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Suitable detector(s) for each radiation
Transition Edge Sensors (TES): Microcalorimetry Bragg Spectrometers

Silicon Detectors

CdZnTe Detectors

Ge Detectors

Semiconductors
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What do we want (could) measure...
Energy Position Multiplicity
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RatesTimeDirection
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… and how
Photon absorption is a binary process

No energy loss like for charged particles

Photoelectric effect: main effect for 
visible, X and gamma radiation
TO BE MAXIMIZED

Compton effect: unwanted, source of 
background and loss in resolution
TO BE MINIMIZED

Pair generation: main effect for HEP 
experiments
NOT INTERESTING FOR OUR RANGES
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What do we want (could) measure...
Energy Position Multiplicity

u

RatesTimePolarization
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Suitable detector(s) for each radiation

Silicon Detectors

CdZnTe Detectors

Ge Detectors

Semiconductors
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Semiconductor detectors

probability that a given available electron 
energy state will be occupied at a given 
temperature

@ 300 K

Playing with 
Temperature allows 
moving the Fermi 

Level
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Semiconductor detectors

@ 300 K

Probability to thermally promote an 
electron in the conduction band 

This is why Silicon 
and, most of all, 

Germanium 
detectors need to be 

cooled down
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Physicians must be smart and clever….
holes !!!
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Semiconductor detectors

Near a junction, electrons diffuse across 
to combine with holes, creating a "
depletion region" which inhibits any 
further electron transfer unless it is 
helped by putting a forward bias on the 
junction.
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Semiconductor detectors
Situation at equilibrium

PN junction is the elemental 
brick for all semiconductor 

devices

Breakdown voltage
Vbr

FWDBWD
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Silicon Drift Detectors
Perfect linearity and easy calibration

Large area and geometrical efficiency

Fast readout for triggering

Suitable for 4-20 keV 
(450 mm thickness)

Resolution limited to ~120 eV
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Silicon Drift Detectors for kaonic atoms

Shifts and widths with respect to pure 
electromagnetic calculations provide 
information on the strong interaction

Talk form 
S. Manti
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1s



Silicon Drift Detectors

Most precise 
measurement of 1s 

level shift and 
width in KH
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“ Nuclear E2 resonance effects in kaonic molybdenum isotopes” – Symposium, A. Scordo, Frascati (online), 08/04/2022

Silicon Drift Detectors

Thicker SDDs could be used to 
extend the working range

This is not trivial and there are 
technological limitations to 

overcome

Measurement of 1s level shift and width of 
KHe is one of the most wanted measurement 

in our community but the transition is 
expected at ~30 keV



First XRF tests 
with known 

targets show very 
promising results

Silicon Drift Detectors
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1-2 mm SDDs already financed by 
INFN CSN3

800mm and 1mm SDDs prototypes 
already produced by FBK for 

ARDESIA (INFN)

Efficiency @ 60 
keV is increased 

of 100%



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

CdZnTe detectors
High efficiency and linearity in a broad 
energy range (optimizable between 20-

30 keV and 1-2 MeV)

Good energy resolutions with no need 
for cooling

Fast readout for triggering

More recent technology, not 
“commercial” yet
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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 

Promising results 
obtained ON BEAM

First technical paper 
submitted
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CZT: proposal for new measurements at DAFNE

With CdZnTe detectors the present 
database on kaonic atoms can be updated 

and renewed, and new important 
measurements can be done as well
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HPGe detectors

The maximum depletion depth for the planar detectors is 
limited to 1-2 cm. 

5 cm is required for efficient detection of MeV photons. 

High resolutions in a very wide energy range

Cryogenic cooling is needed

Subject to radiation damage

Resolutions (FWHM)
obtained with 60Co, 133Ba
 
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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dE ~ 3 eV needed 
for dmK = 5 keV

KPb(9→8) : 290 keV

HPGe detectors

HPGe detector is used in DAFNE to 
perform a new precise measurement of the 

K- mass
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Suitable detector(s) for each radiation
Bragg Spectrometers
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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)

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

Von Hamos geometry and mosaic 
crystals can improve collection 
efficiency
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Spectrometer developed under CSN5 Young Researcher Grant (2016-2018) 

Bragg spectrometers: VOXES
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High precision measurements with VOXES in LNF Lab

Crystal spectrometers: VOXES
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VOXES: applications

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

liquidi edibili
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VOXES: 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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Suitable detector(s) for each radiation
Transition Edge Sensors (TES): Microcalorimetry

“Nuclear and Atomic transitions as laboratories for high precision tests of Quantum Gravity inspired models” A. Scordo, ECT* (Trento), 22/09/2023



Transition Edge Sensors
Photon absorption is used to rise the 
temperature of a thin film of 
superconducting material above the Tc

DT is proportional to the photon energy 
which can be derived with extremely 
high accuracy 
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Ultra-High resolution 
(FHWM ~0,03% @ 5900 eV)

Acceptable geometrical 
efficiency (small active areas)

Extremely high costs
Non-trivial calibration

Transition Edge Sensors

TC ~ 50 mK !!!
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Transition Edge Sensors

Sub-eV of 2d level shift and width in 
Kaonic Helium
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What do we want (could) measure...
Energy Position Multiplicity

u

RatesTimePolarization
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Strip & Pixel detectors
With strip detectors, 1D position spectra can be obtained

2D spectra are obtained from double sided strip detectors 
or Pixel Detectors (like CCD)



What do we want (could) measure...
Energy Position Multiplicity

u

RatesTimePolarization
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Multi Pixel Photon Counters
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Working in 
avalanche 
mode with 
reverse bias



Signal “quantization” is even visible 
on an oscilloscope

Multi Pixel Photon Counters

Electron charge can be measured 
(for students)

No Cooling
No radiation damage

Working within magnetic fields

Few photons can be measured
Visible photon range (some attempts 

with direct X-rays)

Saturation effects (non-linearity)
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Radiation detection technology 
is evolving very fast, and new 
experiments become feasible

Triggers for new experiments on 
fundamental physics are very 

welcome
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