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The complete ISOLDE RILIS
upgrade programme.

The benefits of the new Dual Dye and Ti:Sa RILIS
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The ISOLDE Resonance lonization Laser lon Source

Z- selective ionization and extraction: auto-ionizing state

target ion sourceJ extractor mass separation

ionization potential
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RILIS at ISOLDE PSB since 1994

Chemically selective laser ion-source for the CERN-ISOLDE on-line
mass separator facility
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RILIS operation since 1994

C
8 ® Annually increasing demand for RILIS beams
g ® Feasible ‘hours of operation’ limit reached in 2002
o ® Increase requires greater reliability and a larger laser installation — RILIS UPGRADE
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The 3 stages of RILIS Upgrade

1 The pump laser upgrade!:
» Change from copper vapour laser (CVL) to commercial Nd:YAG laser 2008
Aim: Maintain or improve the dye laser performance whilst increasing the reliability of the overall system.

2 The dye laser upgrade:
» 3 New state of the art dye lasers to replace the original dye lasers
Aim: Improve the dye laser performance, ease of use and reliability, make full use of the capabilities of the new
pump laser.

3 Installan independent and complementary Ti:Sa based RILIS laser setup?3:
» 2 pump lasers and 3 Ti:Sa lasers plus harmonic generation units
Aim: Extend the tuning range of the RILIS setup to enable access to the large number of ionization schemes

developed for Ti:Sa lasers.
Reduce switching time between elements to allow for more condensed scheduling of RILIS runs.
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Additional on-going developments
® Improve monitoring and automation of the RILIS parameters
® Implement machine protection and alert systems to enable on-call operation
® Improve the selectivity of RILIS through ion source developments

1The ISOLDE RILIS pump laser upgrade and the LARIS Laboratory

B. Marsh et al: Hyperfine Interactions, Volume 196, Issue 1-3, pp. 129-141 (2010)
2 A complementary laser system for ISOLDE RILIS

S Rothe et al: Journal of Physics: Conference Series 312 (2011) 052020
3 Upgrade of the RILIS at ISOLDE: New lasers and new ion beams

V. Fedosseev et al: Rev. Sci. Instrum. 83, 02A903 (2012)
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Solid-state pump laser parameters

2

15ns @ 11 kHz 8 ns @ 10 kHz
Yellow Beams »
S35W@ 578 nm

IR Beam
2 hr start up time 45 W @ 1064 nm
Varying power 30 min start up time

output over time
P Reliable long term power output

“The ISOLDE RILIS pump laser upgrade and the LARIS Laboratory” ‘ 6"‘_‘ i
B. Marsh et al: Hyperfine Interactions, Volume 196, Issue 1-3, pp. 129-141 (2010)







Benefits and issues that had to be to resolved

% + More green power - 532 nm dye pumping instead of 511 or 578 nm
48]
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Some schemes are no longer useable due to the 532 nm pump beam
- lower final step efficiency or absorption cross section (Mn)
- Need for a < 540 nm fundamental wavelength.




Dye laser upgrade
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Sirah Dye laser
. -2 dye lasers were installed in Feb/Mar 2010
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“““ Benefits:
... ] | * Greater efficiency and stability.
o | | * Higher UV power and better beam quality.
<. ] | ® Enable UV pumping to provide beams in the
- | | 380-540 nm range.
“Upgrade of the RILIS at ISOLDE: New lasers and new ion beams” ‘ 5" ‘_a =

V. Fedosseev et al: Rev. Sci. Instrum. 83, 02A903 (2012)



New dye laser installation
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“Upgrade of the RILIS at ISOLDE: New lasers and new ion beams”
V. Fedosseev et al: Rev. Sci. Instrum. 83, 02A903 (2012)
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Dual RILIS Concept

SHG = == A — meter ]
10 iz =D .
. Master clock | 486/ cm
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RILIS Dye Laser System GPS/HRS
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Y Target &
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The RILIS Ti:Sa lasers
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5 Pump laser: Nd:YAG (532 nm),

9 Photonics

Tc Repetition rate: 10 kHz

%) Pulse length: 180 ns

'T Power: 60 W

o 30_ T =55y Ti:Sa lasers:
cos PN, ] DEE line width: 5 G
< f'**“’““‘% * P e T R Pulse length: 30-50 ns
e 20 F L o I* ﬁ& |
§ sl Soe " ¥| Wavelength tuning range (6 mirror sets):
“g ., I+ | ¢ Fundamental (®) 690-940nm (5W)
£ 10t * 1« 2"harmonic (2w) 345-470nm (1 W)
3 5' * * 1 39harmonic (3m) 230-3210nm (150 mW)

[T gth : )
=00 750 800 850 900 950 4™ harmonic (4®) 205-235nm (50 mW)
wavelength (nm)

“A complementary laser system for ISOLDE RILIS” ‘ 6" ‘_a =

S Rothe et al: Journal of Physics: Conference Series 312 (2011) 052020
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Comparing the dye and Ti:Sa lasers

c
fe Dye Ti:Sa
© > 10 different dyes =1 Ti:sapphire crystal (&)
= Gain Medium: o :
S liquid (org. solvents) solid-state @
f= Tuning range 540 -850 nm 680 — 980 nm
O Power <12 W @ <5W
© Pulse duration ~8 ns © ~50 ns
b Synchronization optical delay lines g-switch, pump power@
= # of schemes developed 47 D) 37
n!’ Maintenance renew dye solutions ~ none @
2000+ T T T T T ‘ S A
10.0}. g g Dyell HNNEEN | oo
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‘ Installing the Ti:Sa alongside the dye lasers

Finding space for pump laser +
3 Ti:Sa + FCUs
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Ti:Sa involvement in RILIS operation

Ti:Sa involvement
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Sm Ga Mg At Pb Dy Nd Pr Ag Tl Cd Mn Ni Dy Yb Zn
* * X% k% kx Kk X * X

lon beams of 16 elements were produced during 2011 :
2573 h for on-line experiments
Ti:Sa system used already with 9 elements
Some additional tests only feasible because of the ‘spare’ laser system

Significant Ti:Sa use despite 1% year of operation and still in
‘implementation/testing phase’
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‘ New modes of RILIS operation: Dual RILIS

Ti:Sa only mode Mixed mode Backup mode

50 W Nd:YAG laser available Combination of dye dye and Ti:Sa are
for non-resonant ionization and Ti:Sa exchangeable
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® Increased efficiency due to higher laser power or optimal scheme
®* Improved reliability due to redundancy / backup
® More elements are accessible due to greater tuning range/scheme database
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In-source spectroscopy of Astatine

a) Photoionization threshold : 75129(95) cm™!
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7 b) Scan for 2"d step transitions (at TRIUMF)
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— c) Verification of levels, yield measurements
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Calcium scheme development

S a) Scans for Auto-ionization states using spare Sirah Dye laser e o 1| “[onmmmen ot L
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RILIS status monitoring

Essential RILIS parameters are published to a Labview DSM.
All values are accessible from the CERN technical network
RILIS monitor display is published to a website for remote monitoring
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Proton current
Reference beam
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https://riliselements.web.cern.ch/riliselements/LASERS/

Beam stabilization

Stabilization of hlgh and Iow frequency beam fluctuatlons essential for ON-CALL RILIS
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Laser lon Source Trap

target hot cavity repeller rf - ion guide RILIS lasers extr~" wr
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Summary and outlook

e The RILIS now comprises a dual laser system with state of the art
Dye and TiSa lasers

e RILIS operated smoothly for over 2500 h in 2011

e Dual RILIS (Combined dye and Ti:Sa laser system) is in regular operation

* The reliability of the RILIS has been greatly improved through the use of
solid state lasers and commercial dye lasers.

e The study of the optimal use of the full system is ongoing with being
performed for almost every RILIS element that is scheduled!
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Outlook / Comments

e Optimal Dye + TiSa combinations for each element need to be tested
(many tests can be done in a parasitic/opportunistic way)

 Machine protection, monitoring and remote control of RILIS is being
developed with a goal of ON-CALL operation, for completion in LS1.

* The LS1 will be used to extend the RILIS cabin for improved working
conditions and to enable upgrades to the equipment setup.

e RILIS Marie Curie fellow will be recruited in summer 2012
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http://www.liv.ac.uk/la3net/
http://www.liv.ac.uk/la3net/
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