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DISCLAIMER

This will NOT be:

*     version available online

➡complete / systematic
➡“to scale”

➡splatter*

…but rather a (~)random walk 
to give a glimpse and a feeling
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Accelerators

Base technologies for acceleration

Laser-Plasma Accel.

Magnets

RF Cavity

Applications

Superconducting Gantry

MIniaturised 
aCceleRatOrs Network

Dielectric Accel.

https://videos.cern.ch/record/2647660
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Quantum Sensing & Quantum Imaging 

http://www.solid.unito.it/RICERCA/Diamante/diesis/diesis.html

Detectors for experiments

Bullkid  
(dark matter)

Kapton 

Ptolemy  
(CNB detection)

Electronics

Microelectronics System-On-Chip 

FPGA

http://www.solid.unito.it/RICERCA/Diamante/diesis/diesis.html
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CSN5Quantum Computing
ACE-SuperQ

Computing

Neuromorphic Computing 

MEMPHYS  (MEMristive-CMOS hybrid 
electronics for experimental PHYSics)

Artificial Intelligence
Quantum Machine-Learning 

Radiomics

Detector Simulation
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Interdisciplinary Physics
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Computational Neuroscience

Biophysics

Medical Physics

Mini Beam

FRIDA
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Do It Yourself
ENIAC - Electronic 
Numerical Integrator 
And Computer

The FERMIAC (1947)
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How can I remove 
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γ-RGS

Neuro 
Endocrine 
Tumor
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~1-10cm
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How can I remove 
the whole tumor?

γ-RGS

Neuro 
Endocrine 
Tumor

~1-10cm →~1-10mmβ-RGS!
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How to help the surgeon to 
completely remove the 
tumor?

PROBLEM

Incredible amount of 
information is available before 
surgery

But then…. during surgery:

Intra-operative Magnetic Resonance 

❓

Radio Guided Surgery



How to help the surgeon to 
completely remove the 
tumor?

PROBLEM

• Before surgery, a radioactive tracer (e.g. 99mTc)  
is administered to the patient 
➡ It reaches tumor cells, that thus become source of radiation

• During surgery, the surgeon uses a handeld 
radiation detector to identify the emission 
hotspots 

➡Suggesting the possible presence of 
tumor residual

Radio Guided Surgery



Radio Guided Surgery

Massive improvement in patients 
outcome

e.g. in breast surgery
Mastectomy

Lumpectomy



The Rise of PET Imaging



The Rise of PET Imaging

https://www.youtube.com/watch?v=oySvkmezdo0


The Rise of PET ImagingThe Rise of PET Imaging

➡High Resolution 
➡Functional Imaging

β+ tracers
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Why not also 
intra-operatively?

Stunning results on  
pre-operative imaging…
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Volume 130
Nunmber 4 CLINICAL USE OF RADIOACTIVE PHOSPHORUS

A preliminary study9 demonstrated to our satisfaction that in glioblastoma
multiforme and in astrocytoma, as well as in certain nongliomatous intra-
cranial tumors, a very satisfactory difference in the uptake of radioactive phos-
phorus, P,32 was present when tumor was compared with normal brain. The
patients of this early group were studied employing doses of frolmi .8 to 3.8
millicuries of radioactive phosphorus, p,32 as buffered phosphate ion. The
specimens of tumor and of normal brain were obtained at operationl
or at autopsy. An "activity ratio," representing for equal weights

radioactivity of tumor was found to vary from 5.3 to I I0. This ratio
radioactivity of white matter
appeared to be emiiinently satisfactory for purposes of localization, and accord-
ingly studies were next directed toward the development of a suitable minia-
ture Geiger-Mueller counter which could be emploved as a probe for the
accurate localization and demarcation of these tumors.

FIG. i. The 3 mm. and 2 nim. probe Geiger-Mueller counters,
employed in localization and demarcation of cerebral tumors.

In order that a Geiger-Mueller counter might be used as a probe within
the brain, it was considered desirable that the dimensions of the portion enter-
ing the brain approximate those of the ventricular needles customarily
employed for this purpose. Since it is important that the depth of the neoplasm
as well as its surface projection be determined, it was considered necessary
that the sensitive volume of the counter be located near the tip. When this
research was undertaken, no such counter was available. It was essential to
find a suitable combination of noble and quench gases and to determine
optimum pressures for counters of these dimensions, as well as to develop a
technic of construction. The first counters used at operation were 5 mm. and
3 mm. in diameter and were filled with an argon-ether mixture.10 For several
months 3 mm. counters filled with argon-ethyl acetate have given good service.
More recently, 2 mm. counters of this type have been used. The probing por-
tion of such a counter is, therefore, of diameter comparable to that of a ven-
tricular needle.

The counters are sterilized by immersion in a formalin germicide for 20
minutes or more. The cable connecting the counter to the associated appa-
ratus is autoclaved. The preamplifier and scaling circuit remain outside the
sterile field.

645

‣Using 32P (τ=14d) # 
‣Geiger Counter ⚡⚡
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• Heat storage, opto-electronics,  
sunscreen lotions! 

• Wavelength shifter, doping  
component for liquid scintillators

➡A dedicated “beta 
probe” is needed

How does it 
perform as β particles 

detector?

‣High light yield  
(140% Antracene) 

‣Low density  
(1.2 g/cm3)

Aromatic 
hydrocarbon 
isomer 

C18H14
• Use p-terphenyl as  

detector element

➡High sensitivity to 
charged particles 

➡Intrinsic 
transparency to γ



How does it 
perform as β particles 

detector?
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➡λ=(4.73±0.06)mm

- Scintillation Light Attenuation Length -

Aromatic 
hydrocarbon 
isomer 

C18H14
• Use p-terphenyl as  

detector element



How does it 
perform as β particles 

detector?
chg_qdc_8__1
Entries  500000
Mean    108.8
RMS     59.63
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Spettro Totale Fittato DATA- Scintillation Light Spectrum -
- β/γ Discrimination -

- Field of View -
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Do It Yourself

- First Phantom Tests -
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- Use Cases Selection -



How does it 
perform as β particles 
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Aromatic 
hydrocarbon 
isomer 

C18H14
• Use p-terphenyl as  

detector element

- Monte Carlo Simulations -
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How does it 
perform as β particles 

detector?

Aromatic 
hydrocarbon 
isomer 

C18H14
• Use p-terphenyl as  

detector element

- Patients Test -

ex-vivo in-vivo

click for video

https://pandora.infn.it/public/7c84c1
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Aromatic 
hydrocarbon 
isomer 

C18H14
• Use p-terphenyl as  

detector element

- In-vivo Patients Test -

• But this is not enough 
? How “above” is “above” cutoff? 
➡We consider 3 parameters: 

1. Nσ: Number of σ in cutoff definition:  
C = μ + Nσ * σ 

2. εNUM: Number of contiguous countings above 
cutoff  

3. εFrac: Fraction of countings above cutoff 

➡We performed a ROC analysis variating 
these 3 parameters in their  
range (504 total values) 

+ Dataset splitting (train/test) 
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How does it 
perform as β particles 

detector?

Aromatic 
hydrocarbon 
isomer 

C18H14
• Use p-terphenyl as  

detector element

- In-vivo Patients Test -

‣Sensitivity: 89% 

‣Specificity: 89%

‣Sensitivity: 80% 

‣Specificity: 91%

Results
True Positive Rate

True Negative Rate



2012
2014

2020

2024

2018

2021Radio Guided Surgery 
with β tracers

>50pts



CSN5





➡Known kidney 
condition!
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WIDMApp
a Wearable Individual Dose Monitoring Apparatus

A Multi Channel System of 
Radiation Detector

Wearable ➟ High Statistics 
At contact ➟ High Efficiency

Real Time measurement 
of Tracer Accumulation 

and Transit

A Software Algorithm fo 
Analysis and Deconvolution
➟ Identify the contribution to 
each detector from each organ

ambient monitor

double detector neck band

multiple e/γ detectors
matrix embedded in a
wearable waistband

single detector strip

WIDMApp

WiFi receiver

Real Time Monitoring and
data logger
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WIDMApp
a Wearable Individual Dose Monitoring Apparatus

A radiopharmaceutical is 
systemically injected to the patient 
Thanks to its specificity for the 
given tumor it bounds to it 
The emitted radiation destroys the 
tumor

Target Radionuclide Therapy (TRT)





Dosimetry

Target Radionuclide Therapy (TRT)

• Current State of The Art: 
• Typical current approach: null 
• In few centers, repeated quantitative SPECT scans are 

performed

• Organs activities 
are measured at 1, 
4, 24 and 70 h after 
injection

Organ Total Dose

Kidney R …

Kidney L …

Liver …

… …

TIME ACTIVITY CURVES (TAC)

Time

Organ 
Activity - Kidney R 

- Liver

The integral of these 
curves allows to 
compute the total dose 
absorbed by each 
organ



Dosimetry

Target Radionuclide Therapy (TRT)

• Limitations:

Time

Organs 
Activity

- Fit con 1, 3, 4, 5 
- Fit con 2, 3, 4 
- Fit con 1, 2, 5

1

2 3

4

5

Real case

Final uncertainties of 
~50% on organs’ doses

The curve integral depends 
strongly on the fitting 

function



Dosimetry

Target Radionuclide Therapy (TRT)

Time

Organs 
Activity

Time

Organs 
Activity

• The WIDMApp idea:

MUCH SMALLER 
UNCERTAINTY 

ON DOSE

Much more points 
Much smaller 
uncertainties
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WIDMApp
a Wearable Individual Dose Monitoring Apparatus

A Multi Channel System of 
Radiation Detector

Wearable ➟ High Statistics 
At contact ➟ High Efficiency

Real Time measurement 
of Tracer Accumulation 

and Transit

A Software Algorithm fo 
Analysis and Deconvolution
➟ Identify the contribution to 
each detector from each organ

ambient monitor

double detector neck band

multiple e/γ detectors
matrix embedded in a
wearable waistband

single detector strip

WIDMApp

WiFi receiver

Real Time Monitoring and
data logger
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with β tracers
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2012

2024

Radio Guided Surgery 
with β tracers

>50pts

β+β-

β+
Pursuing β- RGS we 
opened the way to  

PET-RGS!
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