ISOLDE GUI Meeting

03 June 2019

al

S

@ Engineering Department

Cw
\

NS

S2 activities and upgrades

EN .
STI
Bruce Marsh, CERN EN-STI-LP

__ 1N

%4 dx




RILIS In 2018

CERN

14 elements:

* In, Sc, Mg, Cu, Dy, Bi, Sn, Be, Mn, Mg, Sb, Hg, Tl, Ac, Al.
21 separateon-lineruns (notincluding target-ion-source development

time).

3 elements for new neutron-converter tests over 2 days:

* Ga, In, Zn.

60 % of ISOLDE shifts in 2018, >2000 h operation.
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Highlights - Selectivity
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* [somer-selective ionization of
neutron-rich In isotopes for IDS.

* First hyperfine-structure scan with
ISOLDE Decay Station!

* Used for future in-source
experiments.

e Suppressionof surface-ionized

22Na for 22Mg experiment using
LIST.

* 2INa suppression: 10— No 22Na seen
by users!

* 22Mg loss factor: 27.

B decay of 131 ~v emission from neutron-unbound states in 133gn

H!iﬁ'atai
Decay Station

1291n

M. Piersa et al. (IDS Collaboration)
Phys. Rev. C 99, 024304 — Published 5 February 2019
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Highlights - Doppler-free 2-photon spectroscopy 2

lon current on FC490 [pA]

(W, +Wp)+HW,-Wp)=2Ww,

(JL)D.\A

* Measurement of 5s-5d transitionin 87Rb.

First demonstration of Doppler-free 2-photon in-
source laser spectroscopy at the ISOLDE-RILIS

K. Chrysalidis b2 = S.G. Wilkins 2, R. Heinke b, A. Koszorus ¢, R. De Groote 9, V.N. Fedosseev 2, B. Marsh 2, S.
Rothe 2, R. Garcia Ruiz , D. Studer ®, A. Vernon €, K. Wendt

Show more

https://doi.org/10.1016/j.nimb.2019.04.020 Get rights and content

* Published in EMIS proceedings by K. Chrysalidis.
 Optimization of mirror geometry during LS2. “7Rb, 1=3/2

ISOLDE 2018, no surface ion suppression
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Highlights - VA

DLIS advancement

* \/Sim simulations to optimize
extraction of laser ions during
RILIS-mode operation.

* New design with variable
extraction voltage.

* Improvement in laser-ion
extraction demonstrated off-
line with Ga.

 On-line demonstration with
Mg, Mo, Hg.

* > factor 2 improvement.

Enhancing the extraction of laser-ionized beams
from an arc discharge ion source volume

Y. Martinez Palenzuela » ¢ & X, B.A. Marsh 2, J. Ballof b R. Catherall 2, K. Chrysalidis d T.E. Cocolios ¢, B.
Crepieux ? T. Day Goodacre & f V.N. Fedosseev 3, M.H. Huyse €, P.B. Larmonier # & J.P. Ramos ?, S. Rothe 2, ].D.A.
Smith ", T. Stora ?, P. Van Duppen €, S. Wilkins 2

., BORON NITRIDE
CATHODE INSULATOR

2000 °C

Y. Martinez Palenzuela

.

EXTRACTION PLATES
(variable voltage)
-300V to +300 V

...........................

...........................

CATHODE SUPPORT

30 kV 0-200V
Isotope  Background Lasers Lasers Enhancement Laser scheme
V=0V On on factor (nm)) {1112 143}
V=0V Ve‘opt

24Mg 8pA 8.5nA 23.5nA 2.8 {28515531532}

[17]
98Mo OpA 13.4pA  103pA 7.7 {38014161635}

[21]
196Hg 18 pA 58 pA 133pA 2.3 {25613131532}

[22]




Highlights - GANDALPH collaboration W)
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e Electron photo-detachment
experimental campaigns with
GANDALPH in 2016 and 2018.

* Laser light from RILIS sent

through GANDALPH at GLM
beam line.

* Photo-detachmentofl and At
achieved!




IN-source Spectroscopy |
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IN-source Spectroscopy -

Continuation of IS608 for Bi (Z=83).

First in-source measurements of Dy

(£=66).

First on-line use of narrowband
intracavity-doubled grating Ti:Sa.

Motivation: to measure changesin
mean-square charge radii below

N=82.

Combination of Faraday cup/tape

station scans.

B Contents lists available at ScienceDirect

Nuclear Inst. and Methods in Physics Research B

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

{|BEAM

MATERIALS
/AND ATOMS

In-source laser spectroscopy of dysprosium isotopes at the ISOLDE-RILIS

K. Chrysalidis“'b’ *, A.E. Barzakh®, R. Ahmed, A.N. Andreyev®, J. Ballof*!, J.G. Cubiss®,

D.V. Fedorov®, V.N. Fedosseev®, L.M. Fraile™#, R.D. Harding®, U. Koster", B.A. Marsh?, C. Raison®,

J.P. Ramos?, R.E. Rossel?, S. Rothe?, K. Wendt”, S.G. Wilkins®

% CERN, CH-1211 Geneva, Switzerland

® Institut fiir Physik, Johannes Gutenberg-Universitéit, D-55099 Mainz, Germany

© Petersburg Nuclear Physics Institute (NRC Kurchatov Institute), RU-188300 Gatchina, Russia

4 National Center for Physics, PAK-2141 Islamabad, Pakistan

© Department of Physics, University of York, UK-YO10 5DD York, United Kingdom

{ Institut fiir Kernchemie, Johannes Gutenberg-Universitit, D-55099 Mainz, Germany

& Grupo de Fisica Nuclear & IPARCOS, Universidad Complutense de Madrid, E-28040 Madrid, Spain
b Institut Laue-Langevin, F-38042 Grenoble, France
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Recent publications \E\/R_NDI

Letter = Published: 01 October 2018

L ' Change in structure between the I=1/2 states in
Characterization of the shape-staggering 18177 ;.4 177179 oy

effect in mercury nuclei

J.G. Cubiss * b2 & A.E.Barzakh € A.N. Andreyey * % b M. Al Monthery 3, N. Althubiti ®, B. Andel f 5. Antalic’ D.
Atanasov &, K. Blaum &, T.E. Cocolios ™  ®, T. Day Goodacre & R.P. de Groote !, A. de Roubin &, G.). Faroogq-Smith

; ¢
B. A. Marsh ™, T. Day Goodacre, [...] K. Zuber &P D.V. Fedorov ¢, V.N. Fedosseev ®, R. Ferrer P, D.A. Fink ™ ' ... K. Zuber*

Nature Physics 14,1163-1167(2018) Download Citation 1 In-source laser spectroscopy ofdysprosium

isotopes at the ISOLDE-RILIS

K. Chrysalidis b 2 = A.E. Barzakh ¢, R. Ahmed 9, A.N. Andreyev €, J. Ballof f,J,G. Cubiss ¢, D.V. Fedorov €, V.N.

C h a rg e ra d i i a n d e | eCtrO m a g n etl C m O m e ntS Of 195_21 1At Fedosseev ?, L.M. Fraile * 8 R.D. Harding €, U. Késter h B.A. Marsh 2, C. Raison €, ).P. Ramos ? R.E. Rossel 2, S. Rothe

2 K. Wendt®, S.G. Wilkins

J.G. Cubiss et al.

Phys. Rev. € 97, 054327 — Published 29 May 2018 Shape staggering of midshell mercury isotopes from in-source

laser spectroscopy compared with density-functional-theory and
Monte Carlo shell-model calculations

Open Access S. Sels et al.

Phys. Rev. C 99, 044306 — Published 12 April 2019

Changes in mean-squared charge radii and magnetic moments of
1191841 measured by in-source laser spectroscopy

A. E. Barzakh et al.
Phys. Rev. C 95, 014324 — Published 23 January 2017

Inverse odd-even staggering in nuclear charge radii and possible
octupole collectivity in 2172182197t revealed by in-source laser

* Many more papersinthe spectroscopy

. . A. E. Barzakh et al.
p I p e I I n e ! Phys. Rev. C 99, 054317 — Published 14 May 2019
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Goals for Post-L.S2 RILIS 2

Reliability and availability
- Laser hardware consolidation
- Dual HRS and GPS use
Performance
- Spectral resolution
- Spectral range
- Selectivity
Scope for new developments and ongoing collaboration
- Offline R&D facilities

- RILIS @ MEDICIS



Aims for after LS2
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~ully operational RIL

~ully operational RIL

S @ OFFLINE 2
S @ MEDICIS

New dye lasers @ R

Spare Blaze equivalent laser @ RILIS
Dual beam observation system (GPS and HRS) @ RILIS

~ourier limited linewidth Dye and Ti:Sapphire systems @ RILIS
RAMAN laser at RILIS?
CERN-supported RILIS control/DAQ

LIS

LIST operational at HRS and GPS
Modified VADLIS as standard

High-resistance (Sigradur) RILIS cavity

Offline demonstration of ToFLIS

LIST with Pl option *?

Feasibility study of laser-induced molecular breakup

ISBM activities
RILIS activities
MEDICIS




New Dye Lasers p e
LiopStar-HQ - high repetition rate

Investigate the addition of 2 LIOPTEC dye lasers at RILIS

Compact and more ergonomic alternative to Sirah Credo laser

Quieter operation and easier to manipulate dye circulators
Move one Sirah laser to Offline 2 ?



al

Simultaneous HRS and GPS

Upgraded laser beam observation
system and stabilisation system

Re-arrange optical layout with
compact telescope systems and
additional optics/optomechanics

S &)

NS

Reduced setup time,
faster switching
between elements
and mass separators

Consolidate RILIS controls and monitoring systems

50% of EN/SMM PJAS working on
this task jointly with development of
control system for the off-line mass
separator.

Improve long-term
maintenance and
expandability of RILIS DAQ
and controls, and make
use of CERN specialist
support



Raman Laser development 7

r'y ,il 1 HR
_____ Virtual !
states /I- '
----- l/l
’I
Wo Wgy Ws; Wg3 /l
/ Slope Eff.
/I 79%
0.06 . i 1 *Tunable, broadband output achieved from a compact cavity.
. ::} Vibrational  0-04F , { *Results submitted to Optics Letters by K. Chrysalidis.
" - — - st 0.02} , { *Funding from Knowledge Transfer obtained for ongoing R&D
Groundstate ST e s o s o —,°1 PhD student, 1 technical student.
oump V1 -Starting June 2019.
4w Ti:Sa 3w Ti:Sa 2w Dye 2w Ti:Sa UV pumped Dye Dye Ti:Sa
210-230 nm 230-270 nm 300-350 nm 350-475 nm 475-550 nm 550-700 nm 700-950 nm
A A A A A A A
Y
RILIS spectral range
210 nm £32 nm 950 nm
Fund & 2"¢ harmonic 520'680”"- Drawback: Low power, especially
Ti:Sa difference frequency mixing when going to higher harmonics

_Onm Fund & 3 / 4th harmonic of Ti:Sa for shifting

2w Ti:Sa Raman shifted _6nm 1st 2nd & 3rd Stokes
1st 2nd & 3rd Stokes 772-1531nm

&

{ _386-765nm - subsequent frequency doubling

Ti:Sa Raman shifted



Pulsed Dye Amplifier
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Linewidths of ‘standard’ RILIS lasers > 800 MHz.

*Future spectroscopy applications require high-resolution laser systems (<100 MHz).

‘Doppler-free 2-photon spectroscopy.
*Perpendicular illumination in LIST.

N2y BSC \

NZ{Z’T Amplifier

Solution: Nd:YAG
Develop the Fourier-Limited linewidth lasers Laser
G

nieciomseeded TiSapphie Ting tase |

Resonator

BE ET FL N2

J Doubling unit
CL > !
DC, DC; SHG

Pulsed Dye Amplifier

*Temporal profile of pump laser critical for

BSC

single-frequency output.
*Spectroscopy on stable silver shows
frequency sidebands when using Edgewave

A”

as pump.
*System requires development (including
identification of suitable pump laser).

Blaze

Time

<
N24 ‘ ol

OFC

M

C. A. Granados Buitrago
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~picosecond laser for molecular breakup 2

0-200 kHz (600 fs), 100W @ 515 nm
FX series INNOSLAB laser

OR
Innolas FEMTO*

75 x peak power increase w.r.t

our 100 W IS-series laser

> 20 laser-molecule interactions

FEMTO-1030-25-Yb-2500
FEMTO-515-15-Yb-2500

per molecule (in hot cavity)
8 MW @ 515 nm @ 1MHz



MELISSA (MEDICIS Laser lon Source)

e Laser-ion-source lab at MEDICIS is
now operational.

 Currentinstallation:
* 1x Z-cavity Ti:Sa.
* 1x InnoLas Nanio 532-18-Y.

* Achieved laser-ionized terbium in
April using single-laser scheme.

* To be installed soon:
* 2x GratingTi:Sa.
* 1x pump laser.

* First radioisotope collections in
coming months.

MELISSA: Laser ion source setup at CERN-MEDICIS facility. Blueprint

V.M. Gadelshin®"*, V. Barozier®, T.E. Cocolios®, V.N. Fedosseev®, R. Formento-Cavaier-*,
F. Haddad®, B. Marsh”, S. Marzari®, S. Rothe®, T. Stora”, D. Studer”, F. Weber”, K. Wendt"

“ Institute of Physics, Joh Gutenberg University Mainz, Staudingerweg 7, 55128 Mainz, Germany
® Engineering Department, CERN, 1 Esplanade des Particules, 1211 Genéve, Switzerland
. iation Physi

€ Institute for Nuclear and Radiation Physics, KU Leuven, Celestijnenlaan 200D, 3001 Heverlee, Belgium u
4 GIP Arronax, 1 rue Aronnax, 44800 Saint Herblain, France a e S I n
] ' ]

€ Advanced Accelerator Applications, A Novartis Company, 20 rue Diesel, 01630 Saint-Genis-Pouilly, France
fUral Federal University, Mira st. 19, 620002 Ekaterinburg, Russia

v

Dockx



2ILIS @ OFFLINE 2 @)

Sm

* New offline separator dedicated for N
research and development. sss19.5cm__h___46195.1cmt

* Home for RILIS developments during
CERN’s Long Shutdown 2 and beyond.

435.706 nm
22951.256 cm™!

e Completed:
23243.84 cm™! |

* Laser interlock design and .
installation.

* Laser tables installed. 435.706 nm
* Optical table layout designed.

* Air-conditioning and water-cooling 252,55 em
circuit installation. oami__ s

* To be completed:

* Install spare laser hardware.

e PX1,|C-doubled Z-cavity for Sm
lonization.




The LARIS

Lab
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Interlocked windows with laser opaque coating

CE?W
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Recently the Lab has been used for laser
development and GANDALPH construction

But - The lab is not equipped for this

Decision to re-purpose the lab for multiple activities :
GANDALPH upgrades

lon source test bench with pump stand

Laser development and maintenance

Training



The LA

RIS Lab
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RILIS team in 2020
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Valentin Fedosseev

Bruce Marsh

| T Section Leader Staff Member
. EN-STI-LP EN-STI-LP
Shane Wilkins Katerina Chrysalidis
CERN Fellow Doctoral student
So far granted a 6 month CERN Fellow

extension till April 2020 I from Jan 2020

4+ New MELISSA Post-Doc - Reinhard Heinke
+ Singular Light KT funded PhD student (Mid 2019 onwards).
+ LISA PhD student in 2020




Maintenance WM calibrations Re-cabling Chiller maintenance  Chiller maintenance Re-organising

Diode laser
Upgrades (14kEUR)?  New Computers

X
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Tb Molecule . NOt yet SCheduUled ....... oo i tiiectrtisaceseasameseaasanasaaannareaannnsraannnaseasnnnreasnnnmsssnnnerennns
Raman laser development

MEDICIS operation and development
RILIS Laser development

Offline Separator R&D
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Laser lonization and Spectroscopy of Actinides

“LISA aims to train the next generation of atomic, nuclear and laser scientists by conducting research to increase
our understanding of the atomic and nuclear properties of the chemical elements known as the actinides”

RO1: Laser-based actinide
ion beam production and
purification

RO2: Laser technology for
optimal spectral resolution,
range and ease of use

RO8: lonization potentials
and electron affinities

RO4: Predicting, studying

level structures

WP6: training

and validating atomic energy

ROS5: Nuclear properties
from laser spectroscopy

studies

WP1: Management // WP7: Outreach, diss., comm.

From November 2019 -
November 2020

15 fully-funded 36 month
PhD positions, across 12

ROG6: Transfer the
knowledge and technology
to benefit society

different locations Cg‘)

MARIE CURIE ACTIONS

PhD awarding entity / Doctoral School

ESR # | Recruiting Participant Start | Duration
1 KUL KUL Arenberg Doctoral School M6 36M
2 CERN JGU Institute of Physics M6 36M
3 CERN JGU Institute of Physics M6 36M
4 JYU JYU Doctoral School of the Faculty of Mathematics & Science M6 36M
5 JGU JGU Institute of Physics M6 36M
6 UuGcoOT UGO'T Department of Physics M6 36M
7 KUL KUL Arenberg Doctoral School M6 36M
8 GANIL Université de Gaen PSIME Doctoral School M6 36M
9 MSL UNIMAN School of Physics & Astronomy M6 36M
10 GSI JGU Department of Chemistry M6 36M
11 JGU JGU Department of Chemistry M6 36M
12 LUH IRS LUH IRS Faculty of Mathematics & Physics M6 36M
13 FSU FSU & Helmholtz-Institute Graduate School M6 36M
14 RUG RUG Graduate School of Science & Engineering M6 36M
15 HUB JGU Institute of Physics M6 36M

TOTAL 540M
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Duration:

36

Start:

ESR2 M6

CERN Y D2.2

Project title: Development of high-resolution in-source hot-cavity RILIS methods for actinides. (WP2: Novel techniques and technologies for actinide research)

Objectives: Combining the unparalleled sensitivity of in-source resonance ionization spectroscopy with the resolution required to resolve sub 1 GHz hyperfine
structures and isotope shifts in atomic transitions of actinides. For this goal, the work towards the implementation of the PI-LIST device (perpendicular-illuminated
Laser Ion Source Trap) shall be performed at ISOLDE. This will include the design and setup of infrastructure required for the on-line PI-LIS'T operation followed
by characterization of its performance and high-resolution laser spectroscopy studies using the PI-LIST. Optimal ionization schemes for actinium (together with
ESRI) and protactinium shall be established in the frame of this project.

The eventual application of PI-LIST for actinide elements at ISOLDE will rely on the successful extraction of actinium and protactinium isotopes from an ISOLDE
target (ESR3). The two fellows will closely collaborate to ensure the complementarity of these development projects.

Development of optimal ionization schemes of actinides for ISOLDE will be performed via laser spectroscopy of actinide elements in close collaboration with JGU

(ESR5). Such links are already established and will be further enhanced in the course of the proposed I'TN.

Expected results: Implementation of the PI-LIST at ISOLDE on-line isotope separation facility [D2.2]; demonstration of sub-Doppler resolution and enhanced
isomer selectivity using the PI-LIST; selection of the optimal laser ionization schemes for actinium and protactinium; new experimental results on IS and HFS of
atomic transitions in actinides (WP4&5).

Planned secondment(s): JGU (Klaus Wendt) — M9-10 — training and study of PI-LIST at RISIKO mass separator; TRIUMF (Jens Lassen) — M 15-16 — training
and study of LIST operation at the ISAC facility; JGU (Klaus Wendt) - M21-22 — laser ionization studies of actinides.

Enrolment in Doctoral degree: JGU Institute of Physics under the supervision of Prof Klaus Wendt

Duration:
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Start:

ESR3 M6

CERN Y D2.4

Project title: Target developments for extraction of actinides from thick ISOL targets followed by laser-induced molecular break-up and/or ionization. (WP2:
Novel techniques and technologies for actinide research)

Objectives: Study and optimize the reaction conditions required to create volatile molecular species of refractory elements in general and actinides in particular.
Develop a dissociation scheme for the provision of atomic species suitable for efficient laser ionization or in-source laser spectroscopy.

Expected results: Extraction of radiogenic actinide elements from an ISOL target and delivered in atomic form to the users. Determine the production yield and
purity of the beams and report the new beam availability to the community.

Planned secondment(s): JGU (Christoph E. Dillmann) — M8-10 — working on the sample preparation to be used for the actinide molecular release studies;
TRIUMF (Thomas Day Goodacre, Peter Kunz) — M15-17 — Extraction of actinides from thick targets at the ISAC facility. Participation in activities around
radioactive ion beam development involving actinide beams and molecular beam extraction. Gaining experience in radioactive detection techniques used to assess
the quantity and quality of the produced isotopes.

Enrolment in Doctoral degree: JGU in the Department of Chemistry under the supervision of Prof Christoph E. Diillmann




