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e Introduction

* Radioactive ion beam production at ISOLDE
* Limitations of the ISOL method

* Steps of molecular beam development
* Considerations of elements and chemical equilibrium

 Laser induced breakup of molecules
* Status of work
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Radioactive beam production
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Radioactive beam production

Gas inlet

Target container lon source

1.4 GeV Protons Transfer line

\ [\
|\ '1‘ |Il yl

A Isotope production C Molecule formation/evaportaion E lonization
B Diffusion D Adsorption

N(t) — NO * e_l*(tads*'ttrans"'tdiff) * € * € * € * €

dif f formation trans ion
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Available Isotopes at ISOLDE

Pt, Irr W, Ta, Re

* High Boiling points
* Chemically reactive

C,B

LASNET Laser lon Sources Workshop 2016 Christoph.Seiffert@Cern.ch



Molecular Extraction

* Ouybromide
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I ‘Oqchlorldo
N Hydride — 4« - ot Fluoride
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- ar
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Rb Sr Y 2r Nb § Mo Tc Ru
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* e.g. CO, CO,,

BF,

, TIF,

Picture taken from: K. Baechmann. Chemical Problems of the On-Line Separation of Short-Lived Nuclides.
Forschungsbericht K70-28, BMBK-FB-L70-28, 1970
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In-Target Chemistry
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In-Target Chemistry
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In-Target Chemistry

Formation of molecules

Graphite: C+B+SF,

Log(kmol)
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Calculated helped to identify carbon as a
suited target material for extraction of boron
First ISOL 8B beam as 8BF,* at ISOLDE in 2014

LASNET Laser lon Sources Workshop 2016

2500 C

0.0

-1.0

Transport of molecules

Molybdenum: Mo+BF,
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e Efficiency loss due to distribution of fragments

lon Current [A]
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Next step: Extraction of refractory elements

* PhD project of Jochen Ballof (TISD team ISOLDE):

e Extraction of refractory metals as carbonyl compounds

O

Il

C
Principle: M CO (g) SC”"-. | - \\C':'O

rincipie: (o) ,’—‘-C/MO\C-T:
o= | Se)

C
: [ 2
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3 | 4 5 1 6|7 | 8| 9|10
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Slide: courtesy of Jochen Ballof, Jochen.Ballof@cern.ch
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Next step: Extraction of refractory elements

Challenges

* Thermal instability
* Decomposition at ~200 C
e Slow diffusion inside target materials at low temperatures

* Radiation stability
* Decomposition due to proton impact on target container
* Avoid direct irradiation with protons

* High pressure gradient needed )
* High pressure of CO in target needed
* lon source only accepts low pressure

Slide: courtesy of Jochen Ballof, Jochen.Ballof@cern.ch . .
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Next step: Extraction of refractory elements

* Use neutron converter

Entries/20keV
-
<
T

* Neutron energy ~0.1-10MeV
Lr

5 10 10" 10° 107% 10" 1
Neutron Fluence (n/cm“/uC) Nautran Energy (GeV)

1e+13

Aluminum
1e+12 Uranium carbide base
target
T
s Te+11 proton beam
>
—_—

Converter

1e+10

X (cm)

R.Luis, 2013, Radiological Protection and Nuclear Engineering Studies in Multi-MW Target Systems, Phd Thesis
R. Catherall et al, NIMB, 2003, 235-239

Slide: courtesy of Jochen Ballof, Jochen.Ballof@cern.ch . .
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Next step: Extraction of refractory elements

3 U Foils, 25 um

105Mo production yield:

~108ions / uC Proton beam

Neutron converter

Mo Container,
Filled with CO

@ neutron bombardment

20 le+12
\ 15
X 10
@ thin uranium foil . le+11
\ 5 o
=
-5
il fission roduct CO (9) ! reio
stopped in CO gas s
-20 le+09
20 -15 -10 -5 0 5 10 15 20

thin uranium foil

Slide: courtesy of Jochen Ballof, Jochen.Ballof@cern.ch Christoph.Seiffert@Cern.ch



Next step: Extraction of refractory elements

e High and low pressure regimes can be overcome by pulsed operation
* The carbonyls are retained on a cold surface, while the CO is pumped

* After pumping the system, the trap will be heated up to release the
carbonyls

Pulsed injection f-f.]_.\?‘ PIR
—_— \ ™
CO (g) — —— [lie)} |
target container ions source pumping
Slide: courtesy of Jochen Ballof, Jochen.Ballof@cern.ch Christoph.Seiffert@Cern.ch
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Electron-impact induced molecular breakup
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. Use of FEBIAD or RF ion source for molecular b[re]akup

. Dissociation by e impact followed by resonance laser
ionisation in a pulsed regime

. lonisation and extraction has to happen before fragments
touch the wall

. hot surfaces, partial dissociation
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Laser induced molecular breakup

M (CO) molecules

m rea00C | Breakup  Resonance ionisation
I /— eerinduced Pulse length ~30 ns, 10kHz
S O N R T N RN A NN A R LLLLY Mﬂ(,f,?,lj,:;e;:up Pl /\\ > t
M ionization scheme
| |
. : = , >

+~10V pulses +30-60 kV GND EXtraCtlon
+ 30-60 kV

. Use of cold ion source

. Chemically inert materials e.g. PTFE, Quartz

. Laser induced breakup of weakly bound molecules

. Add-on resonance laser ionisation

. Pulsed extraction to enhance beam purity

. Challenge: dissociation cross section?
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Laser induced molecular breakup
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Laser induced molecular breakup

* Detection of Mo(CO)x and other fragments
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Laser induced molecular breakup
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Laser induced molecular breakup

Laser off, No injection vs MoCO# inj No injection

— MoCOS inj
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Molybdenum hexacarbonyl supported on functionalized multi-wall carbon
nanotubes: Efficient and highly reusable catalysts for epoxidation of alkenes

UV-ViS d ata ta ke n fro m : ;;‘r‘lh rert-butyl ht‘tydrnpcroxldc

Tangestaninejad **, Valiollah Mirkhani?, Iraj Mohammadpoor-Baltork *,
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Binding energy CO group in Mo(CO)6: ~1.7 eV
(doi 10.1021/j100373a080)

\

UV-Vis spectrum of Mo(CO)6
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Laser induced molecular breakup

jon current [A]

355nm, Injection of Mo(CQO)6

O, H20
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- o2 Laser on
1E-11 _ Laser off
] Mo
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Laser induced molecular breakup

After injection of Mo(CQO)6

1.5 4 Leak valve closed, p=3e-Tmbar Vacuum SyStem pumped
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e Qutlook

e Extend measurement to 255 nm

* Extend measurements to other carbonyls (Fe(CO)5, Cr(CO)6,..)
* Efficiency measurements

* Increase laser\gas interaction volume

* Development of laser ionization scheme

* Combined offline tests in ion source
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