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K(n)N interaction AT REST (or at threshold) can’t be investigated in collision experiments

It can’t be inferred by extrapolation at zero energy due to the presence of the (1405?) 

resonance a few MeV below Kp threshold
How can we then obtain reliable information 

on low energy K(n)N interaction?
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Ciepl y, A. et al. From  KN interactions to  K-nuclear quasi-bound states. 

AIP Conf. Proc. 2249, 030014 (2020).
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Ciepl y, A. et al. From  KN interactions to  K-nuclear quasi-bound states. 

AIP Conf. Proc. 2249, 030014 (2020).

K-p: agreement
1S= −283 ± 36(stat) ± 6(syst) eV

1S= 541 ± 89(stat) ± 22(syst) eV

M. Bazzi et al.. 2011. (SIDDHARTA Coll.),

Phys. Lett. B704, 113
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Ciepl y, A. et al. From  KN interactions to  K-nuclear quasi-bound states. 

AIP Conf. Proc. 2249, 030014 (2020).

K-n: disagreement

K-p: agreement
1S= −283 ± 36(stat) ± 6(syst) eV

1S= 541 ± 89(stat) ± 22(syst) eV

M. Bazzi et al.. 2011. (SIDDHARTA Coll.),

Phys. Lett. B704, 113

Kd(2p->1s) never measured: 

Main goal of the SIDDHARTA-2 

experiment
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Ciepl y, A. et al. From  KN interactions to  K-nuclear quasi-bound states. 

AIP Conf. Proc. 2249, 030014 (2020).

K-n: disagreement

K-p: agreement
1S= −283 ± 36(stat) ± 6(syst) eV

1S= 541 ± 89(stat) ± 22(syst) eV

M. Bazzi et al.. 2011. (SIDDHARTA Coll.),

Phys. Lett. B704, 113

Kd(2p->1s) never measured: 

Main goal of the SIDDHARTA-2 

experiment

More details on the physics case and state of art given at 

HADRON2025

(https://indico.rcnp.osaka-

u.ac.jp/event/2402/contributions/14966/attachments/9380/125

83/Scordo_HADRON2025_31032025.pdf
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Pavg
K-(≈ 127 MeV)
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SDDs (4-30 keV)  - Light Kaonic Atoms

e+

e-

K+K-

K+K-
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(0,2-1 MeV)

Heavy Kaonic 
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Kaonic atoms measurements
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SDDs (4-30 keV)  - Light Kaonic Atoms
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SDDs (4-30 keV)  - Light Kaonic Atoms
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Total: 246 cm2 

(384 SDDs)
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Calibration runs taken on a weekly base (or even more) -> Thousands of spectra to fit

(Very long and time consuming analysis, crucial for systematics)
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The combined used of Kaon Trigger and SDDs drift time allows to reduce the

asynchronous background by a factor ∼ 2 ⋅ 104
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The combined used of Kaon Trigger and SDDs drift time allows to reduce the

asynchronous background by a factor ∼ 2 ⋅ 104
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SIDDHARTA-2 is equipped with 

a VETO system that measure the 

arrival time of charged particles

produced after the K- absorption.

It can be used to asses if a K- is

stopped in a solid or gaseous target



The VETO-1 system takes 

advantage of the difference

of the moderation time of 

the K- between solid and 

gaseous targets

The VETO-1 system for signal
identification
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a VETO system that measure the 

arrival time of charged particles

produced after the K- absorption.
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stopped in a solid or gaseous target
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of the moderation time of 
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SIDDHARTA-2 is equipped with 

a VETO system that measure the 

arrival time of charged particles

produced after the K- absorption.

It can be used to asses if a K- is

stopped in a solid or gaseous target



The VETO-1 system takes 

advantage of the difference

of the moderation time of 

the K- between solid and 

gaseous targets
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SIDDHARTA-2 is equipped with 

a VETO system that measure the 

arrival time of charged particles

produced after the K- absorption.

It can be used to asses if a K- is

stopped in a solid or gaseous target
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KNe measurement with SDDs

Paper submitted and under review
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Particle Data Group,

2020, 083C01 (2020) 

Large uncertainty → 26 p.p.m, 

compared to charged pion: 

𝑚𝜋 = 139.57061 ± 0.00023 MeV, 1.6 p.p.m

60 keV discrepancy between the two most 

accurate measurements

Kaon mass puzzle can be addressed 

with HPGe detectors on solid targets 

(to repeat GALL KPb measurement)

Kaon mass precision is still a crucial open 

issue in strangeness nuclear physics

Kaon mass puzzle can be addressed 

with SDD detectors on gaseous targets 

(attempt with KNe transitions)
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1s: -816 ± 53 (stat) ± 2(syst) eV

1s: 756 ± 271 (stat)

From 2p->1s transition (K): From (n>2)->1s transition:

1s: -813 ± 56 (stat) ± 2(syst) eV

1s: 751 ± 280 (stat)

VERY
PRELI

MINARY
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1s: -816 ± 53 (stat) ± 2(syst) eV

1s: 756 ± 271 (stat)

From 2p->1s transition (K): From (n>2)->1s transition:

1s: -813 ± 56 (stat) ± 2(syst) eV

1s: 751 ± 280 (stat)

VERY
PRELI

MINARY

How do we know this is actually coming from D2 target?
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Signals in the ROI are actually

produced in the D2 gaseous target
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The analysis of the 

full dataset can 

potentially improve

the statistical

accuracy by a 

factor 2

(precision similar

to kaonic hydrogen

measurement)
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Kd (2p->1s): the yield puzzle
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Kd (2p->1s): the yield puzzle

Additional Run (Run4) : April-July 2024, ~  200 pb-1, 

0.8% LDD

Goal: provide a second point to disentangle between

cascade models 
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KHe L-transition measurement in gas : J. Phys. G 49 (2022) 5, 055106 

Kaonic helium-4 yields L-lines in gas : Nucl. Phys. A 1029 (2023) 122567

First measurement of intermediate mass kaonic atoms: Eur. Phys. J. A 59(2023)3, 56

First Measurement of KHe M-lines : J. Phys. G (2024) 51 055103

First Measurement of kaonic Neon (stat. precision < 1 eV) Paper submitted and under review

First measurement of Kaonic Deuterium:  preliminary analysis
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Feasibility test measurement of 

KPb transitions, including the 

GALL 88 one

First technical paper published

Nucl.Instrum.Meth.A 1069 (2024) 169966
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Intermediate mass Kaonic 
(only?) Atoms with CdZnTe
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Feasibility test: CdZnTe detectors first use in 

particle accelerators or colliders

Intermediate mass Kaonic 
(only?) Atoms with CdZnTe
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Feasibility test: CdZnTe detectors first use in 

particle accelerators or colliders

Intermediate mass Kaonic 
(only?) Atoms with CdZnTe

CZT

• FWHM / E ~ %

• ~ 10 ns time resolution 

• Working T ~ 300 K

• keV – MeV wide energy range
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Feasibility test: CdZnTe detectors first use in 

particle accelerators or colliders

Intermediate mass Kaonic 
(only?) Atoms with CdZnTe

CZT

• FWHM / E ~ %

• ~ 10 ns time resolution 

• Working T ~ 300 K

• keV – MeV wide energy range
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Intermediate mass Kaonic 
(only?) Atoms with CdZnTe
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Intermediate mass Kaonic 
(only?) Atoms with CdZnTe

Target: 1,5 

mm Pb

Distance to 

target exit

Kaons enter in the target with an average momentum of 99 

MeV/c and are stopped in the first 0,7 mm

Generated X-rays must travel through additional 0,7-1 mm
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Intermediate mass Kaonic 
(only?) Atoms with CdZnTe

Target: 1,5 

mm Pb

Distance to 

target exit

(keV)

Kaons enter in the target with an average momentum of 99 

MeV/c and are stopped in the first 0,7 mm

Generated X-rays must travel through additional 0,7-1 mm
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Intermediate mass Kaonic 
(only?) Atoms with CdZnTe

Target: 1,5 

mm Pb

Distance to 

target exit

(keV)

Kaons enter in the target with an average momentum of 99 

MeV/c and are stopped in the first 0,7 mm

Generated X-rays must travel through additional 0,7-1 mm

 

Pb transmission would be too low 

to see signals in CZT range



60HIN2025 - A. Scordo on behalf of the SIDDHARTA-2 Collaboration, Kyoto 02-04/04/2025

SIlicon Drift 

Detectors for 

HAdronic Atom 

Research by 

Timing Application

Intermediate mass Kaonic 
(only?) Atoms with CdZnTe
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Intermediate mass Kaonic 
(only?) Atoms with CdZnTe

K- are monochromatic and 

slower than relativistic 

MIPs

TOF information 

can be used to 

deduce that a K- is 

heading towards 

the target
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Intermediate mass Kaonic 
(only?) Atoms with CdZnTe

Once a collision occurs, the K- flights through the LM Scintillator 

and then the target with a very specific timing

The kaonic atom’s formation and radiative deexcitation process is 

order of magnitudes faster than the K- TOF

X-rays fly towards the CZT at speed c with a very specific timing
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Intermediate mass Kaonic 
(only?) Atoms with CdZnTe

Once a collision occurs, the K- flights through the LM Scintillator 

and then the target with a very specific timing

The kaonic atom’s formation and radiative deexcitation process is 

order of magnitudes faster than the K- TOF

X-rays fly towards the CZT at speed c with a very specific timing

Kaonic atoms’s X-rays in the CZT detectors have then a clear time peak wrt to the collision



64HIN2025 - A. Scordo on behalf of the SIDDHARTA-2 Collaboration, Kyoto 02-04/04/2025

SIlicon Drift 

Detectors for 

HAdronic Atom 

Research by 

Timing Application

Intermediate mass Kaonic 
(only?) Atoms with CdZnTe

Once a collision occurs, the K- flights through the LM Scintillator 

and then the target with a very specific timing

The kaonic atom’s formation and radiative deexcitation process is 

order of magnitudes faster than the K- TOF

X-rays fly towards the CZT at speed c with a very specific timing

Kaonic atoms’s X-rays in the CZT detectors have then a clear time peak wrt to the collision

The time difference between the 

collision and the CZT signal can be 

used to further clean the final 

spectrum 
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Intermediate mass Kaonic 
(only?) Atoms with CdZnTe



66HIN2025 - A. Scordo on behalf of the SIDDHARTA-2 Collaboration, Kyoto 02-04/04/2025

SIlicon Drift 

Detectors for 

HAdronic Atom 

Research by 

Timing Application

Intermediate mass Kaonic 
(only?) Atoms with CdZnTe



67HIN2025 - A. Scordo on behalf of the SIDDHARTA-2 Collaboration, Kyoto 02-04/04/2025

SIlicon Drift 

Detectors for 

HAdronic Atom 

Research by 

Timing Application

Intermediate mass Kaonic 
(only?) Atoms with CdZnTe

Each point is the T 

spectrum in a selected

energy slice
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Intermediate mass Kaonic 
(only?) Atoms with CdZnTe

Similarly, the width of the T 

spectra can be used to optimize the 

event selection
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Intermediate mass Kaonic 
(only?) Atoms with CdZnTe

Similarly, the width of the T 

spectra can be used to optimize the 

event selection

Energy (keV)


T

 (
A

D
C

 t
im

e)

Optimized NON-linear 2D 

event selection for 

Signal/Background 

improvement
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KAl43 → 106.44 ± 0.22 keV 

KAl65 → 26.92 ± 0.12 keV

KAl54 → 49.067 ± 0.090 keV

Al65 → 63.5 ± 1.1 keV

AgK → 22.46 ± 0.37 keV

Intermediate mass Kaonic 
(only?) Atoms with CdZnTe

2 mm thick Al target
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KAl43 → 106.44 ± 0.22 keV 

KAl65 → 26.92 ± 0.12 keV

KAl54 → 49.067 ± 0.090 keV

Al65 → 63.5 ± 1.1 keV

AgK → 22.46 ± 0.37 keV

NOT WELL FITTED 

without the Al65 peak

Intermediate mass Kaonic 
(only?) Atoms with CdZnTe

2 mm thick Al target
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First kaonic (and sigmonic?) 

atoms’ spectra measured with 

CZT detectors

Others under analysis 

(F, Cu, Pb)

New perspectives opening

KAl43 → 106.44 ± 0.22 keV 

KAl65 → 26.92 ± 0.12 keV

KAl54 → 49.067 ± 0.090 keV

Al65 → 63.5 ± 1.1 keV

AgK → 22.46 ± 0.37 keV

NOT WELL FITTED 

without the Al65 peak

Intermediate mass Kaonic 
(only?) Atoms with CdZnTe

2 mm thick Al target
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Intermediate mass Kaonic 
(only?) Atoms with CdZnTe

K- stopped in the target: 69260

− stopped in target when K- stopped in target: 2387
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Intermediate mass Kaonic 
(only?) Atoms with CdZnTe

K- stopped in the target: 69260

− stopped in target when K- stopped in target: 2387

- path length compatible with 

PDG-based calculations 
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Intermediate mass Kaonic 
(only?) Atoms with CdZnTe

K- stopped in the target: 69260

− stopped in target when K- stopped in target: 2387

- atoms formation possibility confirmed 

by MC simulations

Further refinement and analysis is ongoing 

(GEANT4 physics)

- path length compatible with 

PDG-based calculations 
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KHe L-transition measurement in gas : J. Phys. G 49 (2022) 5, 055106 

Kaonic helium-4 yields L-lines in gas : Nucl. Phys. A 1029 (2023) 122567

First measurement of intermediate mass kaonic atoms: Eur. Phys. J. A 59(2023)3, 56

First Measurement of KHe M-lines : J. Phys. G (2024) 51 055103

First Measurement of kaonic Neon (stat. precision < 1 eV) Paper submitted and under review

First measurement of Kaonic Deuterium:  preliminary analysis

KPb pure E.M. transitions measurements with HPGe: Nucl.Instrum.Meth.A 1069 (2024) 169966

Feasibility tests & exploratory measurements with CdZnTe detectors @ DAFNE:

Eur.Phys.J.ST 232 (2023) 10, 1487-1492 

Sensors 23 (2023) 17, 7328

Nucl.Instrum.Meth.A 1060 (2024) 169060

Front.in Phys. 11 (2023) 1240250

Sensors 2024, 24(23), 7562
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Proposal for future extensive kaonic atoms 

measurements @ DAFNE to be performed 

exploiting:

- 450 mm SDD (light KA, up to 15 keV)

- 1-2 mm SDD (light KA, up to 40 keV)

- CdZnTe detectors (Intermediate mass KA)

- HPGe detectors (Heavy KA)

- Crystal Spectrometer (High-Res light KA)

Kaonic atoms at DAΦNE collider: a strangeness adventure

C. Curceanu et al., doi.org/10.3389/fphy.2023.1240250            

Cd(Zn)Te HPGe

SDD 1mm

Extensive Kaonic Atoms research: from 

LIthium and  Beryllium to URanium
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At J-PARC, the 107-8 

K-/s stopping in the 

target/degrader will 

ensure a statistic of 

orders of magnitude 

higher than that 

collectable at 

DAFNE. 

What is lost for D2 is 

gained for solid 

targets measurements

Enhanced probability 

to systematically 

study - atoms
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DANE is a unique facility in the world to 

investigate low energy strangeness nuclear

physics, and the possibility to perform such

important measurements at DANE 

(and J-PARC) should not be missed
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We dedicate all our efforts and results to Prof. Carlo Guaraldo and Prof. Johann Zmeskal, who

conceived, designed, realized and led the DEAR, SIDDHARTA and SIDDHARTA-2 

experiments, and without whom none of these results would have never been achieved.
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We dedicate all our efforts and results to Prof. Carlo Guaraldo and Prof. Johann Zmeskal, who

conceived, designed, realized and led the DEAR, SIDDHARTA and SIDDHARTA-2 

experiments, and without whom none of these results would have never been achieved.

My special thanks also

to prof. Yamazaki for 

the nice and fruitful

discussions during my

Ph.D and PostDoc
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ご清聴ありがとう
ございました
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J. Obertova, E. Friedman, J. Mares

Phys. Rev. C 106 (2022) 6, 065201

Microscopic K−N + K−N N potentials 

derived from K−N scattering 

amplitudes constructed within SU(3) 

chiral coupled-channels models of 

meson-baryon interactions
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J. Obertova, E. Friedman, J. Mares

Phys. Rev. C 106 (2022) 6, 065201

Microscopic K−N + K−N N potentials 

derived from K−N scattering 

amplitudes constructed within SU(3) 

chiral coupled-channels models of 

meson-baryon interactions
Further inclusion of hyperon, nucleon, kaon 

and pion self-energies in the model
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J. Obertova, E. Friedman, J. Mares

Phys. Rev. C 106 (2022) 6, 065201

Microscopic K−N + K−N N potentials 

derived from K−N scattering 

amplitudes constructed within SU(3) 

chiral coupled-channels models of 

meson-baryon interactions

J. Obertova dedicated talk at HIN2025

Further inclusion of hyperon, nucleon, kaon 

and pion self-energies in the model
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New measurements of Kaonic Helium not 

confirming the old ones
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Many of the available data on “lower levels” 

have big uncertainties

New measurements of Kaonic Helium not 

confirming the old ones
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Many of the available data on “lower levels” 

have big uncertainties

Some widths are actually UNmeasured

New measurements of Kaonic Helium not 

confirming the old ones
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Many of the available data on “lower levels” 

have big uncertainties

Some widths are actually UNmeasured

Many of them are hardly compatible 

among each other

(Sulfur “puzzle”)

New measurements of Kaonic Helium not 

confirming the old ones
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Many of the available data on “lower levels” 

have big uncertainties

Some widths are actually UNmeasured

Many of them are hardly compatible 

among each other

(Sulfur “puzzle”)

Relative yields with upper levels are not 

always measured

Absolute yields are basically unknown 

(except for few transitions)

New measurements of Kaonic Helium not 

confirming the old ones
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Many of the available data on “lower levels” 

have big uncertainties

Some widths are actually UNmeasured

Many of them are hardly compatible 

among each other

(Sulfur “puzzle”)

Relative yields with upper levels are not 

always measured

Absolute yields are basically unknown 

(except for few transitions)

New measurements of Kaonic Helium not 

confirming the old ones

New measurements 

(with improved precisions) 

are important to be performed
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Particle Data Group,

2020, 083C01 (2020) 

Large uncertainty → 26 p.p.m, 

compared to charged pion: 

𝑚𝜋 = 139.57061 ± 0.00023 MeV, 1.6 p.p.m
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Particle Data Group,

2020, 083C01 (2020) 

Large uncertainty → 26 p.p.m, 

compared to charged pion: 

𝑚𝜋 = 139.57061 ± 0.00023 MeV, 1.6 p.p.m

60 keV discrepancy between the two most 

accurate measurements
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Particle Data Group,

2020, 083C01 (2020) 

Large uncertainty → 26 p.p.m, 

compared to charged pion: 

𝑚𝜋 = 139.57061 ± 0.00023 MeV, 1.6 p.p.m

60 keV discrepancy between the two most 

accurate measurements

Kaon mass precision is still a crucial open 

issue in strangeness nuclear physics
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Particle Data Group,

2020, 083C01 (2020) 

Large uncertainty → 26 p.p.m, 

compared to charged pion: 

𝑚𝜋 = 139.57061 ± 0.00023 MeV, 1.6 p.p.m

60 keV discrepancy between the two most 

accurate measurements

Kaon mass puzzle can be addressed 

with HPGe detectors on solid targets 

(to repeat GALL KPb measurement)

Kaon mass precision is still a crucial open 

issue in strangeness nuclear physics
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Particle Data Group,

2020, 083C01 (2020) 

Large uncertainty → 26 p.p.m, 

compared to charged pion: 

𝑚𝜋 = 139.57061 ± 0.00023 MeV, 1.6 p.p.m

60 keV discrepancy between the two most 

accurate measurements

Kaon mass puzzle can be addressed 

with HPGe detectors on solid targets 

(to repeat GALL KPb measurement)

Kaon mass precision is still a crucial open 

issue in strangeness nuclear physics

Kaon mass puzzle can be addressed 

with SDD detectors on gaseous targets 

(attempt with KNe transitions)



102HIN2025 - A. Scordo on behalf of the SIDDHARTA-2 Collaboration, Kyoto 02-04/04/2025

SIlicon Drift 

Detectors for 

HAdronic Atom 

Research by 

Timing Application

J. Phys. G (2024) 51 055103

K4He measurement with SDDs
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J. Phys. G (2024) 51 055103

K4He measurement with SDDs
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K4He measurement with SDDs

Sgaramella F., et al, 2024, J. Phys. G: Nucl. Part. Phys. 51 055103

Sirghi D.L., Shi H., Guaraldo C., Sgaramella F., et al., 2023, Nucl. Phys. A,1029 122567
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K4He measurement with SDDs

Sgaramella F., et al, 2024, J. Phys. G: Nucl. Part. Phys. 51 055103

Sirghi D.L., Shi H., Guaraldo C., Sgaramella F., et al., 2023, Nucl. Phys. A,1029 122567Stark effect observation in Helium
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KNe measurement with SDDs

Paper submitted and under review
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High-n transition in kaonic atoms 

represents an ideal test bench for BSQED:

1. For high-n transitions, the strong 

interaction contribution is negligible 

2. Due to the compactness of the kaonic 

atom the QED effects such as vacuum 

polarization are enhanced compared to 

high-Z ions

3. BSQED corrections for kaonic neon are 

of the order of tens of eV for first-order 

QED effects and order of 0.2 eV for 

second-order QED effects
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High-n transition in kaonic atoms 

represents an ideal test bench for BSQED:

1. For high-n transitions, the strong 

interaction contribution is negligible 

2. Due to the compactness of the kaonic 

atom the QED effects such as vacuum 

polarization are enhanced compared to 

high-Z ions

3. BSQED corrections for kaonic neon are 

of the order of tens of eV for first-order 

QED effects and order of 0.2 eV for 

second-order QED effects

Calculations and feasibility

under evaluation
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