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• Detectors for HEP

Ing. Adriano Pepato – INFN PD

http://diam.pd.infn.it

• Parts for HEP accelerating machines

DIAM for
High Energy Particle Physics

Development & 
Innovation on Additive 
Manufacturing
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Future 
project 

proposals

• Detectors for HEP

• Project AIDA 2020:
cooling microchannels

• Parts for HEP accelerating machines

• Project ARIES2:

• 1 strategy

• 5 developments

• 1 prototype
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ARIES 2
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ARIES2 
Strategy
Additive Manufacturing for the Accelerator community (prof. M. Vedani – PoliMi)

The uptake of AM in the accelerator sector implies deep expertise in fields such as

• ultra-high vaccum

• radiofrequency

• magnetism

• cryogenic behaviour of 

materials

• materials science

• manufacturing engineering

• ecc.

The partners of the project were selected so as to 

form a multidisciplinary team showing high 

qualification for the proposed task



55

ARIES2 - Strategy

The main role is summarized in the
following table

Brief list of the Partners
Components
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ARIES2
Developments
Additive Manufacturing for the Accelerator community (prof. M. Vedani – PoliMi)

Five different Developments proposals have been formulated inside the Strategy

• Dev2.1 - Validation of 

accelerators components built by 

additive manufacturing; N. 

Delerue CNRS/IN2P3;

• Dev2.2 - Development of 

superconductive RF cavities, 

made by Nb or Cu coated thin

film, to be tested at room and at

cryogenic temperature; A. 

Pepato INFN Sezione di Padova;

• Dev2.3 - Improvement of Additive 

Manufactured RF Components by 

Laser Radiation; A. Medvids, Riga 

Technical University;

• Dev2.4 - Design of Magnet Poles

by Additive Manufacturing; M. 

Vedani, Politecnico di Milano, 

DME;

• Dev2.5 - Repair of damaged

accelerator components by AM 

technologies; E. Lopez, Fraunhofer

Institute for Material and Beam

Technology.



77

ARIES2
Developments

Dev2.1 - Validation of accelerators components 
built by additive manufacturing
N. Delerue CNRS/IN2P3

This development aims at

• validation

• long-term test

of Accelerator components in real operation conditions.

During this development we will build on previous
achievements to design and build accelerators
components suitable to installation in accelerators. 
These components will then be installed in accelerators
and their performances monitored during the project. 
This will allow to demonstrate that

• AM components can be used in accelerator

• there is no effect on their performances

during long service in the hostile accelerator
environment.
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ARIES2
Developments

Dev2.1 - Validation of accelerators components 
built by additive manufacturing
N. Delerue CNRS/IN2P3
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ARIES2
Developments

Dev2.2 - Superconductive RF cavities, made of 
Nb/Cu-coated thin film. To be tested at room 
and at cryogenic temperature
A. Pepato INFN Sezione di Padova

This development aims at

• design & test

the relevant properties of AM Nb-made RF cavities in 
room&cryogenic temperature conditions.

The relevant cost of the Nb powders induces also in 
investigate the feasibility of a partial or full replacement
of it, with alternative materials (e.g. pure Cu / Cu alloys), 
for the realization of the RF cavity body, while providing
the realization of a thin layer of Nb at the inner surface, 
to guarantee the superconducting performances of RF 
cavities.



1010

ARIES2
Developments

Dev2.3 - Improvement of Additive Manufactured
RF Components by Laser Radiation
A. Medvids, Riga Technical University

The improvement of crystallinity and stoichiometry od 
NbN superconducting compounds is proposed using
laser radiation. These compounds belong to the most
promising superconducting coating materials for RF 
cavities of the next-gen. Laser radiation allows also to 
increase the grain size of the material and to improve its
adhesion to Cu substrate allowing a better coarting on 
a curved inner surface of a cavity.

Dev2.4 - Design of Magnet Poles by Additive 
Manufacturing
M. Vedani, Politecnico di Milano DME

The project aims at the development of design 
approaches and at testing relevant properties of 
Additively Manufactured alloys for their use as magnet
poles. Selection of suitable alloys with respect to 
mgnetic behavior and mechanical strenght, evaluation
of ther printability by AM, setting of design rules for poles
having complex shape are the main ofjecives of this
development project

Dev2.5 - Repair of damaged accelerator 
components by AM technologies
E. Lopez, Fraunhofer Institute for Material and 
Beam Technology

The project aims at the development of strategies to 
repair damaged accelerator components by means of 
AM. Expensive and complex components that are 
damaged by therman fatigue cracks or any other
reason can be refurbished by removing the damaged
volume and depositing the missing volume of material
according to an AM approach. Critical parts for 
accelerators require well defined and validated
procedures for surface preparation, filler material
selection and deposition parameters. Evaluation of the 
refurbished part performance is also essential to raise
confidence on this approach.
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ARIES2
Prototype
Design approach of new-gen. particle accelerator component by metal AM (T. Torims – Riga)

This prototyping project aims at the design and manufacturing of a particle accelerator

component prototype, followed by testing for the evaluation of its specific properties

relevant to the article accelerator environment and requirements. The project are largely

based on outputs generated by the linked strategy and development projects belonging to 

the same theme
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AIDA 2020
HEP detectors. Microchannels for cooling applications
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AIDA 2020

Sarvey, Zhang, Cheung, Gutala, Rahman, 
Dasu, Bakir (2017)
Monolithic Integration of a Micropin-Fin Heat 
Sink in a 28-nm FPGA. 
IEEE Transactions on Components, Packaging 
and Manufacturing Technology. PP. 1-8. 
10.1109/TCPMT.2017.2740721

Microchannels on the surface of the die Microchannels on metallic 

plate with AM

Pro WRT channels on the surface of the die:
● No need to manipulate bare die

● Easier to use on commercial electronic devices

● Manufacturing capability of smaller metallic inlet 

and outlet

Cons WRT channels on the surface of the die:
● Maybe less efficient in cool down the device due 

to the presence of the heat spreader and of the 

TIM. 

TO BE STUDIED

Pros compared to traditional heat-sinks: 

● More efficient way to cool down the device 

(e.g. high surface/volume ratio, low thermal 

resistances between the fluid and the circuit 

dissipating power)

● Less obstruction for traditional air based cooling 

for other boards components

● It overcomes limitations on device density on 

PCB due to the limited air based cooling 

capability of crates

Cons compared to traditional heat-sinks:

● Risks due to manipulation of the bare die

● Probably less suitable for large scale systems (in 

case we need to manipulate O(1k) devices)

Studies ongoing on microchannel cooling for 

FPGAs 

INFN Grant: CoolFPGA (2019-2021)

In collaboration with FBK

PI: A. Coccaro (INFN-Ge), P. Francavilla (INFN-Pi)

People involved: M. Boscardin (FBK), F. Bosi (INFN-

Pi) M. Massa (INFN-Pi), F. Palla (INFN-Pi), R. Dell’Orso 

(INFN-Pi)

It could be very interesting to compare the two 

options.

Traditional, air based

Microchannels on the surface of 

the die
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THANK YOU!


