setup for experiments
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“Beam lines”

SARAF phase |
proton beam
operational:

50uA -2 mA, 1.5

- 3 MeV



Towards a liquid-lithium target

Liquid-Li loop e
Argonne National Laboratory ' | Formation
C. Reed et al., NP A 746, 161 (2004) LD
J. Nolen et al., RSI 76, 073501 (2005) |1
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melting temp. :

density:
specific heat:

thermal conductivity:

thermal diffusivity:
surface tension :
dynamic viscosity :
Kinematic viscosity :
electrical resistivity :
Prandtl number:
vapor pressure:
proton range

Physical properties of lithium

lithium

181 °C

T =220 °C (liquid)

p =0.510 g/cm3

C,= 4350 J/kg K

K= 43.9 W/m K

k= Kip/p C,= 2.84 x 10° m?/s
0.326 N/m

n=5.40 x 10* Pa.s
v=1/p=1.06 x 10 m?/s
p=25x107"Qm
vik=0.037

5x10° Torr

Water(20°C)
1.0

4183

0.6

1.5x 107/
0.075
8.9 x 1074
8.9 x 107/
2.5x 10°

6.0

(E,=1.91 MeV)= 9.2 mg/cm* = 180 um



LILIT: Liquid Lithium target
& designed for 2 MeV 3.5 mA protons

& Gaussian beam with o ~ 2 mm

\Wall-assis
lithium jet
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4-20m/sjetu, L
18 mm wide ¢—

1.5 mm thick™

Li reservdir and
heat exchanger



Lithium Nozzle

liquid
lithium

18 mm wide""'_'i- |
1.5 mm thick|[” |

l1cm
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. I, =4 mA
Neutron production target P

dE/dX (keV/um)
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Beam
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LILIT @ 4kW beam power
expected thermal behavior
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Electro-magnetic pump
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Lithium tank

Design to remove ~12 kW
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LiLiT general scheme in electron gun beam line
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Commissioning steps :

- Li circulation tests
- thermal tests with a 20 kW
electron gun (20 kV, 1 A)
- online installation and
proton beam tests




1A, 20 keV (20 kW) electron gun at LiLIT

Magnetic
Beam lens

dump




Lithium circulation

Measured velocity 7 m/s
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e-gun thermal tests
e-gun on Li flow : 2 kW movie

e-beam hitting
diagnostic plate



2.2 KW at v ~ 3m/s:
lithium vapors on viewport window




e-gun experiment results

Electron Beam shape measurement

Velocity measurement - ~3 m/s (~30 % of EM pump
capability)

Stable lithium flow at irradiation up to 2 kW (at 3
m/s)

Excessive evaporation when ~2.2 kW beam was
applied
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SImLiT: a simulation
tool to calculate the
neutron spectrum and
intensity

E, = 1.881 keV
r %/ En
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7Li(p,n) thick target integral spectrum

Ep =1.912 MeV
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Experimental integral near-threshold Li(p,n)
spectra: Ep =1.912 MeV
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Collaboration
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sSummary

1. LiLIT high-power target was built and
tested off-line with an electron gun
(beam power 2 kKW at flow velocity of 3
ms™)

2. Installation and on-line tests at SARAF
expected early 2012

3. Au activation measurements and real
target measurements following
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