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Targets and Ion Sources

Slide by J. Lettry
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Liquid Metal Target Damage

Figure of merit of the Liquid Lead targets (91-95)
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Condensed Pb found 
on condensation helix 
introduced in chimney.

Broken container 
welds and splashing 
of Pb onto target unit.

Some early target units were 
destroyed after just a few pulses from 
the PSB (e.g. Pb019, Pb031)

Data and photos from J. Lettry
Photos taken by CERN photos
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CERN Proton Synchrotron Booster

• Normal beam
– 4 bunches.
– 230 ns bunch width.
– 573 ns bunch spacing.
– 1.2 s repetition rate.
– most targets.

Current Power
Average 1.92 μA 2.7 kW
Bunch 8.36 A 11.7 GW

• Staggered beam
– 3 bunches.
– 230 ns bunch width.
– 10 μs bunch spacing.
– 1.2 s repetition rate.
– liquid metal targets.

1.4 GeV protons ISOLDE targets
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Simulations

• Energy deposition with FLUKA†:
– Geometry 
– Ebeam: proton beam energy
– σbeam: proton beam spatial profile

• Internal energy transients with AUTODYN:
– Customised executable

• Read non-standard FLUKA file
• Set Edep time profile (linear, multi-bunch, staggered)

– Simulation parameters
• SPH particle size
• Shock equation of state (EOS)
• Hydrodynamic tensile limit (dynamic tensile strength)

– Simulation variables
• Tdep: Edep time structure
• Ibeam: Beam intensity

• Four “global variables”
– Ebeam × 2
– σbeam    × 2
– Tdep × 4
– Ibeam × 2

† A.Fassò, A.Ferrari, J.Ranft and P.Sala
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Simulations: Material Definitions

• ‘Standard’ variables (@ ref. Temp)
– ρ, cv, k, T.
– Not always straightforward to 

find values for a given 
temperature, especially for liquid 
metals.

• Shock EOS
– Us = C1 +(S1 × up).
– Us: shock velocity.
– up: particle velocity.
– C1 and S1, fitting parameters†.
– Grüneisen coef. = Γ†.

• Failure mechanism
– Hydrodynamic tensile limit.
– Pmin (Hg) = -1.9 GPa#.

†A good reference is ‘LASL Shock Hugoniot Data’, 
S.P.Marsh Editor, University of California Press, 1980.
#G.A. Carlson, J. App. Phys, Vol. 46, Issue 9 (1975) 4069-4070.



etam.noah@cern.ch

Hydrodynamics of ISOLDE liquid metal targets
ISOLDE Workshop and Users Meeting - 19/12/07

Energy Deposition
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Bunch structure for case c

FLUKA → AUTODYN

Peak energy densities for different pulse structures at an intensity of 1 × 1013 protons at 1 GeV. 
One pulse with a duration of 2.4 μs (a) is compared with pulses consisting of three bunches with 
different bunch gaps. (b) 5 μs. (c) 10 μs. (d) 25 μs. (e) 10 μs. The beam in case (e) was 
defocused. The lower axis of the plot shows the time structure of the three bunches for case c.
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Pressure Waves

Pressure wave 
period is 10 μs

Pressure histories for one point in the SPH matrix along the beam axis and 10 mm from the 
beam window for two different pulse structures, both with an intensity of 1 × 1013 protons. The 
normal focus, 2.4 μs single pulse (a) has a peak pressure twice as high as the defocused 
time-staggered pulse (b) with three bunches separated by 10 μs.
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Pb Target Splashing
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Pb Target 2006: Normal vs Staggered Beams
NORMGPS STAGISO

5 × 1012 protons per pulse !
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Pressure Waves II
Comparing time-staggered beams with different bunch-to-bunch spacings
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Pressure histories for one point in the SPH matrix along the beam axis and 10 mm from the 
beam window for time-staggered pulses with an intensity of 1 × 1013 protons. The pulse with 
a bunch-to-bunch spacing of 10 μs shows higher pressures than those pulses with bunch-to-
bunch spacings of either 5 or 25 μs. This is thought to be due to constructive interference of 
the pressure wave whose period of 10 μs matches the proton beam bunch-to-bunch spacing.
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ISOLDE Online Run
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• Pb target #305:
– August 2007.
– MK3 ion source.
– ISOLDE GPS separator.
– 1013 protons.
– 1.4 GeV.
– Time-staggered beam.
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Some applications require magnetic fields. The MERIT (MERcury Intense 
Target) experiment is a typical example. It took place at CERN in October.

M. Palm

Neutrino factory target concept.
The beam :

• Few 1013 protons/pulse 
• 16 consecutive microbunches (131 ns between 
each bunch).
• Beam momentum = 14 GeV/c.

The Mercury jet:
• diameter ~ 1 cm
• speed = 15 m/s

Solenoid : 15 T

Tank+pump

Hg‐jet Proton 
beam

0 T

10 T

Solenoid
Mercury 
loop

Proton 
beam

Mercury Jet in Magnetic Field Under Proton Irradiation
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Mercury Jet in Magnetic Field Under Proton Irradiation

Such a phenomenon requires a MHD (Magneto Hydro Dynamic) code to
model the behavior of the jet

Mercury disruption length ~25 cm
< 17 ms for target to recover if ejected at 15 m/s
Splash velocities up to 60 m/s

M. Palm
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Future Prospects

• Magneto Hydro Dynamics.

• AUTODYN Specifics:
– Parallel processing issues (Linux, SPH, 

start single, interrrupt, continue parallel).
– User subroutines (abolish .f90 compiling).
– Cavitation (pitting). 
– Fatigue.
– Material properties under irradiation.

FLUKA

AUTODYN

User 
Subroutine

Geometry

P‐Beam

Energy 
deposition

Deformation …

Stress

Δt

• Transient coupling of FLUKA with AUTODYN.
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Summary

• AUTODYN:
– License at CERN in 2007.
– First demonstration of use of tool in our community.
– Coupling with Fluka.
– Comparison of experimental data and simulations.
– Liquid targets (Hg, Pb, Sn).
– Solid targets (Cu, Pb, Ta, W, C).
– AUTODYN considered as a potential tool for highly dynamic event simulation in 

the high power targetry community (RIB direct + two stage, spallation neutron 
sources, neutrino factories).

• Outlook:
– Better understanding of pulsed beam effects required to exploit factor x3 

increase in beam current at HIE-ISOLDE for liquid metal targets.
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