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Exotic atoms

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 order to determine the energy shift , 

the E.M. energy of the unshifted line 

must first be calculated

Klein-Gordon equation with 

Coulomb potential with second 

order perturbation theory 

corrections

Corrections include vacuum 

polarization, electron screening, 

relativistic corrections to reduced 

mass, nuclear polarization and 

Lamb shift



Kaonic atoms
Å Energy shift eand line width G

of 1s state are related to real 
and imaginary part of the S-
wave scattering length: 

Å Neglecting isospin-breaking 
corrections Deser-Trueman 
formula [1] for kaonic hydrogen 
and deuterium state:
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Scattering lengths can be expressed in 

terms of antiK-N isospin dependent 

scattering lengths:
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Includes all higher contributions related 

to the pysics associated to the K- d three 

body problem.

It can be numerically calculated solving 

Faddeev equation

[1] S.Deser et al., Phys.Rev. 96 (1954) 774;

T.L.Truemann, Nucl. Phys. 26 (1961) 57;

A.Deloff, Phys. Rev. C13 (1976) 730.



Previousdata
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All Xray experiments done before 

KEK were in agreement about the 

sign of Ů:

Ů>0 (atractive)

This is in direct contradiction with the 

repulsive strong interaction found 

from scattering data analyses!!!

Different

Sign!



Kaonic Hydrogen Puzzle

KpX at KEK results [6],

[6]  M.Iwasaki et al., Phys. Rev. Lett. 78 (1997) 3067

T.M.Ito et al., Phys. Rev. A58 (1998) 2366.



DEAR results

eVsyststat

eVsyststat

.)(39.)(111249

.)(6.)(37193

°°=G

°°-=e Confirming repulsive character of K- p 

interaction

No deuterium measurements due to the too 

much high background

Background reduction is needed! SIDDHARTA



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) Confirming the puzzleôresolution understanding the Kaon-

Nucleon interaction

2) X-ray measure represents the only direct experimental 

evidence on the near-zero energy anti(K)-N interaction

3) Reconcile X-ray and scattering data (already attempted)



SIDDHARTA

ÅImprovethemeasurementof theshift and width for

theKaonicHydrogen.

ÅMeasuretheKaonicdeutiriumfor first time.

2 aims:

Helium4 is usedfor thesetupoptimization(high yield)



DAFNE background 

SYNCRONOUS: Itôs associated to K production, or F  decays. It can be 

considered a hadronic background.

ASYNCRONOUS: Itôs due to final products of electromagnetic cascade produced 

in the accelerator and to other materials activated by electrons lost from the beam. 

Moreover it also contains Touschek effect (same bunch particlesô interactions)

The main contribute comes 

from the asyncronous 

background, wich can be 

reduced using a trigger and 

fast detectors: SDD 

(Silicon Drift Detector)



SIDDHARTA setup
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Beampipe





Degrader position


