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Huge progress was achieved since November 2022 Scientific Committee:

DAFNE – best working conditions ever (SIDDHARTA-2):

Integrated luminosity: going from 1-2 pb/day to about 8-12 pb/day

Background on SDD detectors:
from 7 (best in SIDDHARTINO) x104 X/cm2 (5-10) keV region to about 2-3!

We are very grateful to DAFNE team and accelerator division and 
applaud these achievements which set a solid ground for the 
kaonic deuterium first measurement ever and other kaonic atoms 
measurements!

Before starting:
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• 64th SciCom recommendations and preparation for Kd run (+ test 
measurements)
- preparation of SIDDHARTA-2 run: setup optimization, kaonic neon run 
- updates on HPGe and CdZnTe detectors

• Kaonic Deuterium run plans and requests

• Futures plan beyond SIDDHARTA-2 – EXKALIBUR: strange atoms 
periodic table and fundamental physics at the strangeness frontier 
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First measurements ever – QCD 
and K- multinucleon interaction



First measurements ever – exotic 
atoms cascade



SIDDHARTA-2 Kaonic 4He
M-type transitions analysis finalized  - write paper

Line Energy [eV]

K-4He L𝜶 6460.9 ± 0.8 (stat) ± 2.0 (sys)

K-4He L𝜷 8720.2 ± 4.1 (stat) ± 2.3 (sys)

K-4He L𝜸 9769.1 ± 11.0 (stat) ± 2.8 (sys)

K-4He M𝜷 3300.8 ± 13.2 (stat) ± 2.0 (sys)

K-4He M𝜸 3860.4 ± 13.6 (stat) ± 2.2 (sys)

K-4He M𝜼 4214.1 ± 19.6 (stat) ± 2.2 (sys)

Run: ID 13 to ID 165; He1.4% LHeD; deg 475+350+600; 
old trigger position + trigger moved 2cm boost direction 

Ti K𝛼

K-4He L𝜶

K-4He L𝜷

K-4He L𝜸

KC 5->4

KC 6->5
KHe 5->3

(M𝜷 )

KHe 6->3

(M𝜸 )

KHe 7->3

(M𝜼 )

First measurements ever – QCD and exotic atoms cascade



KHe 5->3

(M𝜷 )

KHe 6->3

(M𝜸 )
KHe 7->3

(M𝜼 )

KHe 8->3
4435.4 eV

KHe 9->3
4587.3 eV

KHe 10->3
4696.6 eV

KHe 11->3
4696.6 eV

Ti K𝛽

Ti K𝛼

X-ray

events

X-ray 

events/TF

KHe 5->3

(M𝜷 )
290± 38 2278 ± 301

KHe 6->3

(M𝜸 )
302 ± 40 1074± 141

KHe 7->3

(M𝜼 )
363 ± 41 971 ± 109

X-ray

relative yield

M𝜸 / M𝜷 0.48 ± 0.11

M𝜼 / M𝜷 0.43 ± 0.12

L𝜷 / M𝜷 0.91 ± 0.14 

L𝜷 / L𝜶 0.172 ± 0.008 

L𝜸 / L𝜶 0.012 ± 0.001 

Run: ID 13 to ID 165; He1.4% LHeD; deg 475+350+600; 
old trigger position + trigger moved 2cm boost direction 

SIDDHARTA-2 Kaonic 4He
M-type transitions analysis finalized  - write paper



SIF 2022: Migliori Comunicazioni 2022 (best talks award)

Sezione 1: Fisica nucleare e subnucleare

Menzioni

Luca De Paolis:  Nuclear resosnance effects in 

kaonic atoms.

2 Master students with theses in SIDDHARTA:

Francesco Clozza and Francesco Artibani

from La Sapienza University

1 Ph D student from Tokoku Japan: Toho Kairo

and 1 Pd D student  from Poli Milano:: Lorenzo 

Giuseppe Toscano 11

Good news about SIDDHARTA folks:
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Comments SIDDHARTA-2: 

The SC congratulates the collaboration for their precise and surprising new results in K-
He, their observation of kaonic atoms from solid targets, for completing the installation 
of the SIDDHARTA-2 setup and their development of the full apparatus, calibration 
method, as well as the confirmation of the feasibility of future measurements with HPGe
and CdZnTe detectors. The committee also commends the collaboration for its 
achievements in testing and calibrating the main setup and parasitic detectors as well as 
for its continuous efforts to conceive additional actions to improve the detector 
performance and reduce the background. 

Recommendations SIDDHARTA-2/DAFNE/BTF: 

• The SC encourages collaboration and coordination with DAΦNE in their 
mending plan to reduce background and improve the Kaon/SDD ratio. 

• To continue their planned optimization activities: shielding reinforcement, 
veto3 system and installation of new entrance window. These should be 
completed before the end of February 2023, thus ready for the spring H-
deuterium run1. 

• To complete the proposed setup tests and installation of the parasitic HPGe and 
CdZnTe parasitic detectors with the aim of acquiring data during the 2023 runs.

64 rd MEETING recommendations



SIDDHARTA-2 setup

The SIDDHARTA-2

apparatus upgraded and 

installed in 

February 2023 

at DAΦNE collider

F. Sirghi, M.Iliescu, 

F. Sgaramella, M. Bazzi, 

L. De Paolis, A. Clozza, 

F. Napoliano, 

A. Scordo…



Optimization of SIDDHARTA-2 setup (SMI-Vienna; Zmeskal)

✓ new cooling scheme for target and SDD
✓ Better control of target parameters (pressure, temperature, density,….) 

❖ Target + SDD cooling 

Leybold MD10 – 18 W @ 20 K
target cell and SDDs are cooled 

via ultra pure aluminum bars 

TTC = 20-30 K 
TSDD ~ 130 K

Cooling power
1st stage ~ 115 W @ 80 K
2nd stage ~ 18 W @ 20 K

✓ First stage 
dedicated only to SDD cooling

copper with high 
thermal conductivity

✓ Second stage 
dedicated to 
target cooling



✓ First stage 
dedicated only to SDD cooling

Optimization of SIDDHARTA-2 setup (LNF – Lab)



Successful tests done 
in laboratory in Vienna

Installation and test in Dafne

… after two weeks failure 
in the material composition 

Replaced with a 
back-up Mylar window 
which works perfectly

✓ UHMWPE – new entrance windows  material 
for target super-strong form of polyethylene, 
would eliminate both Nitrogen and Oxygen 
contamination 

Optimization of SIDDHARTA-2 setup



• Improve the lateral shielding  
around the vacuum chamber

• Redesign the bottom shielding 
near to interaction point

In collaboration with 
DAΦNE team to fill 
gaps in compensator 
magnets

Optimization of SIDDHARTA-2 setup (LNF)



VETO system adds – VETO3

● 2 pairs of scintillator
640 x 130 x 10 mm3 Scionix
EJ-200  

● R10533 PMTs Hamamatsu
● light-guides
● Al tube + μMetal (0.1mm)

● reflective and light proof 
foil
● optical cement

Optimization of SIDDHARTA-2 setup (M.Iliescu, F. Sirghi, F. Sgaramella…)





Online 
monitoring 
tools for fast 
feedback

Reduce background and improve KAON/SDD ratio

Instantaneous 
luminosity 
estimation and  
fast feedback 
with Dafne 
team

First results of SIDDHARTA-2 run: April 2023



RATIO 
KAON/MIP 

KAON/SDD

2022

2023

0.50

0.85

First results of SIDDHARTA-2 run: April 2023

0.25
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Integrated luminosity per day 06/04 – 01/05

Instantaneous luminosity per day, end april



Integrated luminosity over time without injection 
06/04 – 01/02: 84 pb
With injection 124 pb; during injection back about 30% 
higher – we collect the data – need to check quality



Reduce background and improve KAON/SDD ratio

(14 – 15)x104 xray/cm2/pb-1

(2-3)x104 xray/cm2/pb-1

SIDDHARTINO RUN 2022
SIDDHARTA-2 

first deuterium RUN 2022

SIDDHARTA-2 RUN 2023
Background raw lowered by a factor 3-5

Online parameters confirmed 
after offline SDD analysis

Best: 7 in SIDDHARTINOx104

xray/cm2/pb-1

First results of SIDDHARTA-2 run: April 2023



SIDDHARTA-2 Kaonic Neon
FIRST MEASUREMENT EVER

kaonic Neon 6-->5 transition = 15.6354 keV 
kaonic Neon 7-->6 transition = 9.42765 keV
kaonic Neon 8-->7 transition = 6.11891 keV 

kaonic Neon 9-->8 transition = 4.1951 keV 
kaonic Neon 10-->9 transition = 3.00073 keV 
kaonic Neon 11-->10 transition = 2.2202 keV 

High yield gas 
for fast response

Controlled 
parameters of 
target and SDD

Kaonic Neon transitions energies

Calibration
technical run
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Degrader optimization: sensitivity to 100 microns over all 
material budget (about 4 mm materials of various densities)! –
a very delicate and fundamental operation (knowledge of 
material budget at 2.5 % level)

SIDDHARTA-2 Kaonic Neon



Degrader : 600 um

Degrader : 350 um

Best Degrader : 450 um

Neon 0.3% LNeD

Efficiency of  kaon stopped in the target

No of kaons (stopped in the target)

No of triggered kaons 
16,64%

SIDDHARTA-2 Kaonic Neon (D. Sirghi, K. Dulski and M. Iliescu; 
M. Cargnelli) Monte Carlo simulation
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F. Sgaramella, F. Sirghi,
M.Iliescu, D. Sirghi, K. Dulski, 
O. Vazuqez Doce

(all)

This required: SDD energy calibration;
apply trigger; drift time….



K-Ne 8->7

K-Ne 7->6

KC 5->4

K-Ne 6->5

K-Ne 9->8
K-Ne 10->8

475 micron degrader
250 micron degrader



SIDDHARTA-2 Kaonic Neon
Ready for kaonic deuterium run



SIDDHARTA-2 Kaonic Neon – absolute record of 
precision – 1-2 papers All degraders; 275 SDDs; L = 124 pb-1

K-Ne 8->7

K-Ne 7->6

KC 5->4

K-Ne 6->5

K-Ne 9->8

KAl 8->7

KAl 7->6
KC 6->4 

KO 6->5

KO 5->4
KC 7->5

Line Energy [eV]

K-Ne 9⟶8 4218.96 ± 3.28 (stat)

K-Ne 8⟶ 𝟕 6156.83 ± 0.84 (stat)

K-Ne 7⟶ 𝟔 9450.76 ± 0.42 (stat)

K-Ne 6⟶ 𝟓 15614.80 ± 0.70 (stat)

Very preliminary – data taken till 1st May!

First measurements ever – QCD 
and K- multinucleon interaction
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Take advantage of “free space” in DAΦNE

Test measurements HPGe and CdZnTe

CdZnTe

(30-300 keV)

Various Kaonic 
Atoms

DAΦNE delivers
almost 4π Kaons



CdZnTe: first
tests done @ 

DAΦNE
June 2022

Goal: background and resolution assessment in 

machine environment (first time)

First prototype installed 

in DAΦNE with the 

help of Palermo Team

Kaonic Atoms with CdZnTe (A. Scordo)
Detecting surface : 1 cm2



CZT detectors - first tests 2022 @ DAFNE



Intermediate-mass kaonic atoms’ spectroscopy with CZT detectors:

First technical papers

Accepted for 

publication in EPJ_ST

Submitted 

publication in 

SENSORS



Intermediate-mass kaonic atoms’ spectroscopy
with CZT detectors: 2023 - 2024 plans

(A. Scordo & J. Zmeskal)
A new test run is 
foreseen in 2023 
(installation at end of 
May)  to measure 
intermediate mass 
kaonic atoms’ transitions

Improvements:

Detecting surface : 1 cm2 → ~13 cm2

Degrader and geometry tuned with GEANT4 MC
Mechanical setup to maintain the alignment with the LM

Participation Palermo (UniPa) and  Parma (IMEM-CNR) groups
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Project timeline – future plan and requests

Fill in deuterium in target: 6-11 May 2023

SIDDHARTA-2
setup preparation

till early March‘23

Start Run1
SIDDHARTA-2
and
HPGe and CdZnTe
setups test s

From  March to 
July 2023

𝐃𝐀𝚽𝐍𝐄 summer

shutdown

Continue with 

Run2 
SIDDHARTA-2

Kd

HPGe

as soon as 
possible!

Autumn 2023

or 2024

SIDDHARTA-2 Kd run: run 1 (requested 300 pb-1 )

run 2 (500 pb-1) with optimized setup

Start of the data taking 

kaonic deuterium 

SIDDHARTA-2 run

41



SIDDHARTA-2  K-d measurement expected result
achievable 
precision

Kaonic deuterium run in 2023/4

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) !

When significative?
Depends on yield (unknown)

Not less than 500 pb -1

42



43shift [eV]

w
id

th
 [

e
V

]
SIDDHARTA-2  K-d measurement

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

see also:
Liu et al (2020)

Measurement

Paper KH:
Phys.Lett.B 704 (2011) 113

374 citations



High and Intermediate-mass kaonic atoms with 

HPGe and CZT detectors as test measurements in parallel with SIDDHARTA-2

DAFNE delivers 4p K-

We want to exploit this unique beam as much as 

possible to perform KA measurements

HPGe

D. Bosnar

(0,1-1 MeV)

Heavy Kaonic 

Atoms

CdZnTe

(30-300 keV)

Intermediate 

Kaonic Atoms



We reiterate the 

request for an 

extension of run

with solid targets

and 1 mm SDDs
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New Pin assignment
New

Reset isolated.
Signals between grounds.
Bias grouped together.

SDD 1mm detector development: financed; production run very 
successfully concluded at FBK (Poli Milano; M. Bazzi; J. Zmeskal; M. 
Iliescu, F. Sirghi…)

• Thicker detectors are produced 
by FBK  with larger guard rings 

• Same active area 
• New Focusing electrodes added



Li, Be, B

solid targets

Use of present SDDs: Solid target system for light kaonic atoms: 

e.g. Li – Be - B financed by INFN Nuclear physics (gr 3) as first 

step towards Future (see Curceanu talk SC62)

The energy spectra of light kaonic atom transitions for Li, Be and B can 
achieve a precision below 2-3 eV, for an integrated luminosity of about 
150 pb-1; ;  
1mm SDDs and target materials financed – construction ongoing
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Strangeness precision frontier at DAFNE: a unique

opportunity for measurements of kaonic atoms along

the periodic table: a reference data base in

physics with strangeness

Present status: old and very old 

measurements with low 

precisison (some even wrong: 

kaonic helium puzzle)

We propose to do precision 

measurements along the 

periodic table at DAFNE for:

- Selected light kaonic atoms 

- Selected intermediate mass  

kaonic atoms

- Selected heavy kaonic atoms

charting the periodic table



EXtensive
Kaonic 
Atoms research: from 
LIthium and 
Beryllium to 
URanium

EXKALIBUR

proposal to perform fundamental physics at the strangeness frontier at DAFNE 
for a 3-years period (post-SIDDHARTA-2) 
- detailed presentation at 62nd LNF Scientific Committee Meeting, November 8, 2021 

We propose to do precision measurements along the 
periodic table at DAFNE for:

- Kaonic Hydrogen: 200 pb-1 – with SIDDHARTA-2 
setup – to get a precision < 10 eV (KH)

- Selected light kaonic atoms (LHKA)
- Selected intermediate  and heavy kaonic atoms 

charting the periodic table (IMKA)
- Ultra-High precision measurements of Kaonic Atoms 

(UHKA)

Dedicated runs with different types of detectors: CZT 
detectors, HpGe, SDD 1mm, crystal HAPG 
spectrometer from VOXES project

Future plans beyond SIDDHARTA-2 

Fundamental physics at the strangeness frontier at 
DAΦNE. Outline of a proposal for future measurements, 
C. Curceanu et al., e-Print: 2104.06076  - article to be 
submitted for publication

https://inspirehep.net/literature/1858022
https://inspirehep.net/literature/1858022


51Kaonic Atoms with SIDDHARTA-2 at the DAFNE Collider

Kaonic atoms 
Kaon-nuclei interactions  

(scattering and nuclear interactions)

Part. and Nuclear physics
QCD @ low-energy limit
Chiral symmetry, Lattice

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

Fundamental physics New 
Physics

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

Astrophysics
EOS Neutron Stars

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

Dark Matter studies

On self-gravitating strange dark matter halos
around galaxies Phys.Rev.D 102 (2020) 8, 
083015



Total integrated Luminosity:
200 + 400 (200) + 400 (200) + 400 pb-1

Gantt chart  
possible implementation of the kaonic atoms measurements

Very significant physics measurements at the best 
possible machine 

Future plans EXKALIBUR



Conclusions
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• The first part of SIDDHARTA-2 2023 run has been concluded successfully: 
optimization of setup; ready for kaonic deuterium

• In particular we: we performed the first ever KNe measurement in gas –
optimization of degrader – important scientific output 

• 12 articles were published/submitted  since the last Sci Com, 3 are in preparation 
and > 10 invited talks

• We are ready and very motivated to start the SIDDHARTA-2 (first) Kd
measurement as soon as possible (in parallel test measurements 
with HPGe and CdZnTe)

• We put forward proposal for solid targets measurements with SIDDHARTA-2 
setup for 100-150 pb-1 after Kd run - @SC62

• We reiterate our (at least) 3 years measurements plans – EXKALIBUR – after 
SIDDHARTA-2 – strangeness kaonic atoms periodic table



https://agenda.infn.it/event/33977/





Special thanks to the accelerator, research and technical 
divisions, and in particular to the DA𝛷NE staff, to Cesidio
Capoccia, to Pantaleon Raimondi and  to the LNF Director
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