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A new renaissance for kaonic atoms at DAūNE: future measurements and perspectives



Kaonic Atoms X-ray Spectroscopy

Kaonic atom formation
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n ~ sqrt(M*/me) nô ~ 25 (for K-p)
(M* : K-p reduced mass)

Key observables:

Shift Ⱡ), Width ( ) 

and X-ray Yield
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The modern era of light kaonic atom experiments
Catalina Curceanu, Carlo Guaraldo, Mihail Iliescu, Michael Cargnelli, Ryugo Hayano, Johann 

Marton, Johann Zmeskal, Tomoichi Ishiwatari, Masa Iwasaki, Shinji Okada, Diana Laura 
Sirghi, and Hideyuki Tatsuno

Rev. Mod. Phys.91 , 025006 ïPublished 20 June 2019

J-PARC

A long journey
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Kaonic atoms

Kaon-nuclei interactions (scattering and 

nuclear interactions)

Part. and Nuclear physics

QCD @ low-energy limit

Chiral symmetry, Lattice

Astrophysics

EOS Neutron Stars

Dark Matter studies Fundamental physics, QED

New Physics

On self-gravitating strange dark matter halos around galaxies

Phys.Rev.D102 (2020) 8, 083015

Kaonic Atoms to Investigate 
Global Symmetry Breaking Symmetry 12 (2020) 4, 547

The modern era of light kaonic atom experiments
Rev.Mod.Phys. 91 (2019) 2, 025006

The equation of state of dense matter
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DA NE

DAMPING RING
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Åū Ÿ K- K+ (48.9%)

Å Monochromatic low-energy K-

( 1ͯ27 MeV/c ; ȹp/p = 0.1%)

LNF - ÅÅ Accelerator Complex 

A new renaissance for kaonic atoms at DAūNE: future measurements and perspectives
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DAūNE



Flux of produced kaons: about 1000/second

The DAFNE principle
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Suitable for low-energy kaon physics:

kaonic atoms

Kaon-nucleons/nuclei interaction studies

ū Ÿ K- K+ (49.1%)

Monochromatic low-energy K- (~127MeV/c)

ÅLess hadronic background due to the beam

( comparing to hadron beam line : e.g. KEK /JPARC)



15

xy

z

SIDDHARTA overview

510 MeV/c

510 MeV/c
127 MeV/c

ȹp/p=0.1%

Target
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The Cryogenic Target Cell



1 cm2 x 144 SDDs



Kaonic hydrogen

Hydrogen

spectrum

KŬ Kɓhigher

Background estimation
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Deuterium
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EM value
K-p KŬ

Kaonic hydrogen

KŬ Kɓ

higher

Residuals of K-p x-ray spectrum

after subtraction of fitted background

e1S= ī283 ± 36(stat) ± 6(syst) eV

G1S= 541 ± 89(stat) ± 22(syst) eV

>400 citations





The SIDDHARTA-2 Scientific goal

Scientific goal: first measurement ever of kaonic deuterium X-raytransition to the ground state (1s-

level) such as to determine its shift and width induced by the presence of the strong interaction,

providing unique data to investigate the QCD in the non-perturbative regime with strangeness.
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Theoretical predictions for the kaonic deuterium 

1s level shift and width 









SIDDHARTA-2 installed on DAFNE




