
Stable beams
Radioactive beams

Cluster beams
15 MV Tandem : beams from p
to gold
Cluster beams : C60 CnHm Au1000
50 MeV electron Linac (10 µA)
1011 fission per sec
Low energy ISOL extracted beams

The Tandem                         facility



OSCAR
Orsay Segmented
Clover Array



2 magnetic spectrometers
High resolution Split Pole Spectrometer

ORGAM + BACCHUS device +
30 Ge Det



Ge laboratory



1011-1012               photofission

1013-1014 fast neutrons

>1015 protons



The ALTO project at IPN Orsay

Optimization of the  different
parameters for the  production :

R&D target / ion sources

Study of neutron rich
Nuclei around N=50

Production of fission fragments with photofission
ISOL type device

First part : deuterons + ISOL device



Hot plasma ion source

1µA deuterons

26 MeV
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Productions at PARRNe
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Stable
102 – 103

103 – 5 103

5 103 – 104

104 – 5 104

5 104 – 105

105 – 5 105

5 105 – 106

106 – 5 106

5 106 – 5 107

Z

N



Production of fission fragments
using fast neutrons

from P.W.Lisowski et al, OECD/NEA Report 
NEANDC-305 'U' 1991 p.177

Thesis Nicolas Pauwels
IPN Orsay



Comparison with experiments
Performed with the same

Conditions using deuterons
20, 26, 50, 80 et 130 MeV

Gain v/s PARRNe
X 10 reaction
X 10 intensity

factor 100

Photo-fission at CERN

LEP injector : e- 50 MeV



Production of fission fragments
by photo-fission alto



A=132

Cs Xe I Te Sb Sn In

Comparison between cold and hot fission
132Sn region



5 . 1011 fissions /s







132Sn

132Sn132Sb

Production 132Sn
PARRNe d 26 MeV 1µA  ~2.105  (dec2000)
ALTO e- 50MeV 100nA   ~2.105     (june2006)
ALTO e- 50MeV  10µA    ~2.107

July 2006
First  test with target ion source

Confirmation of productions



Yields for Isotopic Chain of Sn

1,000E+00

1,000E+01

1,000E+02

1,000E+03

1,000E+04

1,000E+05

1,000E+06

1,000E+07

127 128 129 130 131 132 133

Mass

Production Prédiction Dec 2000
1µA d 26 MeV100 nA e ALTO



Carburation room, dimensioned for SPIRAL2 targets

Tests of target ion sources for ISOLDE, SPIRAL2 and EURISOL at ALTO
Collaboration with Argonne for dense uranium carbide

detarg
...... εεεεσ

separsourceett
NI Φ=



•

 
Prototype in steel to test mechanical rigidity and    

temperature distribution

• validation of simulations 

• Ta prototype under tests of long term heating

Transfert tube(Ta)

UCx target
Graphite 
container

Tantalium oven

Cooled chamber

Oven design
detarg

...... εεεεσ
separsourceett

NI Φ=



Mc Gill
collaboration

Selectivity of the elements Laser source

Use of molecules 
In the ion source 
To support the  

chemical selection

Example : sulfuration of 
Sn or Geions

atoms

RF Trap

deceleration
at 100V

detarg
...... εεεεσ

separsourceett
NI Φ=



Plasma
High temperature (1900 °C)

Compact: the target is part of 
the source high efficiency 

well adapted for a large 
number of elements

No selectivity

Lasers

Laser source

Very selective ion source

High efficiency depending on the rate 
frequency of the laser 

Large number of elements could be ionized

Contamination with surface ionization

Surface ionization

Very high efficiency for alkaline

Dedicated to alkaline and Ga In

Some ion sources currently used
detarg

...... εεεεσ
separsourceett

NI Φ=



Zn 30

Cu 29

Ni 28
Ga84

Sr88

Rb87

Kr86

Br85

Se84

As83

Ge82

Ga81

Zn80

Cu79

Ni78Ni77Ni71 Ni72 Ni73 Ni74 Ni75 Ni76Ni70Ni69Ni68Ni67Ni66Ni65Ni64

Ge76Ge74Ge72

Y89

Zr90 Z=40

28

N=40 50

Cu65

Zn66 Zn67 Zn68 Zn70

Ga69 Ga71

Ge70 Ge73

As75

Se76Se74 Se77 Se78 Se80 Se82

Br79 Br81

Kr78 Kr80 Kr82 Kr84

Rb85

Sr86 Sr87Sr84

Zr91

Se 34

As 33

Ge 32

Ga 31

Br 35

Kr 36

Rb 37

Sr 38

Y 39

Zr 40

Ga83

Ge83 Ge84 Ge85

Ga85

detarg
...... εεεεσ

separsourceett
NI Φ= Example: production of a pure Ga beam



detarg
...... εεεεσ

separsourceett
NI Φ=



detarg
...... εεεεσ

separsourceett
NI Φ=



124Sn122Sn

120Sn
119Sn

118Sn117Sn
116Sn

115Sn114Sn

112Sn

Documents F. Le Blanc et groupe
Cibles sources

Sn : ok

Cu : ok
Ni





Zn 30

Cu 29

Ni 28

Sr88

Rb87

Kr86

Br85

Se84

As83

Ge82

Ga81

Zn80

Cu79

Ni78Ni77Ni71 Ni72 Ni73 Ni74 Ni75 Ni76Ni70Ni69Ni68Ni67Ni66Ni65Ni64

Ge76Ge74Ge72

Y89

Zr90 Z=40

28
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Ga69 Ga71
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As75

Se76Se74 Se77 Se78 Se80 Se82

Br79 Br81

Kr78 Kr80 Kr82 Kr84

Rb85

Sr86 Sr87Sr84

Zr91

Se 34

As 33

Ge 32

Ga 31

Br 35

Kr 36

Rb 37

Sr 38

Y 39

Zr 40

Zn81

Cu80 Cu81

Example: production of a pure Cu beam
detarg

...... εεεεσ
separsourceett

NI Φ=



Ascendancy of 
80Ga

Activities of the different elements produced

80Cu(t)
80Zn(t)

80Ga(t)

80Ge(t)

80As(t)

80Cuβ/n (t)

80Znβ/n (t)

A
ct

iv
iti

es
 (B

q)

Time (s)

Τ1/2

80Cu 150 ms
Collection time: 200ms

Measurement time: 

3×Τ1/2

 

 ≈ 1 s

Production with Laser ionization 
(for Cu)

I.N. Borzof, PRC 71, 
981 (1994)

Presence of surface 
ionization (for Ga)

Ionizer : low work function, high melting point, (electrical conductivity?)



Expected Production Rates for 80Ga

Probability of ionization of 80Ga

2273 K

Y2 O3

W

Re

Ir

Temperature (K)

(30 kV)

Production of 80Ga

2273 K

Temperature (K)

N
um

be
r o

f i
on

s /
s

Y2 O3

W

Re

Ir

W

Production of 80Ga: 13620/s

Y2 O3

Production of 80Ga: 8.2/s



80Cu→80Zn

80Zn→80Ga

80Ga(t) →80Ge

80Cuβ/n →79Zn

79Zn→79G 
a

A
ct

iv
iti

es
 (B

q)

Time (s)

Separator set on A=80

Activities of the different species for a Y2 O3 tube

Ascendancy of 
80Cu

Time Identification 
of Cu:

0.5



Some examples

Study of neutron rich nuclei around N=50       

Laser spectroscopy at ALTO

β strength functions

βn β2n measurements

Need for a high efficiency Ge set-up and 
complementary detectors (neutrons, electrons)

Need for pure beams

Possible Physics program de physique at a low energy facility



detarg
...... εεεεσ

separsourceett
NI Φ=

4π β Plastic 
Scintillator

OSCAR: Orsay Segmented Clover Array
γ-Ring : 4 segmented clovers @ 6cm 
~ 10% efficiency

Conversion electron detector

Neutron detector



β-decay studies of fission fragments as a powerful tool for 
the exploration of the nuclear structure close to N=50

Typical Experimental Setup

4π β Plastic 
Scintillator

detarg
...... εεεεσ

separsourceett
NI Φ=



Unknown !
866 keV

Unknown !
1238 keV

β
 

gated energy spectrum for A=83

511 keV

1348 keV
83Ga →

 

82Ge
β-neutron

1092 keV
82Ge →

 

82As
529 keV
83Br →

 

83Kr

356 keV
83Se →

 

83Br

83Ga :
T1/2 =300±10ms

13482+

0+

Example 1: the 83Ga52 →83Ge51 decay study



Proposed spin assignment for 
the observed levels in 83Ge51

2801/2+

2+ ⊗ νd5 / 2

νd5/2

νs1/2

Evidence of a weak coupling 
structure in 83Ge51

Persistance
of N=50



N=42 N=44

N=46 N=48

N=50 N=52

O Perru & J. Libert private communication

HFB calculation using the Gogny interaction

GCM → Bohr dynamics
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HFB calculations

triaxial 
static shape 
predicted !
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Cu 29
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Example 2: the 81Zn51 →81Ga50 decay study

Zn81



Results from the 81Zn51 →81Ga50 β-decay study

216.47 keV

81Ga→81Ge 
(37.4%)

336.1 keV

81Ge→81As

(11.5%)

Energy spectrum @ A=81

β-gated

Unknown !

351.1 keV
Energy spectrum gated 
by the 351.1 keV line

216.47 keV

81Ga→81Ge (37.4%)

Unknown !

451.7 keV

Energy spectrum gated 
by the 451.7 keV line

351.1 keV



Proposed level scheme for 81Ga : persistence 
of N=50 shell closure

observed in β-decay 
at Orsay
D. Verney et al

observed in DIC 
experiments at 

Legnaro
G. De Angelis et al.

1236(9/2-)

f5/2
3

J=5/2, v=1

f5/2
2

p3/2

J=3/2

f5/2
3

J=3/2, v=3



Importance of conversion electron measurements
Study of the N=40 « gap » versus pairing in g9/2

Parity of 
78Ga ground state?

feeds
4+ states

78Ga

78Zn
β

+

-

f7/2

p3/2

p1/2
f5/2

g9/2

d5/2
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50
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-

N=40 gap weaker than pairing in g9/2 ?



860.31+

(3+)

38%

0+

Multipolarity : E2 or M2
Parity of ground state 



possible roadmap for β
 

decay

Ga84
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Br 35
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Ga83

Ge83

84Ge52 characterize 
the expected collectivity

83Ge51 confirm the 
weak-coupling hypothesis

85Ge53 characterize the valence
space which extents beyond

N=50 and find a possible 
particle-collectivity coupling

Ge84 Ge85

Ga85

Zn81

Cu80 Cu81



Collinear laser spectroscopy

Ion source

separator

Separated beam

Charge exchange
cell

lenses

PM

mirror

Pulsed laser



547.7nm

206nm
Ag (Z=47) 

de A=111 à A=123

Ge (Z=32) 
de A=77 à A=83

422.7nm

303.9 nm

N=50



U 
T

Nuclear 
physics
Nuclear 
physics
Nuclear 
physics

Ion Matter 
interactions

Instrumentation



2005 2006



Vancouver

Sao Paulo

Dubna

Oak Ridge

Orsay

Available

Projects
collaboration



History of the project... present and future

exploratory experiment at CERN 

2000 2002 

arrival of the cavity

2004 
construction of the bunker 

2005 

RF system mid-2006 

electron-beam 
on the target 
ion source 
ensembleend-2007 

increase of the e-beam intensity

tests on different ion-sources

physics 

SPIRAL2 R&D

building of the beam lines 

10µA 

PAST 

FUTUR
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