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https://videos.cern.ch/record/2647660
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Electronics & Detectors

CSN5
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4 Quantum Sensing & Quantum Imaging

Mappe in fotoluminescenza di singoli centri di colore in diamante
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Frequency (M)

Risonanza magnetica di spin di un ensemble di centri NV in diamante letta
mediante contrasto di luminescenza

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

Direct Networks: poi
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http://www.solid.unito.it/RICERCA/Diamante/diesis/diesis.html
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ACE-SuperQ

* Muon interaction

Multi-
qubits
chip

Quantum Computing
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AIGOR

Neuromorphic computer architecture specialized for energy efficiency, real-time processing, incremental learning
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Lo Spiking Neural Networks (SNNs):

Output neuron
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Artificial neural networks that communicate through "spikes" or pulses,
;. similar to biological neurons

Neuromorphic computing

A brain-inspired approach to hardware and algorithm design that efficiently
“___LL realizes artificial neural networks, thanks to a highly parallel architecture,

/ co-location of compute and memory units, asynchronous event-based

[ e

computation and sparse, distributed information encoding through spikes

L 3
IRaw data

= Targeting primarily dataflow-intensive applications in physics (Spiking Neural Networks, edge Al)

= Multi-FPGA architecture prototype

MEMPHYS (MEMristive-CMOS hybrid
electronics for experimental PHYSics)

Crystal

4x4 Matrix  4x4 Matrix

Energy deposit

SiPM

Beyond-CMOS neuromorphic trigger

triggers

Reconfigurable
algorithm

Conductance
programming

spaglal patterns:

Center

Right Top Bottom
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Top
Bottom
Center
etc.

4 Artificial Intelligence\

Quantum Machine-Learning
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f Medical Physics

Spatially Fractionated Radiation Therapy (SFRT)
|
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Accelerator

beam to users

Interdisciplinary Physics

' ‘ Mini Beam
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Modulator Working frequency 5.712GHz (C-band)
Scandinova k100 RF load
Repetion frequency 200Hz
FRIDA SNA Klystron
Canon (5MW 200 Hz)
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Pulse compressor
(LNS-INFN design)
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Computational Neuroscience

-

WP1

e Analysis pipelines

I data processing, data analysis

I

I

Task 1
Algorithms & Methods Task 2
Data Analysis Task 3

Clinical Applications

Hardware/Software co-design
of Computing Architectures

)

BRAIN

~ Understanding the Brain

Brain modsts

- et a0 | o -~
Task 1 Task 2 Task 3
From brain models to architecture Architectures prototyping Validation and Perf. Estimation
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ONE DOES NOT SIMPLY
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VENT STUFF




l.ClJ Dl\/s\/ (V) JULI. YYillil ULliiL L UPPUL LCULLLLILLIUOD.

The closer you get to finishing, the more interesting every-
thing else in your life becomes. It’s as if you’ve put on distrac-
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JON ACUFF

New York Times bestselling author of DO OVER
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How can | remove
the whole tumor?




How can | remove
the whole tumor?




How can | remove
the whole tumor?

Istituto Nazionale di Fisica Nucleare
Sezione di Roma
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SABENZA

UNIVERSITA DI ROMA

~1-10cm —~1-10mm



Incredible amount of
information is available before
surgery

How to help the surgeon to
YN0l N3\ completely remove the
tumor?

But then.... during surgery:
Preoperative MRI

3

Intraoperative MRI

\

Superior

!5 / e ', o~ Intra- operatlve Magnetlc Resonance
' \ A 4 & , '. _ - - .

Inferior



How to help the surgeon to ! !
PROBLEM complstely remove the Radio Guided Surgery
tumor?

e Before surgery, a radioactive tracer (e.g. 929mTc])
is administered to the patient
= [t reaches tumor cells, that thus become source of radiation

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

m Suggesting the possible presence of
tumor residual




Massive improvement in patients
outcome




The Rise of PET Imaging



The Rise of PET Imaging



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

The Rise of PET Imaging

CT Image Fused CT-PET Image

k\ /& /7

= High Resolution
Poorly Defined Tumor Margins FDG Avid Tumor =Functional Imaging




Stunning results on
pre-operative imaging...

Radionuclide

Positron decay

Positron

Scatter in

tissue SR TN S
511 keV

Positron decay

- Why not also
intra-operatively?
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Stunning results on
pre-operative imaging...

~ Why notalso
intra-operatively?
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~ Why notalso
intra-operatively?

= A dedicated “beta
probe” is needed




B+ tracers
Why not also = A dedicated “beta
intra-operatively? orobe” is needed

Fun Fact: nothing new!
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»“Dual approach™ = +y -V
» Low efficiency + non trivial electronics
» Huge size




3+ tracers

Why not also = A dedicated “beta
intra-operatively? robe” is needed

»“Dual approach™ = +y -V
» Low efficiency + non trivial electronics
» Huge size

» Using 32P (1=14d) &
- Geiger Counter 4 4



3+ tracers

= A dedicated “beta

~ Why not also
intra-operatively? probe” is needed

-Hiras
‘-g.-:—% A A
Settings
S Pttt

e sangs Fun Fact: nothing new!

o R
"TUQ?'."’: ] P'.’\'.'.". o Y '.
i f.“f»}i‘.¢:‘~ﬂ~'-.\’o» Ao ey

»“Dual approach™ =L +y -V
» Low efficiency + non trivial electronics
» Huge size

. Using 32P (1=14d) @
- Geiger Counter 4 4



3+ tracers

= A dedicated “beta

~ Why not also
intra-operatively?

probe” is needed

un Fact: nothing new!
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Aromatic
hydrocarbon
isomer

e Use p-terphenyl as

detector element
e Heat storage, opto-electronics,
sunscreen lotions!

e Wavelength shifter, doping
component for liquid scintillators

........

""""""

.......
»

High light yield = High sensitivity to
(140% Antracene] charged particles

»Low density = |ntrinsic
(1.2 g/cm3) transparency to y

= A dedicated “beta |
probe” is needed

Y ;.5 i’»-""’h“‘"‘ T
s .
2

How does it
perform as B particles
detector?




Aromatic
hydrocarbon
isomer

CisHia

How does it rerpheny!
perform as B particles e Use p-terphenyl as

detector?

detector element

- Scintillation Light Attenuation Length -

QDC charge spectrum 15

X1oa spectrum_P_S5mmsub
Entries 699109
© ﬂ Mean 31.84
F RMS 21.97
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Aromatic
hydrocarbon
isomer

CigsHua

How does it e Use p-terphenyl as

detector element

perform as B particles
detector?

- Scintillation Light Spectrum -
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Aromatic
hydrocarbon
isomer

How does it e Use p-terphenyl as "

perforg]e?:cﬁo%%rtldes detector element

- First Phantom Tests -
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¥ Results
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Aromatic

How does it e Use p-terphenyl as oy "
perform as 3 particles CigHua

detector element

detector?

- First Phantom Tests -

Position [mm]
-




How does it

perform as B particles

detector?
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- Use Cases Selection -
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e Use p-terphenyl as
detector element

Aromatic
hydrocarbon
isomer

CigsHua
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Aromatic
hydrocarbon
isomer

How does it e Use p-terphenyl as -

detector element

perform as 3 particles
detector?

- Monte Carlo Simulations -
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How does it e Use p-terphenyl as

PerfOrg‘e:‘:C%Oﬁ%rt'CIes detector element

- Patients Test -

ex-vivo — in-vivo

of,

LINFONODI VASI'ILEOCOLICI (CAPTANTE)

Aromatic
hydrocarbon
isomer

CigsHua


https://pandora.infn.it/public/7c84c1

Aromatic
hydrocarbon
isomer

How does it e Use p-terphenyl as -

detector element

perform as 3 particles
detector?

- In-vivo Patients Test -

55
o0 Tumour
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Q35
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25 40
20 a5
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Aromatic
hydrocarbon
isomer

CigsHua

How does it e Use p-terphenyl as

detector element

perform as B particles
detector?

- In-vivo Patients Test -
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How does it e Use p-terphenyl as

perforcl'lne;:lesclioli)rfj\?rt'des detector element

- In-vivo Patients Test -

Discrimination Algorithm 1: Background Sampling

1. The probe is moved for ~10s over an area
‘assumed free of disease” by the surgeon
nearby the area of interest

40
35
30
25

20

O 1 2 3 4 5 6 7 8 9 0 1 12 183 14 15
Time (s)

Aromatic
hydrocarbon
isomer

CigsHua



CPS

CPS
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130
120
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130 -
|

perform as B particles
detector?

How does it

Fr
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Aromatic

hydrocarbon
e Use p-terphenyl as isomer
CigsHis
detector element
- In-vivo Patients Test -
e But this is not enough
? How “above” is “above” cutoff?
= \We consider 3 parameters:
Cutoff 1. No: Number of o in cutoff definition:
C — IJ. + No * O
2. enum: Number of contiguous countings above
cutoff
3. £rrac: Fraction of countings above cutoff
= \We performed a ROC analysis variating
Cutoff

2 4 6 8 10 12 14 16 18 20

Time [s]

these 3 parameters in their
range (504 total values)

+ Dataset splitting (train/test)



200 -

175 -

How does it

perform as 3 particles
detector?

Pr5 S1 NSig Op5 Num2_ FracOp05

e Use p-terphenyl as
detector element

Aromatic
hydrocarbon
isomer

CigsHua

- In-vivo Patients Test -
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e But this is not enough
? How “above” is “above” cutoff?
= \We consider 3 parameters

2. enum: Number of contiguous countings above
cutoff

3. £rrac: 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 B particles
detector?

e Use p-terphenyl as
detector element

== Num?2_Frac
~# - Num2_Frac

5_AUC_0.946

10_AUC_0.906
20_AUC_0.906
50_AUC_0.864
5 AUC 0.944

10_AUC_0.913
Num3_Frac2 0_AUC_0.908
50_AUC _0.862
Num4_Frac5_AUC_0.944

10_AUC_0.913
20_AUC_0.912

- - Num6_Frac
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* s+ Num3_Frac

- - Num8_Frac

=&+ Num8_Frac50_AUC_
-#® - NumlO_Frac5_AUC_0.944
=%~ Num10_Frac
-® - Num1lO_Frac
-+ NumlO_Frac
== Num?20_Frac
Frac50 AUC 0.872 - - Num20 Frac
5 AUC 0.944

=+ Num3_Frac

=% Num4_Frac
~® - Num4_Frac

== Num6_Frac
=&« Num6_Fracl0_AUC_0.913 =¥ Num20_Frac

Num?20 Frac

sl TRAIN: N=10, Frac=5%, nsigma= 4.5
— Sens: 86%, Spec: 90%

20_AUC_0.912
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5_AUC_0.944
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20 _AUC 0.917

0.901
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e But this is not enough
? How “above” is “above” cutoff?
= \We consider 3 parameters:

1. No: Number of o in cutoff definition:
C=u+Nog*O

2. enum: Number of contiguous countings above
cutoff

3. £rrac: 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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Aromatic
hydrocarbon
isomer

How does it e Use p-terphenyl as "

PerfOrO"If‘e:‘eSCﬁOﬁ?,rt'CIes detector element

- In-vivo Patients Test -
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matrix embedded in a
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Real Time Monitoring and
data logger

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

= |dentify the contribution to
each detector from each organ

1



WIDMApp

a Wearable Individual Dose Monitoring Apparatus
Target Radionuclide Therapy (TRT)

o A radiopharmaceutical is
systemically injected to the patient

a Thanks to its specificity for the
given tumor it bounds to it

o The emitted radiation destroys the
tumor

Targeting
Molecule

OO

Radioisotope

Tumor Specific
Receptor

~®



Dynamic PET/CT study

Frame Nr. Duration(Second)
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Target Radionuclide Therapy (TRT)

Dosimetry
e Current State of The Art:

e Typical current approach: null

* In few centers, repeated quantitative SPECT scans are tidney

Kidney L
performed TIME ACTIVITY CURVES (TAC)

Organ Liver

Activity - Kidney R
” - Liver

 Organs activities
are measured at 1, q
4, 24 and 70 h after
Injection

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




Target Radionuclide Therapy (TRT)

Dosimetry

e Limitations:

Organs

| The curve integral depends
Activity

strongly on the fitting
function

L 4
* .0
* L 4
.0
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’0
’0
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Real case

- Fitcon1,3,4,5
- Fitcon 2, 3,4
- Fitcon1,2,5

4
L 4
4
L 4
L 4
L 4
L 4
L 4
.0
L 4

Final uncertainties of

Time

IA (%)

~50% on organs’ doses

0 10 20 30 40 50 60 70 80 9 100
t (h)



Target Radionuclide Therapy (TRT)

Dosimetry
e The WIDMAPpPp idea:
ngﬁﬂi Organs

Activity

= Much more points

1 Much smaller
uncertainties
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* L 4
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*
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4
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MUCH SMALLER
UNCERTAINTY
ON DOSE




multiple e/y detectors
matrix embedded in a
wearable waistband
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Real Time Monitoring and
data logger

A Multi Channel System of

Radiation Detector

[ Wearable = High Statistics
[ At contact ™ High Efficiency

Real Time measurement
of Tracer Accumulation
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A Software Algorithm fo

Analysis and Deconvolution

= |dentify the contribution to
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Radio Guided Surgery

with B tracers
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Radio Guided Surgery

with B tracers




KPursuing B-RGS we\
opened the way to

| PET-RGS! /

Radio Guided Surgery

with B tracers
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