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Overview

1. EURISOL-DS

2. Objectives of Multi-MW target task

3. Achievements since Feb. 1, 2005

4. Baseline parameters of the MMW Hg target

5. Multi-MW Hg target configurations

6. Future activities
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The Aim of EURISOL

• The EURISOL program aims at the construction 
beyond the year 2010, of the ‘next-generation’
European Isotope Separation On-Line (ISOL) 
Radioactive Ion Beam (RIB) facility

• It will extend and amplify the exciting work presently 
being carried out at the first-generation RIB facilities 
in Europe and other parts of the world

• The EURISOL facility will play a complementary role 
to the recently approved SPIRAL-II and the upgrade 
of the GSI Darmstadt, Germany, the European ‘next-
generation’ ISOL and In-Flight RIB facilities
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The Physics
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World Wide RIB Facilities
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Background for a European RIB Facility
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EURISOL Roadmap

• Phase 1: Preliminary Design Study of 
EURISOL (2000 - 2003), the ‘next-generation’
European ISOL Radioactive Ion Beam (RIB) 
facility => enhance RIB yields (vs. 1999 data) 
by factors of 2 to 4 orders of magnitude 

• Phase 2: Design Study (2005 - 2008) address 
the remaining technological challenges leading 
to a full engineering design

• Phase 3: Full Engineering Design (2y)

• Phase 4: Construction of the facility (> 2010)
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EURISOL Schematic Layout



9

ISOLDE Workshop and Users Meeting, CERN, Geneva, Switzerland February 7, 2006

Buildings & Installations
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EURISOL-DS Structure
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EURISOL-DS Structure
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EURISOL Target Stations
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EURISOL shall deliver beams of 3 orders of magnitude higher 
intensity than 1999 yields.

• Design of “oven + heat-transport system” target containers 
dissipating a direct GeV p-beam dc-power of > 100 kW to 
produce spallation generated RIBs.

• Computational optimization of the wall material and target 
geometry of a chosen element from a “target vessel, transfer 
line & ion-source” system to improve the release efficiency. 

• Improve ion-source efficiencies and beam purity.
• Design high power density spallation n-sources (10 MW/l) 
• Design actinide targets intercepting efficiently the neutrons 

generated by high power density n- sources.

EURISOL-DS Targetry Challenges
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EURISOL-DS Fast neutron flux

EURISOL
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EURISOL-DS Target Heat Load
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• Remove heat from reaction zone by moving the 
target material

• No radiation damage in target material
• No dilution of target by cooling channels
• Low specific decay heat due to large target mass
• No need for decay heat removal in reaction zone

• Good arguments but....

• .....need to work !

Liquid Metal Targets
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• Mercury has a relatively low decay heat and no long 
lived radioactive isotopes 

• Mercury is easy to purify and to turn into a stable solid 
amalgam for disposal

• Mercury is liquid at room temperature and hence needs 
no auxiliary heating

• Mercury produces practically no alpha-emitters with any
sizable life time

• Mercury has the highest density of all heavy liquid metals and 
hence produces the brightest neutron source

The choice of Hg as a Target (1)
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Calculated decay power 
for 200 days of operation 

in a 5 MW beam 
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The choice of Hg as a Target (2)
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• Confined Hg-jet or Compact Hg-loop
• Window or Window-less

ISOLDE n-spallation source: 
Ta(W)-rod mounted below the 

UC target 
(before irradiation) - Engineering study of the thermal hydraulics, fluid 

dynamics and construction materials of a window or 
window-free liquid-metal converter.
- Study of an innovative waste management in the 
liquid Hg-loop e.g. by means of Hg distillation.
- Engineering design and construction of a 
functional Hg-loop.
- Off-line testing and validation of the thermal 
hydraulics and fluid dynamics.
- Detailed planning and proposal for subsequent in-
beam test in collaboration with other Hg target users.
- Engineering design of the entire target station and 
its handling method

EURISOL – Multi-MW Target Task

Participants: CERN, IPUL, PSI   27.5 FTE
Contributor: ORNL (SNS)
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• Engineering Study of the liquid metal converter:
Sensitivity study has been performed with respect to the particle type (proton 
vs deuteron), beam energy (1, 2 and 3 GeV) and beam profile (parabolic vs
Gaussian vs s) ý reference parameters

Preliminary conceptual design of the MMW Hg converter and nearby
structures (target vessel, fission target, BeO target, reflector, etc…) proposed

First estimates of the energy deposition, n-flux distribution and spallation 
product yields in the Hg target have been obtained together with an 
evaluation of the radiation damage to the target vessel ==> CFD and FEM 
analysis being carried out by PSI and dimensioning the Hg experimental loop 
by IPUL.

Fission product yields have been calculated for several UC target 
composition at different locations around the Hg converter

6He production from dummy BeO target.

A detailed characterisation of a Hg jet configuration has been performed and 
compared in terms of performance with the baseline design proposed initially

Multi-MW Target Task– Achievements
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Baseline parameters of the MMW Hg target

Parameter Symbol Units Nval Range
Converter Target material Zconv - Hg (liquid) LBE
Secondary Target material Ztarg - UCx, BeO
Beam particles Zbeam - Proton
Beam particle energy Ebeam GeV 1 ≤ 2
Beam current Ibeam mA 4 2 Š 5
Beam time structure - - dc ac

50Hz 1ms pulse
Gaussian beam geometry σbeam mm 15 ≤ 25, parabolic
Beam power Pbeam MW 4 ≤ 5
Converter length lconv cm 45 ≤ 85
Converter radius (cylinder) rconv cm 8 < 15
Hg temperature Tconv ¼C 150 (tbc) << 357
Hg flow rate Qconv ton/s 1 (tbc) << 3
Hg speed Vconv m/s 5 (tbc) << 15
Hg pressure drop ΔP1 bar tbc << 100
Hg overpressure ΔP2 bar tbc << 100
UCx temperature Ttarg ¼C 2000 500-2500
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Alternative 4 MW Target Configurations
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Baseline Design

• BLD: Shape of Hg target optimised for neutron production 
(neutron balance)

• 15 mm sigma proton beam, fully contained in the Hg target

• UnatC3 (3 g/cm3) fission target, to also induce fission with 
neutrons below 1 MeV. Higher yields if high-density 
carbide is used

• Use of a BeO reflector to improve neutron economy, to 
shield HE particles and, possibly, to produce 6He for the 
beta-beam, through (n,α) reactions in 9Be

Hg Target

Reflector

Reflector

UCx/BeO Target

Protons

73 cm

30 cm
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Comparative Study

• BLD: Integration problems due to the large 
weight of the assembly and large volume of 
fission target

• Possibility of further reduction in Hg target 
dimensions → Intermediate solution (IS)

Hg Target

Reflector

Reflector

Target container

UCx/BeO Target

Protons

73 cm

30 cm
Protons

Reflector

Reflector

Hg Jet

UCx/BeO Target

UCx/BeO Target

40 cm

4 cm

• Hg-J: designed for high-energy neutron 
fluxes in the fission target

• 4 mm sigma proton beam, mostly 
contained in the 4 cm diameter Hg Jet

• Fission targets closer to the Hg-J and the 
proton beam

Hg Target

Reflector

Reflector

Target container

UCx/BeO Target

Protons

68 cm

16 cm
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Primary Proton Flux Distribution

Primary flux (prim/cm2/s/MW of beam)• 1GeV proton range ~ 
46 cm

• BLD: Beam fully 
contained inside

• Hg-J: Important HE 
primary escapes (~1013

prim/cm2/s/MW of beam), 
mostly at small polar 
angles → Beam dump

• IS: Some primary 
escapes through the 
endcap, mostly contained 
by the reflector

• BLD and IS: Beam 
window suffering ~100 
μA/cm2/MW (radiation 
damage limit)
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Neutron Flux Distribution

Neutron flux (n/cm2/s/MW of beam)

• Neutron fluxes in 
the fission target 
~1014 n/cm2/s/MW of 
beam

• BDL and IS: Partial 
containment by the 
reflector of the 
escaping neutron flux

• Hg-J: Higher 
neutron flux in the 
fission target 
(~2×1014 n/cm2/s/MW 
of beam)
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238U Fission Cross Section
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• Significantly harder spectrum for the Hg-J, with a 
peak neutron energy between 1 − 2 MeV, compared 
to 300 keV for BLD and 700 keV for IS

• Very low fission cross-section in 238U below 2 MeV 
(~10-4 barns). Optimum energy: 35 MeV

• Use of natural uranium: σf in 235U (0.7% wt.): at least 
2 barns

• Further gain if neutron flux is reflected (e.g. BeO)

Neutron Energy Spectrum vs Fission Cross-Section in Uranium
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Fission probability
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Plot by: Jacques Lettry (CERN)
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Fission Density Distribution in UnatC3

Fission density (fissions/cm3/s/MW of beam)• High-energy fissions in 
Hg → Radioactive 
isotopes in Hg

•BLD: 1011

fiss/cm3/s/MW, 
homogenously 
distributed

• Hg-J: High and 
anisotropic fission 
density (~4×1011

fiss/cm3/s/MW)

• IS: 2×1011

fiss/cm3/s/MW, 
homogenously 
distributed → ~1015

fissions/s for 4 MW of 
beam and a 1 litre UnatC3
(3 g/cm3) fission target
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• Maximum energy deposition in 
the first 10 cm beyond the 
interaction point, in Hg

• BLD and IS, maximum power 
density in Hg: ~2 kW/cm3/MW of 
beam

• Hg-J, maximum power density 
in Hg: ~22 kW/cm3/MW of 
beam!

• Power density in the UnatC3
target: ~3 W/cm3/MW of beam 
in the BLD and ~5 W/cm3/MW 
the IS, homogenously 
distributed in both

• ~20 W/cm3/MW of beam
UnatC3 target for the Hg-J, 
following the fission density 
distribution → Strongly 
anisotropic

Power Densities (1)

Power density (W/cm3/MW of beam)
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Power Densities (2)
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• More than one order of 
magnitude difference 
between the free surface 
Hg-J (~22 kW/cm3/MW) 
and the confined Hg 
targets (BLD, ~2 
kW/cm3/MW)

• BDL and IS: Beam 
window suffering important 
power densities (~1 
kW/cm3/MW → extra 
cooling plus radiation 
resistant material needed)

• Peak power densities 
similar to ESS and SNS
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Radioisotope Yields in the UnatC3 Target (2)

Isotopic yields (Ions/cm3/s/MW of beam) and ratio over BLD
(statistical errors below 5%)

12.74.6E+062.38.4E+053.6E+05(62) Sm-153

3.01.9E+091.71.1E+096.4E+08(50) Sn-132

7.6

8.6

1.5

5.5

1.8

1.8

1.5

1.6

2.6E+086.2E+073.4E+07(42) Mo-99

1.2E+082.5E+071.4E+07(38) Sr-89

4.7E+094.7E+093.2E+09(36) Kr-90

7.7E+07

Hg-J

2.3E+07

IS

1.4E+07(31) Ga-81

BLD(Z) Element-A

• Fission yields increase between BLD and IS: 1.5 − 2.3

• Fission yields increase between IS and Hg-Jet: 1.0 − 5.5
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Conceptual Design of the MMW Hg Target

• The Intermediate Solution brings us closer to the ideal 
performance of a Hg Jet in terms of fission density and relevant 
isotopic yields, additionally reducing the particle escapes and 
power densities in Hg

• The Hg Jet presents important technical issues regarding Hg 
cooling, radiation damage to the nearby structures and radiation 
shielding

• Need to clearly establish the beam requirements  (i.e. CW vs. 
pulsed, beam frequency and beam shape), fission target 
configuration and specific isotopes, and yields to be produced
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Engineering Design of the Multi-MW target station

UCx (φ=15 mm)

Graphite (1 mm) Ta Resistance
(0.5 mm)

W Triple Thermal Sheet 
(150 μm total)

W Container (1 mm)

BeO (φ=15 mm)
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UCx

Engineering Design of the Multi-MW target station

UCx Targets

Graphite

SS Vacuum Chamber

BeO2 Insulator

Hg

Ion source & 
SS Vacuum 
chamber
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Engineering Design of the Multi-MW target station

UCx (φ=15 mm)

Graphite (1 mm) Ta Resistance
(0.5 mm)

W Triple Thermal Sheet 
(150 μm total)

W Container (1 mm)

BeO (φ=15 mm)
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Summary and Outlook
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The SNS Target Station

Core Vessel 
water cooled 
shielding

Core Vessel 
Multi-
channel 
neutron 
guide flange

Outer 
Reflector 
Plug

Target 
Inflatable 
seal

Target Module with 
jumpers

Moderators


