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1. Motivation
- hyperfine quenching of ns np 3P, states in divalent atoms and ions
* theoretical and experimental results
 some applications

2. Experiments at heavy-ion storage rings
 [ifetime measurements
 electron-ion recombination

3. Hyperfine induced 3P, — 1S, transition rate
« results for 4/Tit8*
« results for 33S12*

4. E1M1 two-photon 3P, — 1S, transition rate
«  results for 136Xe>0*
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2s2p 3P — 2s2 1S transitions in Be-like ions
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Theoretical predictions of 2s2p 3P, lifetimes
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Ultraprecise optical clocks?

5s 5p 3P, — 5s? 1S, fluorescence after laser excitation
of a single In* ion stored in a radio frequency trap
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13C/12C abundance ratio in planetary nebulae

shedding light on stellar nucleosynthesis
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,2EXperimental“ HFI lifetime from a planetary nebula

beryllium-like nitrogen
In the planetary nebula NGC 3918
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The challenge

measurement of an extremely long lifetime

prediction for the 4'Til8*(2s2p 3P,) state: t=2.8 s

theory by Marques et al., PRA 47 (1993) 929

needs well defined environment
without significant disturbance
of the long-lived state
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The Heidelberg TSR storage ring at MPIK




Decay of excited states

Injection of ions in metastable states
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Electron-ion recombination experiments

Ad+ + e + photons

e  beam
T Yy [l Reaction products
\ « beams of high directionality
/ @ * high particle energies in lab frame

100% detection efficiency

collision experiments with dilute ensembles of particles

tunable relative energy: sub meV to sub MeV
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Dielectronic recombination (DR)

- viewed as a two-step process -

dielectronic radiative
capture (DC) stabilization photons
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Measuring the 3P, lifetime using DR as a tool

ldea:

e stored Be-like ion beam contains a 3P, fraction,
iIf 3P, lifetime is sufficiently long (> 1ms)

« 25 2p 3P, excitation produces distinct
DR (e.g. 2p?nl) resonances

* measure the DR resonance strength as a
function of storage time

« deduce 3P, lifetime
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DR of Be-like C2*

- single-pass merged-beams experiment -
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DR spectrum of Be-like 48Ti18*
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Why are 3P, resonances missing?
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Tit8* DR spectrum at low energies
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Recombination signal at 0.75 eV vs. time
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Data analysis

1000 essential feature of the method

800 usage of two isotopes
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Theoretical and experimental 2s2p 3P, HFI lifetimes
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Influence of external fields

B-field

ﬁ Zeeman effect: 1., becomes m dependent
effect too weak to explain discrepancies
/ Li et al., Phys. Lett. A 375 (2011) 914

\\// E-field (via v x B)

dipole magnets
withBupto1.3T Stark mixing of 3P, and 3P, levels:

effect much too weak to explain discrepancies
Maul et al., J. Phys. B 31 (1998) 2725
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DR of Be-like 132Xe>%*
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Time dependence of 3P, DR resonance strength

Measurement of the E1M1 two-photon transition rate should be feasible

150'|"|"'|"'|"'|'_
LY Xe™ 2s2p P +e > Xe' 2p° P, 8

\ 11/2 132 152

100 -

3PO fraction at t=0

DR rate coeff. (10" cm®s™)

3P0 fraction 52 s later

1S0 fraction

1.2 14 1.6 1.8 2.0
Electron-ion collision energy ( eV )

D. Bernhardt et al., JPCS (in print)
Stefan Schippers, EMMI workshop, GSI, November 1, 2011 24



» Hyperfine-induced (HFI) transitions have specific applications
- accurate atomic clocks
- astrophysics: isotope specific abundances

» HFI 2s2p 3P,—>2s2? 1S, transition in Be-like ions
- does not compete with any other one-photon transition

> First laboratory experiments with Be-like ions in a storage ring
- comparision of measurements with two istopes
- lifetimes determined with 5% accuracy
- 47Tit8*: 20% discrepancy with recent theoretical results
- 33512+ Agreement with recent theoretical results
- in the future determination of nuclear magnetic moments?

» EI1M1 two-photon transition rate
- measurements may be feasible for heavy Be-like ions
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