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The main ingredients for isotope beam production : An
accelerator for production + mass purification
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“Quality criterias” for an ISOL facility

Figure of merit of a given radioactive ion beam facility:
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15t Targets used at CERN-PS for alkali metals (p 10-24 GeV)

Target preparation:

5cm long, 6mm diameter.

36x 70um C, 1-10pum (1-8mg/cm?) U compound, 100um gap: tot 0.3g/cm? U o

Operated at ca 1500°C Fission
(10.5GeV p on ThCx)

UO,(NO,),.6(H,0) layer, converted to UO, at 200°C Rb release

Heated further to obtain U;Og4 / UC /UC, / oxycarbide ‘ Phys Rev Lett, 1968
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Proton beam for ISOLDE
CERN Proton Synchrotron Booster

CMS

1.4 GeV protons > ISOLDE targets B

Tu\
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— most targets.

+ Staggered beam
— 3 bunches.
— 230 ns bunch width.

16+s 10 s bunch spacing. CRrR2D R2 / 0us
- 1.2 s repetition rate. L/
— liquid metal targets. CR1D
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Beams under discussion : 2 GeV, 6-10kW
How to deal with a pulsed 2GeV 6-10kW beam on ISOL target(s) ?
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Figure 3: Measured experimental cross-section [ 0.1 1.0 10 100 1000 10000
for different elements by interaction of protons of Py = P/ Me

200 MeV to 30 GeV energies with 197-Au ([4] and
references therein). It is clearly seen that cross-
section increases up to 10 GeV proton energy.
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Isotope release : an analytical function 3. Nolen (1995/2002)
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Beam induced grain growth

1st submicron targets operated for fast isotope release (Mg)
High purity a-SiC porous target (63%), Saint Gobain Recherche

After irradiation
Unit SiC334, operated at 1600C for 5days, ~ 3el7poT

Before irradiation

Diam 14mm

Diffusion limited release:

3 [u 2D
Sdiff=g\/%,ﬂ=r—2 A<<p

Sandrina Fernandes (EPFL, PSI)

@‘ CERN-THESIS-2010-170
24103/12/2010
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Beam induced grain growth : dependance of position in pellet

Fig. 3.16: SEM analysis in the cross-section of the fractured pellet 40-41-42: a) cemter of the
pellet, b) higher mag., c) region near the edge and d) higher magnification.
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Neutron spallation source — “classical”
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Details on the prototype
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https://doi.org/10.1016/j.nimb.2019.04.060

Online thermal data and simulations
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Study on porous targets with PSB and SPS beams

8 samples: (pellets @2cm x 2cm) -4 SiC & 4 Al,Oq

ALO, with
0w
‘ ' 1 ‘ UnlaXlla
porosity
192%1 D
beam: NORMGPS — 1.4 GeV, 3.2x10%%/pulse (2.4 ’1_‘—
cm

us/1.2s, 3-4 bunches), 0 = 2.3
RaBIT + passive irradiation on target unit

—) HiRadMat

High-Radiation to Materials
beam: SPS - 450 GeV, 4.9x10%%/pulse (7.2 ps/18s,

3-4 bunches), 0 =2.0 --
Max. cycles = 100

Setup - 8 samplesin arow NIMB317 (2013): 385-388.
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https://espace.cern.ch/hiradmat-sps/

Characterization of the target irradiation

Al,O5 with
uniaxial
porosity

HiRadMat
ISOLDE
HiRadMat
ISOLDE

Ceralox®

Hexoloy®

A) HiRadMat. B) ISO

- - : - Crystar®
HiRadMat . ISOLDE

ISOLDE HiRadMat

NIMB317 (2013): 385-388.
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Comparison of microstructure — hexaloy SiC

100 pm EHT = 5.00 kv PEXGE1IC Mag= 50X
‘; WD = 6.0 mm Tilt Angle = 0.5° Michal Czapski @

"\ Signal A= SE2

Date :15 Apr 2014

10 um EHT = 5.00 kV/

WD = 6.1 mm Titt Angle = 05°
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Michal Czapski @
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Post irrdiation

HEX B1 P RaBIT

100 pm EHT = 5.00 kV
f Tilt Angle = 0.5°

WD = 4.0 mm

Mag= 50X .
Michal Czapski @
Signal A = SE2 Date :14 Apr 2014

EHT = 5.00kV
WD = 4.0mm
Signal A = SE2

HEX B1 P RaBIT

Mag= 1.00KX
TiltAngle= 05° Michal Czapski @
Date :14 Aor 2014
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Some Issues to be addressed/checked with new beam parameters

Production of H and He

Plastic deformation seen on MWCNT

Tantalum spallation neutron
Source

(from 1 appm to 20appm in UCXx)
Porous target stability And its impact
We remain in the sub-dpa range

Welding rupture in window
of molten lead targets
(not an issue observed with
solid targets
at >2000C)
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Outlook

Possible proton beam upgrades can lead to important improvements in the output
of the ISOLDE facility

In the list of criteria :
beam intensity
beam stability
facility downtime

are directly linked to target design which can cope, or not, with the new
parameters

Some investigations at the HiRadMat facility could help validate the most critical
parts
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Beam intensity and target temperature
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CCS [mb]

238U + p @ 1.4GeV
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From production to beam formation

Target (Nb/ZrO,
by reactive brazing);
Operation at 1400C

EURISOL-DS Final Report,
J. Cornell Ed, GANIL (2009)

E. Bouquerel, et al. "Beam purification by selective

Al,O5 with
trapping in the transfer line of an ISOL target unit.” uniaxial
NIMB 266.19 (2008): 4298-4302. porosity

-‘L
1cm

M. Czapski, et al. "Porous silicon carbide and aluminum oxide with
unidirectional open porosity as model target materials for
radioisotope beam production.” NIMB317 (2013): 385-388.
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Beam

Interaction with target

Beam power deposition — pulsed beams!

230 ns

4 bunch

Nuclear CERN PS-Booster (PSB) one pulse
transmutations 4 Synchrotron Rings (up to 1.4 GeV) fibunch  2vbunch 34 bunch
2
Production of 2
B e Extracted proton bunches
impurities f
(He, H) longth heio
bunch
i | I , i | 2.3 US
10-16 10-13 - 108 106 Time [s] —
Thermomechanical stresses and shockwaves
Cysasc
FRE%?KEOL- PAIR COLLISIONS CROWDION
: nesron Residual atom (Auspun< Auee) - oogo[\zg sl s o0l @
a-particle with high energy recoil e le) ?A fe) (o) O’ (o)lo}
KNOCK-ON \ O OO 5 O 98320
\ Q70 0-0
VACANCIES OOOOOO

Intranuclear
cascade

Highly excited
nucleus

Evaporation

1. Stora-EN-STI

ENERGY TRANSPORT
BY FOCUSONS (o)

Pictures from PhD Thesis, Rl

HiRadMat:lnternationalbworksbep

INTERSTITIALS

finger



120 Materials (possibly more) were tested and/or

Ta.rg et I\/I a,te rl al S used as ISOL targets!

C (MWCNT]
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Er:Cu Ge Gd:Cu Hg La La:{Th/Si'Sc) ThQ,.(H,0),
LaiY.Gd Lu)  NaF:LiF MNaF:ZrF. Md Mi Fr Sr stearate
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Post-irradiation study

at EN/MME-MM

Irradiation assisted
stress corrosion
cracking

Microcompositional

Microstructural
changes

recrystalisation,
phase
transformation
grain size change
pore shrinkage
grain coarsing
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