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STRONG INTERACTION

goals



A <4 nuclei

hadronic effects in s, p, and d waves

PP S-wave spin-spin interaction

d pn isospin

Ol

p, pd p-wave spin-orbit interaction
bound states
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PA(N,2) annihilation strength
baryon-antibaryon asymmetry



THEORETICAL DESCRIPTION

Coulomb

Uhadronic = meson exchange
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PROTONIUM - hyperfine states

s- and p-state strong interaction effects
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strong-interaction effects in A <4
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pre - LEAR experiments 1974 — 1980
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Si(Li), Ge “He
LEAR experiments 1983 — 1996
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EXPERIMENT

general considerations

stopped antiprotons



PRESSURE DEPENDENCE

of atomic cascade

e collisions — Stark-mixing
low X-ray yields
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DEMANDS

for precision experiments

* high yield X-ray yields
« ultimate energy resolution

Bragg crystal

high annihilation induced background9
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STRONG INTERACTION

results
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ANTIPROTONIC HYDROGEN

\! \
c\C e®
GC'“O«\ G \)‘eﬁ\
N x €0
two different energy ranges C(\JS‘ d\(ec
n [l Balmer series = Balmer series —
pH 30mbar pD
o v i
4000 1 o {h- | “ 30 mbar
P from high n states ot {15
\6 /
\\ 3 f)
O ey
T I T v I I T I I | T T I I I
2 4 6 8 10 12 14 6 8 10 12 14
E/keV 24 E /keV

PS175: K. Heitlinger et al., Z. Phys. A 342 (1992) 359

12



)

\S
&
Q

A

=

Hydrogen

13



PROTONIUM -

cyclotron trap + MOS CCD
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comparison theory - experiment
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Deuterium
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Antiprotonic DEUTERIUM

s- and p-state strong-interaction effects

LEAR experiment PS207
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Helium

19



Antiprotonic HELIUM

isotope effects

N LEAR experiment PS175
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single - nucleon annihilation ?
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annihilation cross section

Trueman fit
formula
Ima, -0.69t0.3 -0.69+0.04 fm

Ima, -0.77£0.6 -0.75+0.07 fm3

striking agreement
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E. Lodi-Rizzini,
this workshop

discussion and references: K. Protasov et al., Eur. Phys. J. A 7 (2001) 429
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ANNIHILATION STRENGTH

VS.

atomic weight

K. Protasov et al., Eur. Phys.J. A 7 (2001) 429
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Relative annihilation on p,n - isospin | =0,1
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BOUND STATE QED
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CAPTURE & CASCADE
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COULOMB EXPLOSION

atoms and molecules

response function
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ANTIPROTONIC HYDROGEN - series limit

high np states populated in contrast to uH, zH
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more “microscopic” cascade theory
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ELECTRONIC X-RAYS - ARGON
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ELECTRONIC X-RAYS - KRYPTON
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ELECTRONIC X-RAYS - XENON
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TOOL KIT
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antiproton , beams*

AD MUSASHI antiproton trap — DC extraction — gas cell
direct measurements
FLAIR high intensity DC beams
direct measurements + crystal spectrometer
future option traps and gas jets
X-ray detector direct measurement fast CCDs
A. Ackens et al., IEEE vol. 46 (1999) 1995 — pixel size 75 um
H. Gorke, this workshop — 600 frames /' s

crystal spectrometer

2 — 3 keV ultimate resolution AE = 300* —» 200 meV

asymmetric cut crystals

10 keV ,bad“ resolution 300* —» ,1eV"

*  PS 207 and PSI ECRIT (D. Anagnostopoulos et al., to be pub in NIM A) 33



SUMMARY
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pp 1So 73S,

pd ground state
pp, pd p-states
PA(N,Z)

bound-state QED

capture and cascade

AD

+ FLAIR

1

crystal spectrometer
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