
 Radiation detectors for 
present and future kaonic 
atoms’ measurements at 

DAFNE

“EXOTICO: EXOTIc atoms meet nuclear COllisions for a 
new frontier precision era in low-energy strangeness nuclear 

physics” 

A. Scordo, Trento (ECT*), 18/10/2022



“EXOTICO workshop“ - A. Scordo, Trento (ECT*), 18/10/2022

Why (again and still) kaonic atoms?
Except for the most recent 

measurements at DAFNE and 
JPARC on KHe and KH, the whole 
knowledge on kaonic atoms dates 

back to 1970s and 1980s

These data are the 
experimental basis for all the 
developed theoretical models

These theoretical models are used to 
derive, for example:

•  KN interaction at threshold
• KNN interaction at threshold
• Nuclear density distributions
• Possible existence of kaon 

condensates
• Kaon mass

• Kaonic atoms cascade models



Why (again and still) kaonic atoms?
The available data on “lower 
levels” have big uncertainties

Many of them are actually 
UNmeasured

Many of them are hardly 
compatible among each other

Relative yields with upper 
levels are not always measured

Absolute yields are basically 
unknown (except for few 

transitions)

The REmeasured ones have 
been proved WRONG

This situation would already 
be a proper justification for 

new measurements
“EXOTICO workshop“ - A. Scordo, Trento (ECT*), 18/10/2022



What more can we learn from new measurements?

Multi-transition 
parallel 

measurements
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What more can we learn from new measurements?
80 participants from more than 20 different 
institutes

Several "strange" topics covered and intense 
discussion showing that the physics case and the 
community are strong and sparkling

Focused on DAFNE, the BEST facility in the world 
for low energy strangeness experiments
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Still….The Kaon Mass Puzzle….
The most precise (incompatible) measurements 
date back to 1988 and 1991

Kaon mass precision impacts not only in low 
energy strangeness QCD

For example, D and J/y is affected

Errors can be improved 
with high precision 
measurements of "high n 
levels" of kaonic atoms
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Motivations & Scientific case
The main disagreement is between the two 
most recent and precise measurements (x-ray 
energies from kaonic atoms):

    

     mK=493.636±0.011 MeV    

     K.P. Gall et al. 

     Phys. Rev. Lett. 60 (1988)186

     K- Pb, K- W; HPGe detector, K-Pb (9 -> 8),

     K-Pb (11 -> 10), K-W (9 -> 8), K-W  (11 -> 10)  

mK=493.696±0.007 MeV    
     A.S. Denisov et al. 

     JEPT Lett. 54 (1991)558

K- 12C, crystal diffraction spectrometer 
     (6.3 eV at 22.1 keV), 4f-3d 

M. Tanabashi et al.(Particle Data Group), 
Phys. Rev. D 98, 030001 (2018). 

This puzzle could be addressed, together with the renewal of the kaonic atoms 
database, again with the recent advancements in radiation detectors.

TES, Bragg Spectrometers, HPGe, SDD, and CdZnTe
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http://pdg.lbl.gov/2019/mobile/about/html/authors_2018.html
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.030001


Transitions: energies and widths…which detector?

Energy

G

20 keV

40 keV

100 keV

300 keV

10 eV 100 eV 5 keV

Crystal spectrometers:
• High resolution
• Low efficiency
• 0-20 keV range 

TES microcalorimeters
• High resolution
• acceptable efficiency
• High costs 
• Difficult calibration

SDDs
• 100 eV max resolution
• 4-40 keV range
• High efficiency 

Cd(Zn)Te
• 20-300 keV range
• FWHM / E  %
• High efficiency 
• Room Temperature

HPGe
• 100-1000 keV range
• FWHM / E  %
• High efficiency 
• Cooling needed
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Transitions: energies and widths…which detector?

Energy

G

20 keV

40 keV

100 keV

300 keV

10 eV 100 eV 5 keV

Crystal spectrometers:
• High resolution
• Low efficiency
• 0-20 keV range 
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Bragg spectrometers

FWHM of few eV with NO COOLING

Energy range between 1-20 keV 
(n=1, depending on the crystal)

Extremely low efficiencies (solid angle)

Von Hamos geometry and mosaic crystals 
can improve collection efficiency

Photons of different energies are reflected in different positions

With a crystal and a position detector, energy spectra 
with ultra-high resolution can be obtained

For monochromatic sources, also directionality could be tested
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Bragg spectrometers: VOXES
Spectrometer developed under CSN5 Young Researcher Grant (2016-2018) 
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High precision measurements with VOXES in LNF Lab

Bragg spectrometers: VOXES
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VOXES: (possible) applications in DAFNE 

A new setup including several 
spectrometer arms could allow for 

new and very precise measurements 
of kaonic atoms transitions both from 

solid and gaseous targets
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VOXES: (possible) applications in DAFNE 

A new setup including several 
spectrometer arms could allow for 

new and very precise measurements 
of kaonic atoms transitions both from 

solid and gaseous targets

Trigger
(Scint + SiPMs / PMTs)

Degrader
(mylar)

Target 
(solid)
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Exploiting DAFNE

DAFNE delivers almost 4p K- 

We want to exploit this uniqe beam as much as 
possible to perform important physics 

measurements

SDDs (4-15 keV)  - Light Kaonic Atoms

HPGe 
(0,1-1 MeV)

Heavy Kaonic 
Atoms

CdZnTe 
(30-300 keV)

Intermediate 
Kaonic Atoms
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Transitions: energies and widths…which detector?

Energy

G

20 keV

40 keV

100 keV

300 keV

10 eV 100 eV 5 keV

SDDs
• 100 eV max resolution
• 4-40 keV range
• High efficiency 
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SDD: present and future at DAFNE

Expected:
De(1s) = 30 eV 
DG(1s) = 70 eV

Assumptions
signal: shift - 800 eV 
             width 750 eV 
density: 5% (LHD)
detector area: 246 cm2 

K  yield: 0.1 %
yield ratio as in Kp

SIDDHARTA-2 is 
now running with 
450 mm thick 
SDDs

Previous talks:

F. Sirghi (17/10) 
F. Sgaramella (18/10)
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Kaonic Helium transitions on 1s level 
would be accessible (very difficult):

K3He(2→1) : 33 keV 
K4He(2→1) : 35 keV

Feasibility:

1-2 mm SDDs already financed by INFN CSN3

Electronics is similar to SIDDHARTA-2 SDDs

800mm and 1mm SDDs prototypes already produced 
by FBK for ARDESIA (INFN)

SDD: present and future at DAFNE
SIDDHARTA-2 – like setup with 1-2 mm thick SDDs
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Transitions: energies and widths…which detector?

Energy

G

20 keV

40 keV

100 keV

300 keV

10 eV 100 eV 5 keV

Cd(Zn)Te
• 20-300 keV range
• FWHM / E  %
• High efficiency 
• Room Temperature
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Advanced ultra-fast solid STate detectors for high 
precision RAdiation spectroscopy : ASTRA
Organization legal name Short 

name
Activity 
leader

Austrian Academy of Sciences, 
Stefan Meyer Institute, Austria

OEAW J. Zmeskal

Istituto Materiali per Elettronica 
e Magnetismo, CNR, Parma, Italy

CNR A. Zappettini

Jagiellonian University, Krakow, 
Poland

UJ  P. Moskal 

Laboratori Nazionali di Frascati 
(LNF) – INFN, Italy

INFN A. Scordo

Politecnico Milano, Dipartimento 
di Elettronica, Italy

POLIMI C. Fiorini

University of Zagreb, Croatia UNIZG D. Bosnar

The main objective of the ASTRA project is to develop beyond state-of-art ultra-fast 
CdZnTe/CdTe radiation detector systems for high-precision measurements of gamma- and X-ray 

events in a broad energy range, few keV to MeV.
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ASTRA: first outcomes
Advanced ultra-fast solid STate detectors for high precision RAdiation spectroscopy : ASTRA

First prototypes of Cd(Zn)Te delivered by JRA8-ASTRA (STRONG-2020) and tested

“EXOTICO workshop“ - A. Scordo, Trento (ECT*), 18/10/2022



CZT: proposal for new measurements at DAFNE

Detector Key Points:

- High efficiency in the 20-100 keV region
- Reasonable efficiencies up to 300 keV
- Good resolution (FHWM/E ~ %)
- Fast response and time resolution (< 50 ns)
- No need for cooling
- Compact readout and installation package

Feasibility:

CdTe (and also CdZnTe) detectors developed in the 
JRA8-ASTRA (STRONG-2020) project

Further prototypes will be available by mid 2023
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CZT: proposal for new measurements at DAFNE

KC(3→2), KAl(3→2), KS(4→3):

 Precisions < 20 eV (e) and <40 eV 
(G) are reachable in few months

Measurements of several 
parallel transitions  new 

inputs for cascade casculations
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CZT: first tests @ DAFNE
Goal: background and resolution assessment in machine environment (first time)

22/06/2022:

First prototype installed 
in DAFNE to check 
“on beam” response 
and possible issues
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CZT: first tests @ DAFNE

FWHM = 3,5 keV

(5,9 % @ 60 keV)

FWHM = 11,6 keV

(2,2 % @ 511 keV)

Np Lb

Np La

241Am

241A
m

Pb Ka1,2 Pb Kb

Np peaks 
(X-rays) 

from decay of 
241Am

Good energy 
resolution 

confirmed “on 
beam”

Also linearity “on beam” is 
preserved
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CZT: first tests @ DAFNE

K / MIPs peaks are very well 
separated with the 
SIDDHARTA-2 Luminometer

Processing with TAC preserves 
time resolution and 
discrimination capabilities

RF/4 is used, causing 4 K/MIPs 
structures

The request of a TAC signal 
before a hit on CdZnTe 
leads to a ~ 10-3 background 
rejection factor 
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CZT: first tests @ DAFNE
241Am events occur with a time 
difference up to 2 ms, which is exactly 
what expected from the 500 Hz rate of 
the source 

For kaonic atoms events, like in 
SIDDHARTA-2 Drift Time, one 
expects a peak over a flat 
background 

Preliminary 
(in publication)

CdZnTe will allow for FWHM ~ 100 ns timing peak

Rejection factors ~106 can be expected
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Transitions: energies and widths…which detector?

Energy

G

20 keV

40 keV

100 keV

300 keV

10 eV 100 eV 5 keV
HPGe
• 100-1000 keV range
• FWHM / E  %
• High efficiency 
• Cooling needed
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Pb target just behind
the SIDDHARTA-2 luminometer, 

which is used as trigger

dE ~ 3 eV needed for 
dmK = 5 keV

KPb(9→8) : 290 keV

New Kaon Mass measurement with HPGe

Resolutions (FWHM)
obtained with 60Co, 133Ba sources :  
 
0.870 keV  @   81 keV
1.106 keV  @  302.9 keV
1.143 keV  @  356 keV
1.167 keV  @  1330 keV

HPGe detector provided by the group of the 
University of Zagreb  (Croatian Science 

Foundation project 8570)
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Recent activities and achievements
Installation of HPGe structures and preliminary shielding

Pb target support 
behind luminomiter

Ge refilling procedure  
to be done each 7-10 
days
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Recent activities and achievements
First overall spectrum (Technical paper in preparation)

e+e- 
annihilation 
peak

Pb  
fluoresence

Luminometer-TAC spectrum

MIPs

K

LM signal processed with a Time to Analog Converter 
(TAC) to select events on HPGe in coincidence with K- 
in the LM

TAC channels

Bkg reduction
(LM request) Bkg reduction

(LM + Kaon 
request) 
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CONCLUSIONS
 Kaonic atoms measurements are still strongly demanded in the nuclear 

physics (and not only) community

 DAFNE is a unique facility in the world to perform such kind of 
measurements

 There is a plethora of fundamental kaonic atoms transition lines to be 
measured, with different detectors and techniques

 Many measurements and tests can be carried on in parallel with 
SIDDHARTA-2

 New experiments with new setups can be proposed (some already have)

 Joint effort between thereticians (ask, calculate, support, approve, endorse) 
and experimentalists (build strong teams and improve know-how) is crucial
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