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New lasers and equipment upgrades
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Improving access to the full spectral range

4w Ti:Sa 3w Ti:Sa 2w Dye 2w Ti:Sa UV pumped Dye Dye Ti:Sa

210-230nm230-270 nm 300-350nm 350-475 nm 475-550 nm 550-700 nm 700-950 nm
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RILIS spectral range
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Better spectral resolution

PI-LIST
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Improved selectivity

Laser lon Source and Trap (LIST) - ongoing development
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lon source R&D

New Offline 2 Lab

bdzaicio
MELISSA laser lab




New collaborations

\ll

This Marie Sklodowska-Curie Action (MSCA) Innovative
Training Networks (ITN) receives funding from the European
Union’s H2020 Framework Programme under grant
agreement no. 861198

LASER IONISATION AND SPECTROSCOPY OF ACTINIDES

PRISMAS-MAP (mediso-sepa) H2020
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RILIS 2021

3 TiSa pump lasers

-1 CREDO exchanges
for 2 LIOPTEC lasers
‘New reference area
*New optical layout
‘Reference cell back In
action

2Nnd beam stabilisation
system

2Nnd set of beam
Imaging cameras
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Dual HRS and GPS operation

Summer student project of Stavrini
Tsangari for 2019.

Reference area was redesigned.

: Extended with separate GPS
and HRS zones.

o Can still use our atomic beam
unit for off-line spectroscopy,

New optics and optomechanics
sourced and purchased.

. Enables better separation and
filtering of reflected reference
beams.
. More reliable imaging for . .
challenging schemes involving ; |
UV and IR light. = Ref. area
Another MRC Systems box (HRS)
purchased to allow 2 additional Ref. area
beams to be stabilized. (GPS)

S. Tsangairri U}éﬁ&ﬁ?@

S. Wilkins
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Diamond Raman lasers at RILIS

Stimulated Raman scattering |nelastic scattering of photons

to achieve coherent generation of Stokes
waves in the medium

Virtual
states

Energy transferred to material is constant and independent of wavelength!!
wo | lwel lwe! we; FoOr diamond: 1332.5 cm-’

High thermal conductivity

N _ | Lowthermal expansion
states { — | — coefficient

High damage threshold
Transparency in WL range of interest

VN
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Raman lasers at RILIS
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Raman lasers at RILIS

Narrowband To enable laser spectroscopy with a laser line width ~ 10x
narrower than is currently possible with RILIS lasers
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Raman status

* Two prototypes were
constructed to work both as

a single mode and as a
broadband l|aser.

A prototype wasinstalled in
RILISin November 2020,

lasing at a 213 mW power.
(With 600 mW pump power)

e Enhancements and

modifications must be done
for proper broadband

operation.

* Single mode operation is

successfully achieved by the
prototype.

D. Echarri
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The PI LIST project
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The PI LIST project

Robust metallic mirrors

Y 4

Adapted extraction electrode

» Transversal reflection by metallic mirror surfaces

» Off-axis guiding of laser through ion beam line

18

R.Heinke



The PI LIST project

Use of existing laser infrastructure - easy mode switching by mirror adjustment

» Full conservation of ,classical” operation modes

1.5 cm
—
|
|
T
L/
]
|
|
|
l
/
|
|
|
|
]

Adjustable
\ J mirrors

~3 m (ISOLDE: = 20m)

Simulation and implementation
successful at JGU for > 1 year

Implementation at ISOLDE:
o Simultaneous change of target and
extractor?

o Designchange — meshed holes?
O

R.Heinke




New LIST capabilities

Both GPS and HRS frontends will be compatible with LIST o Phase splitting and voltage amplification
o Radiation-hard design

o Final tuning to be done before coupling
o No direct monitoring

o Complex manufacturing for every unit
o Non-routine robot handling and storage

o Additional radioactive waste

= Two independent RF supply lines

open up interesting alternatives!

New GPS frontend RF coupling connectors New RF. and gas line
connections on target

side

) R.Heinke
\\_{'« 20



lon current (pA)

=

Laser lon Source R&D

Investigating the ion throughput limit
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Decoupling ‘laser ionization efficiency’ from ‘laser ion source efficiency’

“Instantaneous efficiency measurements”

O

O

Use two independently triggered laser systems

Delay one system by brief time (address same atom ensemble)

Second system will ionize only remaining atoms

Extraction of ionization efficiencies of both systems

Ensemble laser ionization efficiency (%)

(compare with single system ion currents)
w 50% efficiency
@ Q @ @ Q Q 25% efficiency
(1-E1) * S2 + S1 = S142
S1/S2=E1/E>

ONLY efficiency to ionize given ensemble in right state (& starting point)

NOT including evaporation, atomization, survival, extraction, transmission, ...

Sm: = 60 % of addressable atoms ionized at all checked points

Investigate different efficiency component

D o)
T O T T m
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Ul

| § l
-]o ? o
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+ I
Tetli 1 . |
{17 & ? 7
s | |
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® I ¢
2160 °C
2050 °C
100 200 300 400 500 600
Total ion beam current (nA)
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Laser lon Source R&D

Molecular break-up and cold photo-cathode ion source investigation

Photocathode source

VADIS source at ambient temperature
Electron generation by laser, not thermal evaporation

Motivation

onization of fragile molecules
No decomposition on hot surfaces
Diagnostic toolto measure ionization properties

Set up
Tanta!um Cathode Photo-electrons Laser beam
not resistively heated .
Laser properties

(PHARROS)

: Pulse length 265 fs
e Power 4.5 W
Injection Wavelength 343 NM
Rep. Rate 50 kHz
Anode Voltage _
80..300V

J. Ballof, D. Leimbach, B.A. Marsh, A. Ringvall-Moberg, S. Rothe, S.

First Results:
Mass spectrum of Mo(CO)g + Kr

1E-10 I Photocathode
I Direct Laser Breakup

1E-11

1E-12

Beam Current

1E-13

1E-14

100 150 200 250 300
Mass

Two operation modes found

Photo cathode Direct laser breakup

Anode biased Anode off

Magnet 6A Magnet off

Krypton ionized Krypton not ionized
Mo(CO)3 predominant Mo(CO)5 predominant

O @ Gy

23
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RILIS

.

Offline 2 RILIS lab / LISA ITN - i%9%1d&

360 kCHF for laser lab infrastructure in 2021

Laser lon Source R&D at ISOLDE Offline 2 separator
 Laser Equipment is installed and initial ion source tests will begin

this month.
« 2 LISA Fellows started at CERN
 All 15 Fellows recruited network-wide
LASER IONISATION AND SPECTROSCORY OF ACTINIDES httpS //I isa-itn we b cenn. Ch

Bianca Reich

ESR 02
Development of high-resolution in-source hot-cavity RILIS methods for

actinides.
Mia Au

ESR 03
Target developments for extraction of actinides from thick ISOL

targets followed by laser-induced molecular break-up and/or
lonization. : g )

MARIE CURIE ACTIONS

- European
Commission
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The LISA consortium
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Valentin Fedosseev

Section Leader
SY-STI-LP

Bianca Reich
LISA-ITN ESR

I Since Jan 2020

Post LS2 RILIS team

Bruce Marsh

Staff Member
SY-STI-LP

Reinhard Heinke
CERN Fellow
from April 2021

Katerina Chrysalidis

CERN Fellow

Ralitsa Mancheva
TECH Student

Georgios Stoikos
Internship

Eduardo Granados
Staff Member

SY-STI-LP

Daniel Echarri

PhD Student
Singular Light KT project
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