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• Undoped CsI is a UV scintillating crystal with a relatively small light 
yield at room temperature (few thousands γ/MeV, 8% of NaI(Tl)). 
• Used for e.g. the Mu2e calorimeter [1] because of its fast time 

constant (few ns) and its radiation hardness.

Properties of cryogenic CsI crystals
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g-rays in pure CsI crystals. Since the recombina-
tion trap works at very low temperature ðC1 KÞ
the surrounding annihilation detector cannot
operate at room temperature. With good insula-
tion the detector can work in a temperature range
of 802120 K: In this paper we describe the
scintillation properties of pure CsI crystals in the
temperature range 802300 K: The properties of
the silicon microstrip detector modules and the
frontend readout electronics are described in
another paper [2].

Pure CsI is used at room temperature as a fast
scintillator (decay time C10 ns) in electromagnetic
calorimeters at high counting rates [3,4]. However,
the light yield at room temperature is only about
8% relative to NaI(T1). Earlier investigations [5,6]
show a dramatic change of the scintillation
properties of pure CsI at low temperatures. By
going from room temperature to the temperature
of liquid nitrogen (77 K) the light yield increases
by about a factor of 10, but the decay time
increases to about 1 ms: Since the published results
are not very precise and even contradictory, a new
investigation was necessary. In this paper we
describe those properties of pure CsI which are
important for a 511 keV g-ray detector at low
temperatures. The experimental methods for read-
ing out the UV scintillation light of pure CsI
crystals are described in Section 2. Both UV
sensitive photomultipliers and silicon photodiodes
with a UV to red wavelength shifter were used.
The results, the temperature dependence of the
light yield and decay times and the absolute light
yield at 77 K; are given in Section 3 and compared
with previously published results. The most
important results are summarized in Section 4.

2. Experimental procedures

Polished pure CsI crystals were obtained from
Tbilisi State University (dimensions
20# 20# 45 mm3) and CRISMATEC ð13:0#
17:1# 17:6 mm3; the final dimensions in the
ATHENA detector). For maximum light output,
the crystals were wrapped with white reflecting
Teflon tape. The crystals were mounted in a
vacuum chamber where they could be cooled

down to the temperature of liquid nitrogen
ð77 KÞ: The temperature dependent measurements
were done by slowly raising the temperature from
77 to 295 K: The temperature was monitored with
a PT2000 temperature sensor.

The wavelength of the scintillation light of pure
CsI is in the UV region with a maximum emission
at 310 nm at room temperature and 340 nm at
77 K (Fig. 1). To control the systematic errors we
used two different readout methods. First, we used
a UV sensitive 3=4 in. diameter photomultiplier
(PM) from Hamamatsu (R1464) with a quantum
efficiency Q ¼ 22:8% at 310 nm and Q ¼ 21:9% at
340 nm (Fig. 1). The PM was kept at room
temperature and coupled to the crystal with a
quartz rod without optical grease, resulting in a
low and unknown light collection efficiency. For
the measurement of the light yield as function of
the temperature (see Section 3.1) the anode output
of the PM was connected with a scintillation
preamplifier (ORTEC 113) and a spectroscopic
amplifier (CANBERRA 1413, 6 ms shaping time).
The decay times (Section 3.2) were determined by
measuring directly the output pulses from the
anode with a 400 MHz digital oscilloscope.

Fig. 1. Emission spectrum of pure CsI at two different
temperatures (solid lines [5]) and quantum efficiencies of the
photomultiplier (data from Hamamatsu [7]) and the silicon
photodiode.
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• When cooled near cryogenic temperatures (<110 K): 
• Its light yield increases by a factor of ~15 (between 80,000 

and 125,000 photons/MeV, depending on stock) 
• A slow time constant (O(μs)) dominates the time emission 

profile.  
• Emission wavelength goes from ~320 nm to ~350 nm. 
• Being used for detection of coherent elastic neutrino-nucleus 

scattering experiment. 

• Properties of cryogenic CsI have been known since the 90s [2-3]. 
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Material Zeff X0 (cm) Density (g/cm3)
Light yield  

(photons/MeV)
Decay time (ns)

Emission 
wavelength (nm)

LYSO 66 1.14 7.4 35 000 40 420

BGO 74 1.12 7.1 10 000 300 480

CsI(Tl) 54 1.86 4.5 60 000 700 560

CsI @ 100K 54 1.86 4.5 100 000 800 350

CsI vs other PET crystals
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Material Zeff X0 (cm) Density (g/cm3)
Light yield  

(photons/MeV)
Decay time (ns)

Emission 
wavelength (nm)

Cost (€/cm3)

LYSO 66 1.14 7.4 35 000 40 420 45

BGO 74 1.12 7.1 10 000 300 480 25

CsI(Tl) 54 1.86 4.5 60 000 700 560 5

CsI @ 100K 54 1.86 4.5 100 000 800 350 5

CsI vs other PET crystals

4STEFANO ROBERTO SOLETI - 23 MAY 2023



• Our first goal was to measure the time and energy 
resolution at 511 keV of two cryogenic CsI crystals in 
coincidence. 

• Two 3x3x20 mm3 CsI crystals were wrapped in PTFE and 
placed on a copper plate, connected to a cold finger 
submerged in liquid nitrogen, and read out by 3x3 mm2 
Hamamatsu S13360-3025 SiPMs. 

• Temperature was a measured by a PT100 placed behind 
the plate and can be controlled using two strip resistors.  

• Signals were acquired by a scope, triggering in coincidence.

Pixelated CsI crystals measurement 
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• We observe a dependence of the light yield as a function 
of the temperature which is in good agreement with [4]. 

• As expected, the energy resolution at cryogenic 
temperatures is significantly better than at room 
temperature: 
• Light emission is ~15 times higher 
• Quantum efficiency of SiPM is 14% at 320 nm and 18% at 350 nm.

Light yield and energy resolution
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• We performed several data acquisitions at different temperatures.  

• As expected, we observe a slow time component at lower temperatures, but we see a fast component 
appearing at colder temperature than in [4].

Emission time constants
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• Also, we observe a third, 
slower component, which 
however contributes to <10% 
of the total light yield and 
disappears at T < 150 K.  

STEFANO ROBERTO SOLETI - 23 MAY 2023



• We performed several data acquisitions at different temperatures.  

• As expected, we observe a slow time component at lower temperatures, but we see a fast component 
appearing at colder temperature than in [4].

Emission time constants

7

100 150 200 250 300

Temperature [K]

102

103

D
ec

ay
ti

m
e

[n
s]

0.0 0.5 1.0 1.5 2.0 2.5 3.0

Time [s] £10°6

10°3

10°2

10°1

100

A
m

pl
it

ud
e

[a
.u

.]

104.65 K139.65 K179.65 K

Average waveforms at diÆerent temperatures

ø1 = 0.81 µs

ø1 = 0.25 µs (7.4%)
ø2 = 0.61 µs (92.6%)

ø1 = 0.33 µs (68.1%)
ø2 = 0.13 µs (24.5%)
ø3 = 2.03 µs (7.5%)

[4] Nucl.Instrum.Meth.A 480 (2002) 494-500

• Also, we observe a third, 
slower component, which 
however contributes to <10% 
of the total light yield and 
disappears at T < 150 K.  
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• We measured the coincidence time resolution by calculating the difference between the times when the 
two waveforms cross a certain threshold.  

• Although at cold temperature the emission time is O(μs), the CTR is still O(ns), since the slower 
emission is compensated by the larger amount of light emitted. 

Coincidence time resolution
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Pixelated 
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• Each small crystal needs to wrapped with a reflector 
and read out by a single photosensor. 

• Position resolution is determined by the size of the 
pixel. 

• Light is confined to a single photosensor, no pile-up. 
• DOI is challenging.

Monolithic 

 
 

In pixelated detectors such as EXPLORER the scintillation light is confined in the SSB to the physical extent of 
the crystal. In these systems, the crystal is typically wrapped by reflecting materials such as 
polytetrafluoroethylene (PTFE) or Vikuiti Enhanced Specular Reflector (ESR). Thus, the intrinsic resolution of the 
scanner is limited by the physical size of the individual detector elements [10]. In this case, the depth-of-
interaction (DOI) can be estimated by placing a photosensor at both ends of the crystal, which however doubles 
the number of photosensors, significantly increasing the total cost.  
 
A possible alternative is represented by monolithic plates of scintillators, where a single larger crystal is read out 
by an array of photosensors. This configuration presents several advantages: it simplifies the manufacturing and 
the assembly, reducing costs, and minimizes the dead space, increasing the detection efficiency. Most 
importantly, in monolithic crystals, DOI can be estimated using the shape of the light pulse produced by the 
interaction of the gamma ray in the scintillator (see Figure 2). This is an attractive capability, since reconstructing 
the DOI enables the possibility of correcting the parallax error (radial astigmatism) at off-center positions within a 
PET scanner, resulting in an improvement of the spatial resolution of the device [11]. 
Technically, this can be performed by comparing the width of the photon distribution to a previously measured 
table. However, this task requires a laborious work of calibration at hundreds of different points using collimated 
radiation sources. A promising option is represented by statistical methods, such as k-Nearest Neighbor, 
maximum likelihood and deep neural networks. The last one, in particular, has been shown to be able to reach 
sub-mm FWHM resolution for a monolithic LYSO PET [12, 13].  
 
The research proposal is thus two-pronged: 1) feasibility study for a PET scanner based on CsI crystals and 2) 
development of deep learning algorithms for the reconstruction of the gamma interaction point in a monolithic 
crystal.  
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Figure 1. 
Schematics showing (a) the confined light distribution in a pixelated scintillator and (b) 
the shape and peak intensity of interactions occurring in a continuous slab of scintillator at 
different interaction depths. Note that the shape of the photon distribution in the pixelated 
detector is not affected by interaction depth, unlike the continuous detector.
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Figure 2. Diagram showing (a) the light distribution in a pixelated detector and (b) in a monolithic crystal 
at two different depths of interaction. In the latter case, the position along the crystal can be 
reconstructed using the information on the shape and peak intensity of the interaction. Adapted from [10]. 

• A single, large crystal is read out by a matrix of 
photosensors. 

• Interaction point can be determined by looking at 
the shape of the light pulse, including DOI. 

• Possibility of pile-up. 
• Simplified manufacturing. 
• Minimized dead space.
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Figure 2. Diagram showing (a) the light distribution in a pixelated detector and (b) in a monolithic crystal 
at two different depths of interaction. In the latter case, the position along the crystal can be 
reconstructed using the information on the shape and peak intensity of the interaction. Adapted from [10]. STEFANO ROBERTO SOLETI - 23 MAY 2023



• We developed a deep learning algorithm 
who is able to reconstruct the 
interaction position of the gamma in a 
monolithic crystal read out by a matrix of 
SiPMs. 

• The algorithm consists of a Convolutional 
Neural Network trained on 8x8 
monochromatic images corresponding to 
the charge collected by each SiPM. 

• Photoelectric interaction is assumed, with 
the monolithic crystal being fully 
wrapped with PTFE. 

• ResNets have also been explored, giving 
minimal improvement. 

Interaction reconstruction with deep learning
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and will be carried out mainly by S.R. Soleti, who has already successfully simulated pixel-sized pure CsI 
crystals wrapped with PTFE. 
 
T.2.2 Geant4-based simulation of a small animal PET with 18 monolithic crystals 
 
The second task will consist in scaling up the simulation of a pair of monolithic crystals to a full small animal 
PET scanner, consisting of three rings of six crystals each. This simulation needs to incorporate the 
necessary mechanical support components for the device. It should also be capable of simulating the 
passage of radiation through biological tissue, enabling the calculation of the necessary radioactive dosage 
to be administered to the patient. 
The task will be undertaken by S.R. Soleti and is expected to require approximately 100 hours of work. 
 
T.2.3 Comparison between results of the simulation and data acquired with the experimental setup 
 
In this task the two simulations will be compared to the data acquired with the experimental setups realized 
in O.1 and O.4. In particular, the values of energy and time resolution obtained with the pair of monolithic 
crystals will be compared with the ones obtained with the simulation. In the case of the small animal PET, 
the LORs produced in data and simulation will be compared and a preliminary reconstruction algorithm will 
be implemented. 
 
The task is expected to take approximately 50 hours and will be carried out by J.J. Gomez Cadenas. 

 
O.3 Development of deep learning algorithms for the reconstruction of gamma interaction point in 
monolithic crystals 
 

T.3.1 Implementation of a deep learning algorithm which reconstruct the position of a photoelectric 
interaction 
 
In a monolithic crystal it is possible to reconstruct the position where the gamma radiation deposited its 
entire energy using the information on the shape and peak intensity of the interaction (see Figure 2). This is 
usually performed using look-up tables which can be built during the calibration phase.  
 
 However, this is a very laborious task which can become unfeasible for devices with thousands of crystals, 
such as a human full body PET. A promising statistical method which can be able to achieve equal or better 
performance is represented by deep neural networks. In our case, the training dataset will consist of images 
of 8x8 pixels (one pixel per SiPM) corresponding to photoelectric interactions generated uniformly along the 
crystal (see Figure 8). 

In this task, we will build up on the preliminary version that was already developed by J.J. Gomez Cadenas 
(see Figure 4) and develop an algorithm that is capable to reconstruct the three-dimensional position of the 
gamma photoelectric interaction in the crystal. The algorithm will be developed using the PyTorch 
framework, which is a widely adopted software for the development of deep neural networks. Both 
convolutional neural networks (CNNs) and residual neural networks (ResNets) will be investigated.  
 

Figure 8. Bi-dimensional heatmap produced by the photoelectric interaction of a gamma ray in 
monolithic CsI(Tl) crystals. The red dot corresponds to the interaction point and the color scale 
represents the amount of light detected.  It is possible to appreciate the difference between an 
interaction where the energy is deposited near the SiPM plane (left, z=5.2 mm), and one where the 
energy is deposited far from the SiPM plane (right, z=35.5 mm). 
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• The deep learning algorithm 
achieves a resolution with a core of 

 mm.  

• The tails correspond to events near 
the crystal edges. 

• This is comparable to the naive 
resolution in x, y of pixelated 
crystals with a 3 mm pitch 
(  mm).

σ < 0.5

3/ 12 = 0.87

Spatial resolution with deep learning algorithm 
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• Most importantly, the resolution on the DOI is significantly better than 1 mm, reducing the parallax error 
especially at large angles (particularly important for full-body PETs).

Preliminary Preliminary



Why a cryogenic CsI full-body PET?
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• The cost of crystals and SiPMs scales 
linearly with the axial length of the PET. 

• For wide and full-body PET these two 
components dominate the total price. 

• Assuming monolithic crystals read out by 
6x6 mm2  SiPMs can reduce by x4 the 
SiPM and electronics component (less 
sensors and less channels). 

• Cryogenic CsI crystals are x5 cheaper 
than LYSO (normalizing by Zeff and X0). 
Liquid nitrogen cooling is a well known and 
relatively cheap technique (with a cost that 
scales slowly with the size). 

• This gives a total reduction factor of 
approximately x4, possibly bringing the 
cost of a full-body PET below $3M.

Vandenberghe et al. EJNMMI Physics            (2020) 7:35 Page 18 of 33

Fig. 8 Total body PET systems with an axial length of 70 cm, 100 cm, 140 cm and 200 cm

as shown in Fig. 8. The patient shown has a length of 1 m 70. A 1-m axial length will cover
the torso in the majority of population. The sitting height of 95% of American males and
97.5% of the female US population is below 1 m.
An estimate of the component cost of a total body PET system versus a system with 20

cm axial length is shown in Fig. 9 . The relative cost is based on available prices of CT
systems (same for all designs) and quotes from LYSO and SiPMs in large quantities.
The optimal length for introducing total body PET into current clinical routine or

research will depend on what the major applications are, and whether the benefits will
justify the additional cost for a research institute or a clinical department. Therefore, it
is interesting to look at the gain in sensitivity versus a system with 20 cm for different
objects, as shown in Fig. 10 . We selected a point source representing a single organ, 1-m-
long cylinder representing the head + torso and a 2-m-long cylinder for the full body of
the patients. For single organ, all systems have a very comparable gain (2.5-3.5× higher)
and the optimum is reached with a 70-cm system. For a 2-m-long object, there is con-
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Adapted from Vandenberghe, S., Moskal, P., & Karp, J. S. (2020). EJNMMI physics, 7, 1-33.



PET scanner simulation and reconstruction
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• A PET scanner has been simulated with a custom 
Geant4 application.  

• Reconstruction has been performed with 
parallelproj (GPU-accelerated Python package). 

• In order to fully assess the impact of multiple 
scattering in a human body, a modified Jaszczak 
phantom has been simulated (larger radius and axial 
length). 

• Two geometries: 
• 30 cm axial length, 60 cm inner diameter 
• 100 cm axial length, 60 cm inner diameter 

• Two combinations: 
• LYSO pixelated crystals 
• Cryogenic CsI monolithic crystals

Wide-body geometry Small geometry

10
0 cm

30 cm

LYSO pixelated crystals 
• 3x3x22.8 mm3 

• TOF FWHM of 385 ps. 
• Eres 12% FWHM

Cryogenic CsI 
• 48x48x37.2 mm3  
• No TOF 
• Spatial resolution of the 

deep learning algorithm. 
• Eres 6.5% FWHM



PET scanner simulation and reconstruction
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• Equivalent exposure of 10 seconds assuming 240 MBq activity of 
the rods and 60 MBq activity of the cylinder.  

• The CRC of a wide-body PET with monolithic cryogenic CsI 
crystals is comparable or better than the one of a PET with 
pixelated LYSO crystals with TOF. 

• For the inner rods of the phantom, the impact of the better energy 
resolution is more visible, since the scattering probability inside 
the phantom is higher. 



2023 2024 2025 2026 2027
Operation of pixelated 
cryogenic CsI crystals

Operation of 
monolithic CsI(Tl) 

crystals

Operation of monolithic cryogenic CsI 
crystals

Construction and operation of small-scale PET with 
CsI(Tl) crystals

Construction and operation of small-scale 
PET with cryogenic CsI crystals

Design and construction of 
human-sized PET with cryogenic 

CsI crystals

Project roadmap
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Funding secured
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CsI(Tl) R&D
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• Thallium-doped CsI is a room-temperature alternative 
to pure cryogenic CsI in terms of performance, but: 
• Slower 
• Non-negligible afterglow 
• x2 less light 
• Hygroscopic 

• Operating at room temperature allows us to decouple 
the cryogenic and electronics/DAQ R&D. 

• First step will be operating two monolithic CsI(Tl) 
crystals read out by a matrix of SiPMs.

 
MEMORIA/9 
   Convocatoria PIBA - Dirección de Investigación 

 
Criterio 1.- Cualificación científico-tecnológica del proyecto: Interés científico y económico, originalidad y 
carácter innovador de la propuesta, adecuación de la metodología y técnicas instrumentales 
 
INTERÉS TECNOLOGICO Y ECONOMICO DEL PROYECTO. Resultados esperados: publicaciones y patentes. 
 
Demonstrating that cesium iodide is a viable candidate for full-body PET scanners would unlock an entirely new 
market in the health sector. Adopting monolithic crystals of CsI(Tl) or cryogenically cooled CsI would decrease the 
total cost of the device by 30-40%, bringing its cost below the 5M€ threshold and making it accessible to most 
public regional health facilities. Also, the need for large-scale production of crystals and solid-state photosensors 
could stimulate the corresponding EU and Spanish industrial sectors.   
 
The proposal will be able to deliver at least 3-5 publications (monolithic crystals measurements, development of 
deep learning algorithms, assembly and operation of a small animal PET) and the results will be disseminated at 
dedicated conferences in the field. 
 
 

 
METODOLOGÍA 
 
O.1 Performance assessment of a pair of monolithic CsI crystals 

 
T.1.1 SiPMs calibration and spatial resolution 
 
The first task related to the performance assessment of a pair of monolithic CsI crystals consists in the 
calibration of two matrices of photosensors. The crystals, of dimensions 48x48x37.2 mm3, will be coupled 
on their squared face to an 8x8 matrix of SiPMs model Hamamatsu S14161-6050HS, each one with 
dimensions 6x6 mm2. The longitudinal size of the crystal corresponds to two radiation lengths. The sensors 
have a photon detection efficiency of approximately 35% at the emission wavelength of the CsI(Tl) (560 
nm). Coincidentally, this efficiency is roughly the same at the emission wavelength of undoped cryogenic 
CsI (340 nm). The signals generated by the SiPMs matrices will be acquired with a PETsys system, which 
is a turnkey product for the data acquisition of PET scanners.  
 
Two setups will be realized. 
- A pulsed laser light will be diffused and spread homogeneously on the face of the crystal placed in front of 

the SiPM matrix. This permits to study the SiPM behavior in a wide range of light intensities, from single 
to thousands of photons, and generate a 2D heatmap. 

- A collimator will be placed in front of the Na-22 source and a pixel-sized crystals will be placed on the 
opposite side, as a reference detector. The position of the monolithic crystal will then be adjusted by a 
motion controller to measure the spatial resolution of the system in two dimensions (see Figure 6).   

 

The task is expected to take approximately 100-150 hours, since it will require preparing the experimental 
setup and calibrating in total 96 SiPMs. It will be performed by S.R. Soleti, P. Ferrario and J.M. Benlloch 
Rodríguez. These last two members of the research group possess extensive expertise with the PETsys 
system, having built, installed and operated a PET prototype in liquid xenon (PETALO ERC Starting Grant, 
see EXPERIENCIA DEL EQUIPO INVESTIGADOR).  
 

Figure 6. A collimator is placed between the radioactive source and the monolithic crystal. A 
pixelated crystal, which serves as a reference, is placed on the opposite side. The setup allows to 
measure the spatial resolution of the crystal by changing its position through a motion controller. 

Position resolution

 
T.1.2 Assembly of the two crystals coupled to a SiPM matrix 
 
The two CsI(Tl) crystals will be placed one in front of the other on a support structure and placed on an 
optical bench inside a dark box, available at the Donostia International Physics Center. The gamma rays will 
be emitted by a Na-22 radioactive source placed between the two crystals (see Figure 7). The radioactive 
source can be moved along one direction to study the response as a function of the position.  
 

 
The wrapping material and its coverage can affect the performances of the DOI reconstruction algorithm, 
since the reflection of the light inside the crystal makes it challenging to reconstruct the gamma ray 
interaction point. Reflectors can be specular (e.g. ESR) or Lambertian (e.g. PTFE): this property can affect 
the optical transport inside the crystal and the overall light collection efficiency. Thus, different wrapping 
combinations will be tested. 
- No wrapping. 
- PTFE wrapping on the gamma entrance face and the four side faces. 
- PTFE wrapping only on the four side faces. 
- ESR wrapping on the gamma entrance face and the four side faces. 
- ESR wrapping only on the four side faces. 
 
The task is expected to require approximately 50 hours of work and will be carried out mainly by S.R. Soleti. 
He has successfully assembled a pair of smaller CsI crystals (see OBJETIVOS GENERALES Y 
OPERATIVOS) and has years of experience with solid-state photosensors used in particle physics 
experiments. 

 
T.1.3 Measurement of energy and time resolution with a Na-22 radioactive source 
 
After calibrating the two SiPMs matrices and assembling the setup with the two monolithic crystals, it will be 
possible to measure the energy and coincidence time resolution of the system.  
 
The charge spectra obtained by summing the signal collected by each SiPM in a matrix will show a 
photoelectric peak and a Compton shoulder, as in Figure 3. The energy resolution at 511 keV will 
correspond to the full width at half maximum of the photoelectric peak.  
The time resolution will be determined by triggering in coincidence the two SiPM matrices and measuring 
the distribution width of the time difference between the initial rising edges of both matrices. 
 
The task is expected to require approximately 50-100 hours of work and will be carried out mainly by S.R. 
Soleti, who has performed an analogous analysis with pixel-sized crystals, and by P. Ferrario, who has 
related extensive experience gained with the PETALO and NEXT projects (see EXPERIENCIA DEL 
EQUIPO INVESTIGADOR).  
 

O.2 Monte Carlo simulation of a small animal PET with monolithic CsI crystals 
 
T.2.1 Geant4-based simulation of a pair of scintillating crystals 
 
Having an accurate simulation of experimental setup can inform the design of the full PET scanner and help 
to explain the behavior of the system. Geant4 is a toolkit for the simulation of the passage of particles 
through matter which is the de facto standard in the field. It is able to simulate both the interaction of the 
gamma ray in the material, accounting for Compton scattering and bremsstrahlung, and the transport of the 
scintillation photons within the crystal. However, accurately simulating the optical interfaces between two 
materials can be challenging, since there is a large range of models to choose from.  
 
Thus, in this first task, the goal will be to find the right set of parameters to accurately simulate monolithic 
CsI(Tl) crystals wrapped with PTFE or ESR. The task is expected to require approximately 50 hours of work 

Figure 7. A pair of monolithic CsI(Tl) crystals will be coupled to an array of SiPMs. A radioactive 
source placed in the middle will emit two back-to-back gamma rays which will hit the crystals and 
produce scintillation light. 

Energy and time resolution
• PETsys ASIC or CAEN 

QDC with Hamamatsu 
MPPC 6x6 mm2 sensors.

First three boards!
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Scaled-down prototype PET 
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CsI(Tl)
• After operating a pair of monolithic crystals, we will 

scale up to a small animal PET with 3 rings of 6 
CsI(Tl) monolithic crystals each.  

• PETsys ASIC and Hamamatsu MPPC 6x6 mm2 
sensors.

Cryogenic CsI
• In parallel, we are developing a cryostat that can cool 

CsI crystals at the liquid nitrogen temperature. 
• The expertise acquired by our collaborators in the 

PETALO project (LXe PET prototype) will allow us to 
speed up the design and re-use their solutions (e.g. 
SiPMs feedthroughs).
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Cryogenic CsI is an attractive PET material candidate for two main reasons: exceptionally high 
light yield (so very good energy resolution) and low price. 

Well known material in particle physics. Cryogenic needs not extreme (100 K, liquid nitrogen is 
more than enough). 

ML-aided reconstruction algorithm achieves sub-mm resolution in three dimensions. 

Cryogenic CsI, combined with a monolithic geometry, could lower the cost of a full-body PET 
by x4, while maintaining performances comparable or better than pixelated LYSO devices. 

Short-term research program aimed at building a small-scale prototype to demonstrate the 
technology. 

Summary
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Project team
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