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| dedicated this talk to my dear colleagues and friendsCamdd
GuaraldaandDir. JohaanmeskaWho passed away in 2024
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Kaonic Atoms X—raz Sgectrosco[:_)z

Kaonic atom formation

highly-excited state Auger Electron
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External Auger emission

Purely electromagnetic Electromagnetic + strong interaction
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A long journey

The modern era of light kaonic atom experiments
Catalina Curceanu, Carlo Guaraldo, Mihail lliescu, Michael Cargnelli, Ryugo Hayano, Johanr
Marton, Johann Zmeskal, Tomoichi Ishiwatari, Masa Iwasaki, Shinji Okada, Diana Laura
Sirghi, and Hideyuki Tatsuno

Rev. Mod. Phys.91, 025006 i Published 20 June 2019
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The modern era of light kaonic atom experiments
On selfgravitating strange dark matter halos around galaxies Rev.Mod.Phys91 (2019) 2, 025006

Phys.Rev.002 (2020) 8, 083015

Bl e sidlhes Fundamental physics, QED

New Physics

Kaonic atoms
Kaon-nuclel interactions (scattering and

nuclear interactions)

Part. and Nuclear physics Astrophysics

QCD @ low-energy limit EOS Neutron Stars
Chiral symmetry, Lattice

The equation of state of dense matter

Kaonic Atoms to Investigate

Global Symmetry Breaking ~ Symmetry 12 (2020) 4, 547
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A Monochromatic lowenergy K
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Laboratori Nazionali di Frascati (LNF-INFN)

°* ® —» K K" (49.1%)
°* Monochromatic low-energy K (-127 MeV/c ; Ap/p = 0.1%)
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The DAFNE principle

/@) gzg :

Flux of produced kaons: about 1000/second



DAFNE

e-e* collider |
i i i NN T O
“®0 VKK (49.1%)

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

Al ess hadronic background due to the beam

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

Inside vacuum
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Study of Strongly Interacting Matter

Study of Strongly Interacting Matter
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Rev.Mod.Phys91 (2019) 2, 025006
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Hydrogen
spectrum

Deuterium

spectrum
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Residuals of K-p x-ray spectrum
after subtraction of fitted background

Kaonic hydrogen
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The SIDDHARTA-2 Scientific goal

Scientific goal: first measurement ever of kaonic deuterium X-ray transition to the grou e (Is-

level) such as to determlne its Shlft and width mduced by the presence of the strong interaction,
providing unique data to investigate the QCD in the non-perturbative regime with strangeness.

Combined analysis of the
kaonic deuterium and kaonic
hydrogen measurements

2a ;.f@] =2ay (Ine - 1@

(W reduced mass of the K'p system, a fine-structure constant
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Ciepl y. A. et al. From KN interactions to K-nuclear quasi-bound states. AIP

Conf. Proc. 2248, 030014 (2020).

Isospin-dependent K-N scattering length




Width Iy, [eV]

The SIDDHARTA -

Scientific goafirst measurement ever

of kaonic deuteH

2 Scientific goal

rdnsition to the ground stat€ls

level) such as to determine its shift and width induced by the presence of the strong intera
providing unique data to investigate the QCD in the Ao@rturbative regime with strangeness
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K-d transition energies predicted by QED (eV)

Ka Kﬁ Kcomplem
2—1 3—1 4—1 5—1 6—1 7T—1
7834.0 9280.2 9786.2 10020.4 10147.6 10224.3

Theoretical predictions for the kaonic deuterium
1s level shift and width

Reference £1s (€V) Ty, (eV)
Kamalov et al. (2001) [55]  -1080 1030
Gal (2007) [56] 769 674
Doring et al. (2011) [57] -779 650
Shevchenkov (2012) [58] 787 1011
Mizutani et al. (2013) [59] -887 757
Revai (2016) [60] -800 960
Weise et al. (2017) [61] -670 1016
Liu et al. (2020) [62] -803 2280




The SIDDHARTA-2 apparatus

-Asynchronous background: the
electromagnetic shower produced in the
accelerator pipe (and other setup materials)
invested by e-/e+ lost from the beam overlaps the
signal; the loss rate in the interaction region
reaches few MHz. The main contribution comes
from Touschek effect. — Kaon Trigger and
SDDs drift time

-Synchronous background, associated to kaon
absorption on materials nuclei, or to other @
decay channels. It can be considered a hadronic
background.

-Spectra contamination by Xray fluorescence or
by X-rays produced in higher transitions of other
kaonic atoms, formed in the setup materials;

— Veto systems




The SIDDHARTA-2 apparatus

entrance
window
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Large area Silicon Drift Detectors (SDDs) have been developed to perform high recision

POLITECNICO @
LA 15

8 SDD units (0.64 cm?)
for a total active area of
5.12 cm?
Thickness of 450 pm
ensures a high collection
efficiency for X-rays of
energy between S keV and
12 keV

The spectroscopic response of 384 SDDs
has been characterized before the
installation in the SIDDHARTA-2 setup

| entrance window (p*)
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