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Observables in high-resolution: x-rays, electrons, positrons, projectiles, and 

recoil-ions
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TheThe ProgramProgram of of thethe SPARC SPARC --Collaboration: Collaboration: Quantum Dynamics Quantum Dynamics 

in Extrem Fields by in Extrem Fields by Precision Studies of Atomic Systems binding 
Electrons in  Critical and Super-Critical Fields 

•Precision Determination of Fundamental     

Constants

•New Decay of Highly Ionized Atomic Nuclei

•Tests of Fundamental Symmetries
•Fundamental Nuclear Properties from 

Atomic  Data

•New concepts of Strong Field 

QED

•Correlated Many-Body Quantum 

Dynamics
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First excited states of H-like ions
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Spectroscopy of SuperSpectroscopy of Super--heavy Atomsheavy Atoms by         

XX--ray Emission from ray Emission from QuasimoleculeQuasimolecule

U92+
U91+

< 5 MeV/u
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2pππππ
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time
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negative continuum 
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Interference in x-ray spectra

fixed impact parameter

E1sσσσσ (R)

b

XX--ray Emission from ray Emission from QuasimoleculeQuasimolecule

Z = 184

X-rays fl∆E

Phase =1/h ÛDEdt
fl R(t)



R. S. et al., PRA37, 3313, '88

Test Case Cl16+ - Ar (Zua =35) 
goal U91+ - U (United atom 
Z=184) for  Super Critical 

Fields, 

separated atom 

energies

United Atom Energy



negative continuum! 

Goal:

B. Fricke et al. P.Rev.A59,1578('98)

Requirements
Deceleration of Bare Ions to about 6 MeV/u

Large Solid Angle X-Ray Detectors
Monolayer Target (Uranium)

Position Sensitve Particle Detectors



U92+

Extreme Dynamic Fields
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Challenges & Opportunities Challenges & Opportunities -- SIS100SIS100

t ≤ 0.1 as

I ≈ 1021 W/cm2

b ~ 106 fm
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Explore correlated electron dynamics  
- on sub-attosecond time-scale
- not accessible by other means

”Heisenbergs dream”
shot out the nucleus, 
let electrons explode



Positive Energy Continuum

Negative Energy Continuum

Transfer
Excitation

Ionization

Pair Production
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Relativistic Ion-Atom Collisions

Dynamically induced strong fields result in a 
large number of atomic processes

Bound-free pair production limits 
the heavy ion performance of the 
LHC at CERN!

CERN Courier 47 (2007) 7

Z
1 Z
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e+ e-

Large
Hadron
Collider



SPARC Collaboration

High energy cave at FAIR

SIS100 → 10GeV/u U92+

Near Relativistic Collisions

Di-Electronic Capture 

by Pair Production

e-

0

e+U92+

U92+ + ZT → U90+ + e+

Artemev, C. Kozoharov et al. 

Reinhold Schuch - Prospectives of SPARC 11

e+ - e- pairs  many-body 
momentum imaging
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SPARC Collaboration

High energy cave at FAIR

SIS100 → 10GeV/u U92+

e+ - e- pairs     
many-body  
momentum 
imaging
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Near Relativistic Collisions

double pairs ~ ZT
4

(Z1α)2

(Z2α)2

e-

e+

σDP ≈ 2.5% of σ SPmultip
le pairs in

 γ=
10 U-A

u
goniometer with single 
crystall for channeling of 
relativistic heavy ions

goniometer
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SPARC Collaboration

He-like Ar 1s2p ->1s2: 

3139.27±0.15 eV

with high γ beam for 
heavy ion

Y. Yamazaki et al.
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T. Azuma, A. Bräuning-Demina, H. Bräunig,Y. Yamazaki et al.
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Li-like U89+ 2s-2p excit. for 

Lamb shift,  Hyperfine 

(SIS18 September 2009)

SIS100 1s-2p excit. in U91+

Si (22 0) plane

HIM
AC

FAIR

2s-2p transitions

GSI

k=1
k=2

RIKEN

FAIR SIS100: excitation of 1s-2p in U
91+ possible for the firs

t tim
e

T. Azuma, Y. Yamazaki et al.

Virtual Photon Spectroscopy by 
Relativistic Channeling of Heavy Ions



Using cooled beams from the ESR and later NESR 
for low emittance and high momentum definition 

for Resonant Coherent Excitation 
to gain energy resolution.

Development of recombination 

extraction from ESR



@ Relativistic Energies SIS100

Quantum Electrodynamics, Cooling, Crystalline BeamsQuantum Electrodynamics, Cooling, Crystalline Beams

eV

toboosted

6.280

2/1

2 21 ps

2/1

2 21 ss

eV6.280

2γ×

2γ×

improved resolution factor of 10 to 20

QED in Li-like systems

H. Backe, arXiv:physics/0701056 (2007)

SIS100/300

DE = √ÑωxÑωL



laser

lab

North

injection into beamline

via mirror

extraction 

via mirror

and beam dump

detector space

/ spectrometer

x-rays

interaction length 25 m

(i.e. ~2 x 12.9 m)

SIS300

technical design report to be submitted

Present design status of laser experiment at
LaserLab at the SIS100



(WP 1.2) High Intensity Laser

(WP 3.11) Implementation of a Laser Setup

Laser/Ion Interaction (Intense Laser)

(WP 1.1) Laser Cooling

(WP 3.11) Implementation of a Laser Setup 

(WP 4.8) Laser Experiments 

Laser Spectroscopy/Laser Cooling

(WP 4.1) Low-Energy Cave

(WP 4.2) HITRAP

Ion Sources

(WP 4.2) HITRAP Facility

(WP 4.6) g-Factor Measurements

(WP 4.7) Mass Measurements

(WP4.8) Laser Experiments

Traps/HITRAP

(WP 4.1) Low-Energy Cave

(WP 4.4) Ion-Surface Interaction Experiments

Low Energy Setups

(WP 3.1) Electron Target

(WP 3.12) Infrastructure NESR

Electron Cooler/Target

(WP 3.2) Dense H2/He Internal Jet Target

(WP 3.12) Infrastructure NESR

Target Developments (in ring)*

(WP 3.5) Calorimeter

(WP 3.6) 2D Detector Systems/Polarimeter for Hard X-rays

(WP 4.5) X-ray Studies

Photon Detector Development

(WP 3.3) Spectrometers for Hard X-rays

(WP 3.4) Spectrometers for Soft X-rays

(WP 3.7) X-ray Optics for Photon Spectroscopy

(WP 4.5) X-ray Studies

Photon and X-ray Spectrometers

(WP 3.8) Spectrometer for Conversion and Atomic ElectronsElectron and Electron/Positron Spectrometers 

(WP 3.9) Large Solid Angle Spectrometer for Recoil Ions and Electrons

(WP 3.10) Imaging Fast Forward Electron Spectrometer

(WP 4.3) Reaction Microscope for Slow-HCI

Reaction Microscope

(WP 2.1) Cave for High-Energy (< 10 GeV/u) Atomic Physics

(WP 2.2) Resonant Coherent Excitation

(WP 2.3) Pair Production

High Energetic Ion-Atom Collisions 

Working Packages (WP)Responsible Working Groups

Technical Design Reports need to 
be prepared

SPARC is Organized within 13 Working GroupsSPARC is Organized within 13 Working Groups



SPARC enters FAIR with the ESR and HITRAP
works for module1=SIS 100 + high energy cave

Development of ESR, HITRAP and 
experimental components

E-cooler adiabatic expansion

Schottky, Diagnostics

Gas target,  Vacuum

Electron-, X-ray-, Recoil Spectrometers

Micro calorimeters, Lasers,....

Technical Design reports for Module 1

After Contract Signature expects SPARC 2 M€



THANK YOU!


