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Implementation and Initial Results ~ §G@ADE

ion and Laser Spectroscopy

(see R. Heinke’s talk
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SnS beam 37K AcF beams

KRR K X

ISOLDE’s new
high-resolution laser ion source PI-LIST

Nuclear structure investigation
and isomer-pure beams

Reinhard Heinke svsmiip, cern
for the PI-LIST collaboration

LISA - Laser lonization and Spectroscopy of Actinides.
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X X X KRR K X

== The PI-LIST Laser Ion Source at ISOLDE: ﬁ

22 elements: Dy, Cd, Al TI, Tb, U, Gd, Te, Ac, As, Ga, Po, Zn, Sb, Be, Ca, o s e
In, Cu, Mg, Sn, Ni, Cr (scheme dev) e

29 out of 36 weeks (18 weekends)-> operation, physics & developments
50% of physics runs (~55% of the approved shifts)

ISOLDE’s new
high-resolution laser ion source PI-LIST

Nuclear structure investigation
and isomer-pure beams

(see R. Heinke’s talk

Reinhard Heinke svsmiip, cern
for the PI-LIST collaboration

and A. Jaradat’s poster)

LIST (suppression factors and yields), 1.7GeV yields (

)
—> First time without the usual support from Gatchina... i o |

//(/“ TR LISA - Laser lonization and Spectroscopy of Actinides. et
CERN @ : } This Marie Sklodowska-Curie Action (MSCA) Innovative Training Networks (ITN) receives funding from the 3
= European Union’s H2020 Framework Programme under grant agreement no. 861198 LASER IONISATION AN SPECTROSCIOPY OF ACTINDES
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Launch to GPS/HRS

Stabilization systems
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The Line-up - Lasers

/Fiber link to 508 CRIS laser lab

Seeded
. | 1 tripling l— ring Ti:§g}
Ti:Sa |

Ti:Sa P——-
Ti:Sa L___

tripling




The Line-up - Lasers

/Fiber link to 508 CRIS laser lab

Seeded
. | 1 tripling l— ring Ti:§g}
Ti:Sa |

Ti:Sa P——-
Ti:Sa L___

tripling




The Line-up - Lasers

/Fiber link to 508 CRIS laser lab
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/Fiber link to 508 CRIS laser lab
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The Line-up - Lasers

6 tunable lasers, 1 NB seeded laser, 5 Nd:YAG/YVO, lasers

/Fiber link to 508 CRIS laser lab
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The Line-up - Lasers

6 tunable lasers, 1 NB seeded laser, 5 Nd:YAG/YVO, lasers
/Fiber link to 508 CRIS laser lab

;_ Ti-Sa I__|—— tripling l— riieeﬁ?d
| Tisa f—
E Ti:Sa l_ tripling | J[_l

:

Laser failures:

- 100W Edgewave (dye pump) lost
power, deteriorated beam shape

- Blaze power supply failure -
standard component, easy to replace

- NO downtime due to laser failures!
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The Line-up — Team members

Bruce Marsh
Section leader SY-STI-LP
Since 2022,
Replacing Valentin

Valentin Fedosseev
Honorary Staff member
since May 2022

Reinhard Heinke
Fellow

Katerina Chrysalidis
Staff since May 2022
RILIS team leader,
Replacing Bruce Cyril Bernerd
KU Leuven post-doc

Asar Jaradat
LISA-ITN ESR

Ralitsa Mancheva
Doct student

Isabel Hendriks
Tech student

Finished this year
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High ion throughput source

 Investigations of laser ion survival at high ion loads

« Symptoms: at (high) total ion current laser ion extraction efficiency
reduces!

* Main interest: MEDICIS - short collection times with high ion currents

« Establishment of procedure for determining limits

« Laser enhancement tests with Sm and K contamination

» Visible effects in enhancement factor & time structure
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High ion throughput source

 Investigations of laser ion survival at high ion loads

« Symptoms: at (high) total ion current laser ion extraction efficiency
reduces!

* Main interest: MEDICIS - short collection times with high ion currents

» Establishment of procedure for determining limits

« Laser enhancement tests with Sm and K contamination

» Visible effects in enhancement factor & time structure
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High ion throughput source

 Investigations of laser ion survival at high ion loads

« Symptoms: at (high) total ion current laser ion extraction efficiency
reduces!

* Main interest: MEDICIS - short collection times with high ion currents

» Establishment of procedure for determining limits

« Laser enhancement tests with Sm and K contamination

» Visible effects in enhancement factor & time structure

Laser enhancement factor
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High ion throughput source

 Investigations of laser ion survival at high ion loads

« Symptoms: at (high) total ion current laser ion extraction efficiency

reduces!

* Main interest: MEDICIS - short collection times with high ion currents

» Establishment of procedure for determining limits

 Laser enhancement tests with Sm and K contamination
* Visible effects in enhancement factor & time structure

Re ion source, ® =5.1 eV

W ion source, ® = 4.53 eV

4.0 - a5
® 2050°C ® 2000°C
® 2090°C 4048 e ® 2050°C

N 351 @ ¢ e 2140°C s . e 2100°C
< og ® 2160°C S 35 . ® 2150°C
© () 8 o
2307 P ea T = 2200°C
g [ < ) ® 2250°C
° £ 3.0
qE; ° ] °
g 2.5 ° e
© ® 2.5 .
£ ° ¢ £ g
W 2.0 [ ] [ ] W
g o ° |o g 2.0
2 L] ] ° [ L]
- - ([ ]
e ° °
1.5 - 1 o 154
[ ] . ® °
) ] o ° o

1.0 : - : : . 1.0 T 2 - - ; %

0 100 200 300 400 500 600 50 100 150 200 250 300

Total ion current (nA)

Total ion current (nA)

Time structure measurements

Component from ions
from the back of the
source clearly disappears
at high ion load
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High ion throughput source

 Investigations of laser ion survival at high ion loads

« Symptoms: at (high) total ion current laser ion extraction efficiency

reduces!

* Main interest: MEDICIS - short collection times with high ion currents

» Establishment of procedure for determining limits

 Laser enhancement tests with Sm and K contamination
* Visible effects in enhancement factor & time structure

Re ion source, ® =5.1 eV

W ion source, ® = 4.53 eV
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- to be tested early next year: NEW design with magnet around the ion source & VAD(LI)IS with variable extractor plates
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Limits of the "classical’ laser ion source for medical radioisotope
production

High ion throughput source

 Investigations of laser ion survival at high ion loads

« Symptoms: at (high) total ion current laser ion extraction efficiency
reduces!

* Main interest: MEDICIS - short collection times with high ion currents

» Establishment of procedure for determining limits

« Laser enhancement tests with Sm and K contamination

» Visible effects in enhancement factor & time structure

See poster by R. Mancheva
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Pulsed heating

« “Small project” funding secured by R. Heinke, collaboration with SY-ABT-PPE

» Pulsed lasers "imprint” time structure

« DC heating of ion source leads to potential drop along the source - guiding ions
towards extraction field

* Introduce duty cycle to heating - same average power but pulsed




Pulsed heating

« “Small project” funding secured by R. Heinke, collaboration with SY-ABT-PPE

» Pulsed lasers "imprint” time structure
« DC heating of ion source leads to potential drop along the source - guiding ions

towards extraction field
* Introduce duty cycle to heating - same average power but pulsed

Time of Flight of Laser lons
—— Continuous heating
—— Pulsed heating with 50% duty cycle
—— Pulsed heating with 25% duty cycle
—— Trace measured on experimental setup
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Pulsed heating

« “Small project” funding secured by R. Heinke, collaboration with SY-ABT-PPE

» Pulsed lasers "imprint” time structure
« DC heating of ion source leads to potential drop along the source - guiding ions

towards extraction field
* Introduce duty cycle to heating - same average power but pulsed
« Stronger voltage gradient, synced with laser pulses - enhance extraction of laser

over surface ions ?
« Technical difficulties: transmit high current over long cables with 10kHz duty cycle

Time of Flight of Laser lons
—— Continuous heating
—— Pulsed heating with 50% duty cycle
—— Pulsed heating with 25% duty cycle
—— Trace measured on experimental setup
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Pulsed heating

“Small project” funding secured by R. Heinke, collaboration with SY-ABT-PPE
Pulsed lasers "imprint” time structure

DC heating of ion source leads to potential drop along the source - guiding ions
towards extraction field

Introduce duty cycle to heating - same average power but pulsed

Stronger voltage gradient, synced with laser pulses = enhance extraction of laser
over surface ions ?

Technical difficulties: transmit high current over long cables with 10kHz duty cycle

Time of Flight of Laser lons

—— Continuous heating

—— Pulsed heating with 50% duty cycle
—— Pulsed heating with 25% duty cycle
—— Trace measured on experimental setup

# particles
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-
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o

Time of Flight of surface ions

# particles
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Time [us]

Enhancing ISOLDE beam purity by ion bunch width compression =N @ &
via fast heating of the RILIS ion source N2
2 75
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See poster by |. Hendriks




Single mode Raman laser — first use at OL2

« Diamond Raman laser development since 2019
« Can be used for shifting wavelength up

—> currently working on Z-cavity with Brewster cut diamond for
improved performance
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« Diamond Raman laser development since 2019
« Can be used for shifting wavelength up
—> currently working on Z-cavity with Brewster cut diamond for
improved performance
» Can be used as linewidth converter
* Linewidth reduction to ~100MHz
« Scanning of the laser through thermal expansion of the
crystal (heating)




Single mode Raman laser — first use at OL2

« Diamond Raman laser development since 2019 -

« Can be used for shifting wavelength up 515l
- currently working on Z-cavity with Brewster cut diamond for ~ %_|

improved performance e

Can be used as linewidth converter

Linewidth reduction to ~100MHz

Scanning of the laser through thermal expansion of the
crystal (heating)
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Eduardo Granados and Georgios Stoikos, Opt. Lett. 47,
3976-3979 (2022); https://doi.org/10.1364/0L.464816
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Single mode Raman laser — first use at OL2

« Diamond Raman laser development since 2019
« Can be used for shifting wavelength up
—> currently working on Z-cavity with Brewster cut diamond for
improved performance
» Can be used as linewidth converter

* Linewidth reduction to ~100MHz
« Scanning of the laser through thermal expansion of the

crystal (heating)
« First application at Off-Line 2 with PI-LIST, %2Sm scanned

S
NS \‘~_~fl(



Single mode Raman laser — first use at OL2

1.0

« Diamond Raman laser development since 2019
« Can be used for shifting wavelength up

—> currently working on Z-cavity with Brewster cut diamond for
improved performance

o
o

0.6

lon current (pA)

» Can be used as linewidth converter
« Linewidth reduction to ~100MHz
« Scanning of the laser through thermal expansion of the P ems  moms w07 308 230403

Raman WN (cm”-1)

crystal (heating)
« First application at Off-Line 2 with PI-LIST, %2Sm scanned
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Single mode Raman laser — first use at OL2

« Diamond Raman laser development since 2019
« Can be used for shifting wavelength up
—> currently working on Z-cavity with Brewster cut diamond for
improved performance
» Can be used as linewidth converter
» Linewidth reduction to ~100MHz

« Scanning of the laser through thermal expansion of the
crystal (heating)

« First application at Off-Line 2 with PI-LIST, %2Sm scanned
- So far: laser not single mode throughout scan
« Spectrum sorted by filtering wavemeter readouts
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Single mode Raman laser — first use at OL2

« Diamond Raman laser development since 2019
« Can be used for shifting wavelength up

—> currently working on Z-cavity with Brewster cut diamond for
improved performance

 (Can be used as linewidth converter
 Linewidth reduction to ~100MHz

« Scanning of the laser through thermal expansion of the
crystal (heating)

« First application at Off-Line 2 with PI-LIST, %2Sm scanned
- So far: laser not single mode throughout scan

« Spectrum sorted by filtering wavemeter readouts

1.0

o
o

0.6

lon current (pA)

, ' et
| eEe N
T A
e V0 _:,,r;
oL ’
23040.5 23040.6 23040.7 23040.8 23040.9

lon current (A.U.)
=)
[e:]

Raman WN (cm”-1)

!

x10-12

—— Saturated Lorentzian fit

FWHM=051GHz == P

-6 Y -2 0 2 4
Avs (GHz)

a5
SZA \‘~-fflf

Plot provided by G. Stoikos




Single mode Raman laser — first use at OL2

« Diamond Raman laser development since 2019
« Can be used for shifting wavelength up

—> currently working on Z-cavity with Brewster cut diamond for
improved performance

 (Can be used as linewidth converter
 Linewidth reduction to ~100MHz

« Scanning of the laser through thermal expansion of the
crystal (heating)

« First application at Off-Line 2 with PI-LIST, %2Sm scanned
- So far: laser not single mode throughout scan
« Spectrum sorted by filtering wavemeter readouts
* Further developments and improvements required

« Scanning too slow

* Introduction of second scanned parameter for remaining SM

» Filtering of data can work BUT in experiment data could be
mistrusted

» Problems due to pump beam size and burning of surface
(new geometry?)
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Single mode Raman laser — first use at OL2

« Diamond Raman laser development since 2019
« Can be used for shifting wavelength up

—> currently working on Z-cavity with Brewster cut diamond for
improved performance

e (Can be used as linewidth converter

Linewidth reduction to ~100MHz

Scanning of the laser through thermal expansion of the
crystal (heating)

First application at Off-Line 2 with PI-LIST, %2Sm scanned

- So far: laser not single mode throughout scan
« Spectrum sorted by filtering wavemeter readouts
* Further developments and improvements required

Scanning too slow

Introduction of second scanned parameter for remaining SM
Filtering of data can work BUT in experiment data could be
mistrusted

Problems due to pump beam size and burning of surface
(new geometry?)

See poster by G. Stoikos/ E. Granados




Light generation for Ag at CRIS

» Collaborative effort with CRIS to generate light at 328nm
« Option 1: frequency mixing of 532nm SM with seeded ring Ti:Sa laser
« Construction of frequency mixing unit at RILIS

Photos/data by M. Urquiza

LISA - Laser lonization and Spectroscopy of Actinides. —le

This Marie Sklodowska-Curie Action (MSCA) Innovative Training Networks (ITN) receives funding from the 10
European Union’s H2020 Framework Programme under grant agreement no. 861198 AR IONEATON AN SPECTROSCRY OF ACTIDE

Y
9O W
SZA \‘~-fflf




Light generation for Ag at CRIS

« Collaborative effort with CRIS to generate light at 328nm
« Option 1: frequency mixing of 532nm SM with seeded ring Ti:Sa laser
« Construction of frequency mixing unit at RILIS

Photos/data by M. Urquiza
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Light generation for Ag at CRIS

« Collaborative effort with CRIS to generate light at 328nm

« Option 1: frequency mixing of 532nm SM with seeded ring Ti:Sa laser
« Construction of frequency mixing unit at RILIS
« Set-up in CRIS with seeded Ti:Sa for mixing

Photos/data by M. Urquiza
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Light generation for Ag at CRIS

« Collaborative effort with CRIS to generate light at 328nm

Option 1: frequency mixing of 532nm SM with seeded ring Ti:Sa laser
« Construction of frequency mixing unit at RILIS
« Set-up in CRIS with seeded Ti:Sa for mixing
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Light generation for Ag at CRIS

« Collaborative effort with CRIS to generate light at 328nm

Option 1: frequency mixing of 532nm SM with seeded ring Ti:Sa laser
« Construction of frequency mixing unit at RILIS
« Set-up in CRIS with seeded Ti:Sa for mixing
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Light generation for Ag at CRIS

« Collaborative effort with CRIS to generate light at 328nm

Option 1: frequency mixing of 532nm SM with seeded ring Ti:Sa laser
« Construction of frequency mixing unit at RILIS
« Set-up in CRIS with seeded Ti:Sa for mixing
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Light generation for Ag at CRIS

« Collaborative effort with CRIS to generate light at 328nm
« Option 1: frequency mixing of 532nm SM with seeded ring Ti:Sa laser
« Construction of frequency mixing unit at RILIS
« Set-up in CRIS with seeded Ti:Sa for mixing
Option 2: Pulsed dye amplifier seeded by cw laser
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Light generation for Ag at CRIS

Collaborative effort with CRIS to generate light at 328nm

Option 1: frequency mixing of 532nm SM with seeded ring Ti:Sa laser
« Construction of frequency mixing unit at RILIS
Set-up in CRIS with seeded Ti:Sa for mixing

Option 2: Pulsed dye amplifier seeded by cw laser

« Collaboration with Hibner Photonics (Mitzi Urquiza - LISA ESR)
OPO CW laser shipped to CERN and tested as seed (C-Wave GtR)
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Light generation for Ag at CRIS

« Collaborative effort with CRIS to generate light at 328nm
« Option 1: frequency mixing of 532nm SM with seeded ring Ti:Sa laser
« Construction of frequency mixing unit at RILIS
« Set-up in CRIS with seeded Ti:Sa for mixing
« Option 2: Pulsed dye amplifier seeded by cw laser
« Collaboration with Hibner Photonics (Mitzi Urquiza - LISA ESR)
« OPO CW laser shipped to CERN and tested as seed (C-Wave GtR)
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Light generation for Ag at CRIS

« Collaborative effort with CRIS to generate light at 328nm P - b 7
Option 1: frequency mixing of 532nm SM with seeded ring Ti:Sa laser } 7 W SRS '
Construction of frequency mixing unit at RILIS ./
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Light generation for Ag at CRIS

« Collaborative effort with CRIS to generate light at 328nm
« Option 1: frequency mixing of 532nm SM with seeded ring Ti:Sa laser
« Construction of frequency mixing unit at RILIS
« Set-up in CRIS with seeded Ti:Sa for mixing
« Option 2: Pulsed dye amplifier seeded by cw laser
« Collaboration with Hibner Photonics (Mitzi Urquiza - LISA ESR)
« OPO CW laser shipped to CERN and tested as seed (C-Wave GtR)
« Compared to seeding with Matisse cw dye laser
. PPA used for Ag laser spectroscopy at CRIS in May
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Cr laser scheme development

« Cr laser ionization scheme developed in 2016 - utilizes mainly dye lasers
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Cr laser scheme development

» Crlaser ionization scheme developed in 2016 - utilizes mainly dye lasers S — UL
* Develop new scheme based on TiSa laser transitions s

- Currently on-going, last development of this year T
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Cr laser scheme development

» Crlaser ionization scheme developed in 2016 - utilizes mainly dye lasers
» Develop new scheme based on TiSa laser transitions
- Currently on-going, last development of this year
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Cr laser scheme development

» Crlaser ionization scheme developed in 2016 - utilizes mainly dye lasers S — UL
* Develop new scheme based on TiSa laser transitions s
- Currently on-going, last development of this year e
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Cr laser scheme development

» Crlaser ionization scheme developed in 2016 - utilizes mainly dye lasers

» Develop new scheme based on TiSa laser transitions

- Currently on-going, last development of this year
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Operation and new development at the
MELISSA laser lab in MEDICIS

C. Bernerd, J. Suolinna, R. Mancheva, R. Heinke, J. Johnson,

l’iﬂ“‘5 K. Chrysalidis, B. Marsh, T. E. Cocolios, R. Rossel, L. Lambert, T. Stora.
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Contact us

- KU Leuven Post-Doc position to work on MELISSA
- https://www.kuleuven.be/personeel/jobsite/jobs/60171404

- PhD Student projects on
- Laser development for resonance laser ionization
- Laser lon source developments
- High resolution laser spectroscopy of Lanthanides



https://www.kuleuven.be/personeel/jobsite/jobs/60171404

Thank you for
your attention!



