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ISOLDE RILIS
Examples since 2014
-Linewidth optimization
-Experiment/isotope specific scheme development

-Application to “low IP” elements

Outlook/future developments
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Lumera (Coherent) Blaze laser

Nd:YVO,

40W
TEM,, >60% of RILIS schemes

532 nm

B. Marsh et al., CERN-ATS-Note-2013-007 TECH

RILIS
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Linewidth optimization

Maximum efficiency:
Complete spectral coverage of Doppler broadened
lines/HFS

Ease of operation: insensitivity to isotope shifts

Isomer/isotope selectivity and in-source spectroscopy:

Linewidth optimized to ~match/narrower than the Doppler
broadened of resonance
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Linewidth optimization

Maximum efficiency:
Complete spectral coverage of Doppler broadened
lines/HFS
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Linewidth optimization: maximum efficiency
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Linewidth optimization: bismuth

Requirement: full coverage of the HFS of the first excited

state
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Linewidth optimization: bismuth

Achieved by reducing the illumination of the grating in the
laser producing the light for the second step transition
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Linewidth optimization: bismuth
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Linewidth optimization

Maximum efficiency:
Complete spectral coverage of Doppler broadened
lines/HFS

Ease of operation: insensitivity to isotope shifts

Isomer/isotope selectivity and in-source spectroscopy:

Linewidth optimized to ~match/narrower than the Doppler
broadened of resonance
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Linewidth optimization: ease of operation
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Linewidth optimization: ease of operation
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Linewidth optimization: ease of operation
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Linewidth optimization: ease of operation

Saturation measurements are crucial when varying the linewidth!

laser linewidth )

Required energy flux = saturation energy X
9 &Y &Y (atomic linewidth

Laser
Photoionization
Spectroscopy
VLADILEN S. LETOKHOV
@YRER MANCHESTER 3
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Linewidth optimization

Isomer/isotope selectivity and in-source spectroscopy:

Linewidth optimized to ~match/narrower than the Doppler
broadened of resonance
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Linewidth optimization: maximum efficiency
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Linewidth optimization: maximum efficiency
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Linewidth optimization: beryllium

________ AL

eiopgemt MK 76189.07 e

297.409 nm
335623.73 cm’?

42565.35 cm L

Goal: collect several 'Be samples >1GBq from a
mixed sample containing 'Be, °Be, '°Be

Concern: overloading the cavity with >300+ nA of Be

— Previous factor of ~3 selectivity ‘Be from °Be, using
~16 GHz 3w light from a dye laser.

Taylor & Francis
Taylor & Francis Group

Nuclear Physics News

ISSN: 1061-9127 (Print) 1931-7336 (Online) Journal homepage: http://www.tandfonline.com/loi/gnpn20

234.933 nm
42565.35 cm™!
A = 5,52e+08 572

0cm™ RILIS database

Exploitation of Accelerator Waste for Radioactive
lon Beams: A Nuclear Astrophysics Application

A. St|. Murphy, D. Schumann & T. Stora

http://dx.doi.org/10.1080/10619127.2014.910431

RILIS
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Linewidth optimization: beryllium

________ AL
A 76180.07 cm?

75192.7 cm!

297.409 nm
335623.73 cm’?

42565.35 cm L

Result: Semi-successful collections, ~10 selectivity
obtained using “9GHz laser light from a 3w Ti:Sa
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Taylor & Francis Group
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Linewidth optimization: indium

46670.5 cm™?

532 nm
18796,992 cm™?

32892.23cm’}

304,023 nm
32892.23 cm!
A=1.11e+085s?

0 Cm-i RILIS database

Isomer selectivity requested

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

Proposal to the ISOLDE and Neutron Time-of-Flight Committee

Gamma and fast-timing spectroscopy of the doubly magic *’Sn
and its one- and two-neutron particle/hole neighbours

October 12. 2015

L.M. Fraile!', A. Korgul®, A. Gargano®, A. Aprahamian*, A. Algora®, G. Benzoni®,
M.J.G. Borge”, M. Carmona', C. Costache®, A. Covello®, H. Duckwitz'’,

P. Van Duppen'!, V. Fedosseev’, G. Fernandez-Martinez'?, D. Ghita®, T. Grahn'>,
P.T. Greenlees'*!*, R. Grzywacz'>'®, C. Henrich'?, P. Hoff'", M. Huyse!!, T. Ilieva'?,
Z. Janas®, A. Jokinen'?, J. Jolie'®, M. Karny?, M. Kiciniska-Habior?, Th. Kroll'?,
W. Kurcewicz?, U. Koster'®, S. Lalkovski'?, R. Lica”, M. Madurga’, N. Mirginean®,
R. Marginean®, B. Marsh’, C. Mazzocchi?, C. Mihai®, R.E. Mihai®, A.I. Morales®,
K. Moschner!®, S. Nae®, A. Negret®, V. Paziy!, M. Piersa?, P. Rahkila'>,

J. Pakarinen®, J.-M. Régis'’, E. Ruchowska?’, K.P. Rykaczewski'®, G. Simpson?!,
Ch. Sotty®, M. Stanoiu®, M. Stryjczyk?, O. Tengblad®?, A. Turturica®, J.M. Udias’,
V. Vedia!, W.B. Walters®*, N. Warr'?, H. De Witte!!.

http://cds.cern.ch/record/2059398

RILIS
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Linewidth optimization: indium

Ti:Sa
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Linewidth optimization: in-source spectroscopy

A ~800 MHz “Narrowband” Ti:Sa
was again applied

Extracting nuclear characteristics
from the optical spectrum

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

ISOLDE and Neutron Time-of-Flight Committee

A Proposal on
“Beta-delayed fission, laser spectroscopy and shape-coexistence studies
with radioactive At beams”

4™ January 2012

A. Andreyev', S. Antalic’, A. Barzakh’, R. Chapman', T. E. Cocolios’, X. Derkx', H. De Witte®,
J. Elseviers®, D. Fedorov®, L. Ghys**, M. Huyse®, Z. Kalaninova®, U. Koster’, J.Lane', V. Liberati',
P. Molkanov’, K. Nishio®, D. Pauwels®, L. Popescu®, R.D. Page’, D. Radulov’, E. Rapisarda®,
K. Sandhu', M. Seliverstov'?, J. F. Smith', K. Spohr', I. Tseckhanovich", V. Truesdale', P. Van

den Bergh®, C. Van Beveren®, P. Van Duppen®, M. Veselsky', S. Fritzsche” , K. Wendt", S.
Raeder"”

RILIS
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Linewidth optimization: in-source spectroscopy

A ~800 MHz “Narrowband” Ti:Sa
was again applied

Extracting nuclear characteristics
from the optical spectrum

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
ISOLDE and Neutron Time-of-Flight Committee
ISO
Addendum to the IS534 Proposal
Beta-dela Part I: “Beta-delayed fission, laser spectroscopy and shape-coexistence studies
with astatine beams” (pp.1-6)
Part II: “Delineating the island of deformation in the light gold isotopes by
means of laser spectroscopy” (pp. 6-10)
26" May 2013
A. Andreyev', S. A A. Andreyev'?, A. Barzakh', B. Andel’, S. Antalic’, D. Atanasov’, B. Bastin'’, K. Blaum’, Ch.
J. Elseviers®, D. Fel Borgmann®, T. E. Cocolios’, T. Day Goodacre®’, H. De Witte*, J. Elseviers®, D. Fedorov',
P. Molkanov’, K. | V. Fedosseev®, L. Ghys®, F. Herfurth’, M. Huyse®, Z. Kalaninova®, M. Kowalska®, U. Koster', S.
K. Sandhu', M. S¢  Kreim®, D. Lunney"’, K. Lynch®’, V. Manea'', B. Marsh®, P. Molkanov*, D. Neidherr’, K. Nishio?,
den Bergh®, C. Va  R.D.Page”, D.Radulov’, S. Raeder’, E. Rapisarda®, M. Rosenbusch”, R.E. Rossel*'*", S. Rothe®,
Raeder” L. Schweikhard"”, M. Seliverstov', I. Strashnov’, I. Tsekanovich', V. Truesdale', P. Van den Bergh®,
C. Van Beveren®, P. Van Duppen®, K. Wendt", F. Wienholtz", R. N. Wolf*, K. Zuber'®

RILIS
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Linewidth optimization: in-source spectroscopy

A ~800 MHz “Narrowband” Ti:Sa
was again applied

Extracting nuclear characteristics
from the optical spectrum

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH ‘
ISO EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH |
Proposal to the ISOLDE and Neutron Time-of-Flight Committee ‘

“Beta-dela P . “ ‘
rt1: “E .
a4 In-source laser spectroscopy of mercury isotopes |

. - 9
Part I1: October 10, 2014 ‘

L. P. Gaffney!, T. Day Goodacre®?, A. N. Andreyev?, M. Seliverstov®?, N. Althubiti®,
B. Andel!!, S. Antalic!', D. Atanasov!’, A. E. Barzakh®, K. Blaum!°, J. Billowes?,
T. E. Cocolios®, J. Cubiss?, G. Faroog-Smith?®, D. V. Fedorov®, V. N. Fedosseev?,

A. And_rl')’(:V’. S. A A. Andrey( R. Ferrer!, K. T. Flanagan?, L. Ghys’'2, C. Granados', A. Gottberg?, F. Herfurth®,
J. Elseviers’, P Fe( Borgman M. Huyse!, D. G. Jenkins®, D. Kisler!?, S. Kreim!'®2, T. Kron’, Yu. Kudryavtsev’,
P. Molkanov', K. | V. Fedossee D. Lunney!?, K. M. Lynch!?, B. A. Marsh?, V. Manea'®, T. M. Mendonca?,

K. Sandhu", M. S Kreim®, [? L P. L. Molkanov®, D. Neidherr®, R. Raabe!, J. P. Ramos?, S. Raeder!, E. Rapisarda®,
den Bclr)gh.- C. Va EIS) :ag(;kh ‘ M. Rosenbusch?, R. E. Rossel>”, S. Rothe?, L. Schweikhard?, S. Sels!, T. Stora?,
Raeder e chana I. Tsekhanovich®, C. Van Beveren'!, P. Van Duppen', M. Veinhard?, R. Wadsworth?,

A. Welker'¥. F. Wienholtz?. K. Wendt”. G. L. Wilson*. S. Witkins®. R. Wolf'°. K. Zuber!* ‘

WENCEISIEN Tom Day Goodacre LASNET PARIS 2016 27
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Linewidth optimization: in-source spectroscopy

A ~800 MHz “Narrowband” Ti:Sa
was again applied
Extracting nuclear characteristics

from the optical spectrum

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

1SO EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH ‘
Prop EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
“Beta-deld  pap 1. k | . .
I Proposal to the ISOLDE and Neutron Time-of-Flight Committee
Part II:
L. P. Gaffn Shape-coexistence and shape-evolution studies for bismuth isotopes by in-
B. Andel source laser spectroscopy and beta-delayed fission in '**Bi.
T. E. Ca
A, Andrcycv'. S.A A. Andrey( R. Ferrer! 13.10.2015
J. ElSCViCI’SS, D F(" Borgman _\I Hll.\'S( . Y . .
P. Molkanov’, K. | V. Fedosseet D. Lu A.N. Andreyev'?, A. E. Barzakh’, N. Althubiti’, B. Andel’, S. Antalic’, D. Atanasov*, J.
K. Sandhu', M. S Kreim®, D. L P. L. Moll Billowes’, K. Blaum*, T. E. Cocolios®, T. Day Goodacre®’, J. Cubiss', D. Doherty', D. Fedorov’,
den Bergh’, C. Va R.D. Page", | M Bood V. Fedosseev®, R. Hardingl. F. Herfurth’, M. Huysex. S. Kreim®,, D. Lunney'“, V. Manea’, BA.
Raeder"” L. Schweikha I :I‘;ekll;al' Marghb. P. Molkanov’, M. Mougeot'’, D. Neidherr’, K. Nishio®, M. Rosenbusch'', R.E. )
C.Van \.\'(‘l‘k(‘l‘“ ' Rossel®", S. Rothe®’, L. Schweikhard'', C. Seiffert®, M. Seliverstov”, S.Sels®, 1. Tsekanovich',
. " P.Vanden Bergh®, P. Van Duppen®, A. Welker®'', K. Wendt'?, F. Wienholtz'', H. De Witte®, R.
N. Wolf*, K. Zuber'"*
RILIS ~LEs
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Outline

Experiment/isotope specific scheme development

RILIS
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Specific scheme development: MR-ToF-MS

mixture of
different species

i A to Penning
60 M : y

ic mirror 1 ) T -

e\ec\foféag‘fn:,\‘ Pt Y e Yy ) ) )y H/V / \

--------------------- = switched electric  deflected transmitted
. potential ions ions

ions from Iy time-of-flight separation

ion trajectory
RFQ buncher in multiple revolutions

International Journal of Mass Spectrometry 349-350 (2013) 123-133

Contents lists available at ScienceDirect

International Journal of Mass Spectrometry

journal homepage: www.elsevier.com/locate/ijms

ISOLTRAP’s multi-reflection time-of-flight mass separator/spectrometer

R.N. Wolf#*, F. Wienholtz?, D. Atanasov®, D. Beck®, K. Blaum¢, Ch. Borgmann¢, F. Herfurth?,
M. Kowalska?, S. Kreim 9, Yu. A. Litvinov"¢, D. Lunney®, V. Manea®, D. Neidherr?,
M. Rosenbusch?, L. Schweikhard?, J. Stanjaf, K. Zuberf

http://dx.doi.org/10.1016/j.iims.2013.03.020

@EE WIANOEIEEEY 11, Day Goodacre LASNET PARIS 2016 30


http://dx.doi.org/10.1016/j.ijms.2013.03.020
http://dx.doi.org/10.1016/j.ijms.2013.03.020

Specific scheme development: Dy(Tb) collections

The MR-ToF-MS enables detailed beam composition
measurements

133Prl60 INdier

4pTb i
149Cd
149K, : _
33Sn160 ]
| ‘ | |
M03 21 29404 290404
x10

Courtesy of F. Wienholtz

133Csll6O
133Xel160

Counts

Time (us)

LASNET PARIS 2016 31



Specific scheme development: Dy(Tb) collections

Goal: ionize Dy as efficiently/selectively as possible

Muller et al. EINMM! Radiopharmacy @ EJNMMI Radiopharmacy and Chemistry

and Chemistry (2016) 1:5 SpringerOpen J al
DOl 10.1186/541181-016-0008-2 S oprnasrpEn e

LETTER TO THE EDITOR Open Access

Alpha-PET with terbium-149: evidence and @eee
perspectives for radiotheragnostics

Cristina Mller”, Christiaan Vermeulen', Ulli Kdster?, Karl Johnston?®, Andreas Turler**, Roger Schibli'®
and Nicholas P. van der Meulen'*

* Comespondence: cristinamuellen@ [
psich; nick vandermeulen@psich Abstract
'Center for Radiopharmaceutical

Sciences ETH-PSLUSZ. Paul Scherrer "“5Th represents a powerful alternative to currently used a-emitters: the relatively short
Institut, Villigen-PSI, Switzerland half-life (T, »=4.1 h), low a-energy (3.97 MeV, |, =167 %), absence of a-emitting
Full list of author information is daughters and stable coordination via DOTA are favorable features for potential clinical

ilable at the end of the artich = : . o ) .
avallable at the end of the artide application. In this letter, we wish to highlight the unique characteristics of **Tb for

PET imaging, based on its positron emission (Epmean = 730 keV, |z, = 7.1 96) in addition to
it's a therapeutic value. To this end, a preclinical study with a tumor-bearing mouse is
presented. The perspective of alpha-PET makes '“*Tb highly appealing for radiotheragnostic
applications in future clinical trials.

Keywords: '**Tb, radiclanthanide, mass separation, PET imaging, a-radionuclide
therapy, DOTANOC, AR42]) tumor
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Specific scheme development: Dy(Tb) collections

Goal: ionize Dy as efficiently/selectively as possible

Alpha-PET with terbium-149: evidence and ®-
perspectives for radiotheragnostics
I Kster’, Karl Johnston®, Andreas Turler**,

https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-016-0008-2
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Specific scheme development: Dy(Tb) collections

Goal: ionize Dy as efficiently/selectively as possible, future
cancer treatments

 EJNMMI Radiopharmacy and Chemistry

LETTER TO THE EDITOR Open Access

Alpha-PET with terbium-149: evidence and ®-
perspectives for radiotheragnostics
(Cristina Mller stiaan Vermeulen', Ulli Kaster’, Karl Johnston®, Andreas Turer™

n', Ul K6 *, Roger Schibii'*

transaxial

Tb 149 |

} 4.1h

€
«3.97
p*1.8...
|7352;

coronal

Fig. 1 PET/CT images of an AR42J tumor-bearing mouse 2 h after injection of "“?Tb-DOTANOC (7 MBq).
(@, b) Maximal intensity projections (MIP) and (c) sections showed distinct accumulation of radioactivity in
tumor xenografts (Tu) and residual radioactivity in kidneys (Ki) and urinary bladder (Bl). The decay scheme
of "*Tb is shown as in the Karlsruhe Nuclide Chart (www.nucleonica.com)
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Specific scheme development: Dy(Tb) collections

The MR-ToF-MS enables detailed beam composition
measurements
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Specific scheme development: Dy(Tb) collections

Molecules 133Ce’®0 and 33Prt®Q significantly enhanced
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Specific scheme development: Dy(Tb) collections

Molecules 133Ce’®0 and 33Prt®Q significantly enhanced

Solution: a new scheme was developed, ionizing via an
autoionizing state
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Specific scheme development: 1°7Po

State ordering and excitation energies from hyperfine-structure-assisted

mass measurements of neutron-deficient

195,197

Po isomers

Numa Abdulmaeen Althubiti*, Dinko Atanasov’, Vladimir Manea®, Dennis Neidherr®, Marco

Rosenbusch®, Lutz Schweikhard®, Andree Welker®, Frank Wienholtz®, Robert. N. Wolf?, Kai |
Zuber®, Klaus Blaum?, Thomas Elias Cocolios®”’, Gregory Farooq-Smith7, Sebastian Georgez,
Frank Herfurth?, Susanne Kreimz, David Lunneys, Kara Lynch7

https://iks32.fys.kuleuven.be/indico/event/31/material/1/4.pdf
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Specific scheme development: 1°7Po

State ordering and excitation energies from hyperfine-structure-assisted
mass measurements of neutron-deficient

195,197

Po isomers

Numa Abdulmaeen Althubiti*, Dinko Atanasov’, Vladimir Manea®, Dennis Neidherr®, Marco |

Rosenbusch®, Lutz Schweikhard®, Andree Welker®, Frank Wienholtz®, Robert. N. Wolf?, Kai |
Zuber®, Klaus Blaum?, Thomas Elias Cocolios®”’, Gregory Farooq-Smith7, Sebastian Georgez,
Frank Herfurth?, Susanne Kreimz, David Lunneys, Kara Lynch7
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Specific scheme development: 1°7Po

Solution: ionized via a Rydberg level, 4x less efficient but
sufficiently less TaO to enable the measurement of °/Po
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Specific scheme development: 1°7Po

Solution: ionized via a Rydberg level, 4x less efficient but
sufficiently less TaO to enable the measurement of °/Po
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Outline

ISOLDE RILIS
Linewidth optimization
Experiment/isotope specific scheme development

Application to “low IP” elements

.

RILIS
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Low IP elements: radium

Request for RILIS enhanced Ra lon beams at ISOLDE

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

Proposal to the ISOLDE and Neutron Time-of-Flight Committee

Collinear resonance ionization spectroscopy of radium ions

May 30, 2014

K.M. Lynch!, J. Billowes?, M.L. Bissell!, I. Budinéevié¢!, T.E. Cocolios?,
T. Day Goodacre??, R.P. de Groote!, V.N. Fedosseev®, K.T. Flanagan?, S. Franchoo?,
R.F. Garcia Ruiz!, H. Heylen!, T. Kron®, B.A. Marsh®, G. Neyens', R.E. Rossel**¢,
S. Rothe®, 1. Strashnov?, H.H. Stroke”, K.D.A. Wendt®.
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Low IP elements: radium

Hyperfine Interact (2014) 227:77-83
DOI 10.1007/s10751-014-1040-9

Scheme development undertaken previously at TRIUMF

In-source spectroscopy on astatine and radium
for resonant laser ionization

Sebastian Raeder - Jens Lassen - Henning Heggen -

Andrea Teigelhofer
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Low IP elements: radium

‘ Three new AIS?
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AlS AIS
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Low IP elements: radium

=IP

558 nm 5p°(*S°)7p *P,

784 nm

714 nm
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Low IP elements: radium

Timing scan, final step Vs second step

615 nm
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Low IP elements: radium

Timing scan, final step Vs second step
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Low IP elements: radium

Timing scan, final step Vs second step

558 nm\

558 nm 5p°(*S°)7p *P, 615 Nm

581 nm

Normalized ion current
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Low IP elements: radium

Factor of three enhancement (Ta hot cavity, 2050°C)
with both 558 nm and 615 nm, 615nm easier to
saturate. Schemes used at RILIS and CRIS
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Outline

ISOLDE RILIS
Linewidth optimization
Experiment/isotope specific scheme development

Application to “low IP” elements

Outlook/future developments

Upcoming talks!
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Summary

Customized/non-standard RILIS operation is
increasingly frequent

RILIS
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Summary

Customized/non-standard RILIS operation is
increasingly frequent

Niche solutions are not a bad thing, we just
need a lot of them!
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Linewidth optimization

Required Saturation
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Linewidth optimization: lithium

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

Proposal to the ISOLDE and Neutron Time-of-Flight Committee

Study of multi-neutron emission in the B-decay of ''Li

4 Oct 2011

http://cds.cern.ch/record/1387926/files/INTC-P-307.pdf
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Linewidth optimization: lithium

Show what we thought the scheme was and what we actually saw

Result, 60% enhancement, enabled >1000CPS for the duration of the

experiment
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Linewidth optimization

Why laser ionized
Laser on-off measurements
Element sometimes isotope/isomer selectivity

PI-LIST slide, Bruce talk, extend to “refractory”
beams. Talk of Christoph

<\|KH @I:E
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Linewidth optimization: beryllium

9Be, 19Be

A 75180.07 cmi?
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ELSEVIER Nuclear Instruments and Methods in Physics Research B 204 (2003) 343-346

Goal: collect several ’‘Be samples >1GBq from a mixed sample containing ’Be,

= |

Bea
with M

www.elsevic

Off-line production of intense "!°Be* beams

Exploitation of Accelerator Waste for Radioactive
lon Beams: A Nuclear Astrophysics Application

A. stl. Murphy, D. Schumann &T. Stora

http://dx.doi.org/10.1080/10619127.2014.910431
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