SPE®roject

SelectiveProduction of Exotic Species

SPES

& e\

exotic beams for scienc

GianfrancdPreteLNLINFN
On behalf of the SPES Collaboration

XXI GIORNATE DI STUDIO sui RIVELATORI
Scuola F. Bonaudi

Torino, 10- 13 Maggio 2011

Centro Congressi di Villa Gualino




SPES é uprogettoSpecialeR S f ek lhre&lizzazioneli unafacility di
Fascdi ioni ricchidi neutroni.

SPES e progetto per losviluppodellaFisicaNuclearen ltalia.

Ha uncostovalutatodi 45 Milioni di euro.




SPEStrategy

. Develop a Neutron Rich ISOL facility delivering Radioactive lon Bearh8AitleV
using the LNL linear accelerator ALPI asceelerator .

. Make use of a Direct ISOL Target basedJifxand able to reach
103 Fission/s to produce neutron rich exotic beams.

1. Apply the technology and the components of the ISOL facility to develop
applicationsin neutron production and medicine.

Exotic nuclei Applications

ISOL facility fOF_ \ Proton and neutron
Neutron rich nuclei by ‘ . facility for applied
U fission 18 f/s : physics

_ _ Radioisotope
high purity beam produduction
Reacceleration up to 7, ) & Medical

>10 MeVu | ™ applications
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radioactive beams coupled to the AHRNAC
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exotic beams for science

Vedremo

Perchee interessantecostruireunainfrastrutturadi ricerca
cheaccelerifasciinstabili

Comefunzionala produzionedi fasciinstabili
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mﬂ Qualitative Difference Near the Neutrddripline @— ==¢

exotic beams for science

Stable nuclei:
b K % -1-‘.5,@:F < -8MeV

. Homogeneously mixed protons and neutrons

"\, . Good mearfield description
FEs . D22R GLAIMNIBA Gt S¢ LIAOUdzNB o)
Large gaps between major shells
Empirical shelimodel interactions

protons neutrons

Very neutronrich nuclei:
b K % -E5, $I<< 1 MeV

Diffuseness of neutron distribution (neutron skins & halos)
More states near the Fermi surface

Breakdown of the singlgarticle description
Redefinition or disappearance of magic numbers
Unknown shelmodel interactions

Neutron Proton

Neutron skin Neutron halo

Stable Nucleus
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B | IIIIII|T| IIIIII|T| I TTTHH IIIIII|'|] IIIIII|T| IIIIII|'|] I T IIIIIIII| IIIIII|T| IIIIII|T| IIIIII|'|] IIIIII|T|

10

Fusion-Fission, 2 One-Nuclon 211ty U seasty
Reaction Cross Sections = Trangfer =i =
Cnulex -lllllllllllllll llllll-HIl.l.l.l.l.l.l.l.l.l.l.l.l.l.-:a\l‘\\\t ““‘““““

: Elastlc ms
Inelastlc -

Symmetry Studies

Mass and Decay
Measurements

ENERGY (Mel' /U]

IIIIIIIIIIIIIIIIIIIIIIIllllllllllllllllm|||||||

iy == Radiative Capture
'Il:l —Y Y Ylllllllllllllllllllll- )i' —
| IIIIIIJJ | IIIIII_IJ L LI | IIIIII_II ] IIIIII_IJ | IIIIII,II | IIIIIII| L LILIN | IIIIII_IJ ] IIIIII_IJ | IIIIII_II ] IIIIII_IJ
1 i “o: SO 49* H0® 30 gg* gt @m* W sgt ap"
IMTEMSITY (particles / sec)




neutron-rich radioactive beams and transfer reactions:tool

to investigate nuclei far from stability

AXe +7°°Pb (E, 55 = 8.26 MeV/n)
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Proton number
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S. Hofmann / Prog. Fart. Nucl. Phys, 46 (2001) 293-302

Il Modello a Shell prevede un minimo a
Z=114 N=184

Previsioni diverse sono fatte con calcoli
_ 3 HatreeFock e Relativistic Mean Field
104 Mo : . Reazioni con fasci instabili possono
raggiungere questa regione.

114

cpgqd

nG

Usando fasci esotici di Kr, Rb, Sr e possibile popolare Nuclei Composti ricchi di neutron
con Z=11820126. (96Kr,98Rb, 98Sr)



SpP-s 4
: [ ~ Call for Letters of Intent:
exotic beams for science Reaccelerated radioactive beams

/ SPES2010 Workshop
@ (LN November 1%-17, 2010)

15 Nuclear Structure 9 Nuclear Reactions

International (Next call will be prepared for 20123)
collaborations:

ltaly Instrumentation:

Elﬂf;'r?/ 1 GARFIEL Dow threshold g LCPFragment array F. Gramegna
France 2 PRISMA Large acceptance spectromete#.M. Stefanini
Poland 38PLP  4p LCPFission Fragment arrayV. Cinausero

Spain

Great Britain 4 RIPEN Neutron array M. Cinausero

Turkey 5 GALILEOgarray-C. Ur
USA 6 TRACE Compact LCP arrayp. Mengoni
ggpﬂﬂ; 7* AGATA High performancegarray - E. Farnea
1677 Croazia 3* FAZIAHigh performancé CPFragment array G. Casini
iz [ E‘é?as'a * NEDA New generation neutron array J.J. Valiente Dobon
10 | Germany 0* PARISNew generation high energyray array- A. Maj
g . Canada HIMERA (partialow threshold g LCPFragment array, S.Pirrone
6 * european collaborations
4 The goal is to improve the scientific collaborations around
2 11 B the SPES facility, defining priorities in the development of
0 - L L . . :
JLUs358386cE8nx3snp e eay exotic beams and instrumentation.
~SBEREIS533IETIBLIES
2 8833883 I Jaze : ;
Requested beams 5 83 983 First Day Experiments



http://spes.lnl.infn.it/index.php/research-on-nuclear-physics/141-garfield
http://spes.lnl.infn.it/index.php/research-on-nuclear-physics/140-prisma
http://spes.lnl.infn.it/index.php/research-on-nuclear-physics/142-8plp
http://spes.lnl.infn.it/index.php/research-on-nuclear-physics/143-ripen
http://spes.lnl.infn.it/index.php/research-on-nuclear-physics/147-galileo
http://spes.lnl.infn.it/index.php/research-on-nuclear-physics/150-trace
http://spes.lnl.infn.it/index.php/research-on-nuclear-physics/144-agata
http://spes.lnl.infn.it/index.php/research-on-nuclear-physics/145-fazia
http://spes.lnl.infn.it/index.php/research-on-nuclear-physics/146-neda
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Felll Radioactive lon Beam
il production methods

heavy ion accelerator

primary target

Nuclear Physics European
Coordination Committee

high resolution
mass separator

driver accelerator (p or d) radioactive secondary beam

I secondary target

S,
O
<‘ / production target

ion source

. S58Ni (160.0 MeV/u) + Ni (811 mglcm?)
by Settings on 46F ¢ 26+ 26+ 26+ 26+
i Wedge: Al (450 mglom?)
e A1900 dplp=166%
o

high resolution
mass separator =

Direst tar’get it .
q ‘ 1f 5 : - %r%?agzggr
pOStl Ti-;:;ﬂlgm(n:). ‘V
2 step target acceleration

\ secondary target

(n-induced reactlons) VN



SPES

R
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Istituto Nazionale
di Fisica Nucleare

Nuclear Physics European Coordination Committee

European ISOL
facility

Elilpileal IscL
704 MHz

3-spoke ISCL Elliptical ISCL :
325 MHz 704 MHz

HWRs
176 MHz

60 MeV/q 140 MeV/q

>200 MeV/q
D+,Alq=2

SOURCES :
A POSSIBLE SCHEMATIC LAYOUT |

FORA EURISOLFaciLITY

FRAGMENTATION
TARGET -
Spoke 8 QWRs 3 QWRs QWR
IscL IscL iscL IscL
176 MHz Hz

European In Flight

2-150 MeV/u  9.3-62.5 MeV/u 2.1-19.9 MeV/u

- s

TO MEDIUM-ENERGY EXPERIMENTA

facility

TO
EXPERIMENTAL
AREA
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L SO Possibie contigurations:

2 STEP:Proton- Nuetron converter

Production Target

ConEs: r l

uc,

|\

'EU!

Protons

Desic

Hg converter

Backward shielding

1 STHP:

Direct beam on target

=)

Beam

\ 100KW power w

lonisation lon-source &
=»  Transfer line
SO L Molecular transport (Ta.MoNb, C ...)
Effusion

Stl’ldy Diffusion i“i =

: !
Nucl. reaction ;. <

Protans

Target material 5-200 g/cm?
“Oven - Radiator” (Ta,Mo,Nb, C ...)




W@ ISOL Roadmap in EUROPE

102 fission/s
TO DAY 2 MeV/n (A=130

|ISOLDE
CERN
SPIRALEGANIL. I NQLNS EXCYT
N
01314 fissi
20142025 |
SPss /

B:F"“-" exotic beams for Science\

L/

> 10> fission/s
100 MeV/n (A=130)

3x 100 kW direct targe
1x 5 MW 2step target

"FROM - 2025



http://www.ganil-spiral2.eu/

sW -' _ I - Application
RIB transport to % |bunker1
PIAVE-ALPI or
RFQ-pre accelerator ISOL bunker2

: . \RV
Charge Breeder ‘4‘

High Resolution
Mass Spectrometer Beam Coolerr . ’ &

e

ISOL bunkerl | Application
Wy ' bunker2

Artistic view of the SPES isol facilit




S Il progetto SPES produdasci

radioattiviutilizzandola tecnica
ISOL coBersaglidiretto

— Obiettivi:
Fascio primario: PROTONI ,>&0MeV | raggiungere 18 fissionils
Bersaglio: UCx Minimizzare i problemi di radioprotezione

Caratteristichee parametri fondamentalidel bersagliodiretto

Cosasuccedenel bersaglio

Reazionnucleari e produzionedi elementi esotici A sezioneR Q dzNJi 2
Estrazionadei prodotti di reazione A tempi di effusione-diffusione
Potenzaassorbita A Perditadi energiafascioprimario

Potenzadissipata A termica del sistema Bersaglieasorgente



Cross Sections
238 - > Ref:

Experimental Fission Cross Section of
Phys Rev 111(1958) 886;

Nucl Phys A175(1971) 177;

Nucle. Sci. Eng. 136 (2000) 340

Cross Section (Barn)

2.5

1.5

0.5

238 . . .
U Fission Cross Section
—&é— neutron
—&— proton
deuteron
/ ————— —
T T T T T T T T T T T T T T T T T 1
0 5 10‘115;‘20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

Threshold éhé?’gy

Energy (MeV)

Gianfranco Prete 2006
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Istituto Nazionale
di Fisica Nucleare

FISSION SPEC

Mass Fission Spectra

1.00E+12

1.00E+11

1.00E+10

Yield (1/s)

1.00E+09

1.00E+08
75

85

yield / fission

“U (p, )

points - experiment
lines - theory

10% FERY FRUTH FTEEE PUUTY FETT PETTY PFETTE FUTEY PETTY FTTTY PETTY PR
Sr Zr Te i
Mo As i
Sn Ce L
2 i
[ Cd
—~ 10'-; -
/ < ] -
N T ’ W kB
4 ] {\ o
[ W[
- V! ‘L
W \
4 L \
! g
A [l
i1 " A 3
' Iy B ¥ 3 1
' fy L (] W [
' 'y 8 [ R ]
10° 4 M |+ i I S A
g e A P e e e
90 95 100 105 110 M5 120 125 130 135 140 145 150

A

Primary beam

Fission reaction
Uranium

|
\ -

| S

0L RZX

Y, &Xi\.q;o

OB 90

100 110 130 130 140 150 980 170

A

Alberto Andrighetto 2008




SPES
:

1
Primary stable beg Ons
i W o V.L‘

| m)_Lp md dtmm p me S S ?otic.;amt, T

Vapor-transport  yon source

7  system

Radioactive beam

J NuCIear

Y
Radioactive species

\
a Diffusion Effusion Ionization

Operating temperature:

Effusion

V

< < <

At limit of melting &

Reéllenganechaissnis

In-graindiffusion
Inter-graineffusion
Freeeffusion’adsorption
lonization




G e O m etry Entrance window

7 Ucx disks +
Container : Cylindrical tube
(1 mm thick): radius 4 cm;
length 24 cm

7 UCx Disks: radius 3 cm,
1 mm thick. Mass ~9 g;
(r 25 g/cm3)

3 graphite disks

3 Graphite Disks : radius
3 cm, 0.2 mm thick.
(r =1.75 g/cm3) /

Graphite window : radius 4 :'
cm, 0.4 mm thick.

Spacing Between disks : —

2.cem Exit hole

Exit cone length : 12 cm (0.4 cm innér radlius)




EFFUSION time evaluation

GEANTEXANMe

U The events originate with
the thermal velocity in the
region of the UCx disks with a
probability given by mcnpx
calculations. The beam shape
IS supposed to be uniform on
the disks surfaces

U When an atom strike the

walls of the container or the
disks it is emitted following

the cosine law after the
osticking timebo

A 1000 evemitis

A Average number of bounce$161+ 195

A Average mean path:66+7 m

One event 132Sn
generated in the
the first UCx disk.

Number of
bounces:3485

Tefl‘usion (S)

1325n (39.759)

0.25+0.01




Numbers of collisions and Release time

Collisions spes ALTO (Parnne)
With container 103 104 10°
: 4 105 7
between grains 104 10 10 ALTO
With pills 102 103 10° target
— 105 — 107 22 + 22 tablets
Teff 0.1 1

SPIRAL2 Target30 times ALTO

Teﬁ: = walking time in the container
Tsticking SN = 10 sec

Tdiff Sn= 1sec (|SOLDE UCXx materiaﬂ)iepends on the element and grain size
SPES targe

Release time ¥ = Taite T Tesr T N X Tsticking

tepes=1+0.1+0.1=1.2
tpams 1+ 1+ 10 =12

7 UCxdisks + 3 graphite
1mm x 40 mndiaeach



Total Release Fraction
ISOLDE UCx

Average sticking time for Sn = £8
tpb=1s
Average inpowder mean free path 15 um

120
®TD=1s
100 - Target to_tal . o I
ATD=10s release time o ® A
;{3\ 80 A ° A
L 60 - A
0 * s
40 n . A
20 b A
o A A
0e e o o e 2 4 |
0.00 0.01 0.10 1.00 10.00 100.00
T1/2 (s)

Half live of the extracted isotope



Effusion -diffusioneffect on
ISotopes release

1-step : p 40 MeV 200 mA on multi -slice direct target (30gr UCx) o
1013 fissions/sec

2-step: d 40 MeV 2mA on thick 2C converter + UCx target (800 gr)

Release times considered:

1-step 2 s proton induced fission

2-step 40 S neutron induced fission Intensities evaluated considering

emission, ionization and acceleration
efficiencies

In-target production from M.C.

Sn isotopes Sn isotopes

1,00E+09
1,00E+07 e 4 o
——1-step / \

1,00E+11

1,00E+10 -

. 1,00E+06 1+ —8—2-step [ I I 9 E 2 xf N‘ F_;
__:i_smp N'“Ch ——data G 5 U 8 u'\F?‘ d'h] U
e from HRIBF
1,00E+05 :
1,00E+09 T T T T T T T T 110 115 120 125 130 135 140

115 117 119 121 123 125 127 129 131 133 135 137




SPES
—¢

Termica e dissipazione di potenza™ <

Stefan -Boltzmann law
P =W S T4

Emissivity WWE 1 for black body, O for white body

Stefan -Boltzmann Constant ¢ = 5.67 - 107°% Jm 2K 57!

Operandoa 2000Ct Q A NNJ =21 ferionMeBopringipale
di dissipazionalellapotenzaperchedipendedallaquarta
potenzadellatemperatura




m?r? " " ZS
MR Proton behaviour:in the Target 75
Stopping Power & Fission Cross Section for p-> UCXx

4,54
Qa 47 —e— Fission Cross Section
LE) 3,5 —®— Stopping Power
é” 2,2 Dump target
O]
> ° ~ e e
o3 1,5 g
E 1
g .. //>>=-<:\/: S
O # * I I I 1 1 1 1 1 1
2 6 10 14 18 22 26 30 34 38 42 46 50
Proton Energy (MeV )

For optimal configuration protons with high fission rate

are inside the Target, the rest inside the Dump

Gianfranco Prete 2006



40 MeV Multiple Target B

INFN
u :mula M
Fission Fragments & Energy Loss in UC4
O Energy Loss (MeV)
3.5 B Fission (per 1000 proton)

MeV & Yield

N
!

=
o
)

Fission efficiency A

100p per 1.5 Fission Fragments
~200 mA A 107 fissions/sec

Beam power = 40 MeV p x 200 mA = 8 KW

Target Number

Power distribution: - oy .
Directtarget A 7 disks4cm f ~1 mmthick ‘"/ fonso’Qrcef

Energy loss UCx (30gr) 23 MeV A 4.2 KW
(600 W each disk, ~140 W/gr )
Window energy loss A 200 W

beam-dump A 3.5 KW




I - :
e 40 MeV' Multiple Target:: %

Temperature distributionin the disks-(R=3cm)

ENEA calculations benchmarked with ANSYS

disk | thicknes | power | Tmax DT -max E() |
S [W] [AC] radial dir. itudi St -0
[mm] [AC] r. .

window 0.4 189 2069 22
target 1 1.4 583 2167 31
target 2 1.4 595 2175 50
target 3 1.4 606 2180 68
target 4 1.3 570 2176 78
target 5 1.3 580 2186 88
@rget 6 13 c89 105 o8 Temperature distribution
target 7 1.2 560 2194 101 41 _

dump 1 0.8 539 2136 68 3 Evalgated stress in T
dump 2 0.7 583 2142 68 the dﬂl::SkS

o = — e — - e

UCx Melting point: 2350 °C
Container fixed at 2000 °C

. g 4528+ LE93E+0E . BITE+08 oy
Gianfranco Prete 2006 e e




Temperature distribution[°C]for different
configurations

container at 2000C Normal
1'.5 prototypg "Spes. configuration
SiC pellets diameter=15mn --configuration ™.

Melting point: 2300C
Hexoloy SG SiC
SaintGobain

iwallivas"i iy
VAVANTAV Vav) VAV, YAV, Wa
IVAVIVAY (VA AVAY AVA AV,
il 1

2085

Power density 200W/gr Qi

HRIBF

Ansys calculation

Configuration 1 Configuration 3
T[C] T[*C]
2400 i | 2900 .
2300 3 _ _ g?gg e
2200 3 i N 2600 3 = BN
E : ~ ™y
2100 3 e e . e N 2500 3 — —
3 /M 2400 ~ —— -, ~— <
2000 3 2300 I———— ~—x
4 _ TN 2200 3
1300 3 —e— 5 micro Ampere Sl A i e . |
1800 3 /// s— 10 micro Ampere \\\ 2000 L2 e , e, WL
E y ! p 1900 3 77 ——5 mlc:.ro.ﬁ.mpere NN
1700 7 —=— 20 micro Ampere 1800 3 [ —=— 10 micro Ampera SO
1600 3 SIC Meiting Point 1700 2 «— 20 micro Ampere AN
1600 SiC Melting Point
1500 7 T T T T T T T T T 1500 T T T T T T T
0 1 2 3 4 5 G T 8 9 10 0 2 3 4 5 6 8 9 10
element number element number

In-beam Test performed at HRIEBBPRNL (USA)



Macro

ElectrocThermo

V Melting point,
V Vapour pressure
V Creep resistance
V Thermal conductivity
V Emissivity

Mechanical Calculations

« | Target technological Challanges—

SPFS
exot|c beams for science
Micro
60 keV
1013 f/s . Target Yield
— 5@ 1+ g
ggOM:X source
i —— 1
e o : i
Y[arget_U - N ':B reIease'iB ionization * ° transport
_ trelef:sll_seln(Z)
_ 2
erelease_ €
1:release: Eiﬁusion+teffusion+ I\Icollisons't sticking

Depending on:
VT,
V Grain sizerfm),

V Specific surface area (SSAgh),
V Interconnectivity degree,
V Gas permeability (Pa*m)




NN SPES Pellets Production ®=..—

THE PELLETS PRODUCTION CONSISTS IN TWO PHASES:

1) GREEN PELLETS PRODUCTION (Oxide and Graphite Pellet)

2) THERMAL TREATMENT

PRODUCTION OF OXIDE PELLET THERMAL TREATMENT

Mixing & Cold Pressing Up to 200@C (several days)

S5AL RA [/ KAYAOIF ' YAGSNARAAGIQ RA tlFR2@IFY



