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Atomic Physics in Extremly Strong Coulomb Fields
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The Structure of One-Electron Systems
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Bound-State QED: 1s Lamb Shift

um of all corrections, leading to deviations from
the Dirac theory for a point like nucleus
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Self energy
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Vacuum polarization

U92+
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AE=a/n (aZ)* F(aZ) m CX

Goal: % +1 eV
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Low Z-Regime: aZ << 1
F(aZ): series expansion in aZ

High Z-Regime: aZ = 1
F(aZ): series expansion in aZ
not appropriate



Test of Bound-State QED at High-Z
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X-Ray Spectroscopy at the ESR Storage Ring
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U X rays e
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At the ESR, production of characteristic
circumference: 108 m X-rays by electron capture into the bare
Number of lons: 108 ions (electron cooler or jet-target)

Frequency: 1061/s



The Experimental Challenge
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0° Spectroscopy at the Electron Cooler
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Test of Quantum Electrodynamics (1s-LS)

I B 0000
The 1s-LS in H-like Uranium
140 2p3/2
o b : . Ly, (E1)
100 - ] 1s-Lamb Shift
@ 2D/
ST b | | Experiment: 459.8 eV +4.8 eV
3 60 xperiment: 8eV £48e
© 40 K-RR LyOLZ (E1)
o J Theory: 463.95 eV
0 LUl )
80 100 120 140 160 180 200
photon energy [kev] 1s Lamb shift {
520 ——————————T————— —
510F 91+ 2 g
U = 9 5 S 5
= 500F 7 % B %'_ Theory
9, 490} &1 8 z &
£ 4801 2 2
»n 470F 3
-g 460:-__ 7 e
S 40r 03 ] A. Gumberidze
sa0f | i ; et al.,
420 [ N 1 1 N 1 .D 12 N 1 N 1 N 1 tO be pUbIIShEd
1990 199211994 1996 1998 2000 2002 2004
Year




Ni/At (Hz)

1

_\

Towards an Accuracy of 1 eV
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o e=10"
xtal spectrometer
e=10"

e High Beam intensities
(108 Ions per Minute =
4.5 x 105 Photons in 4r)

low Ions or Ions in Rest
Deceleration of the Ions
Small Doppler correction

etector and Spectrometer
Development

Crystal spectrometer
<50 eV

(requires position
sensitive solid state
detectors)

mircocalorimeter ?



Transmission Crystal-Spectrometer

The Wax ITlll'owards an Accuracx of 1 eV
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FLUCAL

Bragg-Laue Relation

A=2-d-sin@ ~=-2d

curved crystal

Si 220 _ .
scanning or position-
sensitive detector
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FOCAL Spectrometer: € = 10-8= 3 Events per Hour
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Position Sensitive Ge(i) Detectors
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Micro-Strip Germanium: Detector Development

Energy Resolution Position Resolution Timing
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F@CAL Commissioning at the beam line
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Correlation and 2eQED Studies for He-like Uranium
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Relativistic Quantum Dynamics
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Experiments at the Jet-Target
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Experimental REC studies
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photon angular distribution studies for REC into the
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Open questions !

Angular distributions for few-electron ions 7

close to the threshold (decelerated ions) -
Polarization of the emitted photons 7
(no experimental information available)



Interaction of radiation with matter
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- photoelectric effect

angular distribution of scattered photons

- Compton scattering

- pair production



Compton Polarimetry:
Application of segmented solid state detectors
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Pixel matrix 4x4
Pixel size 7x7 mm

Energy resolution: 2 KeV
(Detector: D. Protic, FZ-Jilich)



Compton Kinematics
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Polarization Measurement for Radiative

Recombinatiollﬂn;I'ransitions (U%2+ + e = U2+ + /i =
EENSSSSS

\/ 6000 6500 7000 7500 8000

energy (channels)



Polarization Measurement for Radiative

Recombination 1|'Ir|ansitions (U92+|+ e = U%1+ 4+ Ji :

target

K-REC radiation is
\/ strongly polarized

<gas

‘/ polarization is

_ _ _ _ in the scattering plane
Unique: By using 2D strip or pixel detectors,

the plane of polarisation can be measured



Polarization Studies

linear polarization of K-REC Radiation

1,0

r. 'n-relativistic
v Yole
approximation

Exact relativistic
Treatment

degree of linear polarisation

Eichler et al.,

PRA, 2001
0,0 r - 1 Surzykovetal,
p I 60 90 120 150 180 PRA, 2001
observation angle 6 _ [deg]
Experiment: 20 MeV/u

Tachenov et al., 2003 400 MeV/u




Detection of spin polarized ion beams

spin polarized ion beams
unpolarized ion beams

\V degree of ion beam
polarization

A.Surzhykov et al., Poster: B7-24



20, Summary ._K-REC
2 /Lyey (E1) - ExinE
T 2P Atomic Structure at High-Z et OO
1s LS in H-like uranium .
confirmed on a level of 1% heo
e further progress towards an e "

a
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Kernladung, Z

absolute accuracy of 1 eV can be
expect from high-resolution
spectroscopy techniques

Quantum Dynamics

e segmented solid state detectors,
an excellent tool for polarization
studies in the hard X-Ray regime

e first polarization studies for hard
X-rays

i
Jid: 2N
ke, o

e unique tool for the diagnostic for .
spin polarized ion beams

501




Outlook
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For Atomic Physics at

The Future GSI-Facility

FAIR



FAIR in 2013
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e Radioactive Nuclel

e Antiprotons

|. Extreme Static Electromagnetic Fieldsl

11. Extreme Dynamic Fields
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111. Ultra-Slow and Trapped Antiprotons
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Atomic Physics Experiments at the
' International Accelerator Facility
for Beams of Antiprotons and lon Research
(FAIR)

The SPARC-Collaboration:
Atomic Physics with Heavy Stable and
Radioactive lons

PosterrB7-23
Stored Particle Atomic Research Collaboration

The FLAIR-Collaboration:
Atomic Physics with Slow Antiprotons
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Facility for Low- Energy o%ons and lon Research
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