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Challenges

We want to perform mass measurements on rarely produced heavy
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» a non-destructive detection technique

long half-lives enable repeated measurement cycles with the same
particle (statistics)

» single-particle sensitivity

well-known non-destructive techniques in mass spectrometry are
using several thousands of particles

> a low-noise environment

single-particle signals are in the order of a few hundred fA
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Motivation: Applications in nuclear astrophysics %
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* Why is iron so much more
abundant than heavier
elements such as gold?
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* Why are there heavy
elements at all and how did
they come into existence?

 How can we explain the
Isotopic composition in the
Universe?

H. Schatz et al., Europhys. News 37, 16 (2006).
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Neutron capture processes
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K. Blaum et al., Physik Journal 5 (2006) Nr. 2.
H. Schatz et al., Europhys. News 37, 16 (2006).
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Heavy ions from the Mainz TRIGA reactor

examples of

available elements
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Klaus Eberhardt, Gabriele Hampel, Norbert Trautmann
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Heavy and superheavy ions from SHIP
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o] -> comparably large production yield
I= ) | (~ 2 ions per second )
s SIS g tMN & . " e
-> close to predicted “island of stability

R.D. Herzberg, J. Phys. G 30 (2004).
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Penning trap principles

Radial confinement by a homogeneous magnetic field +

axial confinement by a quadrupolar electric field

l

3 eigenmotions (v,, v,, v.) .

z cyclotron frequency
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Mass measurements via image current detection %
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JQ
FFT

» ions induce an image current in two v r (t)
opposing trap electrodes (e.g. segments of |(t) =27 4Vionion 1) _ 0.1pA
the ring) D

» Voltage drop across a resistor is Fourier U(t) = ‘Z‘ | ()
transformed

» detection of an eigenfrequency
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Principle of the narrow-band FT-ICR detection method [\
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to improve signal-to-noise

ratio, detection bandwidth Av = . /\
has to be reduced.

frequency-dependent b J—

impedance Z(v) m\}

|

— FFT

|

RLC
= A measure for the bandwidth
N Avof a LC tank circuit is the
S LC tank circuit quality factor Q.
3
S
£ 1% R.c
Q _LC — Q7 —LC
Av Vic
Vic frequency v,
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Signal-to-Noise (S/N) ratio

Problem: thermal noise (Johnson noise)

U oie = /4KsT|Z[AV

Signal-to-Noise ratio

N 2 D VAv\|k,TC

S_Jﬂmq\/v\/ Q

To have a sufficient S/N ratio with single singly charged ions (g=e), the parameters T,
Q have to be tuned.

» cool down the system to cryogenic temperatures
(here: trap at 77 K and first stage of electronics at 4 K.)
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The experimental setup at Mainz
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C. Weber, PhD thesis, University of Heidelberg (2004).
C. Weber et al., Eur. Phys. J. A 25, S01, 65 (2005).
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Resonance of the superconducting tank circuit

Resonance of the superconducting coil @ 4K
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Signal amplification

heterodyning FT-ICR amplifier
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Total amplification

~ 100 000
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Status of the experiment %
=

» Setup assembled in a test
magnet

»New magnet already
delivered

» lon transport optimization
with 133Cs!* ions

» ongoing tests to optimize
loaded Q-value in the
magnetic fringe field

» demonstration of single-
ion sensitivity with 8’Rb1*
soon

Apparatus will be moved into the new magnet at the Mainz TRIGA reactor for first
mass measurements on heavy nuclides.

Superheavy nuclides are available at the SHIP facility at GSI/Darmstadt.
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Conclusions [\
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» Heavy and superheavy elements yield only very low production rates
(~1/sec.) but rather long half-lives (=1 sec.). Therefore, the non-
destructive FT-ICR detection technique is ideally suited.

» For single-ion detection, the well-known FT-ICR technique has to be
modified. A broad-band method is not applicable here.

» The use of the cryogenic narrow-band FT-ICR technique combined
with a 77 K cold trap enables single-ion sensitivity.

» We are able to design a resonator with sufficiently high Q-value, but
there is still space for improvements concerning other limiting factors (trap
connection wires, shielding of the magnetic field).
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