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CSN5: Research Lines
Ø Detector, Electronics and Computation.

• 4D-5D detection.
• Imaging.
• Quantum sensing with superconducting and integrated optical devices (axions, squeezing…).
• Quantum computation architectures.
• Analog-digital ML circuits.
• AI and MC for experimental physics.
• Micro-nano architectures.

Ø Accelerators.
• Magnetic superconductors.
• RF cavity technologies.
• Accelerator technologies for life science.
• Plasma acceleration methods.

Ø Life Science.
• Advanced radio/hadro therapy methods.
• AI driven diagnostic methods.
• Radiation dosimetry.
• Diseases diagnostic tests, monitoring and mapping.
• Clutural heritage.



CSN5  Projects and Budget

3

2019 2020 2021 2022 2023

St. Projects 60 62 83 84 64

CALL 6 6 9 12 10

GfYR 12 13 19 17 12

TOTAL 78 81 111 113 86

2023 # projects

Detectors 37

Interdisciplinary 33

Accelerators 16
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CSN5: Organization

Ø Standard projects: 2-4 y activities funded with medium-low budget (∿ 50/y).

Ø Grants for Young Researchers (GfYR): 2y experiments proposed by young researchers (PhD ≤ 
6y). Both the activity and the grant for the PI are funded.

Ø Calls for proposals (Calls): high budget (∿1M€ max on 3-4y) and large networks projects (highly 
competitive).

Ø Every year 20-30 new proposal are submitted , spanning all the activities of interest for INFN.

Ø A careful selection of the proposals is demanding as a safeguard of the scientific level of CSN5. 

Ø Submission is always bottom-up.

Ø No prearranged funds are allocated for any specific topics.

Ø Sometimes thematic Call for proposal on emerging topics are required and selected.
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Activities for the Strategy: Detectors

The μ-RWELL

The μ-RWELL is a resistive MPGD composed of two elements: 
• Cathode suitably coated with 10B
• μ-RWELL_PCB:
‒ a WELL patterned kapton foil (with Cu-layer on top) acting as

amplification stage
‒ a resisitive DLC layer(*) with ρ50÷100 MΩ/□
‒ a standard readout PCB with pad/strip  segmentation

The “WELL” acts  as a multiplication channel  for the 
ionization produced in the drift gas gap.

The resistive stage ensures the spark amplitude quenching. 
Drawback:  capability to stand high particle fluxes reduced, 
but largely recovered with appropriate grounding schemes 
of the resistive layer

G. Bencivenni et al., The micro-Resistive WELL detector: a compact spark-protected 
single amplification-stage MPGD, 2015 JINST 10 P02008

Giovanni Bencivenni – Laboratori Nazionali di Frascati - INFN
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Proton Irradiation Test Results

R. Giordano - Consuntivi PHI - 9.4.2024 10

p

E=228 MeV• s(Energy, VDD) 
characterization at 
Trento Institute for 
Fundamental Physics and 
Applications (Trento, 
Italy)
– monoenergetic 

protons, tunable energy 
in 70-228 MeV range

• Total proton fluence 
delivered over six units 
1.3·1013 p/cm2 

– i.e., average 2.1·1012 

p/cm2 per sample
– average flux 6.7·108 

p/(cm2s)
• First usage of an FPGA to 

image a proton beam
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DARTWARS: Detector Array Readout with Traveling Wave AmplifieRS

The principal objectives of DARTWARS are

1. The practical development of high performing parametric amplifiers following two different promising approaches
(KI-TWPA, JTWPA) and exploring new design solutions, new materials and advanced fabrication processes;

2. The read out demonstration of various detectors/components (TESs, MKIDs, microwave cavities and qubits) with
improved performances due to a parametric amplification with a noise at the quantum level;

The technical goal is to achieve

• a gain value around 20 dB, comparable to HEMT;

• a high saturation power (around -50 dBm);

• quantum limited or nearly quantum limited noise
(noise temperature < 600 mK)

• reduction of the gain ripple and yield improvement.

KI-TWPA - design L1 - version 1, 2023

Andrea Giachero CSN5 Meeting Virtual, September 15, 2023 1 / 134D-5D Detectors for High Fluences Quantum Detectors

New CMOS Architectures

Digitalization Methods
Imaging of Particle Beams Improvement of MCP and MGPD
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Activities for the Strategy: Detectors

Tracking Systems

RM3

FIRE substrates → PHOX(OTFT-DECT) 

Flexible Detectors

Optoelectronic Hybrid 
Integrations

Highly Granular Calorimeters

Architectures for 
Germanium Detectors
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Sept 2023 Riunione di bilancio della CSN5, Napoli

The AI_INFN initiative

Lucio Anderlini     Istituto Nazionale di Fisica Nucleare − Sezione di Firenze

WP3. Applicazioni nelle CSN
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Specialized hardware

Distributed Computing

Cloud Provisioning

Algorithm development

Domain-specific applications

Physics Performance analysis

 🔴BO  🔴FI 🔴PI 🔴FE

 🔴TO  🔴MIB  🔴PD  🔴GE  
🔴BA 🔴BO 🔴PI  🔴FI   

 🔴PI 🔴BO  🔴FI 
🔴CNAF  🔴RM3

WP
3

Data analysis and ML-based fast simulation

Medical Physics & Neurosciences

🔴PI 🔴BO
 🔴FI 🔴BA

🔴GE  🔴TO 
🔴RM1 

🔴CNAF 🔴RM3

🔴FI  🔴MIB

🔴PI  🔴BA 🔴PD 🔴RM1 🔴FI 🔴FE
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Cultural Heritage

Quantum Algorithms for ML
CSN5

CSN
4

AI_INFN non è luogo privilegiato per sviluppi ML: 
la conoscenza del dominio scientifico è prioritaria!
Ma favorisce connessioni “verticali” e “orizzontali”

CSN
1 CSN2

CSN
3

L. Pandola (LNS) 

GEANT4INFN

Commissione Scientifica Nazionale 5 
Napoli, 25 Settembre 2023

ANNA – Analog Neural Network ASIC INFN-CSN5, 25/09/2023

1ANNA
Analog Neural Network ASIC

GOAL: development of an ASIC for full-analog NN reconstruction of detector events

Crossbar array of programmable switched capacitors
Analog operations performed directly on analog signals coming from photodetectors
No need for ADC and FPGA for embedded processing
Interaction coordinates (X,Y) directly at the output of the ASIC

Analog Neural
Network (NN) 
ASIC (ANNA)

Front 
End

X
Y

Radiation

SiPM array

Monolithic
Scintillator

DETECTOR ASIC

Application: localization of the radiation event from detector
signals, as Anger Camera for PET (but also segmented solid-
state detectors).
Strategy:

Activities for the Strategy: Computation

QUART&T: Quantum simulations

(a) Digital simulation: Hs = H1 + H2 + ...+ Hn ⇒ U(t) = e−H1 t/r · e−H1 t/r · ... · e−Hn t/r

Trotter–Suzuki decompositions: digital sequence tries to reproduce a targeted quantum evolution

(b) Analog simulation: Hs = H̃s ⇒ U(t) = T exp
[
−

∫ t
0 dt′H0 + Hp(t′)

]
where Hp(t) is an external pulse drive;

Controllable system with evolution H̃s mimics almost one-to-one that of the simulated system Hs;

The tunable nature allows to to implement external fields and/or interactions;

(c) Digital Analog Simulation: Hs = H̃a
(1)

+ H1 + H2 + ...+ Hn + H̃a
(2) ⇒ U(t) =

∏
i H̃a

(i) ·
∏

j Hj

Combines analog blocks that naturally appear in the simulator with digital gates

Andrea Giachero Riunione CSN5 Trieste, September 9, 2024 3 / 29

QUART&T: four essential technological components

1. Tunable Couplings: possibility to implement and control the required
couplings between qubit and perform the operation for different
lengths of chains and prepared initial states.

2. All-to-all Connectivity: Tunable qubits coupled to a common bus
resonator have the advantage of all-to-all coupling and can entangle by
tuning to near resonance with each other.

3. Qudits: The quantum device developed within the project will also be
exploited as higher-dimensional quantum systems (qudits), which offer
increased computational power and flexibility

4. Circuit Quantum Electrodynamics (cQED): The integration of cQED
principles into the superconducting qubit architecture will be the key
approach for enabling the efficient manipulation and measurement of
quantum states

Tunable coupler

Qudit

Andrea Giachero Riunione CSN5 Trieste, September 9, 2024 5 / 29

AI for…

ML Circuits

MC Simulations

Quantum Computing 
and Simulation
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Activities for the Strategy: Accelerators

Linac general scheme

F.Grespan08/02/2023

The key idea of the alpha-DTL is to use a high duty cycle linac (ECRIS, RFQ, DTL), able to accelerate an average current of 
0.5 mA alpha beam from few to 40 MeV, to cover the cross sections of many interesting reactions for radionuclides. The 
energy at the exit of the DTL will be regulated by a particular use of the stabilization system (Post couplers) of the DTL 
cavity. An average of 0.5 mA of fully stripped He can be delivered to the target.

The starting points:

• ECRIS studies AISHA source of LNS. 

• RFQ TRASCO RFQ

• DTL ESS. 

• RF system two klystrons-single modulator architecture is the same of ESS normal conducting section. To be used at 
½ peak power and twice duty cycle.

High Current Linear 
Accelerators

Electron, Positron and Ion SourcesC
SN
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DC Gun

NEG pumps

BAD

BETTER

! = #$%& ⁄() *

Courtesy of  
C. Hernandez Garcia 
J-Lab

C
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A »Good Gun»
A «good gun» may be defined according to 3 different parameters:

• Ultrahigh vacuum
• No field-emission
• Maintenance-free

1) Extreme-high vacuum conditions required for 
obtaining long-photocathode lifetime
• Static and Dynamic vacuum
• Ion-bombardment limits operation

2) High photocathode gradient for injector transmission 
and for generating bright electron beams in electron 
microscopy,  ultra-fast electron diffraction and free 
electron lasers
• Very low field emission from cathode electrode

3) Maintenance Free
• Vent and Bake vs. Load locked

4) High CW beam current : tens of milli-Amperes beams 
for electron coolers, energy recovery linacs and free 
electron lasers

Insulator

NEG array

Anode

36 cm

Triple 
point 
junction 
shield

Laser 
beam 

in

Laser 
beam 
out

Photocathode
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Activities for the Strategy: Accelerators

Stefania Farinon

Biscotto (BiSCCO Cosine Theta Tilted Solenoids)
 Il Progetto Biscotto riguarda lo sviluppo di tecnologie chiave per i magneti di tipo 

tilted solenoid
 I tilted solenoid sono composti da strati solenoidali avvolti con un’inclinazione del 

conduttore molto marcata e alimentati con con correnti opposte; in questo modo la  
componente assiale del campo si  elide mentre rimangono le componenti trasverse, 
che sono  quelle che generano il campo 
multipolare

 La proposta riguarda lo studio e lo sviluppo 
di piccoli prototipi di tilted solenoid basati 
su fili di BiSCCO-2212 e MgB2

Stefania Farinon

Tecniche di analisi
◼ Analisi metallografiche (Genova)

◼ microscopia ottica, SEM, TEM, diffrazione di 
raggi X e di elettroni retrodiffusi

◼ Analisi numeriche (Genova e Salerno)
◼ Analisi FEM per simulare gli stati

di deformazione dei fili SC
◼ Misure di corrente critica (Milano)

◼ forniscono informazioni dirette sulla 
degradazione dovuta alla deformazione

◼ Misure di magnetizzazione (Genova e Salerno)
◼ forniscono un’importante informazione 

complementare, che permette di 
determinare il diametro efficace dei 
filamenti superconduttivi 

High Intensity Pulsed 
Systems

Superconducting Cables for Extra-
Strong Magnets

Beam Steering Methods
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IMPACT

• A tungsten crucible heats the oxide powders 
up to the sublimation temperature

• Thickness ranging from ~30 nm up to <1 µm
• Possible annealing during and after 

deposition up to ~800° C
• Homogeneous evaporation (10%) of areas 

>15x15 cm 
• Evaporation of curved substrates

Deposition via vacuum sublimation @ LNF

Superconducting 
Coatings for RF Cavities

Miniaturizations
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Physical Principle

Courtesy of J. Rosenzweig S. Kiselev et al., PRL 93, 135004 (2004) 

Targets for High Fluences

Activities for the Strategy: Accelerators

Plasma Acceleration



11

Technological Transfer – Patents & R4I

2
6

6

230

CSN1
CSN2
CSN3
CSN4
CSN5
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Challenges and Opportunities

Ø Low energy consumption architectures.

Ø Integration methods of detector arrays for large scale 
experiments.

Ø Implementation AI and Quantum Computation for signal 
and data management.

Ø R&D development projects can create research prospects in 
the medium term.

Ø Implementation of strategic top-down processes can be 
foreseen, but through review and selection.



The whole is more than 
the sum of its parts
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