Recent results from experiments
with pionic Sn atoms
- High precision spectroscopy with the FRS -
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Nuclear reaction

Direct population of deeply

bound states

Pion bound state
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1996 pionic 2p state in 2°’Pb
1998 pionic 1s state in 2%°Pb
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Quasi-free Q-value
pion production

Proper choice of incident energy
leads to small momentum transfer
to enhance the bound state formation.
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T4= 503.388 MeV
14=1.5 x 10™/spill
Ap/p= 2.5x10-4

Experimental Principle and Method
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Calibration measurements

ASn(d,3He)A-1In(g.s.) measurement.
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Experimental Results
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First precise measurement of isotope shift
in deeply bound pionic atoms.



Spectral Decomposition
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What are intersting in pionic Sn nuclei?

1. Pionic 1s Sn atoms have never
been observed by anybody.
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2. Pionic atoms are sensitive to the nuclear density parameters
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3. Real pion is located inside nuclear matter.
In-medium properties of pion can be measured.
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Summary

We performed a high precision measurement of
the excitation spectrum of 1s pionic Sn atoms at

~ 140 MeV above the ground state. B and I',;

are respectively determined with accuracy of
< 30 keV and < 90 keV.

The binding energies and widths are related to the

optical potential of n-N interaction and also to the
proton and neutron density distributions.

Pionic atoms are used as probes to measure the
fundamental symmetry of the vacuum.

In order to clarify the property modification of the
bound meson and the vacuum, it is effective to
perform systematic observation of meson bound states.
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