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ELECTROMAGNETIC INTERACTIONS OF+ NUCLEI SEEN IN EXOTIC ATOMS

G. BACKENST0SS
Institut fii Physik,Experimentalphysik, Universitit Basel, Switzerland,

The level structure of exotic atoms is determined largely by the
electromagnetic interaction between the positively charged nucleus
and the negatively charged orbiting particle. This is rigorously
correct for muonic atoms whereas for hadronic atoms also the strong
interaction must be considered. However, due to the Vefy different
ranges of the strong and the electromagnetic interactions it_is
possible to study the latter azlso in hadronic atoms in atomic states
Eeyond the reach of the strong interaction. But also valuable infor-
mation can be obtained from atomic states affected by the strong
interaction by comparison with purely electrom#gnetic measurements.
I will discuss four different aspects which seem to me related te the
problems relevant to this Conference even if only partly experimen-

tal results have been ohktailned.

1} Polarizabilities of Nuclei and Hadrons
Due to the larger mass the ‘orbits of hadronic atoms are correspon-
dingly smaller than those of ordinary atoms and hence the hadron
experiences a much stronger nuclear electric field. It amounts
in heavy nuclel to several 1019 V/cm at a distance for outside
the strong forces. Similarly the nucleus moves within the electric
field of the hadron. This leads to an attractive energy éhift of

the atomic level
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where o' and o are the polarizabilities of nucleus and hadron

respectively and the average of r~4 is taken over the correspon-
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ding atomic orbit n,%. The possibility to determine ofl was pointed
out first by Jachellc and Landélind discussed in some detail by
Ericson and Hifner 2) who also studied oV. Experimentally a jimit
of ol for kaons was given 3} to be of £ 0.02 £m3 where the effect
cqused‘by o is expected to be still about 10 times smaller 2).
With the improvement of the experimental technique as demonstrated
below the effects under discussion should in future not be too

»

far out from the experimental possibilities.

Nuclear distrubutions from hadronic atoms -~ Iscotope effects.

The heavier the orbiting particle is the more the overlap fo [y|2dr
is peaked at the surface of the nuclear density p where ¢ is the
wave function of the'orbiting particle. For K-meson, antiprotons
and I hyperons this means that the overlap becomes significant
outside the regions where the nuclear density has éropped roughly
to 20%, 10% and 5% respectively of its value at the center. The
strong interaétion effects consist of shifts of the.energy levels
and of broadenings of the levels and intensity attenuvations due

to the absorptive interaction. They are described in the simplest
way by an optical potential V{r) « |AppP(r) + Anpn(r)! where_Ap and
An are effective complex scattering lengths &nd Pp and Pn the dis-
tributions of protons and neutrons. respectively. In perturbation
theory shifts and widths are then proporticnal to the overlap in-
tegral timgs the real or imaginary part of a scattering lengkh A

properly averaged over A_ and A,

P

AEn,L - ReAIo(r)wn'l(r)dt

Fn,t o ImAfp(r)wn,E(r)dr
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These quantities depend on the.nuclear distribution as well as
on the hadron nucleus interaction described by A and one can hope
to disentangle them by a number of different experiments. For
different hadrons AP and An are different (e.g. Im An = @O for I7)
and pp and P, may differ in particular nuclei. As a suitable ex-
periment to clarify these problems measurements on p!®0 and pl®0
have been performed by our group. The results are consistent with
the assumption that the pp and pn interaction is the same and the
pn(r)extends beyond pp(r) as predicted from measurements of tﬁe

charge distributions and model calculations 4).

Precise Muonic X-rays and the Vacuum Polarization

Previously measurements of X-ray energies in muonic atoms have been

5,6

reported } which suggest discrepancies of 2-3 standard devia-

tions with respect to theoretically calculated transition energies.

Since the transitions are chosen such that other sources of uncer-

tainties such as finite size effect, nuclear polarization and electrcn

screening are minimized, possible deviations are thought to be con-
nected with quantum electrodynamical corrections, predominantly

vacuum polarization.

Hence, additiomal information is desirable which we obtained by
measuring the energy difference between the 4+3 transitions in

uy-Ba and the 5+4 transitions in p-Pb which are doubletts interlea-
ving each other. The components are, however, sufficiently separa-
ted that the energy difference can be determined with a high preci-
sicn. Any effect depending independently on Z and the muonic state

(n,23) should be detectable sensitively in this way.

We measured the X-raw from a composite Ba-Pb target simultanecusly
with two Ge (Li} detectors and obtained for the encrgy difference

~lis-
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perfect agreemént with theory within the experimental errors of
13 eV and 16 eV for the transitions between the £+§ - and the £—%

states respectively.

The absolute energies can be determined with the help of a bhuilt

in calibration line from the excited state of 137¢5 at 455 keV pro-
duced by - + '?°Ba + !*7Cs* + n which is only 14 keV above the

Ba X-rays. A recent determination of this y line 7) seems to indi-
cate that there are no significant discrepancies for the muonic Ba

and Pb transitions.

Parity Viclations in Muonic Atoms

The existence of neutral currents in weak interactions as evidenced
by neutrino experimenﬁs has stimulated the interest in theories ai-
ming at a unified description of weak and electromagnetic interac-
tions. The questions arise now to which extent are neutral currents
parity violating and to which extent can parity viclation be ob-

sexrved in processes dominated by electromagnetic interaction.

The muonic atom is a system very suitable to study these guestions
since it is a bound system where the muonic wave function overlaps
the nucleus much more than in electronic atoms. It has been sugges-

ted 8,9

} to investigate the MI(EI) mixing in light or medium muonic
atoms. A detailed exanination of the experimental possibilities lead
us to the conclusion that the necessary measurements of the inter-
ference term in the form of circular polarization of the X-rays or
an asymmetry of them with respeét to the muon spin are very hard.
However a measurement of the E2(EI) nixing 10) though difficult,
seems to be more promising. The advantages of this method are dis-

cussed in scme details and it is believed that the measurements ba-

sed on the MI{EI) mixing need measuring times longer by orders of

maqnitude.
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