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precision spectroscopy of
forbidden transitions in HCI (optical laser /|
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RELATIVE ACCURACY ina
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laser-induced reaction / analysis

applications may be different but tools can be the same

target
2 laser

products

2
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typical problems: what exactly was the target?
what exactly are the products?

for charged particles both can be controlled by use of a Penning trap
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non-linear photoionisation
giant resonances
strong-field effects

J<ransparent” experiment

use of a Pennlng trap
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the Penning trap as a universal tool
for the study of reactions induced by
a high-intensity laser

main motivation: non-destructive
real-time analysis
of multiphoton ionization processes
with high resolution

- good ion localization and extended
storage times (minutes)

- well-controlled and clean
environment for various reactions

- numerous manipulation techniques

- hon-destructive detection




. R
Penning trap principles

.
== x = |

e

correction electrodes
/ \ maanetic_field
/ ~J

R

VVYYYY

PR
»
| =4

‘Q n

Ll

.

>

»

»

>

/.

/ >

»

T\

A

\ A 4

ial A )
potential ions
U, -
. . 10° —— singly charged ion q=1
aX'aI COﬂfInement D 104 —— highly charged ion g=91
> % 10°
Z E 105-\
= 1? hour
I . = 107
typical parameters: B=6T . \
UO:].OO V % 104
d=20 mm S \
- 1E-16 1E-14 1E-12 1E-10 1E-8
®., ®,, ®, =10 kHz, 100 KHz, 10 MHz DAL PRESSURE rbar




SWIFT (stored waveform inverse Fourier transform)

X19+

techniques (1) : ion selection

selection of any mass to charge ratio combination

by resonant ejection of all unwanted ions
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RELATIVE DOPPLER BROADENING
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cloud diameter [mm]

techniques (3) : compression by rotating \Q l?
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lon position control
relative to laser focus
by potential asymmetry
ms, um

shot-to-shot scan of
the effective laser
field strength
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combination: experimental cycle (examp@‘g .2

Os
- lon capture from external source or in-trap production
- possible ion cooling to 4 K or below
PREPARATION
- ion selection (,clean target®) e.g. by ,SWIFT"
- ion centering / positioning and compression by ,rotating wall”
v
5S

- laser interaction, e.g. multiphoton ionisation
@ 10 Hz INVESTIGATION

- non-destructive detection (charge state evolution)

- product ions still in trap for further measurements...




limit: of order 1000 charges (broad band), single ion (resonant)

10 Hz seconds
Excitation !
Pulse | signal-/ Arbitra ,
& Wy | = D _Timing
B Signal-Filter ; Waveform- Generator
; Generator
Magnetic Field i
| !
> |
> !
g ' Low-Noise-Amplification
> |
» ]
o ] Ethemet
ol ;
N W'~ Dual-Cryo-Amp | Low Noise-Amp
8 . dP/d e “
= i Xe Ar
74 ; : Ar® Ar'™
Segmented i | I
Ring Electrode ! ;eq
2 g/m - Mass Spectrum
- | _—
. | B o

Cryogenic Part: Penning Trap + Cryo-Preamplifier 3Roomtemperature Part: Excitation, Amplification and
Signal Analysis in Frequency Domain

non-destructive detection
[ = | S




setup schematic

Penning trap in a dry superconducting magnet:
high operation stability, high resolution, yet easy transport and flexible use
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highly charged ions
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. Status of Analysis:
Slngle ShOt 10 M Very complete to fair
production B Fair to fragmentary

O Transition array
identified - no levels

N
o

Atomic Number and Element Symbol

E1 transitions

100 Frfl L >




Ly

possible FLASH Il application: fullerene sta{%v
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results vary
between 2 and 15 eV!
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