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Over the years, hundreds of crucial applications 

of IBA to Cultural Heritage 

Look for example: 

IBA AND Cultural Heritage

IBA AND Paintings

IBA and Jewels

IBA and Gold

…





But as IBA are so important for CH, why over the time only hundreds

instead of thousand or more applications?

Because artworks are to be moved from the Museum or 
Restoration Laboratory to the accelerator

And moving artworks is:

• Expensive

• Time consuming

• Always difficult

• Sometimes impossible (e.g. frescoes, fragile artworks or big 
paintings)



https://www.sciencedirect.com/

IBA and in-situ measurements for 
Cultural Heritage:                                

only at AGLAE in Paris (Louvre)             
an IBA laboratory is present close to the 

conservation site

IN SITU measurements are more 
appealing than those in the accelerator 

labs and are getting more and more 
diffused over the time, see for example. 



Overcome this limitation is the basis of the MACHINA project

The idea: a movable IBA system for in-situ measurements, to use at the Opificio delle 
Pietre Dure in Florence (a world leader for art conservation)
A realistic compromise between a “perfect” and a “transportable” tool for compositional 
diagnostics, to try and solve the problems of conservation

The challenge
Maintaining performances comparable to those that can be obtained with standard 
accelerators for the standard analyses in CH with the additional heavy constraints: 

∙ Low power consumption
∙ Low weight
∙ Small form factor
∙ Low emissivity
∙ Low cost
∙ Transportable 



OPD endorsement



IAEA endorsement to the MACHINA project
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               THE WHOLE SYSTEM             

              SOURCE                 LEBT              RFQ ACCELERATOR        HEBTE



Accelerator:
• Source, LEBT and HEBT: 1.5 m x 1 m, 1 kW, 400 kg 
• 2 HF-RFQ accelerating cavities: 1 m x 0.4 m, 100 kg mass
• Accelerator system: 500 kg, 2.5 m x 1 m, 1 kW

Ancillaries:
• RFQ Power supplies: 860 kg, 2.5 m x 1 m, 14 kW

MACHINA SYSTEM
• 7 independent elements on wheels, can be moved separately
• overall footprint: less than 10 m2

• Mass ~1400 kg 
• Power absorption about 16 kW

MAIN FEATURES OF MACHINA: how it looks like
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CERN RFQ
mounting the 
vacuum 
system

A single module 
in its final 
configuration

Radio-safe!

-  1 meter long, compact and low cost

-  20 keV input energy, for a compact proton source
- 2 MeV beam: Ok for PIXE, below 2.17 MeV 
    (Eth 

65Cu(p,n)65Zn), negligible gamma ray production

-  5 nA maximum average current, 200 nA peak current 
   (challenging parameter – nondestructive, pileup,…) 

- 0. 5 mm exit beam diameter

- 8 keV energy spread

- Ultra low power: 
    less than 6 kVA for the RFQ



Scheme of the
MACHINA
Communication
Channels 

The two USB-RS485 lines allow interacting with the controllers of all 
the elements of MACHINA (Arduino, turbopump controller)
• LEBT_COMPONENTS: source and low energy beam transport 

components
• RFQ: radio frequency quadrupole parameters
• HEBT_COMPONENTS: high energy beam transport components 

VACUUM-DIAG-ENV: vacuum system, beam diagnostic and 
environmental parameters

Control System



The control system is based on 25 Arduino Mega 2560R3 board & 
custom shield

Control System



Source – HV PS hardware and control software
Optical fibres to control 

the Probe PS
Ground Side

Control boards
 Extraction PS: up left

Einzel lens PS: up right
Probe PS: bottom



MACHINA control panel

Control System: overview



MACHINA has 
travelled thousands 
of kilometres back 
and forth between 
Florence to Geneve

 
Vibrations  are not 

a problem

                 TRANSPORTABILITY



5 mm

FIRST EXTRACTED BEAM IN AIR - MAY 2022 - CERN

Luminescence on a synthetic sapphire



MACHINA footprint compared to the 3 MV tandem electrostatic accelerator

30 m

2.5 m 

MACHINA

LABEC accelerator hall

Tandem



The detection system:

• a 3D printed  support 

structure (crown)

• 3 SDD X ray detectors 

with boards for 

electronics

• 1  CdTe gamma 

detector (not yet 

installed)

1 2

3

THE MULTI-DETECTOR SET-UPDetection set-up

S1, S2, S3 SDD 50 mm2

Silicon Thickness 500 µm
Energy Resolution @ 
5.9 keV (55Fe)

~130 eV FWHM@t 4 
µs peaking time

Detector Window 0.5 mil (12.5 µm) Be

Detection set-up implemented so far

detection set-up (design)

detection set-up (implemented so far)



THE MULTI-DETECTOR SET-UPDetection set-up



● First applications to CH

● Next collaboration with CERN 
KT on developing compact 
accelerators 

MACHINA meeting 
on the next May 22nd

Next steps and Perspectives



MACHINA in INFN@OPD Fortezza da Basso
Next steps and Perspectives



MACHINA + CHNet instrumentation in INFN@OPD

Next steps and Perspectives



MACHINA 2

Next steps and Perspectives

- A second version of MACHINA to be developed by INFN for Gran Sasso Science 

Institute (GSSI) 

- Funding (about 2 M€) requested by GSSI for MACHINA 2 on the SEIC (Space and Earth 

Innovation Campus) project, financed with PNRR funds

- GSSI has already submitted a offer request to INFN 

- INFN with the resolution of 29/2/2024 has decided to submit an offer to GSSI for 

MACHINA 2
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is coming!

May 2023
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 MACHINA2  
is coming!
Yesterday!

The 
source is
dismounted and 
the mock-up 
accelerator installed 
for upcoming vacuum- 
and control-system tests

MACHINA 2

Next steps and Perspectives
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