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Heavy ions from the Mainz TRIGA reactor

examples of . E
available elements L
Ar
Ti|V |Cr|Mn{Fe|Co|Ni (Cu|Zn Br |Kr
2t NbMo] Tc |Ru|Rh[Pdlag|cd | |Xe

Hf [Ta|W [Re|Os| Ir [Pt |AulH At

Rf |Db[Sg|Bh|Hs[Mt|Ds|Rg|112
La|Ce Pr [Nd[Pm{Sm|Eu|Gd[Tb [Dy[Ho|Er [Tm{Yb |Lu
IAc|Th[Pa| U INp|Pulam{cm{BK| cf |Es |Fm|Md|No| Lr

www.guantum.physik.uni-mainz.de/mats

Klaus Eberhardt, Gabriele Hampel, Norbert Trautmann

GUTENRERG,

nstitut i

Kerncheniie

VY
[
o
S



http://www.uni-mainz.de/

Challenges .."
o
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We want to perform mass measurements on rarely produced heavy

nuclides. (~1 particle per minute)
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» a non-destructive detection technique O2m<T<1h
B 1hsT<14d
long half-lives enable repeated measurement cycles with|ll 1 d<T<1 y
the same particle (statistics) O1ysT<10Gy
B icysT
» single-particle sensitivity [] Unknown half-life

; . . Nucleus Win, NUBASE Data
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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Non-Destructive lon Detection %
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Pickup-Elektrode

ion current signal mass/frequency spectrum
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,FT-ICR"
Pickup-Elektrode Fourier-Transform-lon Cyclotron Resonance

» ions induce an image current in two opposing trap electrodes (e.g. segments of the ring)
» Voltage drop across a resistor is Fourier transformed

» detection of an eigenfrequency
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Mass determination

With FT-ICR it is possible to detect the three independent eigenmotions separately.

magnetron ()  2Xial @)
Cyclotronlfrequency:
VC = & . B
: 27 m
reduced X L‘
cyclotron (+) y

To obtain the charge to mass ratio, one needs to measure the masses of two different
reference ions, e.g. a lighter and a heavier carbon cluster.
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delay line

== detector

“BZ I'he TRIGA-TRAP facility
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Narrow-band FT-ICR detection %
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to improve Slgnal'tO'nC)lse

ratio, detection bandwidth Ay  «——
has to be reduced. —

frequency-dependent U/m
iImpedance Z(v)

FFT

|

RLC
= A measure for the bandwidth
N Avof a LC tank circuit is the
& LC tank circuit quality factor Q.
£ 1% Ric
Q _LC — 27 —LC_
Av VmL
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Narrow-Band FT-ICR : signhal-to-noise ratio

Problem: thermal noise (Johnson noise)

U aiee = /4KsT|Z[AV

Signal-to-Noise ratio

S_@nonq\/v\/ Q

N 2 D VAv\|k,TC

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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Resonance of the superconducting tank circuit Ié
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Resonance of the unloaded LC-circuit at T=4K

Precision Trap

1 Q = % Qunload ~ 15000
Qload ~ 700

0,1-

Q = 14900

Amplitude AU
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{\ Single ion sensitivity (singly charged heavy ion)!
J. Ketelaer, Diploma thesis, University of Mainz (2006).

R. Ferrer et al., Eur. Phys. J A, in print (2007)
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Heavy and superheavy ions from SHIP

10
SHIPTRAP
oy example candidate
ELECTRIC DETECTORS 25 DETECTORS
FIELD - |
254 102
TARGET
WHEEL
éUADRUPOLE _
PROJECTILES LENSES T1/2 - 558
FROM UNILAC
o] -> comparably large production yield
I= ) | (~ 2 ions per second )
SR ot &

—> close to predicted “island of stability”

R.D. Herzberg, J. Phys. G 30 (2004).
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Summary and outlook %
S

» At TRIGA-TRAP we will perform mass measurements on heavy transuranium
elements up to 2°2Cf, as well as on neutron rich nuclides around N=82

» The electronic is tested and the setup will be assambled at the TRIGA reactor in
mainz in the next months

» First measurements in the next year

» Later we will move the setup to the SHIPTRAP facility for the measurement of
superheavy elements

A ‘.
‘en*

TRIGA TRAPRP

advanced trapping
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The SHIPTRAP facility

= Mass measurements

= Laser spectroscopy _
= |on-chemical reactions Stopping Cell

» In-trap spectroscopy R‘?Q

Purification

Penning trap mass spectrometer to perform high-precision mass
measurements on rare species produced in fusion-evaporation reactions
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Motivation: Test of mass models

(MeV)
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model difference
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Carbon clusters as absolute mass references (1)
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