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Why do we care?

Dirac 1929: , The general theory of quantum
mechanics is now almost complete...”
“The underlying physical laws necessary
for the mathematical theory of a large part
of physics and the whole of chemistry are
thus completely known,....."
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Dirze 1929



Why do we care?

The three-body Coulomb problem solved
- Rescigno, Mc Curdy: Science 1999
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Benchmark system for ionization in the presence of correlation

' Not understood even for total cross sections! |
What about (fully) differential cross sections?
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Reaction Microscopes
Single lonization

Double lonization

Antiproton Capture

How to do the Experiments ?
Plenty of other Reactions !



REACHON VICIOSCOPES B
[rig “Clotc) Crlzlfgers”

Animation: R. Dorner, H. Schmidt-Bécing







rrrrrrrrrrrrr

Reaction Microscopes
Single lonization

Double lonization

Antiproton Capture

How to do the Experiments ?
Plenty of other Reactions !



Klnematlcally Complete Surprise!
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At high energies: weak field limit
- all theories converge
- no proton-antiproton difference




He Single lonization - -
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From the optical limit to 1°t Born

1st Born approximation: Dipole limit
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rrrrrrrrrrrrr

A
Photo-ionization 1stBorn:
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Photo-ionization: do « K¢f
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Classical Picture -
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1st Born:

binary peak

recoil peak

D. Madison
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In-Plane Scattering - -

A A

1st Born:

:electron

Explored since about 30 years: “understood” |Madison
Theory: Bray, Resigno, Bartschak: “solved”
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100 MeV/u C®*
Zp IVp=0.1

first experiment: D. Fischer,
R. Moshammer, M. Schulz:
surprises in 3 dimensions!

M. Schulz et al.
Nature 48 (2003)




“Perpendicular” Plane ==

5

not understood at allt 100 MeV/u CS*
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Olson: - interaction with nucleus :

- special trajectories (priv. comm.) : 210;/ s
Voitkiv: - interaction with nucleus ' M. Schulz et al.
Madison: - failure of CCC at small distances Nature 48 (2003)




Towards large Perturbations

100 MeV/u C°8* Madison et al. PRL 2003

| £V, =01 2 MeV/u C JPB 2002
W Zo/Vy = 0.7 |Fischer et al., JPB 2002

JPB 2003
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Antiprotons: Kinematically Complete

—..> |ultimate test of strong-field theories
——>|benchmark: dynamlcal two-electron correlation
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The Ultimate Test: p,p + H,He
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The Ultimate Test: p,p + H,He
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Reaction Microscopes
Single lonization

Double lonization

Antiproton Capture

How to do the Experiments ?
Plenty of other Reactions !
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p—Capture: Structure & Dynamics

Oh. —_ ® ﬁ
pHe™ He* °
o electron
Questions:

- capture cross section

- few-particle dynamics at 10 to 100 fs time-scale

- n,l distributions ——> EXxp.: no single collision
- spectroscopy of states conditions



p—Capture: Structure & Dynamics

Antiprotons
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p—Capture: Structure & Dynamics
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 High Luminosity: ...10¢t cm?...



FLAIR Cold Antiprotons
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10> times: antiprotons/second in the ring




The USR: Design =

— injection

(7~ )

||| Challenges: |
- 2 s beam bunching '

- antiproton deceleration ‘
o - electron cooling at 10 eV electron cooler
oo - in-ring reaction microscope I ‘photocathode

_ - AE~ 1 meV
microscope '~

atomic jet

- )




The In-Ring Reaction Microscope
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The In- Rlng Reactlon Microscope
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The USR: Design =

— injection

—

||| Challenges: 1]
- 2 NS beam bunching

atomic jet - antiproton deceleration
+ - electron cooling at 10 eV electron cooler
reaction- < - In-ring reaction microscope -photocathode

- AE~ 1 meV

microscope
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The USR: Design =
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Summary:

* Reaction Microscope + USR:
“Cloud Chamber” + high luminosity

 Sub-fs Correlated Dynamics
Single, double multiple ionization
Antiproton Capture .....

* Plenty of other Reactions?



Reaction Microscope Injection from ISR:

300 keV; ~108 pbar, 0.1 Hz

Positron Cooler
Storage Ring

Electron Cooler:

10 eV — 150 eV
Recombination; Laser assisted
Laser Precision | |Microwave HFS
Laser-Beam Spectroscopy Spectroscopy
< e*,e-spectrometer
N - Low Energy
PEIEEE S H-Beam
Electron Cooler: ‘ | 2
ra-Low
10 eV — 150 eV Ultra-Low Energy |
Antiproton Storage Ring |

—PJ Supersonic Jet Target /L Nested Trap
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¢ Spectroscopy il =P
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pp, pHe™ Reaction Microscope | | €V-20 keV
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Atom Beam Single, Double, Multiple || Antiprotonic Atom Formation p-Beam Energy
lonization Dynamics n,| Distributions, Spectroscopy 20 - 300 keV E-Beam
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