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Overview

e |ntroduction to ISOLDE and the motivation for a Resonance lonisation Laser
lon Source (RILIS)

 Atomic physics fundamentals relevant to achieving resonance ionisation
 Considerations for the implementation of a laser ion source

* The ISOLDE RILIS

 The RILIS as part of the array of ISOLDE Experiments
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‘[sotope Separator On-Line”

radioisotope production, selection and
transport to an experiment in one machine

T12> 5 ms
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*Create the isotope
*Release the isotope from the target
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*Create the isotope
*Release the isotope from the target
*lonise the isotope
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*Create the isotope

*Release the isotope from the target
*lonise the isotope

eSeparate the isotope from contaminants
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*Create the isotope

*Release the isotope from the target

*lonise the isotope
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ISOLDE beams: available for experiments

> 1000 iIsotopes available at ISOLDE

>75 different elements

In the form of an ion beam with
Individual iIsotope selection
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Different number
of protons

Different
electron
configuration

31: Gallium
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Stepwise Resonance Photo-ionization

An element-selective ionisation method!
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History of the RILIS method

PROPOSAL
of the Institute of Spectroscopy, Acad.Sci. USSR 1 9

for experiments with ISOLDE-CERN Facility
(V. S. Letokhov and V. I. Mishin)

LASER PHOTOIONIZATION PULSED SOURCE OF
RADIOACTIVE ATOMS

1. Purpose The development of a pulsed isobar-selective

effective source of ions at the mass-separator inlet on
the basis of the method of laser resonant atomic photoioni-
zation.
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EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

CERN/ISOLDE
IP 50

PROPOSAL TO THE ISOLDE COMMITTEE

DEVELOPMENT OF A LASER ION SOURCE

F. Ames; E. Arnold, H.J. Kluge, Y.A. Kudryavtsev,
V.S. ' Letokhov, 'V.I. Mishin, E.W. Otten, H. Ravn,
'W. Ruster, S. Sundell and K. Wendt

. 'University of Mainz, F.R.G.,
.- . Institute. of Spectroscopy. Troitzk, USSR
and: the:  ISOLDE Collaboration, CERN, Switzerland

ASpokeéman: K. Wendt
Contactman: E. Arnold

SUMMARY

Test experiments at Troitzk and Mainz have demonstrated
the feasibility of step-wise multi-photon excitation and
final ionisation by pulsed 1lasers as a selective and
efficient tool for the production of isobarically pure ion
beams. The development of a new type of ion source based on
this concept is:' proposed. In combination with existing
targets, this will open up the way to a further extension in
respect to purity and availability for a number of elements
at on-line mass separator facilities. The collaboration
proposes to use the CERN-ISOLDE off-line separator for
tests of appropriate target ion source configurations with
respect to efficiency and purity. After succesful
development the 1laser ion source shall be installed as an
additional facility at the 1S-3 separator.
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History of RILIS at ISOLDE

Nuclear Instruments and Methods in Physics Research A306 (1991) 400-402
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Laser ion sources worldwide
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>000 isotopes have been ionized with RILIS
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B. A. Marsh, Resonance ionization laser ion sources for on-line isotope separators  http://dx.doi.org/10.1063/1.4858015



Now for some atomic physics
fundamentals..



Some terminology

. h = h - Planck's constant, 6.6261 x

Energy, eV E - A 10-34 J- s or 4.1357 x 10-15 eV's
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. h = h - Planck's constant, 6.6261 x
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Energy, eV
Wavelength, nm

Wavenumber, cm-1

Some terminology

h-c
E L h - Planck's constant, 6.6261 x
- 10-34 J-s or 4.1357 x 10-15eV's

A

A photon is

Number or wavelengths per unit distance (cm)
Proportional to energy (and to frequency).... Very convenient

1 cm-1 x 30 (speed of light in in cm
per nanosecond) = 30 GHz



Some terminology
h-c

E L h - Planck's constant, 6.6261 x
- A 10-34 J-s or 4.1357 x 10-15eV's

Energy, eV

Wavelength, nm A photon is

Number or wavelengths per unit distance (cm)

-1
Wavenumber, cm Proportional to energy (and to frequency).... Very convenient

1 cm-1 x 30 (speed of light in in cm
per nanosecond) = 30 GHz
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] m I h/ ooooo
Linewidth, MHz, GHz f } N
|0)

Strong transition
-> Short half-life O(ns)
-> Broad linewidth



Some terminology

h-c
Energy, eV E =

h - Planck's constant, 6.6261 x
A 10-34 J-s or 4.1357 x 10-15 eV's

Wavelength, nm A photon is

Wavenumber. cm-1 Number or wavelengths per unit distance (cm)
y

Proportional to energy (and to frequency).... Very convenient

1 cm-1 x 30 (speed of light in in cm
per nanosecond) = 30 GHz

e |
1) =" 43\ ¢ m 2000 °C
Linewidth, MHz, GHZz f ATAE=> S L e
10) 3 —— e
Strong transition § Vo =800 nm e
-> Short half-life O(ns) 0% 50 100 150 200 250
-> Broad linewidth Mass (amu)
T. | Liaht travels ~1m in 3 ns Lifetime of a strong atomic
Imescales, Ns 9 transition = 10 ns
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[Ar] 3d10 4s2 4pl

(2,8, 18, 3]

Gallium electronic configuration

6d

5f

spectroscopic notation



Some atomic structure terminology: spectroscopic notation

w— 8S

31: Gallium
[Ar] 3d10 4s2 4pl (2,8, 18, 3]

+Z

1s = 4s

Gallium electronic configuration

Principal guantum number, n

D
w

Energy of
Sf electron " '_.._m':_.ff_"“‘:":_"f":'-' Higher the energy of the e-, the higher
t S . the frequency of the wavefunction
n=3
af n= 2 The ground state is a harmonic
n = 1 with 72 wavelength = fundamental

& Nucleus
Distance from nucleus

-

.
www.webelements.com



Some atomic structure terminology: spectroscopic notation

31: Gallium
| | o Principal guantum number, n
— 85 Gallium electronic configuration
7p Ny Energy of
5f electron 0 —— ""':_’;j_’:? Higher the energy of the e-, the higher
: R . B the frequency of the wavefunction
6p
‘ > 4 The ground state is a harmonic
% with ¥ wavelength = fundamental
%3 ? 4d @ Nucleus
= P Distance from nucleus
£ — 4
N\ T
‘! o Orbital angular momentum, L
[Ar] 3d10 4s2 4p] [2,8,18,3] fios (s,p,d,f) = (0,1,2,3)
AL A o
v vy

Z 4 Z i Related to the electron’s motion
S In space, around the atom
-
_H- 1 www.wetmants.com

X ‘ +X—

. Y

+Z d +Z +Z

X “ +X /‘ +X—

g | |




Some atomic structure terminology: spectroscopic notation

— 8s Gallium electronic configuration

5f

4f

31: Gallium
7p
— 73
6p
— 5 S
) 5p
3 s
S 4R
R TS
[Ar] 3d10 4s2 4pl 2.8, 18, 3] LTI
T+ H
LTS
L1y

‘e
‘o

T g 4 e

-

|
www.webelements.com

Energy of
electron

Principal guantum number, n

(L '''''' Higher the energy of the e-, the higher
the frequency of the wavefunction

The ground state is a harmonic
with 7z wavelength = fundamental

......

@ Nucleus
: Distance from nucleus

Orbital angular momentum, L
(s,p,d,f) = (0,1,2,3)

Related to the electron’s motion
In space, around the atom

Spin angular momentum S
Intrinsic motion (rotation) of the electron
around its own axis
‘Up’ or ‘down’
+1/2 or -1/2



Some atomic structure terminology: spectroscopic notation

31: Gallium
Principal guantum number, n

—8s Gallium electronic configuration
7p Energy of
. Sf electron == N\mgnnns/ Higher the energy of the e, the higher
+ .......... the frequency of the wavefunction
6p “
> 4 n= 2 The ground state is a harmonic
n = 1D with 7z wavelength = fundamental
5p
4d @ Nucleus
Distance from nucleus
s 40 :
4 4 4 Ho
. I T TIPS -
% Orbital angular momentum, L

~J
w

—
D
wn

v oy ly
[Ar] 3d10 4s2 4pl (2,8,18,3] s (s,p,d,f) = (0,1,2,3)
AL A o
o Related to the electron’s motion

LTI
In space, around the atom

+Z
1s 4s
-
'H- 18 www.wet?ments.com .

y——— . Spin angular momentum S

Sy Intrinsic motion (rotation) of the electron

i around its own axis
\_\4-Y

+Z
+Z
‘Up’ or ‘down’

d f - A
- +1/2 or -1/2
Riding with ¢
— N - the electron Total angular momentum, J

P

-

— L+Sto|L- S

+X




The Term Symbol, to describe the (excited) state of the atom

Gallium electronic configuration

w— 8 G

7p
6d
5f
w— 7S
6p
5d .
| e af Total spin
anqular .
5o J Total orbital
4d momentum angular
\ momentum

Energy (not to scale)

S, 4 4 4o 28+1L/
| J

Al A
Y ‘v v
-&35
A \

A A' 20
H-2s Total angular
momentum
- (L+S...L-S)
w.webelements.com



The Term Symbol, to describe the (excited) state of the atom

—8s Gallium electronic configuration

6p
‘ e . 4 Total spin
_ angular Total orbital
I momentum angular
e~ g \ momentum
e —4p
NS ThER R 2S 1!/
) 4s
E +
o . P
\J \J
-H-3s J
o \
Has Total angular
momentum
H1s — (L+S...L-S)
www.webelements .com

Ground state = 0 eV

2%(1/2)+1 2
erip (1/2)+1 P30



The Term Symbol, to describe the (excited) state of the atom

—8s Gallium electronic configuration — 8s Gallium electronic configuration

6p
Sd .
‘ e 4 Total spin

angular Total orbital

— 7S
| —— GS
) °P )
E 4d momentum angular C
D e 55
- \ momentum g
() o

4d
g G _4D'H'H"H'%'H'3d 28 1 / ‘; 4p-H--H—-H—-H—-H—3d
A + Ple
e - 4 dr
%38 J %35_
4 Ho AN 4 fe
Has Total angular Has
momentum
- L+S...L-S -
% www.webelements .com ( + ) %18 www.webelements .CO

Ground state = 0 eV First excited state = 3.07 eV
24788 .530 cm-1

2*(1/2)+1 2 2*(1/2)+1 2
e P(1/2)+1 P3/2 e S(1/2)+O S1/2
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Energy (not to scale)

w— 8

~J
wn )

(o))
wn
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>
-

-
-
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Building up an ionization scheme

lonization energy |

Gallium electronic configuration

p
6d

5f

6p
5d

4f

4d

-

I
www.webelements.com

Ground state (lowest

energy electron
configuration)

Energy

3/2
3d10 452

Individual possible
electron
configurations
arranged by energy
and linked by
allowed transitions
between them

http://umop.net/spectra/

https://physics.nist.gov/PhysRefData/ASD/levels_form.html



Building up an ionization scheme

lonization energy |
— 85 Gallium electronic configuration
Se"s ! e
2,
1 O S >
L%';%Als \ :

t 4 oo = Individual possible
e LI electron
% T | configurations
| arranged by energy
th - and linked by

. allowed transitions
Step 1 - Blue Laser light P hetween them
_______________ 3d10 452 http://umop.net/spectra/

https://physics.nist.gov/PhysRefData/ASD/levels_form.html
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Energy (not to

w— 8G

A
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Building up an ionization scheme

lonization energy |

Gallium electronic configuration

p

6d

5d

4d

-

5f

4f

www.webelements.com

Step 1 - UV Laser light
Step 2 - Red laser

Energy

4s2.7s

3d10 452025

3/2
3d10 452

Individual possible
electron
configurations
arranged by energy
and linked by
allowed transitions
between them

http://umop.net/spectra/

https://physics.nist.gov/PhysRefData/ASD/levels_form.html



Building up an ionization scheme

lonization energy |
— 8s Gallium electronic configuration
P 6d
w— ]S )
A
L q 6p
‘ *4e > 4f
— 6
) / op
Se"s 4d
Py <y
O >
w A' A' A' 3p 8
%35 LIJ
A' A' A' 20
H-2s
X ‘-
_T-i- 12 www.\.vetl)eTmelznts.com
Step 1 - UV Laser light
3/2
Step 2 - Red Iaser _________ 3d10 452 _\ http://umop.net/spectra/

Step 3 - Green laser —> ionization!
https://physics.nist.gov/PhysRefData/ASD/levels_form.html



287.4235 287.4235+ 1.17e+08 0.000 = 34 781.66 3d%%4s%4p
294.3636 294.3636+ 1.34e+08 826.190 = 34 787.85 3d'%4s24p
294.4173 294.4173+ 2.61le+07 826.190 = 34 781.66 3d%%4s%4p

403.2984 403.29843+ 4.85e+07 0.000 = 24 788.530 3d%%4s24p

417.2042 417.20391+ 9.45e+07 826.190 24 788.530 | 3d%4s%4p

https://www.nist.gov/pml/atomic-spectra-database

10s
4s2.9s

4s2.8s

g% (7 p— !!!'F —

2F°

4s2.8d
4s2.7d

4s2.7p

4s2.7s

4s2.6d

4s2.5d

4s2.6p

3d10 452

3d10 452

4.85e+07 s-1 (transition strength)
Einstein A coefficient

1.17e+08 s-1

310 452 http://umop.net/spectra/ 3d10 452

3d10.4s2.4p

http://umop.net/spectra/

3d10.4s2.4p

Simpler,

2 step scheme, higher efficiency,
reduced complexity




287.4235 287.4235+ 1.17e+08 B+ 0.000 34 781.66 3d'%4s2%4p 2pe 1/2 4s24d ) 3/2
294.3636 294.3636+ 1.34e+08 B+ 826.190 34 787.85 3d1%4s%4p 2pe 3/2 4s24d 2p s'/2
294.4173 294.4173+ 2.61e+07 B+ 826.190 34 781.66 3d1°4s24p 2pe 3/2 4s24d D 3/2
403.2984 403.29843+ 4.85e+07 B+ 0.000 24 788.530 3d1%4s%4p 2pe 1/2 45255 25 1/2
417.2042 417.20391+ 9.45e+07 B+ 826.190 24 788.530 3d1°4s24p
Total spin angular B
momentum Total orbital
angular - mg g
\ momenturm Fine Structure splitting

Riding with
the electron

-
28+1LJ o

N\

Total angular
momentum
(L+S...L-S)

Spin-orbit interaction

Total angular momentum, J 3d10 452

J_ L-S=1/2 826.19 cm-1
L+S = 3/2 0 cm-1

1.17e+08 s-1

Boltzmann formula to calculate thermal population of fine-structure levels

http://umop.net/spectra/

3d10 452

Use a second laser @ 294 nm to also excite
from 826.12 cm-1 thermally populated level!
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Some ionization scheme considerations

Is it possible to saturate the transition with

Transition strength available laser?

< 2\(/)\(/)6}1\&9'!50" f?cult o Is the wavelength cor&venignt (or possible) to
generate and transport) proauce:

Radiative decay paths Does the excited state decay to a level that will
render the atom ‘invisible’?



Some ionization scheme considerations

Transition strength

Wavelen fg
(< 200 nm is difficult to
generate and transport)

Radiative decay paths

Suitability / existence
of subsequent
transitions

Is it possible to saturate the transition with
available laser?

Is the wavelength convenient (or possible) to
produce?

Does the excited state decay to a level that will
render the atom ‘invisible’?

We may compromise on the above
considerations if it makes subsequent steps
more convenient or efficient



Developing an ionisation scheme for astatine

a b c d @
& | 75,151 cm™!
6p*ns
6p“*nd {
£ £ 3
= o =
Al (Q\| ()
™ (ap)] (ap]
0 9] (Cl)
(-
5 E//
s | 58,805 cm™!
Al T %
c L0 /p\\{ i 57,277 cm™!
Bp*np = ™ ™ N g
N g'g Ry 57,268 cm™"
(49 ]
— 57,157 cm™1
=
c -
K] =
> &
) N~
~ E’
46,234 cm™!
44 549 cm™!
S J=5/2
6p° - 0 cm™!
J=3/2
PhD work

Sebastian Rothe



Developing an ionisation scheme for astatine

d b C d e ol Initial exploration - confirm existence of 1st steps
; ﬁ ; 75,151 cm™ S
6ons /\ b Search for on-set of ionization (ionization energy)
6p*nd

£ = =
- = =,
Al QA o
g @ @ Search for second steps that would allow the use of
5'3 C the high power green laser for ionization
(o EI/
: ~1
o g A 58,805 cm
Ell g - - 57,277 cm™
A o 7, /\ Carefully compare best second steps
6p“np R~ | R S
‘ ~1
ol Q 57,268 cm
a5}
— 57,157 cm™1
£
= =
() =
2 S
) N~
~ E’
46,234 cm™!
44,549 cm™!
P J=5/2
1.27\\ |
6p° L 0 cm™!
J=3/2
PhD work

Sebastian Rothe



6p*ns
6p*nd

Bp*np <

6p*7s

Developing an ionisation scheme for astatine

b c d

273 nm

) i 1
2 - -
=
g 04} d
o
9

2k 4

75,151 cm™1

oo O

610-630 nm

58,805 cm™!

57,277 cm™]

Ry 57,268 cm™!

312-335 nm

57,157 cm™1

710-915 nm

E/
46,234 cm™!
J=3/2

44,549 cm™!
— J=5/2

2f 216 nm

462325 46233.0 46233.5 46234.0 46234.5 46235.0

-1
wava nimhar fem™)

—

0cm™!

PhD work
Sebastian Rothe

J=3/2

ad Initial exploration - confirm existence of 1st steps
b Search for on-set of ionization (ionization energy)
c Search for second steps that would allow the use of

the high power green laser for ionization

d Carefully compare best second steps

Careful scan across the ionization continuum - to

@ precisely measure ionization energy and look for
more efficient ionization steps

| principa! quantum
..... number

:l\q/ -
nature -
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lonization Energy,
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He (24 eV)
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(Not accessible
due to high-lying
1st excited
states >6 eV)

Hg (10.4 eV)

Wavelength
range

- 950 nm
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2.3 eV

~312 nm
4 eV

~253 nm
4.9 eV

—

4w Ti:Sa 3w Ti:Sa 2w Dye 2w Ti:Sa UV pumped Dye Dye Ti:Sa
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RILIS spectral range
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He (24 eV)
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(Not accessible
due to high-lying
1st excited
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Hg (10.4 eV)
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range
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~532 hm
2.3 eV

~312 nm
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~253 nm
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—

Laser power

(CW)

\ simplified ionization scheme )

Cross section for
photon absorption

ga Agb Aba
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O,, —*> 10 cm?
B —»106 S-l

Flux (F) condition

Glon°F » ﬁ

~1021 photons/s
>0.5 kW @ 500 nm
But may be < 1W/ cm?

For strong
transitions

Pulse
energy
(ns pulse)

For a 10W laser
with 10 ns
pulses @ 10kHz

Peak power
Is ~100kW
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Oion’ Q> 1
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lonization Energy,
eV

Wavelength

range

Laser power

(CW)

Pulse
energy
(ns pulse)

Linewidth
(@ 2000 C)

- 950 nm ! h h
For a 10W laser At AE > —
He (24 eV) with 10 ns 2
pulses @ 10kHz
[=Av
= 10s of MHz
Non metals P_eal: OP&\(NVSF N
. IS ~
(Not accessible
due to high-lying
- i 10 mJ
1 St eXCIted \ simplified ionization scheme ) <
states >6 eV) Cross section for Strong transtion
photon absorption Fluence > Broad linewidth
g )\Zb A, condition g oo ey h—=
O-ab — 2 ab ° 1 §06 =N T=2T§ 1
Hg (10.4 eV) 8 4m" Av; Oion” > 1 ‘
O, *10  cnis -
~532 nm 8000 _‘%o.z
2.3 eV B —>106 st A SN
- 7 %% y 00 or 0.0 o3
FIUX (F) Condltlon é . Step 1: 328.1624 nm Detuning from resonance, dw
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e ™ ﬁ § 2000+ gﬁ il -,ll"..' v em@rT 1000jc
Oton’F » T L -
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4'9 ev 24000 Step 3: non-resonant _ %% 50 m\g ‘-150 200 250
But may be < 1W/ cm? z S11nm
8 200 P_ =3.3(W)
FOI" StrOng "0 3 4 & & 10 12 1

transitions Power (W)



lonization Energy,
eV

He (24 eV)

Non metals
(Not accessible
due to high-lying
1st excited
states >6 eV)

Hg (10.4 eV)

Wavelength
range

- 950 nm

~532 hm
2.3 eV

~312 nm
4 eV

~253 nm
4.9 eV

—

Laser power

(CW)

\ simplified ionization scheme J

Cross section for
photon absorption

ga )‘Zb Aba

9) p—
ab g, 42 Avfb

O,, —*> 10 cm?
B —»106 S-l

Flux (F) condition

0-Ion": » ﬂ

~1021 photons/s
>0.5 kW @ 500 nm
But may be < 1W/ cm?

For strong
transitions

Count rate (ions/s)

Count rate (ions/s)

8000

Pulse
energy
(ns pulse)

For a 10W laser
with 10 ns
pulses @ 10kHz

Peak power
Is ~100kW

Fluence
condition ¢

Oion’ Q> 1
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4000 -

)
2000

Step 1: 328.1624 nm

P_ =1.7(4) mW
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N
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o

Step 3: non-resonant |
511 nm

P_ =3.3W)
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Power (W)

Rel. intensity of the spectral line

o o o
o
|

o

o

Doppler Broadening FWHM (GHz)

N EN o
——T .

o

= wn (o))

Linewidth
(@ 2000 C)

h

At AE > —
2

[[=Av
= 10s of MHz

1)

10)

Strong transition
-> Short half-life O(ns)
-> Broad linewidth

.......

aaaaaaaa
(Doppler broadening) -

— T=Tp |
............... 1'=:2Tb

1
0.0

Detuning from resonance, dw

Vo
FWHM = —

8In(2)kz T
C m

0.2

--- 1000 °C

- 1500 °C
2000 °C

Repetition
Rate

? 60 kV

TRANSFER
LINE

| HOT CAVITY

TARGET

Each atom
should be
exposed to
at least 1
laser pulse

1/repetition <
atom residency
time within the
laser/atom
interaction
region

Repetition
rate /
average
power trade-
off

10 kHz @ 10mJ

=100 W




Now how is this actually done practically..

ISOLDE operation in 2022....

March April May June July August September October November
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RILIS overview
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Rhodamine 6G Perchlorate in Methanol

Normalized Absorbance

===+ Emission from Excitation at 530 nm

Dye laser

Absorbance (—) and Counts (- -)

mreI=ilEC

light is our profession

200 300 400 500 600 700 800
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>
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> i . I ©
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- '  Prisms, 380 400 420 440 460 480 500 520 540 560
‘ ] Wavelength / nm
Cylindrical Lens |
L = : | | )
i . 1 &
Telescope =] Beam Grating | ' Doubling Compensator ] 30 e > B I
Expander | Brewster " Crystal = . ¢
[ = | 25 b S N A A
| Dye | A o & o o 3
1 ¥ & S 5
= | Ceu | ) 2 > 5)
| | l 20
[ ]
Output | | ’ ‘ |
Coupler | , ‘ ‘ | 15
l L
Brewster | | v v ] 210
Dye . a
Cell ) Optional Optional 3 5
Tuning Amplifier Frequency Conversion Unit 2
Mirror i J J
550 600 650 700 750 800 850 900
Wavelength / nm

2w Dye
300-350 nm

UV pumped Dye

475-550 nm

Dye

550-700 nm

210 nm

532 nm

950 nm



4w Ti:Sa

210 nm

3w Ti:Sa

210-230 nm230-270 nm

Q
Relative Intensity
(%]
I J

PM

Thin Etalon

Ti:Sapphire Absorption/Emi

1.0

0
400

EM

500

Absorption

600 700

¢

ssion Spectra

Emission

¥
t

T

. -—

Wavelength (Nanometers)

2W 11:5a
350-475 nm

Figure 1

800 900 1000

E ‘ L
=
& u
ump Tunable
absorption laser output

I HR

Collisional relaxation

CM

Thick Etalon

30

N
&)

Lasing efficiency, %
- S
6} o

—_
o

' ' ' ' ' —%— SP4440
; k- SP4444
gl okt % SP0000
S & * 1 - *- SP1000
] 3 * % SP1111
** : W . % SP1110
& : k7 Tk ok
* * : | * % X
F o - | Y “’9,,:
x * : ** | HR (99.9%)
* : * & specifications
‘ ; (R =70 - 80% for
* , ]
* : ; output coupler):
| j - 0:650-1000 nm
1:650-760 nm
& x 12:750-850 nm
* 3: 840-940 nm
| | | , | 7 4:900-1050 nm
700 750 800 850 900 950
Wavelength, nm

Ti:Sa
700-950 nm

950 nm



HRS target area HRS separator area prism periscope

HRS launch point

beam

hot it )
~ caviy CFS quartz magnet window __. o i
W reference plate f int oLlon o 2 :
magnet window ) re erence\[iomj p/erlsjcopes S 5 TiSa pump lasers
_Target \FS SUPRASIL W R < 5
3" wedge N 3 ©
= Ti:Sa rin TTTT .S 0 €N
bl T FCU mad ovity D | - 18 W, 40 ns,
:Sa cavty SR . B
variable '- ¢ . S . . B e 53 nm
beam ' )] T Eij =
splitter == c 2 % & .
n 'n TI -Sa — D— T :.
— B ¢ Q:C' '“m\k_ -
= . _:________________, N e
-k —0
hia [ Sam 2.6 x beam ) N ; — 60 W, 150 ns,
T (.’- 3x beam ' n — § g 532 e
expander >4 >4 ¢ e S ;
S o
S
U (@©
o E
wn
0
o Dye pump laser
L
)
o 10 kHz (9 ns), 100 W @ 532 nm
e actize TEM 00
Reference area (detailed) > M2 = 1.1
mirror periscopes Y Circular,
€ \ gaussian
EASaaiN i

ND filters

LTI

~ D-mirrofle,
m—{ “H‘
S —

A Al mirrefr Y I

v |
A

vnotch filter

pickup \-bandpass filter

GPS launch point ¢
N

HRS reference
area

s 7 2 2 °, 4

ano

*+ asd
asd

asd

0
0O
O

asd

vy U
n- u
o O

Referen;e ceIIL‘ I A
S. Rothe et al. Nuclear Instruments and Methods in Physics Research B 376 (2016) 91-96  ©

| S prism
N Q‘ .
A periscope
°cecp
“  PSD

. “PBsp " GPS reference

¢ ccp area
S PSD s

CCD
N  PSD

40 W, 17 ns,
532 nm

LUMERA
LASER




Beam transport to targets

Q
INACCESSIBLE >§
ZONE 0
Y
- ‘M\L Broadband optics
Quartz plate A

e —

» WY/ |
» - . \J
A ol A f
h 2
R AW NNS
2 ;M N
- ‘.\_ £
“# 8
5 §
v N
4 l| N
N »
5} \
)
e
’ Y \
.’
R
L~
A
5
A
e

Quartz window




+3O 60 kV

Resistively heated Ta cavity
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:+ 30-60 kV

Ta hot Cavity RFQ ion guide

10 kHz pulsed  ~
laser beams
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- >5 orders of magnitude surface ion suppression in LIST mode e
» Efficiency loss factor of ~20-50
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http://dx.doi.org/10.1103/PhysRevX.5.011018
http://dx.doi.org/10.1016/j.nimb.2013.06.039

Reinhard Heinke Daniel Fink Sven Richter http://www.ub.uni-heidelberg.de/archiv/16725
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RILIS as one of the ISOLDE experiments
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Low energy nuclear physics (nuclear ground / isomer state properties)

High energy nuclear physics (excited :
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High energy nuclear physics (excited
states, nuclear reactions, astrophysics)

Low energy nuclear physics (nuclear ground / isomer state properties)
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High energy nuclear physics (excited

states, nuclear reactions, astrophysics) Low energy nuclear physics (nuclear ground / isomer state properties)
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High energy nuclear physics (excited
states, nuclear reactions, astrophysics)

Low energy nuclear physics (nuclear ground / isomer state properties)
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High energy nuclear physics (excited

states, nuclear reactions, astrophysics) Low energy nuclear physics (nuclear ground / isomer state propertles)
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Measuring the charge radius systematics: isotope shifts
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Measuring shape and nuclear moments: The Hyperfine Structure
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