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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

New Physics
On self-gravitating strange dark matter halos around galaxies

Phys.Rev.D 102 (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

Astrophys.J. 881 (2019) 2, 122

The equation of state of dense matter: 
Stiff, soft, or both?
Astron.Nachr. 340 (2019) 1-3, 189

Why Kaonic Atoms?
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Kaonic atom Formation
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Kaonic atom Formation
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Width Γ and shift 𝜀
obtained by measuring 
the X-rays emitted

Kaonic atom Formation
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SIDDHARTA-2



To perform the first measurement ever of kaonic deuterium X-ray transition to the ground state 
(1s-level) such as to determine its shift and width induced by the presence of the strong 

interaction. 
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SIDDHARTA-2 Scientific Goal



To perform the first measurement ever of kaonic deuterium X-ray transition to the ground state 
(1s-level) such as to determine its shift and width induced by the presence of the strong 

interaction. 

Analysis of the combined measurements of kaonic deuterium and kaonic hydrogen
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completely solve Isospin-dependent K-N scattering length

SIDDHARTA-2 Scientific Goal
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Kaonic atoms – scattering amplitudes
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DA𝚽NE

DAMPING 
RING

LINAC 𝑒"
𝑒!

Φ

• Φ → K- K+ (48.9%)

• Monochromatic low-energy K-

(~127 MeV/c ; Δp/p = 0.1%)

INFN-LNF  e!e" Accelerator Complex 
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Cooling line

Φ

SIDDHARTA-2 setup

The SIDDHARTA-2
experimental apparatus is 
currently installed in the 
interaction region of the 
DAΦNE collider at LNF
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Cooling line

𝐾"

Φ

Kaon Trigger

SIDDHARTA-2 
luminosity monitor

𝐾!

SIDDHARTA-2 setup

The Kaon Trigger consists of 
two plastic scintillators read by 
photomultipliers placed above 

and below the interaction 
region. 
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Kaon trigger up

Kaon trigger down

e+e-

𝐾!

𝐾"

Kaons

MIPS

MIPS MIPSMIPS

KAONS KAONS

The ToF is different for Kaons, m(K)~ 500 MeV/c2
and light particles

originating from beam-beam and beam-environment 
interaction (MIPs).

Can efficiently discriminate by ToF Kaons and 
MIPs!

Kaon Trigger
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Cooling line

The Cryogenic gaseous 
target and the SDDs system 

are the core of the 
SIDDHARTA-2 setup.

384 SDDs surround the 
target to detect the X-rays 
emitted by kaonic atoms
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Kaon Trigger

SIDDHARTA-2 
luminosity monitor

Target
384 SDDs

SIDDHARTA-2 setup



Cryogenic Cylindrical target cell made of high 
purity aluminium frame and 
150 thick Kapton walls 

384 Silicon Drift Detectors (SDDs) are mounted on 
aluminium finger support for cooling (-150°C)

The SIDDHARTA-2 target
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8 SDD units (0.64 cm2) 
for a total active area of 5.12 cm2

Thickness of 450 μm ensures a high 
collection efficiency for X-rays of energy 

between 5 keV and 12 keV 

SDD cross section

Silicon Drift Detectors
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Timing Resolution

Linearity Stability

SIDDHARTA-2 ROI
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∆E < 10-3
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SDD Drift time 
distribution

FWHM ~ 500 𝑛𝑠

SDD Drift Time distribution
FWHM ~ 500 𝑛𝑠

Silicon Drift Detectors

M Miliucci et al 2021 Meas. Sci. Technol. 32 095501 
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Cooling line

Φ

Kaon Trigger

SIDDHARTA-2 
luminosity monitor

Target
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𝜋

SIDDHARTA-2 setup

384 SDDs

The VETO-2 consists of 96 
plastic scintillators read by 
SiPMs, placed behind the 

SDDs. Is used to reduce the 
hadronic background due to 

the pions emitted by the 
nuclear absorption of the 

kaon.
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Cooling line

Φ

Kaon Trigger

SIDDHARTA-2 
luminosity monitor

Target

Veto-2

𝜋

Veto-1

SIDDHARTA-2 setup

384 SDDs

The VETO-1 consists of 12 
plastic scintillators read by 

photomultipliers placed 
around the vacuum chamber.
Is used to determine where 
the kaonic atom where the 

kaonic atom has been 
created if inside the gas 

target or not.
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Stop both 𝐾" and 𝐾! in a passive layer 
(Teflon) and detect secondaries in a 

scintillator

k-

p-

p

Immediate prompt
83% crossing probability

k+

µ+

k+µ+

Delayed prompt
53% crossing probability

5-10 mm thick scintillator
2 mm teflon or 5 mm thick scintillator

Kaon Charge Detector
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kaon trigger + kaon charge detector

𝐾!

𝐾"
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SIDDHARTA-2 First Run
Integrated luminosity vs time
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SIDDHARTA-2 Kaonic 4He
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SIDDHARTA-2 Kaonic 4He
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SIDDHARTA-2 Kaonic 4He

K-4He low density run: 
0.75% liquid helium 
density -> yields at 

lowest measured density
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SIDDHARTA-2 Kaonic 4He
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SIDDHARTA-2 Kaonic 4He
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Coincidence between L (n=2) and M (n=3) transitions
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SIDDHARTA-2 Kaonic 4He

KHe 5->3
3303.6 eV

KHe 6->3
3871.1 eV

KHe 7->3
4213.3 eV

KHe 8->3
4435.4 eV

KHe 9->3
4587.3 eV

Ti K𝜶
4509 eV

Feasibility test for future kaonic atom measurements (kaonic 4He fundamental level)

S/B ∼ 5/1

Coincidence between L (n=2) and M (n=3) transitions
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SIDDHARTA-2  K-d measurement
achievable 
precision

Kaonic deuterium run in (all) 

2023
Monte Carlo for an integrated 

luminosity 
of 800 pb-1

to perform the first 
measurement of the strong 
interaction  induced  energy  

shift  and  width  of  the kaonic  
deuterium  ground  state 
(similar precision as K-p) !

Significant impact in the theory of strong interaction 
with strangeness 
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Outcomes
Ø Kaonic Atoms bring great insights in kaon-nucleon interaction 

• Tool to directly probe low energy QCD with strangeness

Measurement of Kaonic-Deuterium key to fully disentangle isospin 
dependence on KN scattering lengths 

Ø SIDDHARTA-2 at DAFNE
• Installation of the full SIDDHARTA-2 setup
• Kaonic 4He test run concluded in July 2022
• Performed the most precise K-4He 𝟑𝐝 → 𝟐𝐩 measurement in gas

• Energy shift and width 
• Yield at two different density 1.9 g/l and 0.82 g/l

• Several solid target high-n transition energies measured for the first time
• First measurement of kaonic 4He M (n=3) transitions
• First kaonic deuterium test run
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SIDDHARTA-2 setup
ready for 

Kaonic Deuterium Run
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