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Exotic atoms

Electronic hydrogen | | _Kaonic hydrogen

Hydrogen
atom

2p->1s (K,)
X ray of interest




Strong interaction causes a
shifting of the energy of the
lowest atomic level from its
purely electromagnetic
value

Absorption reduces the
lifetime of the state, so Xray
transitions to this final
atomic level are broadened.



Exotic atoms

In orderitodetermine the energy shift , Klein-Gordonequation with
the E:M. energy of therunshifted line Coulomb potentialwith second
must first/be calculated order perturbation theory

‘ corrections
Corrections include vacuum

polarization,-electron:screening,
relativistic corrections to-reduced
mass, nuclearpolarizationand
Lamb shift
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A Energy shifeand line widthG Scattering lengths can be expressed i

of 1s state are related to real terms of antikN isospin dependent

and imaginary part of the-S scattering lengths:
wave scattering length:a, .

A Neglecting isospibreaking
correctionsDeserTrueman
formula [1] for kaonic hydrogen
and deuterium state:

Includes all higher contributions rel&tec
to the pysics associated to thedthree
body problem.

(1] S:Deser etal, Phys.Rev. 56 (1954) 77 It can be numerically calculated solving
T.L.Truemann, Nucl. Phys. 26 (1961) 57; .
Faddeev equation

A.Deloff, Phys. Rev. C13 (1976) 730.
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All Xray experiments done before
KEK were in agreement about the

sign ofU
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This is in direct-contradiction with th

repulsive:stranginteraction found

from scattering/data-analyses!!!

The K p scattering lengths determined from kaonic hydrogen
X-ray measurements and those from scattering analyses

Method

Reference

aK‘p
(fm)

Kaonic hydrogen
X-ray measurements

Davies et al. (1979)
Izycki et al. (1980)
Bird er al. (1983)

(0.10+0.14) +i(0.00 *%7%%)
(0.650.19) + i(0.68+0.31)

(0.4710.14) +i(0.10 *43p)

K'p scattering
analyses

Sakitt et al. (1965)
Kimetal. (1967)

von Hippel et al. (1968)
Martin & Ross (1970)
Martin er al. (1981)

(- 0.91+0.05) + i(0.4810.03)
(- 0.87+0.04) +i(0.69+0.03)
(- 0.89+0.02) + i(0.62+0.02)
(- 0.8940.03) + i(0.6610.03)
(- 0.6630.05) + 1(0.6410.04)

Different
Sign!
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FIG. 3. Kaonic hydrogen x-ray spectrum. The inset shows
the result of peak fitting and the components.

AFE(ls) = ElK,) — Epm(Ky) = —323 = 63

and ['(ls) = 407 2005 100 eV,

KpX at KEK resulits[[q],

[6] M.Iwasaki @taal. PRIySRRev.chietts (8X19F1)%3067
T.M.lto et al,, IRhysRRevA A58 (1998} 2366.

11 eV
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Confirming repulsive character of-
Interaction

No deuterium measurements due to the too
much high background

Background reduction is neede_> S]DDHARTA
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DEAR Results on kaonic hydrogen
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The importance of a new Xray
measurement

Which is the scientific meaning of an Xray measurement on
kaonic hydrogen?

1) Confirmingthepuz z|l edresol uti on- unc
Nucleon interaction

2) X-ray measure represeni® onlydirect experimental
evidenceon the nearkero energy anti(kN interaction

3) ReconcileX-ray and scattering data (already attempted)



SIDDHARTA

2 aims

Almprovethe measuremerdf the shift andwidth for
the KaonicHydrogen

AMeasurehe Kaonic deutiriumfor first time.

Helium4 is usedfor the setupoptimization(high yield)




DAFNE background
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SIDDHARTZetup



SIDDHARTA setup
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