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EUR SOL Overview

Design Siludy

1. EURISOL-DS

Objectives of Multi-MW target task

. Achievements since Feb. 1, 2005

Baseline parameters of the MMW Hg target
Multi-MW Hg target configurations
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. Future activities
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EUR SOL The Aim of EURISOL
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« The EURISOL program aims at the construction
beyond the year 2010, of the ‘next-generation’
European Isotope Separation On-Line (ISOL)
Radioactive lon Beam (RIB) facility

« [t 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-Il and the upgrade
of the GSI| Darmstadt, Germany, the European ‘next-
generation’ ISOL and In-Flight RIB facilities
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EUR!SOL
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The Physics

Nuclear structure at the extremes

» Nuclei very far from stability
» Nuclei at very high spins
* Nuclei at extreme densities and
temperatures
Nuclear Astrophysics and
nucleosynthesis

Fundamental interactions and
symmetry laws
» super-allowed B-transitions

+ exotic interactions in the nuclear
B-decay

* deviations from maximal parity
violation or from time reversal
invariance

* parity non-conservation
Potential of RII_35 in other
branches of science

« Solid-State Physics
« Medical Applications.

fission drip-lines?

I s

* neutron drip-line?

B stable nucle

H = fj*-decay

B [i~=decay
u-~decay
p-tacay

W fission

Fig 211 Mgt of e unclear fandiogse.
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-EUR!SOL World Wide RIB Facilities

Design Study

2003

From M. Lindroos
REVIEW OF ISOL-TYPE RADIOACTIVE BEAM FACILITIES
Proceedings of EPAC 2004, Lucerne, Switzerland
5

| SOLDE Workshop and Users Meeting, CERN, Geneva, Switzerland February 7, 2006



EURISOL | Background for a European RIB Facility
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‘The OECD (Organisation for Economical Co-operation and Development) Megascience Forum
- Report of the Working Group on Nuclear Physics' (1999)

“The Working Group recognises the importance of radioactive nuclear beam (RNB)
facilities for a broad programme of research in fundamental nuclear physics and
astrophysics, as well as applications of nuclear science. A new generation of
high-intensity RNB facilities of each of the two basic types, ISOL and In-
Flight, should be built on a regional basis. Interested governments are
encouraged to undertake the necessary decisions within the next few years, and
the facilities themselves should become operational in five to ten years”.

Conclusions of the NUPECC (Nuclear Physics European Collaboration Committee) Working
group on the “Next Generation European Radioactive lon Beam Facilities in Europe® (April
2000)

“Next generation of RIB facilities should aim at intensities 1000 times higher
than in the facilities presently running or at the commissioning stage.

Two truly complementary facilities based respectively on the «In flight and
Isol» methods are needed to cover the foreseen physics issues. And they
should be second to none world-wide”
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EUR/SOL EURISOL Roadmap
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« Phase 1: Preliminary Design Study of
EURISOL (2000 - 2003), the ‘next-generation’
European ISOL Radioactive lon 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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EUR SOL
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EURISOL Schematic Layout

Schematic layout of the EURISOL FACILITY
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EUFR'SOL Buildings & Installations
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Switchyard,
charge-breeder, _—
Target mass-separator Data acquisition

Lager labs
lab

Experimental areas:

Accelerator Low-enargy

cantrol

Aslrophysics
Medium=anargy

Fower supplies
High=anargy

lon source{s)

Post-accelsrator

Driver linac tunne| linac

Hal target

slorage
Targats, 5

basement
Cryogenics ion sources &
Fre-aaparsor Power supplies
Works!
S i orkshops vaults

Schematic drawing showing a possible layout of the EURISOL facility.
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EUR SOL EURISOL-DS Structure

12 TASKS
20 PARTICIPANTS

GANIL (F), CNRS/IN2P3 (F), INFN (I), CERN, UCL (B), CEA (F), NIPNE (RO), JYU (Fl),
LMU (G), FZJ (G), FI (LT), UW (PL), SAS (SK), U- LIVERPOOL (UK), GSI (G), USDC
(E), CCLRC (UK), PSI (CH), IPUL (LV), SU MSL (SE)

20 CONTRIBUTORS

U-FRANKFURT (G), BUDKER (RU) ,VNIIFT (RU), PNPI (RU), ORNL (USA), ANL
(USA), KAERI (SKR), TRIUMF (CA), JAERI (JP), SOREQ (IL), U-MAINZ (G), VINCA
(YU), KVI (NL), U-SURREY (UK), U-YORK (UK), U-PAISLEY (UK), U-UPPSALA
(SE), NSCL (USA), FNAL (USA), HUG (CH)

377.2 FTE INVOLVED

9200 k€ BUDGET
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EUFR SOL EURISOL-DS Structure
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1. EURISOL DS MANAGEMENT (GANIL/INFN-LNL/CNRS-IN2P3/CERN)

Targets and ion sources (Synergies with neutron spallation sources and neutrino

facilities)
2. Multi-MW target station : liquid- mercury converter (CERN)
3. Direct target : Several target-ion source systems (CERN)

. 8 Fission target : UC, target optimization (INFN-LNL)

Accelerators (Synergies with HIPPI (CARE))
6. Proton accelerator design: the driver (INFN-LNL):

7. Heavy ion accelerator design: the post accelerator (GANIL)
8. SC cavity development: cavity prototypes and multipurpose cryomodule (CNRS-
IN2P3/IPNO)

Physics, beams and safety (Synergies with EURONS)
10.  Physics and instrumentation: conceptual design of novel instruments (U-LIVERPOOL)
11. Beam intensity calculations: yield optimization of RIB species (GSI)

2. Safety and radioprotection: radiation fields, activation, shielding, handling, storage,
conformity to legislation (CEA)

Beta-Beams Aspects (Synergies with BENE (CARE))
9. Beam preparation : breeders, 60 GHz ECR source (JYV)

12. Beta-beam aspects: conceptual design report of the Beta-Beam facility. It includes
preliminary studies on modifications of CERN accelerators in case the facility is sited at

CERN ( CERN) 1

| SOLDE Workshop and Users Meeting, CERN, Geneva, Switzerland February 7, 2006



EUR/SOL
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EURISOL Target Stations
Hign resolution mass f‘//%;-accelerator linac

separator

lon beams from pre- _, - cea EBeam lines to

Separators

Laser input to ior
SOArces

multiple user areas

I
I
4

~— - : VY target area

-

-

i"“m

e

—

-~ "Proton and deuteron beams _’}_-FJ}SSTI’éEérget + spallation n-sourcs
from driver accelerator e =100 kW Solid converters

4 WY Hg-jet
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EUR'SOL EURISOL-DS Targetry Challenges
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EURISOL shall deliver beams of 3 orders of magnitude higher
iIntensity 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 MmwiI)

* Design actinide targets intercepting efficiently the neutrons
generated by high power density n- sources.
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EUF/SOL EURISOL-DS Fast neutron flux
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ORNL 57-3224Mdjr

Development of Neutron Science Facilities
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EUR SOL
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EURISOL-DS Target Heat Load

+ The EURISOL target
station, converter
target and support
facility 1s similar to
those planned for:

« Neutrino factories

*+ Spallation neutron

sources ESS and SNS

» Nuclear waste

transmutation ADS

» [Itis characteristic
that they all use
molten metal target
and heat transfer
technology!

Volumetric Hezting
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e i

hay 7 Heam
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EUR!SOL Liquid Metal Targets
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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....
Ll need to work !

16
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EUFR SOL The choice of Hg as a Target (1)
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Mercury has the highest density of all heavy liquid metals and
hence produces the brightest neutron source

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 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

17
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EUR!SOL The choice of Hg as a Target (2)
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EUFR'SOL EURISOL — Multi-MW Target Task
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| SOLDE n-spallation source:
Ta(W)-rod mounted below the

Confined Hg-jet or Compact Hg-loop

Window or Window-less 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 e e
hydraulics and fluid dynamics. (S 2
- Detailed planning and proposal for subsequent in- f X M,
beam test in collaboration with other Hg target users i NS
- Engineering design of the entire target station and f
its handling method

Participants: CERN, IPUL, PSI = 275FTE
Contributor: ORNL (SNS)

19
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EURISOL | Multi-Mw Target Task— Achievements
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e Enaqineering Study of theliguid metal converter:

v

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) y 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

20
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EUR'SOL

Baseline parameters of the MMW Hg target
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Parameter Symbol | Units Nval Range
Converter Target material Z conv - Hg (liquid) LBE
Secondary Target materia Ziag - UC, BeO
Beam particles Zpeam - Proton
Beam particle energy Epeam | GV 1 <2
Beam current lbeam | MA 4 2S5
Beam time structure - - dc ac

50Hz 1ms pulse

Gaussian beam geometry Obeam mm 15 < 25, parabaolic
Beam power Poeem | MW 4 <5
Converter length | conv cm 45 <85
Converter radius (cylinder) Feonv cm 8 <15
Hg temperature T conv Y 150 (thc) << 357
Hg flow rate Qconv | tON/s 1 (thc) << 3
Hg S)eaj V conv m/s 5 (tbC) << 15
Hg pressure drop APy bar thc << 100
Hg overpressure AP, bar thc << 100
UC, temperature Ttag Y 2000 500-2500

21
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EUR SOL
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Alternative 4 MW Target Configurations

UCx/BeO solid Targets

Hg target outer c:r:mtainer.\ﬂ

He channel to cool Hg target window & beam window

Hg flow

liquid Hg target ligquid Hg flow guides

= Hg target inner container.
a4

He channel to cool Hg target window & beam window

13.0

o0 330

UCx/BeO solid Targets

sibiel pips 0agXan

CETAIL OF HOEAE

Hg j# {1 on dian

. Geneva, Swit




EUR SOL

Baseline Design
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st

Sketch of the target/ion source system

lon source

o\

\ Extraction

Drift tube

—

e
- I
~— .
T &

Heater & thermal shielding

™~

Water cooled -

vacuum chamber /

— RIB out

UCs target

=l

BeO reflector

|

L ‘\_‘\" \ U

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

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

* U,..C, (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 ¢He for the

beta-beam, through (n,a) reactions in °Be
23
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EUR/SOL Comparative Study

Design Siludy

| Paoflartnr

| UCx/BeO Target |

Protons

— - TS o

| UCx/BeO Target |

>
>

P2
<

[ Reflectdr 40 cm

* Hg-J: designed for high-energy neutron
» BLD: Integration problems due to the large flugxes in t;]% fission tlagrget oy et

weight of the assembly and large volume of
fission target

* Possibility of further reduction in Hg target
dimensions — Intermediate solution (1S)

* 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 24
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EUR SOL
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Primary Proton Flux Distribution

* 1GeV proton range ~
46 cm

* BLD: Beam fully
contained inside

* Hg-J: Important HE
primary escapes (~10'3
prim/cm?/s/MW of beam),
mostly at small polar
angles — Beam dump

Y (cm)

* |IS: Some primary =
escapes through the ;f'
endcap, mostly contained
by the reflector

* BLD and IS: Beam
window suffering ~100
uA/cm?/MW (radiation
damage limit)

Primary flux (prim/cm?/s/MW of beam)

T
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EUEHSOL Neutron Flux Distribution

Design Study

Neutron flux (n/cm?/s/MW of beam)

* Neutron fluxes in
the fission target

~10' n/cm?/s/MW of
beam

« BDL and IS: Partial
containment by the

L1g'"

reflector of the X(cm)
escaping neutron flux £ |
+ Hg-J: Higher )

neutron flux in the
fission target

(~2x10" n/cm?/s/MW
of beam)

—-10 ] 10 20 a0 4{) 50
X (cm)
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EUR!SOL

Neutron Energy Spectrum vs Fission Cross-Section in Uranium
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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* barns). Optimum energy: 35 MeV

« Use of natural uranium: o; in 23°U (0.7% wt.): at least

2 barns

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

Fission cross-section (b)

281 Fission Cross Section

—
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EURISOL | [ or n,, vs. n,, Induced Fissions
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Fission probability = 238U, 1.4 GeV p,f(2.59 barn) CASCABLA

= 238U, 600 MeV p,f(2.25 barn) CASCABLA
235U, Thermal n,f ( 582 barn)

1.0E+02 -

1.0E+01 =

1.0E+00 -

1.0E-01 -

1.0E-02

Fission probability [%]

1.0E-03

1.0E-04 | \
0 50 100 150 200

Plot by: Jacques Lettry (CERN) A [amu]
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EUR'SOL Fission Density Distribution in U, C,
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* High-energy fissions in Fission density (fissions/cm3/s/IMW of beam)

Hg — Radioactive = 40p - 1

isotopes in Hg 5 3 I 10'2
e~ S0 H

BLD: 1011 101

fiss/cm3/s/MW, | -

10

homogenously
distributed

* Hg-J: High and

o, o .
_ g an 40 60
anisotropic fission X {Lmj

density (~4x10"

=
i
30
fiss/cm3/s/MW) :
25 1012
* [S: 2x10" .

Y (cm)

fiss/cm3/s/MW,

15
homogenously

1011

distributed — ~101° 10

fissions/s for 4 MW of =

beam and a 1 litre U, ,,C, | — o B
(3 g/cm3) fission target ° T oo 0 10 20 30 40 an:fﬂ,ﬁjﬂ
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EUR'SOL Power Densities (1)
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* Maximum energy deposition in Power denS|ty (W/0m3/MW Of beam)

the first 10 cm beyond the
interaction point, in Hg

Y (cm)

* 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 U, ,,C,
target: ~3 W/cm3/MW of beam
in the BLD and ~5 W/cm3/MW
the IS, homogenously
distributed in both

e ~20 W/cm3/MW of beam

Y (cm)

U,.C; target for the Hg-J,
following the fission density
distribution — Strongly . . 10
i i I [ e C 1 TR |
anisotropic T 0 10 20 30 40 50
X {cm)
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EUFR SOL Power Densities (2)
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25
* More than one order of
magnitude difference Hg — BLD
between the free surface 'S 20-
Hg-J (~22 kW/cm3/MW) 8
and the confined Hg ;’
targets (BLD, ~2 2 154
kW/cm3/MW) E
- BDL and IS: Beam 2
window suffering important 2107 N
power densities (~1 5 S
kW/cm3/MW — extra g §S
cooling plus radiation 2 77 S
resistant material needed) Qé)v
* Peak power densities I e | e
similar to ESS and SNS -5 -10 -5 0 5 10 15 20 25 30

Distance along the hg target axis (cm)
31
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EUR/SOL

Radioisotope Yields in the U

C; Target (2)
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Isotopic yields (lons/cm3/s/MW of beam) and ratio over BLD

(statistical errors below 5%)

(2) Element-A BLD IS Hg-J
(31) Ga-81 1.4E+07 2.3E+07 1.6 7.7TE+07 5.5
(36) Kr-90 3.2E+09 4.7TE+09 1.5 4.7TE+09 1.5
(38) Sr-89 1.4E+07 2.5E+07 1.8 1.2E+08 8.6
(42) Mo-99 3.4E+07 6.2E+07 1.8 2.6E+08 7.6
(50) Sn-132 6.4E+08 1.1E+09 1.7 1.9E+09 3.0
(62) Sm-153 3.6E+05 8.4E+05 2.3 4 6E+06 12.7

* Fission yields increase between BLD and IS: 1.5 - 2.3

* Fission yields increase between IS and Hg-Jet: 1.0 - 5.5

32
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EUR/SOL |Conceptual Design of the MMW Hg Target
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* The Intermediate Solution brings us closer to the ideal
performance of a Hg Jet in terms of fission density and relevant
iIsotopic 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

33
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EUR SOL

Design Siludy

Engineering Design of the Multi-MW target station

mercury jacket

flat nozzle

beam line

inlets

BeO (¢=15 mm)

UCX (¢=15 mm)

TaResistance
(0.5 mm)

Graphite (1 mm)

W Container (1 mm)

W Triple Thermal Sheet
(150 um total)

receiver

34
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-EURISOL | Engineering Design of the Multi-MW target station

Design Study

lon source &
SS Vacuum SS Vacuum Chamber
—
2 UCx Targets

BeO, Insulator

35
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EUR SOL
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Engineering Design of the Multi-MW target station

honeycomb

beam line

BeO (¢=15 mm)

UCX (¢=15 mm)
7

solid

TaResistance
(0.5 mm)

Graphite (1 mm)

W Container (1 mm)

W Triple Thermal Sheet
(150 um total)

recejver
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EUF SOL Summary and Outlook
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+ A next generation European Isol-type RIB facility, with RIB intensity 10210 higher

than presently available, has been recommended by the nuclear physics community
« The roadmap to EURISOL has been established; the present stage is the Design
Study project, funded by the EC, aiming to start the facility construction in the next

decade

 The present design includes a 1 GeV, 5 mA p,d HPSL driver accelerator and a 100
MeV/u ISCL post-accelerator

« Intermediate steps toward EURISOL will be:
— the planned SPIRALII project at GANIL
— the proposal SPES at Legnaro and
— the upgrade of REX-ISOLDE at CERN
— the MAFF project at the Garching reactor

ensuring leading edge research with RIBs in Europe for the near future
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EUR!SOL The SNS Target Station

Design Siludy
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