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ENSAR-JRA3: Tasks & deliverables m}_ E«g‘ggé

Our objective is to bring together the expertise in the European
Community to improve the low energy beam preparation and
manipulation of Radioactive lon Beams (RIB) and, furthermore, to go
beyond the state-of-the-art in spectroscopic tools used in studies
with RIB’s. The developments proposed include the utilization of
both lasers and ion traps will not only benefit several Large Scale
Facilities existing today but also those of tomorrow.

Task 1: Novel radioactive ion beam production techniques

D-JRA03-1: Report on new schemes and novel laser ion source
techniques (month 48).

Task 2: Advanced ion beam manipulation, spectroscopic
techniques and instrumentation

D-JRA03-2: Report on new ion manipulation methods,

spectroscopic techniques and novel instrumentation (month 48).

Task 3: Sources of Pure and Intense Radioactive lon beams

D-JRAO03-3: Report on novel techniques for the production and
selection of ECR-ionized radioactive ion beams (month 44)
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NSRS
Task 1: Novel radioactive ion beam Iit‘\l *!é‘}fég
production techniques (KU-Leuven - leader) o

" Laser ionization, manipulation in gas cells,
new ionization zones, isomer selectivity with lasers & traps,..”’

Subtask 1.1 (KU-Leuven): New LIS techniques (ion
manipulation with DC electrical fields in gas cells, new resonance
ionization zones in RILIS) and novel methods for the collection of
fusion reaction products with half-lives beyond 100 ms

Subtask 1.2 (Mainz): New LIS schemes (including atomic
level searches in elements with unknown level schemes)

Subtask 1.3 (CERN): Isomer selectivity using the
combination of lasers and ion traps

KATHOLIEKE UNIVERSITEIT A a
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Task 2: Advanced ion manipulation, [ﬂhﬂygg
spectroscopic techniques and instrumentation o
(JYFL - leader)

" " Collinear RIS, in-source vs. in-jet, optical manipulation, .."’

Subtask 2.1 (KU-Leuven): Investigation of optimized open trap structures and
development of related dedicated novel detection setups for decay spectroscopy
with ion traps

Subtask 2.2 (Manchester): Development and demonstration of collinear
resonance ionization spectroscopy coupled to a gas-filled RF cooler facility

Subtask 2.3 (JYFL): In-source spectroscopy in a gas cell environment and
development of laser spectroscopy in a gas jet environment

Subtask 2.4 (Manchester): Optical manipulation of radioactive ions in gas-filled
RF coolers leading to population of specific ionic states and nuclear polarizations

Subtask 2.5 (CSNSM): Efficient transport (variable energy, beam distribution,
reduced temporal pulse structure) of the highest intensity short-lived exotic species

MANCHESTER
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Task 3: Sources of pure and intense RIBs m\n!é‘géi
(GANIL - leader) T

" " Innovative techniques for the production of radioactive beams of
high purity by ionization in ECR sources and charge breeders”’

Subtask 3.1 (GANIL): Production and purification techniques for
ECR-ionized radioactive beams:
*Molecular beams for the production of pure beams of
condensable elements
*Purification methods of n+ beams

Subtask 3.2 (LPSC): Compact and integrated target—ECR source
systems.

Subtask 3.3 (JYFL): Development of radiation-hard ECR 1+ or n+
sources.

¢

ITY OF JYVASKYLA
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Status: June 2013 m\n!é‘g‘gi

Hiring & expenditure

* Manchester: A post doc hired in the beginning of 2013

JYFL: A post doc started on May 2013

ISOLDE: A technical person will be hired in the second half of 2013
Mainz: 10 month of PhD paid (50%). 80 % of EU contribution spent
GANIL: Expected expenditures 44.2k€; allocated 45k€

TASK 1

e Continuous development of new laser ionization schemes

* JYFL: The new IGISOL-4 facility commissioned

e Successful combination of RILIS and MR-TOF-MS for in-source spectroscopy

TASK 2

e CRIS project commissioned and isomeric beam production demonstrated
e JYFL: laboratory move finished and facility back online. In-gas-jet
spectroscopy demonstrated

TASK 3

* GANIL: Phoenix charge breeder upgrade almost completed
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Task 1.2: New laser ionization schemes WE.s!é!ggi

Development of an efficient laser ionization scheme for Pd

in support of ISOLTRAP
M/PZSSAH
* Known schemes rather inefficient g 0d A=
* Combine highest efficiency and element selectivity %049

Very little information on auto-ionizing states
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Courtesy of Klaus Wendt and the LARISSA group
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Heavy elements & new schemes: Actinium
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PREMAS highlight: Astatine
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Measurement of the first ionization potential
of astatine by laser ionization spectroscopy

ARTICLE
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Cg '@/ Target ' * Targeted a therapy for
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00 3 i % o Laser beams cancer treatment
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* 4 PREMAS institutes involved

Highlight talk by S. Rothe (Wed.)
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In-source laser spectroscopy at ISOLDE

84806.31 cm”™

673.90 nm

-1 2
dye laser 69971.39 cm 8d “D,,
306.63 nm
6p °P
37358.99 cm™! 2
267.67 nm
Narrowband Ti:Sa
laser 4
Ocm 6s 281,2
Aul

New: dye and Ti:sa laser combination

3 detection methods for ions

Measured in 2012: Po, At and Au isotopes

-Extremely sensitive <0.1 s
-Highly selective

\(using alpha energy)

RILIS
I

(- )

ISOLDE Faraday cup

-For long lived isotopes with

high production rates
\-Sensitive to sub pA currents y
(Alpha detection ‘Windmill’ )

ISOLTRAP MR-TOF

- Very low detection limit
- Highly selective

(using TOF differences)

\_

/NEW Technique used during 2012:

19914

)TRAP

—

\__ ~ J\

I.D. Moore, ENSAR Town Meeting, 18 June 2013, Warsaw



NS AR
Task 1.1: New LIS techniques mﬂé‘ﬁi

Laser lon Source Trap (LIST)...a quest for PURE RIBs

E Schwellnus et al., Rev. Sci. Instrum.
81 (2010) 024515

1.D. Moore et al., AIP Conf. Proc. 831 (2006) 511
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Laser Ton Source and Trap (LIST):

on-line at ISOLDE (2012)

LIST device

RF
terminals

lon
repeller

» LIST was successfully tested with UC, target
» Suppression studied in Na, Al, K, Fr, U isotopes

» Laser ionization of radioactive Mg and Po in LIST

Beta Intensity (uC™")

10?

RILIS

lonization and suppression of
contaminants by LIST:

10°
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No loss of performance over 5 days
Suppression factors varied from 1000 to 10000
Loss factor RILIS vs. LIST: L =20
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Suppression of Fr; study of Po
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Courtesy of Thomas Cocolios & Daniel Fink
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Task 1.3: In-source spectroscopy with
MR-ToF ion detection

RILIS| Multi-Reflection Time-of-Flight Mass Analyser
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g w4k - e 207
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o L
*  MR-ToF MS offers a way to =
separate background for direct single-
ion detection using MCP (time scale: 0 : . : . :
46233 46233.6 46234.2 46234.8
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R. N. Wolf et al., Nucl. Instr. and Meth. A 686, 82-90 (2012), (MR-TOF)
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Task 2.2: The CRIS experiment El“i:!é!!ﬁé

MANCHIGIER LEUVEN Charge exchange cell bunched ion beam

Doppler tuning 7N from ISOLDE
UHV interaction Voltage applied <3l
region — P NG Stable beam
L\ 1= from off line

ion source

Y
er

The Universit
of Manchest

MCP: ion
detection

Ge detectors .
= Y

Si detectors

Laser
beam

PMT: fluorescence IP

detection

N
P

1064 nm

‘Decay spectroscopy station 8p3n

 Combining high-resolution of collinear beams, with
high sensitivity of in-source

* Nuclear observables (spin, moments, isotope shifts) 422684 om

e Can separate ground state from isomers:

7p3n

717.875 nm

7s112
— Decay spectroscopy on pure isomeric beams lonization scheme of Fr
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CRIS and isomerically pure beams
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* CRIS performed on francium isotopes in August and October 2012
* Laser assisted nuclear decay spectroscopy performed on 2048mLm2Ey
e Successful production of isomeric beams

* Francium isotopes measured:

202,203,204,205,207,211 .
Fr Courtesy of Kieran Flanagan

218,219, 220,221,229,231|: r

I.D. Moore, ENSAR Town Meeting, 18 June 2013, Warsaw



\ ﬁ;’" =¥
Task 2.3: Development of laser m&g‘ﬁi
spectroscopy in a gas jet

Hot cavity * Line broadening effects substantially reduced
(ISOLDE),, 1
5000 Gas jet| | Gas cell Hot cavity
\ — 4500 | 327.4 nm 4s°S,,, - 4p?P,, (Cu) /
( | | 4000 /
Sl e 3500
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£ /

352500 /
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§ 2000
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eam . g /
1000 7
& | / 3.3 MHz //
o b /| 500 +—— 200 MH
— 0
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(thin foil)

Yu. Kudryavtsev et al., NIMB 297 (2013) 7
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Free jet spectroscopy at JYFL (Dec. 2012) m&gﬁi
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I.D. Moore et al., EMIS, submitted to NIMB (2013) v - 915 423.95 (GHz)
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KATHOLIEKE UNIVERSITEIT

Atomic Beam Unit
Atomic

In-jet spectroscopy at LISOL

Towards extraction RFQf

v 90° bent RFQ
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Task 3.1: Phoenix charge breeder upgrade

and other activities

mi:' ARY

(@=P N P&

laboratoire commun CEA/DSM

Improving on beam purity

e Al plasma chamber and UHV
design

* Optimized extraction optics

Improving capture efficiencies
* Remote-controlled injection tube

* Modified HF injection for 2 RF
heating

* Phoenix charge breeder upgrade almost completed

v" Assembly started

v’ First off-line test (vacuum) forseen for Dec. 2013

* Jonization of carbon beams — tests at LPSC Grenoble and GANIL
v' Capture, break-up and multi-ionization of CO,*, CO* in LPSC/Phoenix
v Results to be presented at ICIS 2013 conference
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Tracking of milestones & outlook

O = Milestones finished

25

20

15

10

Milestones tracking

=&—Planned

== Realized

T T 1

0 20 40 60
Months

Milestone Work
Milestone name package |Exp.date | Means of validation
number H
involved
Production of new and/or higher quality beams New beams produced
M-JRA03-1.1 | of short-lived radioactive isotopes using the | JRAO3 e P
new LIS techniques
On-line validation of the separated Prototype constructed
M-JRA03-1.2 thermalisation/ionization concept in buffer gas | JRA0O3 and te?t)e d ondine
cells
M-JRA03-1.3 Reduction of beam contaminations in the gas JRAO3 48 Clean beams produced
cell approach and used
M-JRA03-1.4 New ionization schemes per 12 months JRAO3 1@‘ E’gf&?}g:nng annual
. . -
Spectroscopy of isomerically enhanced beams Result from on-line
M-JRA03-1.5 demonstrated with gas cell, hot cavity and JRAO3 48 experiment
traps p
lon trap beta
New trap beta spectrometer characterized and spectrometer
M-JRA03-2.1 experiment performed JRA03 36 constructed and tested
on-line
M-JRA03-2.2 Collinear RIS demonstrated with a stable JRAO3 @ ResuI‘t from off-line
beam experiment
M-JRA03-2.3 First on-line rgsults using collinear RIS to JRAO3 @ Resul_t from on-line
study rare Fr isotopes experiment
Demonstration of on-line resonance ionization Results from on-line
M-JRA03-2.4 spectroscopy in a gas cell and gas jet JRAO3 8 experiment
environment p
M-JRA03-2.5 Optical manipulation demonstrated on-line with JRAO3 36 Result fro_m on-line
several elements experiment
M-JRA03-2.6 | Polarization achieved JRAO3 48 Res;‘:;;i’; o fine
M-JRA03-2.7 DeS|gn document on the scherr)esl forlelement- JRAO3 30 Report on the selected
selective transport and beam distribution scheme
Radioactive beams of condensable elements: Report on the
M-JRA03-3.1 evaluation of ECR- ionization methods for JRAO3 @ evalur;tion results
GANIL / SPIRAL 1
. . Report on the coupling
M-JRA03-3.2 Iunr:ieigratlon of COMIC into the ISOLDE TIS JRAO3 of COMIC. 1o the
ISOLDE TIS units
ECR-ionization of molecular beams at GANIL Results from off-line
M-JRA03-3.3 and ISOLDE for the production of pure beams | JRAO3 36 and /or on-line tests with
of condensable elements molecular beams
M-JRA03-34 | Design of ARC-ECRIS radiation hard source | JRAO3 G Report on the design of
ECRIS performances report: projection from Report on the
M-JRA03-3.5 studies; results from off-line tests and possible | JRAO3 42 performances of the

on-line experiments

different ECRIS

* No new milestones since 18mth
report (PCC November 2012)

« Stilll ahead of the schedule

* Outlook: complete the
remaining milestones!
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Task 1.2: New laser ionization schemes
RILIS and calcium RILIS
I

Scheme development using a combination of Ti:Sapphire and dye lasers

Strong transitions to auto-ionization states are found by

- -1 .
EtGhicn — scanning the wavelength of 3" step dye laser:
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Wavenumber (cm ) Wavenumber (cm™)
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New schemes and Rydberg spectroscopy

e
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610-630 nm

273 nm
312-335nm

46,234 cm™!

44 549 cm™!

75,151 cm™!

~ 58,805 cm™!
57,277 cmr!
57,268 cmi™!

57,157 cm!

£

c

-

&
6p - 0cm™!
a — b —
"—w 1.0F B 'a 6.-
g | | 199 g 4l
= R
= o5} ] At | & 7|
5 S 2t
3 1 3 I

00F , ¥ © o ¥

46,231 46,234
Wavenumber (cm™1)

44 548 44 552
Wavenumber (cm™)

lon current (pA)

o

_1)

Wavenumber (cm

m\n' _‘"4!

aof T T A 56 _

i

of M«’MM y J UW t'\ / JMWM
B

i T

Principal quantum number, n

IP (At) =9.31751(8) eV
Highlight talk by S. Rothe (Wed.)

S. Rothe et al., Nature Comm. DOI 10.1038/ncomms2819
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1.0
Addition of a second etalon into the Ti:sappl _os FWHM = 6.6 GHz
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laser spectroscopy gzo:o_ RITE 1 et |
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Higher efficiency; higher repetition rate

KU Leuven — Mainz — GANIL — Orsay — JYFL — RIKEN - Dubna

Gas Inlet

>°Cu (T,/,=81.5 3)
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S
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5
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* Efficiency comparison between laser systems 2 400
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. 2004
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R. Ferrer-Garcia, V. Sonnenschein et al., NIM B 291 (2012) 29 0 2 4 6 8 10
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Development of narrowband pulsed y
Ti:sapphire lasers (~5 GHz 1o <20 MHz) (2

UNIVERSITY OF JYVASKYLA

¢

—————————————— 1 Output to experiment
pulsed Injection-locked ! (~5-20 MHz)
Nd-YAG ., - :
Ti:sa cavity I
pump laser I

Glass plate
Aenuator optical isolator

| N

Brewster Plates
TEM LaselLock

[
digital '
8 'z
I‘
PSD [ fast switched
| photodiode
PD ?qugnal I Ti:sa crystal : amplifier Mode-
PR DRSS matching
J telescope
pra

- : \—W\/\/
Sirah Matisse TS . 35m single mode fiber

cw-Ti:sa
~60 kHz linewidth ' * To be developed further under ENSAR-2
T. Kessler et al., Laser Phys. 18 (2008) 842 Courtesy of V. Sonnenschein

I.D. Moore, ENSAR Town Meeting, 18 June 2013, Warsaw



® Multi-reflection time-of-flight mass separator at the
ISOLTRAP experiment
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Support Penning-trap mass spectrometry MR-TOF plus detector as stand-alone system
Mass measurements get access to beams with The MR-TOF offers a way to separate
minute production rates, tens of ms half-lives background for direct single-ion detection
and high suppression of contaminants due to: using MCP (time scale: tens of ms)

» auxiliary isobaric purification

» fast purification » direct mass measurements
» accumulating of ion of interest » in-source spectroscopy

4 -
R. N. Wolf et al., Nucl. Instr. and Meth. A 686, 82-90 (2012) l%"‘_a‘
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Recent results at ISOLTRAP
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