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Dynamics in many-body effects with internal jet-target

Laser-probing of metastable states: Lifetimes

QED tests for few-electron ions by recombination
resonances

Stored intense laser pulses
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Fast atomic collisions in CRYRING
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New experiments: Intense stored and cooled ion beam crosses with cooled gas
target for high luminosity Recoil Ion Momentum Spectroscopy (RIMS!)

First experiment: p+He→H+He2++e-

pR

pR//

He

H

Investigate: The dynamics in electron
rearrangement processes

Here: correlated and un-correlated
transfer and ionization up to 7 MeV p
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H. Schmidt et al.
H.I.108, 339, (1997)



Time after injection
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Lifetime curve
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Mannervik et al
Lidberg et al, Nucl. Instr. and Meth. B 152, 157 (1999)



Applying laser probing on complex atomic systems ...

Blob spectrum

[Fe II]

Forbidden
lines

Utilizing:
•high sensitivity
•high selectivity
•long observation time

62 truly metastable levels in Fe II
- 4 have been investigated

a 6S5/2

z 6D7/2

a 6D

6516 Å

~2600 Å

Lifetime of b4D7/2 (2000-05-21-02)
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Rare earth elements -
unexplored until now
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Eu II

Hubble gives spatial and
spectral resolution

Eta Carinae

Rostohar et al, Phys Rev
Lett 86(2001)1466

Rostohar et al, Physica Scripta
(to be published)

Mannervik et al, Phys Rev Lett 76(1996)3675



M. Fogle, P. Glans, S. Madzunkov, R. Schuch, M. Tarek
theory: E. Lindroth, M. Tokman
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principle:
Er = ∆∆∆∆E - Enl



Pb53+

Pb54+

Calculated
RR for Pb54+

Exp:. CRYRING, Sthlm
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Huge recombination rate for 
Pb 53+ !

Aq + e- →→→→
(Aq-1)**→→→→ Aq-1 + ����ωωωω

DR - resonant

Pb53+: (..3d10) 4s

Aq + e- →→→→ Aq-1 + ����ωωωω

RR -non resonant

Pb54+: (..3d10)

Lindroth et al. PRL 86, 5027, 2001



..3d104s1/2 + e- →→→→ ..3d104p1/218 ����j

Threshold
extracted from

experiment

Pb53+

4p1/2 18�j

Pb52+

Threshold
including

lowest order
QED ∼∼∼∼ 2eV
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relativistic H-like
description

of the 18lj electron

correlated
description of

4p1/218lj

j=21/2 j=35/2j=25/2 j=29/2

∆∆∆∆ (4p1/2-4s):

118.010 ± 0.001 eV (QED ∼∼∼∼ 2eV)

determ
ined: Incl. screening of

self energy and
vac.pol. 2.01
+ core QED etc 2.05 (1)

(Blundell -93)
Experiment 2.004 (1)

QED in Pb in Pb in Pb in Pb 53+53+53+53+

εεεε = Pb52+ (4p1/2 18����j ) - Pb53+ (4s1/2 ) = Pb53+ (4p1/ 2 - 4s1/2 ) +∆∆∆∆ E(18����j )

Lindroth et al. PRL 86, 5027, 2001
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Experimental data
kTlong = 0.07 meV, kTtran = 1 meV
Cross Section

1s22s1/2 + e- →→→→ 1s22p1/215lj

Size of the many-body eff. in
QED correction (screening)

KrKrKrKr33+33+33+33+
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4.6 5.25.04.8 5.4

E(2p1/2-2s1/2) ±±±± 8meV

0.5 % of rad. cont.

Madzunkov et al. PRA to be publ.
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Scan over 5.37 eV resonance (2p1/2)
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W. Zong et al. Phys. Rev. A56, 386, (1997)



The Nd:YAG Dye
laser pulse travelling
around the Optical Ring

Focusing

system

Laser Pulse

7 ns (2.1 m)

High

Power

Laser

Optical Ring for High-Intensity Laser Pulses

T. Hassan, G. Andler, and
R. Schuch to be subm.

Simulated
target


