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1 GANIL installation

Historic GANIL
- Experimental areas
- Cyclotrons
- Beam: C to U
  Enegies < 95 MeV/A

- TISS (e.g. FEBIAD, TULIP)
- CIME (Post-acceleration up to 25 MeV/A)

- Experimental areas:
  e.g. S3 (In-flight)
- LINAC
  (p+ 33 MeV, 2H+ 40 MeV,
  heavy ions < 14.5 MeV/A)

SPIRAL2

SPIRAL1 (ISOL)

DESIR
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1 Where inside the GANIL? And which target?

TISS: Target Ion Source System

Primary beam
(Heavy ions)

Target (Graphite)

Oven (Graphite)

Ion source

Secondary beam
Radioactive Ion Beam

(RIB)
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- Experimental areas:
  e.g. S3 (In-flight)
- LINAC
  (p+ 33 MeV, 2H+ 40 MeV,
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1 Where inside the GANIL? And which target?

TISS: Target Ion Source System

Primary beam
(Heavy ions)

Target (Graphite)

Oven (Graphite)

Ion source

Secondary beam
Radioactive Ion Beam

(RIB)

Primary beam
(Heavy ions)

Target (Graphite)

All SPIRAL1 beams: 
    12C to 238U (< 95 MeV/A, < 2x1013 pps) 

... on 12C target

... to get beam fragmentation
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1 Isotope production - Nuclear reaction
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1 Isotope production - Nuclear reaction

target 

beam

target 

beam + target 

Fusion-fission

Fragmentation

Projectile fragmentation

Target fragmentation

In-target production can be estimated
with EPAX equations [Sümmerer, 2012]
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1 In-target yields example: Krypton beam
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84Kr on 12C

In-target yields estimated
with EPAX equations
[Sümmerer, 2012]:

Beam:
▶ 84Kr:

▷ Energy: 66.8 MeV/A

▷ Intensity: 600 W

Target:

▶ 12C
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1 Maximum in-target yields: GANIL beams
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1 Maximum in-target yields: GANIL beams
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1 Isotope production - Nuclear reaction

target 
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target 
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2 New target material

Material selection criteria for ISOL targets [Ramos, 2020]:
▶ target element(s) for the highest isotope production cross-section,
▶ high melting point (Tm) with rapid diffusion/effusion of the radioisotopes of interest,

▶ high radiation damage resistance, low vapor pressure to be compatible with ion source
operation, compatibility with target structural materials,

▶ and eventually material shape available, for e.g. foils, rods, powder, etc.
▶ GANIL facility regulation: target element below Nb.

Pure material:
▶ Nb
▶ Zr
▶ Y
▶ V

Composite material:
▶ ZrC
▶ ZrO2

▶ Y2O3

▶ VC
Tm [Haynes, 2016]
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▶ GANIL facility regulation: target element below Nb.

Pure material:
▶ Nb (Tm = 2500°C) �
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▶ Y (Tm = 1500°C) �

▶ V (Tm = 1900°C) −

Composite material:
▶ ZrC (Tm = 3500°C) �

▶ ZrO2 (Tm = 2700°C) �

▶ Y2O3 (Tm = 2400°C) �

▶ VC (Tm = 2800°C) �
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2 New targets - In-target production
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In-target yields estimated
with EPAX equations
[Sümmerer, 2012]:

GANIL beam
fragmentation:

GANIL beams from Ar to Sn
Target: 12C

GANIL target
fragmentation:

Beam:
▶ 12C: 95 MeV/A, 3000 W

Targets:
▶ 93Nb, Y2O3, ZrC, ZrO2
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2 New targets - In-target production
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2 New targets - In-target production
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1.4e+02 3.3e+03 8.0e+04 1.8e+06 2.2e+07 1.5e+08 5.7e+08 1.3e+09 1.7e+09 6.3e+08

1.9e+03 4.6e+04 1.1e+06 1.5e+07 1.1e+08 4.9e+08 1.2e+09 1.8e+09 1.5e+09 8.3e+08 3.6e+08

4.2e+01 1.1e+03 2.7e+04 6.9e+05 1.0e+07 8.7e+07 4.2e+08 1.1e+09 1.8e+09 1.1e+09

1.5e+04 4.3e+05 7.1e+06 6.6e+07 3.4e+08 1.0e+09 1.8e+09 2.0e+09 1.5e+09 8.2e+08

1.3e+01 3.4e+02 9.0e+03 2.6e+05 4.7e+06 4.6e+07 2.6e+08 8.4e+08 1.7e+09 6.4e+08

Co

Ni

Cu

Zn

Ga

Ge

As

Se

Br

Kr

A = 69 70 71 72 73 74 75 76 77 78 79 80 81 82

A = 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

ZrC ZrO2

93Nb Y2O3
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36

28
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32

34

36

N

Z

Ratio
(R>1)

5

10

15

Estimated in−target yield ratio (New target/Maximum GANIL beam)
In-target yields estimated
with EPAX equations
[Sümmerer, 2012]:

GANIL beam
fragmentation:

GANIL beams from Ar to Sn
Target: 12C

GANIL target
fragmentation:

Beam:
▶ 12C: 95 MeV/A, 3000 W

Targets:
▶ 93Nb, Y2O3, ZrC, ZrO2
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2 Isotope extracted - Existing measure

Co
Ni

Cu
Zn

Ga
Ge
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Se

Br
Kr

Rb
Sr

Y
Zr

Nb
Mo

Co
Ni

Cu
Zn

Ga
Ge
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Se
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Kr

Rb
Sr

Y
Zr

Nb
Mo

ZrO2

Nb

20 30 40 50

25

30

35
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25

30

35

40

N

Z

Measured
yield [./uC]

101

105

109

Measured yield (ISOLDE & ISAC Database)
ISOLDE yield database
[ISOLDE Website, ]
▶ Nb target: (> 1010 µC−1)

79Kr (50s), 77Br (57h), 76Br (16h),
75Br (97m), 71As (65h), ...

▶ ZrO2 target: (> 1010 µC−1)
73As (80d), 68Ga (67m), 66Ga (9h),
65Zn (240d), 63Zn (38m), ...

ISAC yield database
[Kunz and et al., ]
▶ Nb target: (> 1010 s−1)

83gSr (1.4d), 85gSr (65d),
83gRb (86s), ...
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3 Beam impact on the target
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Beam: 12C+, 95 MeV/A. Target: 93Nb, 8.57 g/cm3, 130 µm disk thickness

TRIM simulation Beam range into a
niobium target:

• 1.4 GeV p+:

−→ 950 mm
• 1.0 GeV p+:

−→ 600 mm
• 500 MeV p+:

−→ 225 mm
(≈1.5 MeV/mm in the 1st mm)

• 95 MeV/A 12C+:

−→ 4.7 mm
(147 MeV/mm in the 1st mm)

� Target heating

15 New SPIRAL1 fragmentation target at GANIL, S. Hurier et al. 20/10/2025



3 Target shape - Beam range & beam heating

Rolled foils
� Difficulties: Precise beam range, element

diffusion outside the rolled foils, foils sintering.

Disks
� Difficulties: Need splitting support (temperature

inhomogeneity), decreasing the disk thickness
increases disk numbers, heat exchange limited.

Bended foils
� Heat radiation: Increase radiative surface,

� Beam range: Increase matter seen by the
primary beam,

� Diffusion: Keep small foil thickness,

r Mechanical: self support, small contact point
between foils, foil height can be adjusted
depending on the beam heat deposition.

Embossed Ti and V metallic foils [Mamis et al., 2024]
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3 Target shape - Beam range & beam heating

Rolled foils
� Difficulties: Precise beam range, element

diffusion outside the rolled foils, foils sintering.

Disks
� Difficulties: Need splitting support (temperature

inhomogeneity), decreasing the disk thickness
increases disk numbers, heat exchange limited.

Bended foils
� Heat radiation: Increase radiative surface,

� Beam range: Increase matter seen by the
primary beam,

� Diffusion: Keep small foil thickness,

r Mechanical: self support, small contact point
between foils, foil height can be adjusted
depending on the beam heat deposition.

24 mm

68 mm

Primary
beam

45°

Foil thickness
50 µm

Thickness seen
by the beam

130 µm
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3 Beam heating

Primary beam input:
Heat flux

Thermal simulation:

Temperature profile results

- Input: Beam heat flux

- Heat radiation:

  into 2000°C ambiant enclosure 

2285°C

Disk 32

2159°C

2065°C
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4 Conclusion & Outlook
Development of a new fragmentation targets
for SPIRAL1-GANIL:

▶ From C to U beams on graphite (C) target
to C beam on Nb or ZrO2 targets,

▶ Improve the in-target production in Kr-Cu region,
▶ Study the beam heating impact on the material

(Simulation),
▶ Design a new target type (On-going).

In the future

▶ Improve the target design with thermal
simulation,

▶ Target construction: study the foil bending
behaviour in room temperature and at high
temperature,

▶ Experiment: test a full target at high
temperature and on-line.

Preliminary
mechanical test
with aluminium foil
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5 In-target yields: GANIL beams (Ar to Sn)
Beam Energy [MeV/A] Intensity [W] Beam Energy [MeV/A] Intensity [W]
36Ar1 95 2000 78Kr1 70.4 1200
40Ar1 35 400 84Kr 66.8 600
40Ca1 95 800 86Kr1 57.9 700
48Ca1 60.3 700 93Nb1 56 25
50Ti2 69 700 92Mo1 60 35
56Fe1 65 700 107Ag1 52 44
58Ni1 74.5 700 109Ag1 35 12
64Ni1 64.6 600 106Cd1 66.5 22
70Zn1 62.5 300 112Sn1 63 34
70Ge1 71.8 600 116Sn1 30 17
76Ge1 61.1 500
1: Beams done and accelerated in GANIL
2: Tested at the ion source and extrapolated, still not done for an experiment [GANIL website, ]

Target Density ρ

12C 2.267 g.cm−3
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5 Beam shape
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Initial beam power: 3 kW. Wobulation radius:  6.5  mm. Beam width:  3.4 mm.

Beam wobulation: Radial profil by disk
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