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

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

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

HPGe
• 50-1000 keV range
• FWHM / E ~ %
• High efficiency 
• Cooling needed
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X-ray detectors at Laboratori Nazionali di Frascati of INFN (LNF)
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(Strangeness) 
Nuclear Physics 
with exotic atoms

Tests of foundations 
of physics

Tests of Quantum 
Gravity

Agrifood: metals’ 
oxidation in liquids
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Underground Laboratories of Gran Sasso (LNGS)



Energy

G

20 keV

40 keV

100 keV

300 keV

10 eV 100 eV 5 keV

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

“Channeling 2023“ - A. Scordo, Riccione, 08/06/2023

X-ray detectors at LNF



Tests of foundations of physics: the VIP-2 experiment

Symmetry 2022, 14(5), 893;
https://doi.org/10.3390/sym14050893
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https://doi.org/10.3390/sym14050893


Strangeness nuclear physics with exotic atoms: 
the SIDDHARTA experiment at LNF
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From SIDDHARTA to SIDDHARTA-2: 
the quest for kaonic deuterium
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Difficult technological challenges

Crucial background reduction

Several improvements (2009à2019)

With 800 pb-1 of integrated 
luminosity, important results are 
expected



First SIDDHARTA-2 results
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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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Cd(Zn)Te
• 20-300 keV range
• FWHM / E ~ %
• High efficiency 
• Room Temperature

“Channeling 2023“ - A. Scordo, Riccione, 08/06/2023

X-ray detectors at LNF



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.
“Channeling 2023“ - A. Scordo, Riccione, 08/06/2023



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 June 2023
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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 Ka1,2Pb Kb

Np peaks
(X-rays) 

from decay of 
241Am

Good energy 
resolution

confirmed “on 
beam”

Also linearity “on beam” is preserved

“Channeling 2023“ - A. Scordo, Riccione, 08/06/2023

Abbene, L., Bettelli, M., Buttacavoli, A. et al.
New opportunities for kaonic atoms measurements from CdZnTe 
detectors. 
Eur. Phys. J. Spec. Top. (2023).
https://doi.org/10.1140/epjs/s11734-023-00881-x



Intermediate-mass kaonic atoms’ spectroscopy with CZT detectors:
Preliminary MC simulations

Target: 1 x 20 x 40 mm Al

CZT: 5 x 20 x 40 mm CdZnTe

LM - Target  distance = 10 mm

Target – CZT distance = 20 mm

Target – IP distance = 95 mm
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A new run is foreseen in 2023

Detecting surface : 1 cm2 →  8 cm2



Transition Energies (100% yield, no EM background)

3→2 (302 keV)

4→3 (106 keV) 

5→3 (155 keV) 

5→4 (49 keV) 

6→4 (76 keV) 

6→5 (27 keV) 

7→5 (43 keV) 

45 (3→2) events /cm2 / pb -1
165 (4→3) events /cm2 / pb -1
135 (5→4) events /cm2 / pb -1
168 (6→4) events /cm2 / pb -1
147 (5→3) events /cm2 / pb -1
97 (6→5) events /cm2 / pb -1
127 (7→5) events /cm2 / pb -1

EM background is not (yet) included

Intermediate-mass kaonic atoms’ spectroscopy with CZT detectors:
Preliminary MC simulations
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• 50-1000 keV range
• FWHM / E ~ %
• High efficiency 
• Cooling needed
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X-ray detectors at LNF



New Kaon Mass measurement with HPGe
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.

In particular, KPb (9à8) transition measurement could be performed again with HPGe

http://pdg.lbl.gov/2019/mobile/about/html/authors_2018.html
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.030001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.030001


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

Foundation project 8570)



New Kaon Mass measurement with HPGe
Installation of HPGe structures and preliminary shielding

Pb target support 
behind luminomiter

Installed and ready 
to take data



Testing Quantum Gravity with HPGe: 
the VIP-Lead experiment
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The Q-Poincarè tensor 
can be explicitly related 
to the energy scale

PEP forbidden transitions are 
now included with a 
suppression factor

Limits on the PEP violation 
probability can valideate 
NCQG models



Background

Signal from violating 
Transitions in Lead PHYSICAL REVIEW LETTERS 129, 131301 (2022) 

PHYSICAL REVIEW D 107, 026002 (2023) 
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Testing Quantum Gravity with HPGe: 
the VIP-Lead experiment
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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

“Channeling 2023“ - A. Scordo, Riccione, 08/06/2023

Condens. Matter 2019, 4(2), 38
J. Anal. At. Spectrom., 2020,35, 155-168
J. Anal. At. Spectrom., 2021,36, 2485-2491
Condens. Matter 2022, 7(1), 1  



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

“Channeling 2023“ - A. Scordo, Riccione, 08/06/2023



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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Testing food and liquids with VOXES: 
the MITIQO project

Monitoraggio In situ di Tossicità, Indicazione 
geografica e Qualità di Olio d’oliva, vino e altri 

liquidi edibili

“Channeling 2023“ - A. Scordo, Riccione, 08/06/2023

M Rovezzi and P Glatzel 2014 Semicond. Sci. Technol. 29 023002 DOI 10.1088/0268-1242/29/2/023002

Oxidation affects: 
ΔE = E1,3 - E’
Ratio = I’ / I1,3

MnO2 -> Mn (IV)

Mn2O3 -> Mn (III)

MnO -> Mn (II)



Testing food and liquids with VOXES: 
the MITIQO project
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2666 mg/L of Fe(III)



Testing food and liquids with VOXES: 
the MITIQO project
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First evidence of Fe oxidation 
identification in a liquid sample

To be improved to distinguish between II and III



CONCLUSIONS
l The SIDDHARTA / VIP / VOXES group at LNF is very active in the X-ray 

spectroscopy community

l We use several X-ray detectors to perform high-quality measurements in 
nuclear physics, foundations, quantum gravity and agrifood applications

l SDDs, CdZnTe, HPGe detectors are presently used for our main research
activity on kaonic atoms, while Bragg spectrometer are still being tested

l SDDs and HPGe detectors are very succesfully used by the VIP/VIP-2/VIP-
Lead collaboration to perform measurements on foundations and quantum 
gravity at LNGS

l The VOXES spectrometer developed at LNF allows for ultra-high 
resolution (and precision) X-ray spectroscopy also from extended sources

l We are involved both in detector R&D and in physics measurements, and 
we welcome new ideas and collaborations
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