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Superconduttività Applicata

Dario Giove
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The INFN laboratory LASA (short for Laboratorio
Acceleratori e Superconduttività Applicata, i.e. 
Laboratory for Accelerators and Applied 
Superconductivity), in Segrate, at the outskirts 
of Milano, is an internationally Excellence 
Particle Accelerator technology center since 
nearly thirty years.

The LASA develops advanced technologies for 
superconductivity, cryogenics and the 
productions of high intensity DC and RF 
electromagnetic fields. 

What is LASA ?

As the name suggests, the LASA laboratory is dedicated to the study and development of innovative 
acceleration schemes and applications of advanced superconductivity both to accelerators and to other 
fields of physics.
The activities carried out since the early 90s in different sectors of accelerator physics and cryogenics 
applied to both magnets and RF cavities, have allowed the establishment of unique skills, which result in 
the possibility for INFN to play an important rule in support of international projects of particle physics.
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Per fine 2025 dovrebbe essere ratificato il passaggio di proprietà dell’edificio
LASA da UNIMI ad INFN !

Grande impatto sul laboratorio e sulla Sezione di Milano …

Una situazione nuova da gestire con risvolti da valutare con attenzione … 
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• upgrading of laboratories and organizational structures (even if not immediately declinable as 
services)

• request for new staff, taking advantage of the different possibilities available, aimed at 
strengthening the structure of the laboratory as a whole both in terms of researchers, 
technologists and technical collaborators (the latter particularly necessary)

• training of young people hired on a fixed-term basis

• general staff training with regard to workplace safety issues and use of specific equipment 
(mechanical, electronic and laser)

• opening of the laboratory to local relations

A new strategy for the Laboratory
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The research areas already funded at LASA and on which the laboratory has focused in recent 
years, cover the following topics:

• Superconducting magnets

• superconducting cavities

• design of an ERL-type linear accelerator with 2 experimental stations to generate coherent X 
radiation, THz radiation and a beam line for applications in the medical field (BriXsino
project)

• normal conducting cavities developments

• sustainable approach in the design of elements for accelerators

• advanced optics applications 

• radioisotope study.

Clear Identification of Research Areas
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Infrastructure

Green Sc Line

HTS R&D and 
construction

See  specific 
presentation

Green SC Line 1 GW 
25 kV-40 kA in MgB2

HTS dipole
10 T @ 20 K
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Strengthening of International and National Collaborations
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A new layout for LASA

As part of the PNRR-IRIS program and with a significant specific contribution provided by the INFN in 
2023, the construction of an extension based on two laboratories will begin within the LASA premises: 
one called SML (Superconducting Magnet Laboratory) and the other AATF (Advanced Accelerator 
Test Facility) for a total of 2100 m2 spread over an underground bunker and two external floors.

These new laboratories will be available in 2026.

M. Sorbi

PRESENT - 2024 FUTURE - 2025

IRIS - SML
2 floors 

Superconducting 
Magnet 

Laboratory

AATF
1 underground 

floor
Advanced 

Accelerator
Test

Facility 
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A new layout for LASA

M. Sorbi
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A new layout for LASA

WEST

EST

NORD

SUD

M. Sorbi
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A new layout for LASA

Ground floor

First floor

49 m

Magnet Laboratory

6 laboratories and meeting room

M. Sorbi

Bunker (out of IRIS finincing)

17 m
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LASA Main Infrastructures

INFN has guaranteed specific funding for LASA of approximately 150 
kEuro in 2025, which has been used up to now for:

• the 4-month rental of a refrigeration unit for cold water, 
• the replacement of an electrical power supply line
• a new small electrical panel
• the dismantling of faulty equipment that has been unused for 20 

years, the technical design of a new cooling system.
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Main Infrastructures

The construction of the new building involved some particularly critical decisions 
regarding the laboratory's overall functionality.
The main one was the demolition of the cooling towers of the water system used both for 
experiments and for managing the offices and infrastructure.
This required the acquisition of new, more compact cooling units and the opportunity to 
redo the related system.

The bad news is that when this decision was made, UNIMI had guaranteed to cover 50% 
of the related costs.
To date, this option is no longer viable, and even the INFN is having serious difficulties 
covering the costs within a reasonable timeframe.

This means that from September 2025, we will no longer be able to conduct experiments 
that require the use of cooling systems.
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Main Infrastructures

In April 2025, the good old compressor at LASA's helium liquefaction plant suffered a 
major failure, the repair of which would have cost over 150 thousand euros and taken an 
estimated period of six months.
This led to the decision to immediately decommission the plant (considering the arrival 
time of the new system, as we will see shortly) and therefore to cease all repetitive 
activities related to liquid helium testing.

This resulted in the inability to secure the collaborations being defined within the 
EuroLabs project and in a general review of the laboratory's measurement policies.

Delays in building completion also forced a review of all available spaces at LASA to 
accommodate the equipment acquired under the PNRR, which needed to be at least 
tested.
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Main Infrastructures

 → Linde Kryotechnik AG

Standard helium liquefier/refrigerator  
L140/LR140

The newly developed, fully automatic computer controlled L-Series offers a wide range of liquefaction 
and refrigeration capacities, depending on liquid nitrogen (LN2) pre-cooling and on the chosen size of 
compressor. All standard coldboxes are equipped with a LN2 pre-cooling facility, which allows a significant 
increase in capacity. The L140/LR140 therefore provides a high degree of flexibility to meet your 
requirements today and in the future.

The liquefaction and refrigeration process is based on a Claude cycle with dynamically balanced gas bearing 
turbo expanders. The new TED turbines are based on our proven TGL turbine technology and have been 
developed further to ensure maximum efficiency and reliability.

A purifier is integrated into the coldbox to enable the liquefier to accept recovered helium, which can contain 
up to 10% air impurities. Initial purification down to a 1% impurity level is achieved by air condensation; the 
remaining air is then frozen out. Regeneration of the freeze-out purifier is fully automatic. The cooling for the 
purification is generated by the helium cycle, so no external cryogens are required.

The LR140 refrigerator is based on the L140 design using the same standard components and offering the 
same features. Differences are only marginal, for example the purifier is not required and the control system 
is tailored to operational needs.

The enhanced Linde TED gas bearing turbo expander is a small, single-stage centripetal turbine, braked by a
direct coupled single-stage centrifugal compressor. The turbine uses dynamic gas bearings operating at 
ambient temperature. The TED turbo expander is even more reliable in operation and requires no scheduled 
maintenance due to special design features.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TED turbo expander 
 
 
 
 

A new liquefier is in advanced 
realization phase. The installation 
is foreseen in the 2026 summer 
period.

This has been a 4 MEuros
investment from INFN.

2 of 2

Standard scope of supply 
 
 
 
 
 
 
 
 
 

Options 
 
 
 
 
 
 
 

Standard control system 
supply 

 
 

Options 
 
 
 
 

Technical specification  
L140/LR140 

 
 
 
 

 → Standard helium liquefier/refrigerator L140/LR140

The standard helium liquefier/refrigerator comprises:
 → Vacuum insulated coldbox, either with integrated automatic purifier (L140) or transfer line  

connection to/from the cryostat (LR140)
 → Control cabinet with operator panel, removable from the coldbox 
 → Aluminium plate-fin heat exchangers with LN₂ pre-cooling facility
 → Two TED turbo expanders with dynamic gas bearing
 → Oil injected recycle compressor, air or water cooled
 → Oil removal system / gas management panel
 → Coaxial transfer line from liquefier to dewar (only L140)

 → Pure helium gas buffer
 → Line drier
 → LHe storage dewar and decant line
 → Standard installation kit
 → Recovery system
 → Spare parts
 → Maintenance contract

 → Siemens S7-300
 → OP270 operator panel with function keys and text display
 → Control cabinet, removable from the coldbox, communicating via Profibus

 → Remote Monitoring and Control System (RMCS) on personal computer
 → Process visualisation with dynamic colour graphic display
 → Trend recording
 → Display of control loop status and process variables

L140 liquefaction performance at ≤ 4.4 K

without LN₂ pre-cooling with LN₂ pre-cooling compressor/power rating
45 l/h 90 l/h CSDX165/90 kW
60 l/h 120 l/h DSD205/110 kW
70 l/h 140 l/h DSD240/132 kW

LR140 refrigeration performance at ≤ 4.4 K

without LN₂ pre-cooling with LN₂ pre-cooling compressor/power rating
210 Watt 225 Watt CSDX165/90 kW
250 Watt 325 Watt DSD205/110 kW
290 Watt 400 Watt DSD240/132 kW
 
L140/LR140 main dimensions

Description L x W x H [m] Weight [kg]
Coldbox 1.6 x 1.3 x 2.6 1700
Control cabinet 0.8 x 0.4 x 1.9 110
Compressor CSDX type 2.2 x 1.3 x 2.0 2000
Compressor DSD type 2.7 x 1.7 x 2.4 3400
Oil removal system and 0.9 x 1.2 x 2.6 500 (including filling) 
gas management panel

Linde Kryotechnik reserves the right to change the specifications without prior notice, especially to make revisions regarding design and technology which improve the functionality; 
errors in description and illustration excepted.

Linde Kryotechnik AG
Daettlikonerstrasse 5, 8422 Pfungen, Switzerland 
Phone +41 52 304-0555, www.linde-kryotechnik.ch, info@linde-kryotechnik.ch

Linde Cryogenics
A Division of Linde Engineering North America Inc.
6100 South Yale Avenue, Suite 1200, Tulsa, Oklahoma 74136, USA
Phone +1 918 477-1200, Fax +1 918 477-1100, www.leamericas.com
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LASA Main Infrastructures

A significant amount of money is requested to complete the installation of the new 
liquefier and to reduce the power demand at start-up.
At the same time we need to use the new water cooling system (at least a reduced part 
of it) as a refrigeration tools for the liquefier. 

WE ARE WAITING …..
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LASA based activities on SC Magnets & Superconductors
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HFM (R&D per FCChh) : 
1 step Falcon D

• Falcon D : inizio 2018-19
• Dopo vari cambi di design conduttore

fissato nel 2023
• Ora in fase di inizio avvolgimento in 

Industria (ASG Superconductors, Genova)
• Mockup meccanico INFN-Genova
• Assemblaggio bobine e magnete presso

LASA (team  Ge-Mi)
• 12  T@1.9 K 

test a 4.2 K al LASA  2026-27

44

Mockup @INFN-Ge Winding@ASG Super.

2025-07-07 L. Rossi - Unimi & INFN-LASA. 3yplan@Perugia
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HFM-Italia: contratto
di R&D mirato a FCChh con CERN

• INFN (e Unimi) si si impegnano fortemente 
nell’R&D per FCChh

• CERN riconosce la competenza assegnado un 
grande contratto R&D a INFN: 
à3.8 MCHF cash + 1.01 M mat. da CERN per 
INFN.
à2.4 M€ cash + 36 FTEy (+PhDs) risorse INFN 
per progetto.

• 1 dipolo 14 T (full Xsect.1m) cosTheta (classico)
• Studio HTS vari layout e 1 dipolo 10T@20K (step 

verso 20@20)
• Design, construction (in-house) e test @4-60K !

452025-07-07 L. Rossi - Unimi & INFN-LASA. 3yplan@Perugia

Dipolo HTS per FCC-hh – Design “Flat CCT”
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Muon Collider: Cooling Cell Integration study: new concept 
of inter-cell cryostat to be studied in detail

43

Coils
Dipole

Absorber

RF cavities

Cooling Cell

Magnet Structure Intercell Cryostat

RF power WG

2025-07-08 L. Rossi - slides x Dario x Gr.1

Cooling CellCooling Cell

Magnet facilty for 3 GHz 
RF tests (RFMFTF.3 7 T 200 
mm diameter)
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The IRIS 10 T Energy Saving HTS Magnet for sustainable Accelerator
ESMA  

• Test cryogen-free technology
• Test (non)-insulation technology 
• Installed in INFN Genoa facility
• Fulfilling the following performances:

Central field B0 (min. accept) T 8-10 T

Free/Coil aperture mm ∅70/104

Good field region uniformity N/A ±1.5%

Good field region mm H50×V30×L350
Operating temperature K 20

Critical current margin N/A >20%

Engineering & Construction

Design & Technology

The internal HTS coil  development program: modular and 
repeatable
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30kA upgrade for Lhe Magnets Test Facility

•Supports continuous
currents up to 30 kA DC
•Connection to a fast IGBT 
switch for rapid discharge
•Installation in 10/2025

Large Equipment for SML (IRIS)
Scope of the tender:
• Large equipment for construction of superconducting magnets:

• Combined press (Curing, collaring and cold mass welding);
• Winding machines (horizontal and vertical axes, tender, 

spooling and unspooling system);
• Measurement press (E – Young modulus measurement);



Co
ns

ig
lio

di
 S

ez
io

ne
11

th
Ju

ly
 2

5

HITRIplus WP8 – Superconducting magnet design WP8 - Partners

Heavy Ion Therapy for Research Infrastructure (HITRIplus) project:
European project focused on the medical aspects (50%) and technology development (50%) for 
heavy Ion therapy.  

WP8 objective: Construction and test of a small demonstrator for feedback useful for accelerator 
as well as gantry final magnet design.
◦ Explore a curved Canted Cosine Theta layout magnet based on NbTi (Low losses strand) 

and conductor (rope 6+1 strands)

Magnet parameters

Inner curved former
Assembly without
iron yokeWP8 - Partners Final magnet with impregnation tooling and cooling channels

I.FAST WP8 – Innovative superconducting magnets
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Superconducting RF cavities
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European Spallation Source
• The most intense neutron source in the world

• INFN LASA contributes In-Kind for the 36 Superconducting 
Cavities of the Medium Beta Section

• All SRF Cavities delivered and all above specifications
• All Medium Beta Cryomodules installed in linac
• 4 spare cavities to be delivered in 2026

• May 16, 2025 Beam on Dump with:
• 860 MeV
• 4.5 mA (5 us pulse)

• Energy upgrade in Summer 2025 (up to 3 MW)
• First beam on target expected in

Spring 2026
• Full beam on target in 2028

ESS Acceptance Goal
Eacc = 16.7 MV/m

Q0 = 5·109

INFN Medium Beta SRF cavity perfomances

Berkeley 37-inch cyclotron
350 mCi Ra-Be source
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ESS

High Power Linear Accelerator
Energy: 2 GeV

Rep. Rate: 14 Hz
Current: 62.5 mA

Avg. Power: 5 MW

First Beam on Dump - 16 May 2025

Medium Beta Cryomodule

Superconducting Elliptical Linac Section
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PIP-II/LBNF/DUNE Lia Merminga | Fermilab Neutrino Seminar | PIP-II
Powerful 
proton 
beam

1300 km
baseline

Near and 
far
detectors

Multi-component
near detector

LAr TPC
technology

Massive far 
detector Far detector

deep 
underground

WORLD’S MOST INTENSE NEUTRINO BEAM

June 2025

▪ Powerful proton beams (PIP-II)
• 1.2 MW upgradable to multi-MW in energy range of  60-120 GeV to 

enable world’s most intense neutrino beam
▪ Dual-site detector facilities (LBNF)

• Deep underground caverns (1.5 km) to support 4x17 kt liquid Ar detectors
• A short baseline (SBN) and a long baseline (1300 km) neutrino beam, with 

wideband capability
▪ Deep Underground Neutrino Experiment (DUNE)

• The next-generation neutrino experiment
• Precision beam and cosmic neutrino physics

Novel RF design for the LB650 cavities from INFN

INFN contribution covers the LB650 section:
• 38 cavities to equip 9 cryomodules with 2 spares 
• Delivered as ready for string assembly.
• Qualification via vertical cold-test at a qualified 

cold-testing infrastructure
• Compliance to the PIP-II management system: 

Engineering, Review, QA/QC, and Risk Management.

INFN LB650 cavity for 
PIP-II, TM010 pi-mode 

E-field profile

Ø 1.2 MW beam through Booster: Q4 2029
Ø Beam on target and first neutrinos: Q4 2031
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INFN PIP-II LB650 cavity design and operational parameters
Requirements are above state-of-the-art for low-beta cavities

Status of INFN in-kind contribution to PIP-II
PIP-II project requirements are above SRF state-of-the art and LB650 cavities are among the
key scientifical challenges of the project:
• INFN LASA integrate these requirements into an industrial production, 

after thorough R&D experience with single- and multi-cell prototypes.  

Cavity series production activities started and all key contracts with 
partner companies and labs are running.
• Production specifications, quality control documents and procedures 

discussed and agreed with the awarded vendor, Zanon R&I. 
• Cavity manufacturing started, half-cells subcomponents have been 

realized and are now being inspected (RF, dimensional, shape).
• Agreement with DESY as qualified lab has been achieved

• high throughput of the AMTF test facility necessary to 
manage the tight schedule

INFN PIP-II LB650 cavity is its
final configuration and ready 

for string assembly

Two of the pre-series
deep-drawn pen-cells

Delivery is scheduled to begin in summer 2026
• rate of 4 cavities per month, qualification and hand-over 

to PIP-II planned to conclude by 2027. 
• The follow-up on the operation is expected in the next 

years to address cryomodule installation.

B61S-EZ-003 cold test results w-w/o 
compensation of residual magnetic field

Several R&D activities on prototypes for 
the development of tools, treatmetns

and diagnostics.
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Since 2022, INFN promoted initiatives for developing R&D for future particle
accelerators that can significantly contribute to the ESPP.

ØFuture machines will require higher performances,
but also cost reduction and sustainability

For SRF Nb bulk cavities, a program has been funded by INFN
on HighQ/HighG SRF R&D for new surface treatments to reach higher cavity performances.

ØThe activity will be done on 1.3 GHz single-cell and 9-cell cavities, taking profit on the LASA group experience gained 
both on R&D and on the large-scale productions (E-XFEL, ESS and the future PIP-II).

• This INFN activity is clearly synergic and adaptable to the requirements of future colliders as ILC, Muon 
Collider, FCC, CEPC…

• Part of this activity is done also in the frame of the ILC Technology Network (ITN), that collects the 
participation on labs/institutes in Asia, EU and Americas to foster and improve the TESLA technology.

• These activities are also supported and benefits from the  EAJADE staff exchange EU program that 
promotes the  exchange of EU researchers with Japan/Americas laboratories in view on the future
Higgs factory projects.  

ØHighQ -> power saving
ØHighG -> shorter machine

SRF towards future machines
HighQ/HighG R&D activities

Cost reduction & sustainability for 
future machine
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On-going activities
Ø1.3 GHz Nb bulk single and multi-cell cavities

• 2 Single-Cell -> research and development of surface and thermal treatment
(at LASA, at industry and possibly in collaborating laboratory)

• Mechanical Fabrication at industry on-going (expected in Sep. 2025)
• Baseline treatment (optimized E-XFEL process with EP cold and 900 °C)
• Advanced processes (Two-step baking, Mid-T baking, etc.)
• Cryogenic Test at 2 K at LASA; cross-check with other labs (e.g. CEA) for process validation

• Multicell -> export best single-cell treatment to multicell in preparation of industrialization
• Treatment reproducibility and process robustness verification

ØSRF cold VT infrastructure upgrade At LASA:
• New Cryostat for 2 K vertical test of single cell (install. by July 2025, 

then commissioning):
• Reduced lHe consumption, shorter test time, fast transition through Tc
• Active cancellation of remanent magnetic field to improve Q0

(Helmholtz coils and coils frame under construction)
• Advanced diagnostic for quench and FE spot identification

• New dedicated RF and acquisition system:
• New 1.3 GHz amplifier delivered
• Migration of RF control system from analog to digital (test on-going)

!"#$%&'()*%"#% +%,-.I-0%I-),1)-.()1. 2'#3.(

4'"5",6(%"I-)-"
768.(9"9)&#.-%6"

:"2%#.

;%)--)$"(9)
.I%I-.#-.

!(%"I-)-" <=>??,99

!"#$%&'$ ()*+#,$- .&/+(

PIP-II Coils Prototypes

Coils Simulation

Treatments Summary

New Cryostat
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The “Green” Photocathodes (INFN – DESY)
• From the successful Cs2Te experience, we are now developing “Green” photocathodes
• CW machine operation requires photocathode:
• sensitive to visible light to relax requests on lasers. 
• smaller thermal emittances !"#≈ 0.3 mm mrad to improve machine performance

• Requires XUHV (≈ 10-11 mbar) since more sensitive than Cs2Te
• New LASA deposition system for “green” (Alkali Antimonide) films
• collaboration with DESY-PITZ

New deposition system for «green» cathodes

#123.1 QE@2.4 eV

~8% (At INFN)

~4% (In PITZ loadlock)

~5.6% (In PITZ gun)

Spectral response

Response time
!"#$%"&'()$&*+,&"-&./0+

"&1+%2340++
!"#$%"&')")&*+,&"-&./0+

5%6&1+%2340++

78

79

78

79

!"#$%&'(%)*'%+,#+-#./+'+01%&&%+,#'(2,&30(&0#1+10,'*1

Reflectivity

!"#$%
!"#$%&'

!"#&

!"()%&'
*"*+%&'

!"**%&'

thin & thick films studies

Dark Current Emittance
ü Photocathodes delivered and tested in PITZ RF gun
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ERL
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Energy Recovery Linac Basic Principle
Energy-recovery linac (ERL) is a new class of electron accelerators used for generating an electron beam of high-
average current and small emittance achieving the highest average beam brightness. In an energy- recovery 
linac, an electron beam from an injector is accelerated in a superconducting linear accelerator; the beam is then 
transported to a recirculation loop. In the recirculation loop, the beam is utilized for particular applications such as 
X-ray generation. After the recirculation, the spent electron beam is injected again into the superconducting 
accelerator so that the electrons are decelerated. This deceleration can be accomplished by putting the electrons 
in the phase opposite to the acceleration. Therefore, the energy of the accelerated electrons is converted back 
into the rf energy and recycled to accelerate the succeeding electrons.
The energy recovery technology has a significant impact on modern accelerator applications because the ERL 
can accelerate a high-power electron beam with small-capacity rf generators. 
In addition to this excellent conversion efficiency, the ERL has an advantage essential to the generation of high-
brightness electron beams. Since an electron bunch in an ERL goes to a beam dump after deceleration and 
another fresh electron bunch is accelerated at every turn, the electron beam in the ERL maintains a small 
emittance.

Electronic version of an article published as Review of Accelerator Science and Technology, 03, 121 (2010).  
DOI: 10.1142/S1793626810000397  © [copyright World Scientific Publishing Company] 
http://www.worldscientific.com/doi/abs/10.1142/S1793626810000397 

ENERGY RECOVERY LINACS FOR LIGHT SOURCES 

RYOICHI HAJIMA 
Quantum Beam Science Directorate, Japan Atomic Energy Agency  

Tokai, Ibaraki 319-1195, Japan 

Energy-recovery linac (ERL), which can generate an electron beam having a high-average current and a small-emittance 
with the complete manipulation of electron beams in the transverse and longitudinal phase space, is expected to realize 
future light sources for various photon energies from terahertz to X and g-rays. In this paper, we present an overview of 
the history, current status, and future prospects of ERLs for light sources. Research activities on the critical components 
of the ERLs, such as electron guns and superconducting cavities, are also described. 

Keywords: ERL; energy-recovery linac; FEL; free-electron laser; superconducting linac. 

 
1. Introduction 

Energy-recovery linac (ERL) is a new class of electron 
accelerators used for generating an electron beam of 
high-average current and small emittance. In an energy-
recovery linac, an electron beam from an injector is 
accelerated by a time-varying rf field stored in a 
superconducting linear accelerator; the beam is 
transported to a recirculation loop. In the recirculation 
loop, the beam is utilized for particular applications 
such as X-ray generation. After the recirculation, the 
spent electron beam is injected again into the 
superconducting accelerator so that the electrons are 
decelerated. This deceleration can be accomplished by 
putting the electrons in the phase opposite to the 
acceleration, as shown in Fig. 1. Therefore, the energy 
of the accelerated electrons is converted back into the rf 
energy and recycled to accelerate the succeeding 
electrons. 
 

 
Figure 1.  Principle of energy-recovery linac. The electron beam is 
accelerated in the superconducting linac and utilized for the photon 

generation. The spent beam is decelerated in the same linac to recycle 
the beam energy. 

 
The energy recovery technology has a significant 

impact on modern accelerator applications because the 
ERL can accelerate a high-power electron beam with 
small-capacity rf generators. In addition to this excellent 
conversion efficiency from the electric power to the 
electron beam power, the ERL has an advantage 
essential to the generation of high-brightness electron 
beams. Since an electron bunch in an ERL goes to a 
beam dump after deceleration and another fresh electron 
bunch is accelerated at every turn, the electron beam in 
the ERL maintains a small emittance. Moreover, we can 
make the manipulation of the electron beam in the 
transverse and the longitudinal directions flexible in 
order to produce a tightly focused beam or a short 
electron bunch of femtoseconds. The beam brightness of 
an ERL can be increased by adopting a high-brightness 
injector such as a photocathode electron gun, whose 
performance has been improved significantly in the 
recent years. Therefore, the ERL is considerably 
different from a storage ring in which the emittance and 
the temporal duration of electron bunches are 
determined by the equivalent state of the electron beam 
dynamics after bunch thermalization during a number of 
turns. 

The ERL is currently considered an important 
platform of future light sources and as a driver of 
nuclear physics applications. There are many ERL 
projects towards these applications and extensive 
research and development of critical components for 
these ERLs is in progress; this research covers electron 
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superradiant lasing as evident by the perfect 
synchronization of the optical pulse and the electron 
bunch [31]. 

After the successful high-power FEL lasing, the 
machine was reconstructed into an ERL [32]. The 
original linac was shut down in spring 2001, and the 
ERL was completed after a half year construction period. 

Figure 12 shows a schematic representation of the 
JAEA ERL FEL. The injector consists of a 230-kV 
electron gun with a gridded thermionic cathode, an 83.3-
MHz subharmonic buncher (SHB), and two 
cryomodules, each of which contains a single-cell 
superconducting cavity driven at 499.8 MHz. An 
electron bunch of 450 pC with a length of 600 ps 
(FWHM) is generated by a grid pulser at a repetition 
rate of 20.825 MHz, that is, an average current of 9 mA. 
The electron bunch is accelerated to 2.5 MeV by two 
single cells and transported to the merger. The main 
linac consists of two 5-cell cavities driven at 499.8 MHz. 
The bunch duration and the normalized emittance at the 
undulator were 12 ps (FWHM) and 40 mm-mrad (rms), 
respectively. They employed two 50-kW inductive 
output tubes (IOTs) for the injector and two 50-kW 
solid state amplifiers for the main linac. 

The design and operation parameters of the 
superconducting cavities were Eacc = 5 MV/m, 
Q0 ~ 2×109, QL ~ 2×106, and (R/Q) = 575 Ω for the 5-
cell cavities; (R/Q) = 115 Ω for the 1-cell cavities; and 
an operation temperature of 4.5 K. The sum of the static 
and the dynamic heat loads at 4.5 K for the 5-cell cavity 
was around 5 W for a duty cycle of 3%. The cavities 
were contained in stand-alone and zero-boil-off 
cryostats, which are equivalent to helium containers 
having cooling refrigerators. Such a cryogenic system 
has the following advantages: (1) the system is 
exempted from the regulation of high-pressure gases and 
(2) the system can be operated for many years without 
warming up the cryostat.  

The recirculation loop consists of two triple-bend 
arcs and a half chicane before the undulator. Each arc 
has two families of quadrupoles that enable one to vary 
R56 while maintaining the achromaticity. This variable 
R56 is especially required in the second arc because 
energy-spread compression is required in the return path. 
The second arc also has two families of sextupoles to 
compensate for the second-order aberrations T166, T266, 
and T566 arising from a large energy spread due to the 
FEL interaction. The energy acceptance of the second 
arc is 15% to allow high-efficiency FEL lasing [33]. 

They demonstrated the first energy-recovery 
operation on February 19, 2002, and the first FEL lasing 
on August 14, 2002 [34]. The energy recovery was 
confirmed by the measurement of the rf forward power 
from the amplifier to the cavity. From the signal shown 
in Fig. 13, the energy-recovery ratio, which is the ratio 
of the recovered rf power to the beam power, was 
evaluated to be 98% by assuming the linearity of the 
envelope detector. The imperfect energy recovery was 
attributed to the phase slip of the electrons in the low-
energy section of the cavity, 2.5 MeV. 

 
Figure 13.  Rf forward power fed into the first superconducting cavity 
of the main linac at the JAEA ERL. Two waveforms correspond to the 
case of ERL operation (w/ ER) and non-ERL operation (w/o ER). The 
beam load is almost canceled during the ERL operation [34]. 

 

 

Figure 12.  Layout of the 17-MeV energy-recovery linac at Japan Atomic Energy Agency [35]. 



Co
ns

ig
lio

di
 S

ez
io

ne
11

th
Ju

ly
 2

5

Overview of ERL Facilities

Technologhy

co
st

o Several ERLs are currently in 
operation, with more under 
development or planned.

o To date, only one ERL has 
exceeded 1 MW beam power: the 
JLab FEL (3 orders of magnitude 
below the beam power anticipated 
for the LHeC.

o Only two superconducting ERLs
have successfully demonstrated 
multi-turn operation.

Courtesy of S. SAMSAM

BriXSino



Co
ns

ig
lio

di
 S

ez
io

ne
11

th
Ju

ly
 2

5

BriXSinO Principle of Operation
• A “newly” conceived scheme of ERL with counter propagating 

beams is proposed in BriXSinO.
• This scheme allows to explore not only the 

ERL  operation but also the two-pass operation 
where the beam is reaccelerated when 
reinjected in the accelerating module at 
reduced current.

• A further operation mode for BriXSinO is the 
use of its injector for fixed target experiments performed with 
maximum electron energy of 10 MeV and 5 mA average current. 
This high intensity beam enables both experiments of flash
therapy (total charge in a 200 ms time interval up to 1 mC), as 
well as converting the electron beam into bremsstrahlung 
photons with energy peaked at 7 - 8 MeV at an impressive 
flux of 1016 photons/s (i.e. up to 30 kW X-Ray beam). 

• Also experiments of positronium generation for fundamental 
studies of matter-antimatter asymmetry can be conducted at this 
test station.

Parameter two-pass acc. ERL

Energy (MeV) 80 45
Bunch charge (pC) 100 50
Repetition rate (MHz) 0.9286 92.86
Average Current (mA) 50 10-3 5
Beam power@ dump (W) 22.5 103 400
enx,y (mm−mrad) < 1.6 < 1.6
Energy spread (%) < 0.2 < 0.2
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BriXSinO foreseen Schedule
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HB2TF Layout
BuncherDC GunPhotocathode Chamber
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HB2TF Layout
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HB2TF DC Gun
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HB2TF HV Tank
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The following components have been defined:
• RF buncher power coupler: the specifications for our initial project have been written and
the procedure for outsourcing its construction to an external company has begun
• chiller for buncher cavity temperature control: with the technical assistance of colleagues
from LNF, a suitable model has been defined and the purchase procedures are underway
• 200 kW electrical power lines from the main LASA cabin to the experimental area: the
order is being issued
• electrical panel for the experiment: designed and market survey carried out. Procurement
procedures underway
• Distribution of electrical outlets in the experimental area: completed
• Optical beam diagnostics unit: designed based on existing components and outsourced to
an external company for modification and updating
• Electrical cable from the power supply to the DC Gun: specifications written, supplier
identified, procurement procedures underway
• various HV components: award procedures underway
• laser-RF timing and synchronization unit: specifications written and supply underway
• laser beam injection unit in the line: specifications written and construction awarded
• control system, remote instrumentation, and data acquisition: supply of components in
progress
• control and data acquisition computer: units in the laboratory recovered and a remote
control room set up for the experiment
• UHV valve systems: purchased
• UHV pumps: specifications written and procurement procedures underway
• optical table with laminar flow: purchased
• optical components for laser system: purchased
• RF instrumentation: purchased.

2025 Status

 
 
A very critical element in the project is the time between the procurement procedures and the 
availability of the material. 
The most emblematic example of this is the tender for the purchase of the RF amplifier and the 
related LLRF control unit. The tender was held in December 2024, but to date it has not been 
officially awarded and therefore the components have not been ordered from the winning 
company (which is still unknown to us). 
On average, each non-trivial order takes about three months to process, plus at least two to three 
months for delivery. 
 
This, together with the complexity of the experiment, has led to a request for an extension of the 
experiment into 2026. 
 
 

• various HV components: award procedures underway 
• laser-RF timing and synchronization unit: specifications written and supply underway 
• laser beam injection unit in the line: specifications written and construction awarded 
• control system, remote instrumentation, and data acquisition: supply of components in 

progress 
• control and data acquisition computer: units in the laboratory recovered and a remote 

control room set up for the experiment 
• UHV valve systems: purchased 
• UHV pumps: specifications written and procurement procedures underway 
• optical table with laminar flow: purchased 
• optical components for laser system: purchased 
• RF instrumentation: purchased. 

 
In the second half of the year, the components for transporting RF power from the amplifier to the 
cavity will be defined and purchased, as well as other parts related to the assembly of the DC Gun, 
which is scheduled to take place from October 2025 onwards. 
The experiment benches and supports for the line have been delivered and can be seen in the 
photos below: 
 

 
 

 
 
As regards radiation protection, the first communication module for the competent authorities 
has been prepared and will allow us to operate up to 190 kV with the DC Gun. To operate at 350 
kV (operating value of the experiment) we are preparing the appropriate documentation with the 
help of an external consultant. 
The suitable measurement instruments have been acquired: 
 

• Portable instrument for dose rate measurements with a wide energy range, high sensitivity 
and short duration pulses 

• Beam Loss Monitors and related interlock unit. 
 
The high voltage power supply has been complemented by a unit based on FPGA which, beyond 
the commands received from an operator, limits the maximum voltage values that can be supplied 
for the active regime. The power supply itself has been prepared and has been verified to be able 
to operate through the LASA local control network. 
 
The following components have been defined: 
 

• RF buncher power coupler: the specifications for our initial project have been written and 
the procedure for outsourcing its construction to an external company has begun 

• chiller for buncher cavity temperature control: with the technical assistance of colleagues 
from LNF, a suitable model has been defined and the purchase procedures are underway 

• 200 kW electrical power lines from the main LASA cabin to the experimental area: the 
order is being issued 

• electrical panel for the experiment: designed and market survey carried out. Procurement 
procedures underway 

• Distribution of electrical outlets in the experimental area: completed 
• Optical beam diagnostics unit: designed based on existing components and outsourced to 

an external company for modification and updating 
• Electrical cable from the power supply to the DC Gun: specifications written, supplier 

identified, procurement procedures underway 
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2026 Extension Request

 
 
A very critical element in the project is the time between the procurement procedures and the 
availability of the material. 
The most emblematic example of this is the tender for the purchase of the RF amplifier and the 
related LLRF control unit. The tender was held in December 2024, but to date it has not been 
officially awarded and therefore the components have not been ordered from the winning 
company (which is still unknown to us). 
On average, each non-trivial order takes about three months to process, plus at least two to three 
months for delivery. 
 
This, together with the complexity of the experiment, has led to a request for an extension of the 
experiment into 2026. 
 
 

• various HV components: award procedures underway 
• laser-RF timing and synchronization unit: specifications written and supply underway 
• laser beam injection unit in the line: specifications written and construction awarded 
• control system, remote instrumentation, and data acquisition: supply of components in 

progress 
• control and data acquisition computer: units in the laboratory recovered and a remote 

control room set up for the experiment 
• UHV valve systems: purchased 
• UHV pumps: specifications written and procurement procedures underway 
• optical table with laminar flow: purchased 
• optical components for laser system: purchased 
• RF instrumentation: purchased. 

 
In the second half of the year, the components for transporting RF power from the amplifier to the 
cavity will be defined and purchased, as well as other parts related to the assembly of the DC Gun, 
which is scheduled to take place from October 2025 onwards. 
The experiment benches and supports for the line have been delivered and can be seen in the 
photos below: 
 

 
 

 
 
As regards radiation protection, the first communication module for the competent authorities 
has been prepared and will allow us to operate up to 190 kV with the DC Gun. To operate at 350 
kV (operating value of the experiment) we are preparing the appropriate documentation with the 
help of an external consultant. 
The suitable measurement instruments have been acquired: 
 

• Portable instrument for dose rate measurements with a wide energy range, high sensitivity 
and short duration pulses 

• Beam Loss Monitors and related interlock unit. 
 
The high voltage power supply has been complemented by a unit based on FPGA which, beyond 
the commands received from an operator, limits the maximum voltage values that can be supplied 
for the active regime. The power supply itself has been prepared and has been verified to be able 
to operate through the LASA local control network. 
 
The following components have been defined: 
 

• RF buncher power coupler: the specifications for our initial project have been written and 
the procedure for outsourcing its construction to an external company has begun 

• chiller for buncher cavity temperature control: with the technical assistance of colleagues 
from LNF, a suitable model has been defined and the purchase procedures are underway 

• 200 kW electrical power lines from the main LASA cabin to the experimental area: the 
order is being issued 

• electrical panel for the experiment: designed and market survey carried out. Procurement 
procedures underway 

• Distribution of electrical outlets in the experimental area: completed 
• Optical beam diagnostics unit: designed based on existing components and outsourced to 

an external company for modification and updating 
• Electrical cable from the power supply to the DC Gun: specifications written, supplier 

identified, procurement procedures underway 

The request to extend the HB2TF experiment to 2026 stems from the following considerations: 
 

• significant delays in issuing orders (and therefore in delivering parts) 
• difficulties in managing the logistics of the installation, both due to problems related to the 

expansion of LASA (lack of a cooling water system) and due to the non-participation of the 
UNIMI Physics Department in the related support work (promised at the time of submission of 
the proposal) 

• objective difficulties in developing the components necessary for the experiment. 
 
By the end of 2025, the following elements are expected to be available: 
 

• DC Gun mounted on the line complete with valve systems and housed on the relevant 
supports 

• Electrical power line laid 
• Electrical certification panel for the experiment installed 
• HV power supply installed 
• Laser system, with relevant protections, installed. 

 
The following will be present but not installed: 
 

• Vacuum system 
• Data acquisition system 
• Control system 
• Radiation protection system. 

 
The following will not be present, with estimated delivery dates by March 2026: 
 

• RF power supply and LLRF system 
• Buncher cavity 
• Power coupler for buncher 
• RF distribution 
• Chiller for cavity cooling 
• electrical distribution for the experiment 
• cooling water distribution. 

 
Assuming that the components arrive by March 2026, we can assume a time of about two months for 
the final assembly of the experiment and then another two months for the start of high-voltage 
testing, both DC and RF. 
At this point, in September 2026, emission, acceleration, and beam formation tests will be carried 
out. 
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Muon Collider Partecipation
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Accelerator R&D Roadmap implementation
LDG review - February 24-26, 2025 @ CERN
to review:
• R&D plan
• Demontrator design and  proposal

10 TeV Muon Collider Beam Requirements 

• First collider ring site identified @ CERN
• SPS and LHC tunnels reused
• All construction on CERN
• Energy stages maybe 2.5 and 8 TeV

Example as discussion basis

numbers will change

Transferline maximum slope 6%

10
00

85
0

200

1000

Ø286

Muon Collider ring
TBM Tunnel
Length 10 km.

Injection Tunnels
from LHC to Muon Collider Ring
Length 1828 m. and 1186 m.

ARCR
Ø286 m.

Target Building
50x30 m.

Cooling building

SC LINAC

RLA2 building

LINAC 4
Existing

SPL

LHC

SPS

CERN land

RLA1 building

Injection Tunnels
from RLA2 to SPS
Length 1265 m.

SPS and LHC used for RCSs

J. Osborne et al.

Collider ring (10 TeV)

Muon production, cooling, 
initial acceleration

Injector similar to SPL
2
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Shared R&D on 
conductor properties

45

Muon Collider Magnet team

RCS

Task 7.2 Task 7.3 Task 7.4

The SC 
magnets are 
coordinated
by INFN

Cable sample by L. Bottura

Fusion like  - designed by F4E 
20 T -1MW on target

2 km 
Field up to 20 T
½ m bore
About 1500 
coils

40 T
Small 
bore

Newcomer
10 T dipole for 
acceleration

Dipoles
15T / 140 mm
Quadrupoles
G 300 T/m 
120 mm
Nb3Sn and HTS
Producing 
parameters 
maps
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Muon Collider Cooling Channel
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Muon Collider Cooling Channel

We are in an advanced phase of design related to a couple of tests stands:

• A DC HV test stand with pulsed capabilities embedded in 1 T magnetic field
• A high power (10 MW) S band RF test stand to power a 2856 MHz RF cavity installed 

in the bore of a SC magnet (see next slides for the magnetic part).

The DC Test Stand may be installed immediately in the existing experimental area @ 
LASA. We are discussing the design of the pulsed power supply with S. Calatroni (CERN) 
and the people of his group. Orders for the first components will be placed within summer 
2023 and a first version will be ready for the end of this year.

The S band RF test stand may be installed in the AATF in the new building, taking 
advantage of all the infrastructures we will have at that time (2025)  and adding a RF 
power equipment. 
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Test facilities: high electric fields in magnets 
and RF laminas E-field in High Magnetic Gradients

The PVX-4110 pulse generator is a direct coupled, air 
cooled, solid state half-bridge (totem pole) design, 
offering equally fast pulse rise and fall times, low power 
dissipation, and virtually no over-shoot, undershoot or 
ringing. It has overcurrent detection and shutdown 
circuitry to protect the pulse generator from potential 
damage due to arcs and shorts in the load or 
interconnect cable.

Suitable to test different materials, surface finishing 
and treatments up to 50 MV/mE-field in High Magnetic Gradients

The RF cavities design foresees the presence 
of thin (100 micron) metallic windows at the 
cells iris.
This will simplify the RF e.m. design but 
introduces a challenging element related to the 
mechanical design, the soldering procedures 
and the capability to sustain RF pressures and 
thermal stresses.
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• RFMFTF.1: free bore > 450 mm (> 5 M€) good for 700 MHz test
• RFMFTF.2: free bore ~ 320 mm (> 3 M€) good for 1.3 GHz test
• RFMFTF.3: free bore ~ 180 mm (> 1.5 M€) good for 3 GHz test
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Muon Collider Cooling Channel

With cryostat

SC HTS coils

Two stage 
cryocooler

Vacuum 
vessel

Coil support 
structure

Tie rods for repulsion 
and compression forces
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Cooling Cell Integration study: first concept
1

1

2

2

3

3

4

4

5

5

6

6
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D D

kavok 08/07/2025
Progettato da Controllato da Approvato da Data
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Edizione Foglio

Data

105,00
210,0
0288,

00
164,00

65
0,
85



Co
ns

ig
lio

di
 S

ez
io

ne
11

th
Ju

ly
 2

5

Health Physics
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The double2 face of the health physics group of 
LASA

1Nuclear physics applications to medicine and 
environmental science at LASA (M ilan, Italy)

M . Colucci, S. Manenti, F. 
Groppi

Medical 
applications

Environmental 
radioactivity

Research

Education

Optimization of the 
production of theranostic
radionuclides

Radiochemistry

Nanotoxicology

Trace Elements and 
radionuclides in air

Radiolab and 
ISOradioLAb

Macugnaga summer 
school

Particle Therapy 
Masterclass

Radionuclides in food and 
biological samples

The Four Seasons, Arcimboldo 1563-
1573

Thesis and formation periods are 
proposed on all the research topics

REMIX CSN5 - INFN
CUPRUM_TTD   CSN5 - INFN
APHRODITE       PRIN-PNRR
SPES-MED         CSN3 - INFN

MATHER-3D
CSN5 - INFN

RADIOLAB & ISOradioLAB
PARTICLE THERAPY MASTERCLASS 
PLAYMO
CC3M – INFN & PNRR  Orientamento – UNIMI

EyeRAD – INFN-E
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Optimization Production of HSARn for Nuclear Medicine applications

Beam particles
Protons 35 – 70 Mev up to 750 mA
Deuterons 15 – 35 Mev
Alpha 70 MeV

LASA

Hot Radiochemistry Laboratory
ISO Class II and UNICEN 7815 classified Controlled 
(Restricted) Area - Non Sealed sources of medium 
activities containing radionuclides of short and medium 
half life can be manipulated

Physics and Chemistry
Measurements Laboratory

LENA - Pavia Nuclear Research Reactor
TRIGA MARK II

in collaboration with:

ARRONAX Cyclotron
(Nantes)

LEGNARO Laboratory - SPES-g activities
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Optimization of the production
of theranostic radionuclides

3Nuclear physics applications to medicine and 
environmental science at LASA (M ilan, Italy)

M . Colucci, S. Manenti, F. 
Groppi

Physicist (Radio)chemist

•Possible reactions
•Threshold energy
•Nuclear simulations
•Irradiation planning: stacked-

foil technique

Nuclear studies

•Target preparation
•Irradiation and measurement 

with nuclear physics techniques 
(α,β,γ-spectrometry)

•Cross-sections determination

Excitation functions
•Thick-Target Yield
•Radionuclidic purity

Optimization of the 
irradiation conditions

•Radiochemical separation
•Ultra-high purity chemicals and 

equipment
•Ultra-high purity targets

No Carrier Added 
radiochemical 

processing •Radiochemical Purity
•Specific activity
•Chemical purity

Quality Control
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Optimization of the production of 
theranostic radionuclides

4Nuclear physics applications to medicine and 
environmental science at LASA (M ilan, Italy)

M . Colucci, S. Manenti, F. 
Groppi

The example of terbium

Terbium offers a unique set of radioisotopes for both 
diagnostic and therapeutic applications.

Key isotopes:
— 149Tb: Targeted Alpha Therapy (TAT) and PET imaging.
— 152Tb: PET imaging for extended imaging times.
— 155Tb: SPECT imaging and Auger electron-based therapy.
— 161Tb: β- therapy with added Auger electron benefits.

Known as the ”Swiss Army Knife of Nuclear Medicine” due to 
its versatility.

Therapy

PETSPECT
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Environmental projects and  EyeRAD
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Goal

• environmental radioactivity
INFN monitoring network
focusing on measuring the
concentration of radionuclides
present in atmospheric
particulate matter, in particular,
in the detection of artificial
radioactivity issued following
occasional anomalous events, in
parallel with the regional and
national agencies and bodies
that already deal with them for
an institutional duty;

• inclusion of any other initiatives
regarding environmental
monitoring and radiation
protection.
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Dissemination of scientific themes for schools and public

- High school students are involved in the measurement of natural 
radioactivity

RADIOLAB and recently expanded in ISOradioLAB devoted to schools in 

minor Italian islands Lampedusa, Pantelleria, Eolie – involved more than 
2000 students of Regione Lombardia + Albania + Ecuador + Slovakia

- Particle Therapy International Master Class – 5 editions 150 students 
for Milano

- PLAYMO – table games, partecipation with “Indovina il Radionuclide”  

INFN patent: 10.15161/oar.it/vb3r7-ezr77
Card game based on “Guess who” where you may meet Cs-137 or U-235 

instead of Uncle Tom.

- Partecipation to events: 
Summer School in Macugnaga; 

Open days: UNIMI, visit at LASA Labs

- Training for the High School teachers

All activities are recognized for PCTO and  by MUR  
(program that unites classes and internships) 

Cosmic rays measurements
at 3000 m s.l.m.
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Manpower requests

This is an old time problem.

Our proposal for 2026 is the following:

Mechanical workshop: add one more staff resource 
General services: add, at least, a staff resource (we are approaching the duplication of 

the building and at least one would be completely to be supported by 
INFN !)

Mechanical Design: add one staff resource for the design and a mechanical draftman for 
the lab

Electronic services: add one staff resource  for the lab

Researchers: we have valuable young researchers working with us and still more are 
needed. What would be their future ? How to maintain (and expand) 
the accelerator school at LASA ?
The same applies for the PNRR IRIS resources but at least in this 
framework a discussion is on going.
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Thanks for your attention !


