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1 Introduction

The objective of deliverable D5.1 isthe 6 Def i ni ti on of the possi bl
content of a database f or . WPbRisaoné dthestwodaskd ofthe mp o n e n
AMICI Work Package 5 (Industrialization) related to harmonization, and, as stated in AMICI
pr oj e dt$ main Gaal is to set the basis for a common knowledge, background and use
among Technological Facilities and National Laboratories and industries in relation to material
and components involved in accelerator and large superconducting ma g n eThe avdrall
long-term objectives are:

(1) create a reference database for Technological Infrastructures, National Laboratories and
Industry of relevant materials and components, including material properties (physical,
mechanical, chemical, magnetic, electrical and thermal) in a wide temperature range;

(2) create a list of components of interests with their main properties both at cryogenic and
high temperatures, and their behavior in radiation environment. In future developments,
this database could be also the first step towards common models for the cost evaluation
of the various parts of an accelerator and/or large superconducting magnet.

(3) identify the missing data required for further development of accelerators and
superconducting magnets and propose the methods and Technological Infrastructures
capable to obtain and validate the data.

The motivation for developing a database dedicated to accelerators and large superconducting
magnets as well as the main requirements of such database are presented in section 2. The
concept of such database, which is based on the functional breakdown structure of a complex
system is shown in section 3. In section 4, the existing material databases are shortly
discussed. The section 5 is devoted to the review of databases propose by other EC projects.
The initial definition of the type of data and information to be included in the database is
presented in section 6, followed in section 7 by the database demonstrator developed by
WP5.2 working group. Finally, the proposal of a new database, a software choice, database
architecture and the process for validating of selected data are described in section 8. Annex
1 show the example of detailed technical description of spoke section of ESS superconducting
linac. Annex 2 presents list of available sources of data in the field of cryogenics and
superconductivity.

The working group of WP5.2 adopted a three steps approach:

1. Collect an initial set of basic data and data sheets relevant to the issue of Material
specifications and Components specifications. This subset should be sufficiently large,
significant and agreed by experts to guide in defining the structure of the database: content,
categories, key words, parameters description,

2. Provide a tentative structure for the database.

3. Develop a database demonstrator that could lead to a professional database in the future.

The implementation of a professional database is well beyond the scope of the current
AMICI H2020 project and could find its realization in a next step of AMICI activities.
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The objectives of the work described in this report are:

Identify the needs of AMICI partners.

Review of existing material databases.

Review of database proposed by FuSuMaTech EC project.
Conceptual proposal of a database for AMICI.

Develop a database demonstrator.

akrwdPE

2 Motivations for a dedicated database

We are committed to the idea that the results in the field of accelerators and SC magnets
of funded research programs in academia around the world are a valuable resource and a
strategic asset. This resource allows the accumulation and capitalization of knowledge and
know-how. Furthermore, it will enable the European Institutes to be more efficient and agile to
take on the unavoidable various new innovative technological challenges in the framework of

future scientific instruments.

The development of a database dedicated to accelerators and large superconducting

magnets is motivated by several facts:

1. The manufacturability, the cost, the performances including the reliability of accelerators
and large superconducting magnets are determined by several parameters among which:

1 The design and engineering of the machine,
1 Material and/or component choice and specifications.

2. Data and characteristics properties of material and components, when available, are not
easy to find in the literature. Some of these data are not available or are transmitted only

via private communications.

3. Lack of data on materials and components suited for use and reliable operation in the

specific accelerator extremee nvi r onment (e. g.

4. Using an easy access common database, with validated material properties, and shared
between Academia Institutions, Technological Infrastructures and European industry is of
great importance for and efficient development of big scientific instruments. Via such global
efficient exchange of experience, Europe will be better placed for the development and

construction of future large scale international projects.

5. It will allow an efficient transfer of knowledge and know-how between European Academic

Institutes, Technological Infrastructures and industry.

radi ati on

6. The development of such database will be an added value for research and innovation.

7. In our knowledge the important NIST-USA database is no more maintained. It is then an
opportunity for Europe to develop a database that will be recognized and widely used

worldwide.

Cryoc
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The main objective is therefore to create a common reference database for materials
and components used in accelerators (accelerating structures, magnets, diagnostics,
ancillaries) and start to fill it with relevant data.

3 Concept of dtabase structure

The AMICI database to be developed, is based on the functional breakdown structure of a
complex system. More precisely, as shown in Fig.1, the structure of the database is
hierarchical flown-down from the particle accelerator layout to its basics elements, through the
0 p sdraccording to their function (i.e. production or generation of particles to be accelerated,
beam transport, beam bunching and transverse focusing, beam acceleration at different
ranges of energy), and their @omponentsd The detailed technical description of how to proceed
along with some examples is presented in Annex 1.

Functional breakdown structure

Part # 1 Particle Production (Source)
‘ Machine structure (layout) Pe:rt #2 Low Energy Beam Transport (LEBT)
1
Part #N
Source F LEBT —'( RFQ —» MEBT —» DTL —P{
/,;————_%H Properties

//- Component #1 \ Suppliers
| 1

[ I | b—=——> | Element#1 I
/

] ]

\ Component #n/ Element #p

—»{ NC-Acc#! —» SC-Acc#! —» S-Magnet —»{ SC-Acc#n —»| Experiment

Fig. 1 Definition of an accelerator (linac type) functional breakdown structure

4 Survey of existing databases and useful sources of data

A detailed list of existing databases and data sources such as international conferences,
periodical journals, books, concerning applied superconductivity including Superconducting
RadioFrequency (SRF) resonators and SuperConducting magnets (SC magnets), cryogenics
and low temperature applications is given in Annex 2. A first but not exhaustive list of the
existing databases that could be useful for accelerators and magnets is given in Table 1. More
details are available in the websites of the corresponding database.
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Table 1: Selection of existing databases including data useful for accelerators and SC magnets

Database Link Description Type

Global Benchmark for
CINDAS https://cindasdata.com/ | Critically Evaluated Industrial software
Materials Properties Data

State, transport, thermal
expansion, and thermal
properties of fluids and
metals.

Software for design and
operation of SC-magnets

Fluid Property Packages
Material Property Packages http://www.htess.com/
Superconductivity Analysis

Industrial software

Large spectrum of
properties of solids and
fluids including
fundamental properties

Public
Some parts are not free
of charge for access

NIST https://www.nist.gov/

4.1.1 CINDA%ttps://cindasdata.com/)
CINDAS have done a Global Benchmark for Critically Evaluated Materials Properties Data.
Some of the data included in CINDAS that could be useful for accelerators and magnets:

Aerospace and High Performance Alloys Database (AHAD)

Aerospace Structural Metals Database (ASMD)

High Performance Alloys Database (HPAD)

Microelectronics Packaging Materials Database (MPMD)

Thermophysical Properties of Matter Database (TPMD)

Damage Tolerant Design Handbook (DTDH)

Structural Alloys Handbook (SAH)

No ok wbdhRE

4.1.2 NIST Https://www.nist.gov)
NIST research generates data to work with industry, academic and government systems
to advance innovation and improve the quality of life. A broad spectrum of science and
technology data resources are available through a suite of services. Some of the data
included in NIST database that could be useful for accelerators and magnets are:

Chemistry WebBook

Physical Reference Data

Standard Reference Data

Atomic Spectroscopy Database
Chemistry WebBook

Digital Library of Mathematical Functions

=A =4 =4 4 -4 4

Some Popular Data Products included in NIST database:

0 REFPROP: Reference Fluid Thermodynamic and Transport Properties FAQ
0 Mass Spec: NIST/EPA/NIH Mass Spectral Library MS Data Center


https://cindasdata.com/
https://www.nist.gov/
https://cindasdata.com/
https://www.nist.gov/
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ICSD: FIZ/NIST Inorganic Crystal Structure Database ICSD-Demo.zip
TDE: NIST ThermoDataEngine

SESSA: NIST Simulation of Electron Spectra for Surface Analysis
Selected NIST-Recommended Practice Guides in Material Sciences

O O o o

4.1.3 High¢TemperatureéSuperconductoCritical Current
Arecent paperuntitedd A Publ i ¢ D a i eeimmestare Supercéhdugtdr Critical
Cur r ent byStdrtaebal. (ASV 2016 manuscript 4MP0o1C07) describes a public
database dedicated to critical current of High T Temperature Superconductor.

There are many sources of valuable data for accelerators and magnets: they are detailed
in Annex 2. Finally, other references and sources of data exists such as ASM
HANDBOOK, books about accelerators technology, fundamental and applied
superconductivity, cryogenics (general, liquid helium, cryogenic engineering, low
temperature physics, RF engineering), CERN Accelerators Schools.

The review of existing databases clearly shows that many of these databases are very
specific and are dedicated to a given application (for example aerospace engineering) and
the data concerns material and component specifically developed and/or used for this
application. Furthermore, many materials (for example high purity niobium for SRF cavities)
and components (for example feedthrough) for accelerators and SC magnets have very
precise specifications in terms of properties and even production process in order to be
suited to the stringent extreme conditions (vacuum, cryogenic temperatures, radiations)
and the high functional performance needed. Consequently, the component and material
are often characterized by the institutes involved in accelerators and SC magnets
development prior to their use because they need the data for the design and construction:
note that these data are not often available in the literature. To be more efficient, save time
and money, it is very important to include all these data in a dedicated database for
accelerators and SC magnets.

5 Review of databasproposed byFuSuMaTecEC project

The European project FuSuMaTech concerns mainly SC magnets R&D in Europe. As a
large part of magnets experts from academia institutes are involved in both AMICI consortium
and FuSuMatech. It was decided to have a discussion as early as possible with reference to
the AMICI and FuSuMatech respective timelines. The goal of AMICI-FuSuMaTech discussion
was to investigate and examine collaboration opportunities in some close topics of the two
projects. A first meeting was organized at IPN Orsay in November 2017 and a report was
issued. The discussion was mainly focused on the activities within AMICI and FuSuMatech
that have strong similarities, namely the tasks WP5.2 (AMICI) and T4.2 (FuSuMatech), which
are both dedicated to database development. It was decided to have a collaboration and a
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tight coordination of the above mentioned tasks in order to avoid to duplicate the work and
cover better the topics of the two complementary databases (i.e. WP5.2 an T4.2). A second
meeting was organized at RAL/STFC: we visited Simon CANFER (leader of FuSuMatech
T4.2).

As for AMICI, the full implementation of the FuSuMaTech database was not in the scope of
the H2020 project.

The objectives of the task FuSuMaTech T4.2 were:

Plan a comprehensive open access, web based, trusted database
Form a network of interested partners

Write a specification for a database

Identify existing and new materials

Propose a scheme for long term management
Liaise with the International Bureau of Weights and Measure

U ks whNE

The work is divided into 6 subtasks:

1 T4.2.1 - Determine the standard measurement data format with detailed property data
points covering the full operating temperature ranges from research activities,
applications and industry, by liaison with representatives from academia and industry
sectors 2.

I T4.2.2 - Collect existing data, verifying its accuracy and its fit with the standard format

1 T4.2.3 - Identify existing and new materials not yet measured.

1 T4.2.4 - Develop a network of testing facilities, in which the different material properties
can be measured.

1 T4.2.5 - Propose a scheme for long time management of this data with succession.

1 T4.2.6 Preparation of a proposal for the creation of a new database of Material
properties at Cryogenic temperature.

6 Definition of the type of datandinformation to be included in the
database

In the various phases (conceptual design, technical design, engineering design and
development, prototyping) of a large accelerator (i.e. LHC, XFEL, ESS, DONES), the technical
and scientific staff involved in the project require different kind of data and information that will
be used for the design, numerical simulation, estimation of performance and costing. A non-
exhaustive list of data to be included in the database is detailed in this section.

A Raw material, as used to fabricate accelerator systems
A Niobium, NbsSn, NbTi, Stainless steel, Ti t ani um, é
A Ceramics (power couplers)
A Magnetic material (umetal ,co-net i ¢, &)

A Material as used during processing/preparation

8
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A Chemical etching mixture
A Ultra-pure water
A Media for mechanical polishing

Some examples:

U Ancillaries, as used to implement accelerator systems
A Cabl es,
A RF feedthr
A Screws, bo
A Gasket s

ough, HV feedthrough
I ts

U Sensors/Instrumentation as used in accelerator environment

It should be limited to those suited and/or specific for use in accelerators (e.g. extreme
conditions in terms of vacuum, cryogenic temperature, ionizing radiation).

A Temperature sensors

Pressure sensors

Pi eezloe catcrtiucat or s

Di spl acement sensors

Vacuum gages

> >

> >

Apart from material and component, other categories of data and/or information could
be useful for accelerators and magnets community. A non-exhaustive list of such categories
to be included in the data base:

1 design and Numerical Simulation tools (Mechanical, Thermal, RF software, Multipacting
and field emission).
1 procedures for processing, preparation, mounting, assembling, testing.

The minimum information and/or data to be included is:
9 list of suppliers of materials, components and equipment for accelerators and magnets
dedicated to scientific instruments

9 brief description of the products and/or service supplied or produced.

We propose to contact industrial companies and ask them to write a short document
describing their activities a link to their website: a template should be used in order to have
standard information. It should be stressed that some information such as a detailed
description of their know-how, and fabrication process that could be useful to academia is
generally protected (Intellectual Property) for obvious reasons. A discussion with industry is
needed: the aim is to define with industry the scope of the data that could be included in the
database, which will be public with free access.
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7 AMICI databasdemonstrator

We have developed and implemented a demonstrator, which illustrates the operating
principle of the database.

The operating principle of AMICI database will be described and explained hereafter with
an example. The user gives a key word: it is the database input.

For example, selecting component SRF cryomodule (Accelerating Superconducting
RadioFrequency cryomodule) we will obtain list of main subcomponents:

1. AMICI database gives the list of the main components of SRF cryomodule:

SRF cavity

Liquid Helium (LHe) Tank

Cold Tuner

Power Coupler

Magnetic shields

Thermal Shields

Vacuum vessel

Next, selecting subcomponent we will obtain more details, including fabrication materials

Too oo Too Too To T T

2. AMICI database lists the possible fabrication materials for each of above
components as illustrated in Table 2.

Table 2: Material for fabrication of some SRF cryomodule components

Component Material

Cavity Niobium

Cavity flanges Stainless steel or Titanium or NbTi
Liquid Helium tank | Stainless steel or Titanium
Thermal Shield Copper or Aluminum

3. AMICI database output

The AMICI database record will include data in 4 formats: a text, a table, a graph and
a figure. The currently identified sources of data are: other databases, referenced journal
paper, book. The main challenge for such type of database would be to identify missed
information and to propose measurements to fulfil the data gap. Part of such measurements
would be possible with distributed network of Technological Facilities proposed by AMICI
project. The required data vary for each component, but in general should covers all the
properties having an impact on the functionality of the component, performance, production.
Some few examples are illustrated in Table 3.

10
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Table 3: Material properties and impacted parameters

Property Impacted parameters
Material, Grade, Purity

Fabrication process (machining, welding,..), cost, availability

Mechanical properties Vacuum, stress vs strain curve
Thermal properties Cryogenic performance
Magnetic properties SRF cavity dynamic losses

Radiation (neutrons, Xrays,..) Reliability, lifetime, performance

A schematic workflow diagram of AMICI database is shown in Fig. 2. This example
concerns SRF cryomodule: the description of this basic brick of a superconducting RF
accelerator is given in Annex. It is a complex system, which consists of different critical
component: SRF cavity, tuning system, main power coupl er , €. Thew di agr a
the database should operate and deliver the relevant data about the various material and
critical components of the cryomodule.

Cold magnetic shielding

Main Power Coupler

Materials properties at room temperature and at
1. RF window cryogenic temperatures
2. Inner conductor
3. Quter conductor Mechanical
4. Coaling system Thermal expansion
5. Instrumentation & Interlocks Thermal
ma%'e“c SRF cavity preparation
Materials and component properties elding eatment a esting
P prop Formability treatment and testing
= N\ Reliability
Mechanical R \ Radiation effects (electrons, neutrons, X-Rays) Cleaning
Thermal expansion Heat treatment
Thermal (conductivity, emissivity) = _Cr)hem\stry
— XY — uning
Electrical (\ b S T High pressure water rinsing
RF \ Testing
\Magnetic j \ \"-—-,.,_,_7_7 S _7_,_,.,-—-") Mecahnical measurements
\fr?f':omm' EIEE T TR EO“:‘”‘?L/J \ | Fast Active Cold Tuning System
o : Database
FOrmag\iw 1. Mechanical system
Reliability 2. Coarse Tuner (Stepping motor)
Radiation effects (electrons, neutrons, X-Rays) o Y 3. Fine Tuner (Piezo-actuators)

Materials properties at cryogenic temperatures
under vacuum

Q{Mechﬂnica\ B
Thermal expansion
Thermal

Thermal shielding
Magnetic

Materials properties at cryogenic temperatures
| Friction
X

under vacuum

Mechanical h Critical Main component: Key word /

Thermal expansion or DB Input /7 \
Thermal (conductivity, emissivity) — 5 (Lifetime

Magnetic > DB output Reliability
Welding —_— Electromechanical
Formability J Displacement vs temperature

Response time
Dielectric prop.
ﬁadlatmn effects (electrons, neutrons, X-Rays)/

Fig. 2: Schematic workflow diagram of AMICI-DB for a SRF cryomodule

7.2Implemenation of AMIGDB demonstrator
The data needed for the demonstrator were saved in two servers located at IPN

Orsay/CNRS: these data were shared (password protected access) with IFJ-PAN in charge of
demonstrator implementation using web application. The scheme of AMICI database

11
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demonstrator developed and implemented by IFJ-PAN is illustrated in Fig. 3. Two typical
outputs of the demonstrator are illustrated in Fig. 4-Fig. 5. In this example, the user needs
thermal data concerning Niobium (Nb), which is the material used for high performance SRF
cavities fabrication. The relevant component, material and property are highlighted in burgundy
color. The data of Fig. 4 show the variations of the thermal conductivity of superconducting Nb,
as function of temperature at cryogenic temperature.

Component Material Properties Group
id_component id_material . id_properties - id_group
'. descriptior Nami Name A

'- i_descriptior
Description
id_description
ptio

Fig. 3: Scheme of AMICI database demonstrator

More precisely, the four graphs of Fig. 4 clearly show the strong impact (i.e. large
modification of the phonons peak at a temperature T~2K) of the plastic deformation of niobium
on the thermal conductivity. It should be stressed bulk niobium SRF cavity are fabricated from
Nb sheets using deep drawing and electron beam welding: during these two fabrication
processes the material is subjected to plastic deformation that willimpact the performance
(i.e. thermal stability of the resonator in operation).

u.“lcl L=
Componants Material Properties Thermal data
Py Tk o i

P m

Fig. 4 Example#1 of output of the web application based demonstrators: effect of plastic deformation
on thermal conductivity of niobium

12
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The graphs of Fig. 5 show a second set of thermal conductivity data of niobium of
different purities and from different suppliers: the niobium samples were tested as received or
subjected to heat treatment prior to the tests. These data show large variations of thermal
conductivity data depending on the material purity, the supplier and the heat treatment.

QmiCi

Components Material Properties Thermal conductivity

«- v 2 I I

Fig. 5: Example#2 of output of the web application based demonstrators: effect of heat treatment on
the thermal conductivity of niobium from various suppliers.

g8 Database main requirements and proposed final solution

8.1Main requirements

The database for accelerators and SC magnets to be developed will use as source the
data of publicly available peer-reviewed publications, validated and accepted data available in
Technological Infrastructures as well as old data available in existing databases. All the data
to be included in the database should be validated/approved by a committee of experts. This
committee is a kind of Scientific Advisory Board of expert well recognized worldwide.
A first, but non-exhaustive list of the different fields of expertise in accelerator and magnets
design, construction and operation needed for validating and approving the data to be included
in the database to be developed is detailed in Annex 1.

The database should be publicly accessible and free of charge. However, a part of these
data could be located if necessary in a restricted area (i.e. password protected).

The database should be managed by an institution independent from the single institutes:
it is the responsibility of the consortium management to define and create this institution in
charge of database management and to define its mission, the rules and conditions for
accessing it. To this aim the integrated Technological Infrastructure envisaged by AMICI
looks to be an ideal candidate.

The sustainability (i.e. the database should be kept alive) of the database as well as its
maintenance should be insured by the institution in charge of the management of the database.

13
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Obviously, it should be updated continuously by adding new data and/or link to other existing
databases.

The implementation, the upgrade of the software used for the database development
should be coordinated and synchronized as best as possible across the consortium involved
in the project.

8.2Choice oboftware for database, configuration amthitecture

Several meetings with database experts from IT department of IPNO/CNRS, IFJ-PAN
and Desy were organized in order to choose the best industrial software that will be used for
the development and implementation of AMICI database. We have also a technical visit to
Desy for a discussion with the expert who developed database concerning SRF cavities for
several projects: Tesla Test Facility (TTF), FLASH and XFEL.

According to the database experts experience from Desy, IPNO/CNRS and IFJ PAN
the ORACLE ™ software seems to be suited for AMICI database.

The configuration and architecture of the information system of AMICI database could be
similar to the system (Fig. 6) currently developed for XFEL/R&D cavity database. The final
architecture of the system for AMICI database and its precise definition will be done prior to
the implementation phase in a next project if resourced and funded.

oved Uner

dhntalsiaane audmas Vi VVE I (N Jesie chany by ]

« CRLH i Branenct oy Jaaves Biaogt OWHIgeIs » Ajax)
Blaaggrir bt oy ol WE ) bvarormer s

L.

Borver Nicde (Oracle Application Sorveor 10g)
- Apaohe Tomaoant WED server withy locel acosss only
Tomaomt Blerver in oonnooted withy Apsohe WE I seorver

(tonio dany o) via AU 1 5 protaoool 1O suppeort the Wola Wil
ELLEE IR ]

SOV VYR DO AR U OBt e O G
Torvwoat WE D ' N w o

{ s LLRF DB >
. a
18 1
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: xree s reao om0 |
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Fig. 6: Configuration of the system under development for XFEL/R&D cavity database.
(Courtesy Vladimir GUBAREYV from DESY)
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9 Conclusion

According to our current study, a database dedicated to our applications (accelerators
and SC magnets) does not exist: the data needed are very specific to stringent the technology
and the extreme operating conditions (i.e. at cryogenic temperatures or at high temperature,
at vacuum or at high pressure, in radiation environment). Furthermore, the material and
component specifications are very demanding (high performance at the frontier of technology
in terms of performance reliability, availability, efficiency and energy saving).

In the context of strong competition worldwide, such database is really needed and will
help European institutes and industry to significantly contribute and to play a leading role in
future European and international projects. We have defined the possible structure and content
of a database for materials and components for accelerators and magnets dedicated to
scientific instruments.

The concept of the proposed database is based on a functional breakdown structure of
a complex system. We described in details (Annex 1) of how to proceed through an example,
namely the spoke section of the superconducting linac of ESS (European Spallation Source)
under construction.

We have surveyed the existing databases that include data, which could be useful for
accelerators and large magnets. We have also defined the criteria to guarantee the validity
and reliability of the data to be included in the database.

We have collected and organized an initial set of basic data and data sheets relevant
to the issue of Material and components specifications.

We should insure the maintenance of the database over time and continuously update
it in terms of its functionality and the data included.

We have proposed a list of experts in Europe to which the team developing the
database should refer for: (1) defining the key words (database input), (2) describing the critical
component of the various parts of the accelerator and/or large magnet, (3) defining the relevant
properties useful for design, construction and operation of these complex systems.

An initial database demonstrator base on web application was developed.

A possible architecture of the information system, based on ORACLE ™ software, for
the database development and implementation was described. We have now sufficient
material for the implementation of the database.

As a first step, it is necessary to have the database demonstrator tested by possible
end-users to check that it corresponds to their expectations and, if necessary, adjust it following
their recommendations.

15
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Annex 1

1. ESS linac as example of how to pedce

In this section we will give the detailed process of how to proceed through an example: the
challenging superconducting proton linac of European Spallation Source (ESS) under
construction. The layout of ESS linac is illustrated in Fig. 1.

~l— 352.2| MHz
«24m=> €45m> €36m> €40m>

704,42 MHz m—]-

spoke linac section

Spoke  0.50 14 352 MHz 2 28 ~29m  585m
Medium- 4,67 15 704 MHz 4 60 ~67m  1139m
High-beta  0.92 30 704 MHz 4 120 ~67m  2279m

Total 59 208 ~ 400 m

Fig. 1 Layout of ESS linac

The layout of Fig. 1 shows clearly the different parts of the linac according to their
respective functions as illustrated in Table 1.

Table 1: main parts of the ESS linac according to their function

Part # Name Description Main Function

1 Source Protons source Particle production

2 LEBT Low Energy Beam Transport Beam transport

3 RFQ RadioFrequency Quadrupole Beam bunching, acceleration and
transverse Focusing

4 MEBT Medium Energy Beam Transport Beam transport

5 DTL Drift Tube Linac Beam acceleration

6 Spoke Spoke superconducting section Beam acceleration from 90 MeV
to 220 MeV

7 Medium b Medium b superconducting section | Beam acceleration from 220 MeV
to 570 MeV

8 High b High b superconducting section Beam acceleration from 570 MeV
to 2000 MeV
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| Cryomodule housing two fully equipped Double Nb spoke cavities |

Vacuum insulated Cryogenic line

1. Cold tuner,

2. Magnetic shielding,
3. Power coupler,

4. Instrumentation

|Gaseous helium heating system ‘

« Power resistors

Vacuum insulation
Leak tightness
MLI

Special Bellows

Magnetic coils

* Heat exchanger
« Temperature controller

1. Heat exchanger

2. JT valves

3. Tubing, bellows,
connections

4. MLI

5. Instrumentation

Pumping system

Fig. 2 Main components of a cryomodule with its cold box

Now we will focus on the spoke linac section for a more detailed description. This spoke
linac consists of a chain of 14 CryoModules (CM) with their respective cold boxes connecting

the CM to the cryogenic main distribution line via a jumper.
The main components (Fig. 2) of a cryomodule with the cold box are:

=A =4 =4 4 -8 4 A

These main components include various element and/or critical parts impacting directly the
performance and or the functionality of the cryomodule: some of them are illustrated in Fig. 3.

the stainless steel vacuum vessel,
two Double-Spoke superconducting resonators housed in the vacuum vessel,
the cold tuning system,

the RF power coupler,

the magnetic shielding,

the thermal radiation shields,
the instrumentation.

Fig. 3 Some components of a cryomodule with its cold box

Some component

ﬁeedthrough

Vacuum vessel\

(Stainless steel)

Thermal radiation shields
(CuorAl)
JTvalves . —— |

Cryogenic heat
exchanger

Cooling pipes/ ‘

Gate valve
&strumentation (P,T, cryofluid leve)

Cryogenic line

Vacuum vessel

(Stainless steel)

|| Bellows

Gasket

b MultiLayer Insulation (MLI)

Cryomddule I

Vacuum vessel
(Stainless steel)

Thermal radiation shields
(CuorAl)

RF waveguide
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2. The properties needed for design, fabrication and operaifdBRF
cryomodule

2.1Examples of relevant properties and impacted parameters
Some of the relevant properties, in correlation with the impacted parameters, are illustrated

in Fig. 4. I n this example, the keyword or database i

SRF CM. Then we access to a typical 3D drawing of the SRF CM describing the different
component in terms of their function (in
outputs of the database are: 1) the table correlating the material physical properties to the
impacted parameter, 2) the relevant data in various format (table, graph, journal paper
reference, link to a website of another database). Note that the construction of this table as
well as the data to be included in the database should be validated/approved by a committee
of experts (please refer to next section of the current report). This committee is a kind of
Scientific Advisory Board of expert well recognized worldwide.

Database Keyword (mput)’ Thermal racistion shiskds Vacuum vessel
t ! (Cu or Al)
Accelerating SRF Property Impacted parameters
Cryomodule Material, Fabrication process {machining,
Grade welding...), cost, availability
Gate valve Purity

[+ Flowrate Mechanical properties | Vacuum, stress vs strain curve
* Response time Thermal properties Cryogenic performance
*+ Leakrate

Rgnetic properties SRF cavity dynamic losses
Radiation (neutrons, Relabilty, lifetime, performance

Xays.) A
‘ upporting rods  pMagnetic shields ‘
Cooling pipes (Epoxy) ::Zargope'mn....) Database output

Fig. 4 Relevant physical properties in correlation with the function of some component
of a SRF cryomodule

2.2 Examples afritical components of a SRF cryomodule and relevant data

1T RE power coupler

The main function of the RF power coupler (Fig. 5) is the efficient transfer, in matched
condition, of the RF power from the source through the waveguide network to the particle
beam.

18
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Inner conductor:

OFHC foppor

Dorknob

Pair of RF
power couplers

Alumina disc

RF
Conditioning

T
Vacuum gauge

Fig. 5 Typical 3D drawing of a RF power coupler (left) and test stand for RF conditioning (right).

This complex device operates in stringent conditions:
a) Handle and transmit a high RF power (10 kW-500 kW) through a ceramic window,
b) Itis a thermal interface between warm (T = 300 K) and cold parts (T = 2i 4.2 K) of the
cryomodule
c) Itis a RF transparent vacuum barrier between atmospheric pressure in the wave guide
operating at room temperature and ultrahigh vacuum (<10 mbar) in the SRF cavity at
T=2K.
In some applications, the reliability of the RF power coupler could be very demanding: for
example, in the case of the ADS (Accelerator Driven System) SRF based linac MYRRHA, less
than five beam trips in excess of 1 s duration per year are tolerated.

The data relevant to RF coupler design, engineering, fabrication, conditioning and
operation should include:

1. The physical properties impacting the performance (electrical, mechanical and thermal
properties of materials, secondary emission
2. Information about referenced industrial know how (i.e. past successful experience) in
the following items: a) High RF power (Klystrons, IOT, ...), b) High power RF
components (WG, loads, ...), ¢) Alumina window, d) Vacuum brazing, e) Surface
treatment (Copper plating of inner and outer conductors, TiN coating of Alumina
window), f) Mechanical fabrication and assembly, g) Instrumentation (vacuum, light,

7

electron activity, é&).

T Cold tuning system

The main function of Fast Active Cold Tuning System (FACTS) for SRF cavities is to match
the cavity resonant frequency to RF source frequency. The FACTS allows high performance
operation of the linac: 1) improved beam quality in terms of phase and energy stability, 2)
Increased acceleration efficiency resulting in the reduction of operating cost and energy
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saving. A FACTS is a complex mechanical system (Fig. 6) including two complementary parts:
1) a coarse tuning mechanism, 2) a fine tuning mechanism having the following functions:

1.

Slow and coarse tuner

Slow and long range (~2mm, 500 kHz) resonant frequency adjustment during cool

down from room temperature (T~300 K) to liquid helium temperature (T=2 K). It is actuated
with a stepping motor and a planetary gear box.

2.

Coarse tunina

Stepping

LHe tank_|

| Fine tuning
Piezoelelectric

Fig 6. Fast Active Cold Tuning System developed by IPNO for ESS spoke linac section

Fast and fine tuner
Fast active dynamic compensation of short range (~4pum, 1kHz) Lorentz detuning

during cavity operation. It is actuated with a piezoelectric element.

3. Fields of expertise of the scientific board

A first, but non-exhaustive list of the different fields of expertise in accelerator and magnets
design, construction and operation needed for validating and approving the data to be included
in the database to be developed is detailed below:

=4 =4 =8 =8 -8 -89

= =4 =8 -8 -8 -89

Particle sources (electrons, positrons, ions).

Beam transport.

Beam diagnostics.

Vacuum and surface preparation.

Cryogenics.

RFQ.

SRF cavities, Power couplers, HOM couplers, Cold Tuning Systems, Magnetic
shielding, horizontal cryostats, Cold boxes, cryogenic instrumentation.

LLRF, timing.

High power RF sources and distribution.

Normal conducting cavities.

Beam dynamics.

Beam dump.

Interaction region.

Superconducting magnets (dipoles, quadrupoles, correction magnets), magnet
protection system, current leads, magnet cooling, pressurized superfluid helium.
Power sources for magnets.
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4, Part of datbase deicated to magnets

The European project FuSuMaTech concerns mainly superconducting magnets R&D in
Europe. As a large part of magnets experts from academia institutes are involved in both AMICI
consortium and FuSuMatech, it was decided to have a discussion as early as possible with
reference to the AMICI and FuSuMatech respective timelines.

The goal of AMICI-FuSuMaTech discussion is to investigate and examine collaboration
opportunities in some close topics of the two projects. A first meeting was organized at IPN
Orsay in November 2017 and a report was issued. The discussion was mainly focused on the
activities within AMICI and FuSuMatech that have strong similarities, namely the tasks WP5.2
(AMICI) and T4.2 (FuSuMatech), which are both dedicated to database development.

It was decided to have a collaboration and a tight coordination of the above
mentioned tasks in order to avoid to duplicate the work and cover better the topics of
the two complementary databases (i.e. AMICI WP5.2 and FuSuMaTech T4.2).

A second meeting was organized at RAL/STFC: we visited Simon CANFER (leader of
FuSuMatech T4.2). Note that the implementation of FuSuMatech database is not part of T4.2
and not currently resourced via STFC. This situation is similar to that of AMICI database
implementation.

The objectives of the task T4.2 are:

Plan a comprehensive open access, web based, trusted database
Form a network of interested partners

Write a specification for a database

Identify existing and new materials

Propose a scheme for long term management

Liaise with the International Bureau of Weights and Measures

ook wNE

The task T4.2 includes 6 subtasks:

1 T4.2.1 - Determine the standard measurement data format with detailed property data
points covering the full operating temperature ranges from research activities,
applications and industry, by liaison with representatives from academia and industry
sectors 2.

1 T4.2.2 - Collect existing data, verifying its accuracy and its fit with the standard format

T4.2.3 - Identify existing and new materials not yet measured.

1 T4.2.4 - Develop a network of testing facilities, in which the different material properties
can be measured.

1 T4.2.5 - Propose a scheme for long time management of this data with succession

=
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1 T4.2.6 Preparation of a proposal for the creation of a new database of Material
properties at Cryogenic temperature

4.2 Superconducting magnets

SuperConducting magnets (SC magnets) are used for various applications such as
particle accelerators, High Energy Physics (HEP) detectors and other scientific instruments
(e.g. fusion, MRI, medical instrumentation): some examples are illustrated in Fig. 7.

i)
e Tl
NHMFL LHC Dipole
Hybrid magnet (23,5T)
(407T)
MRI magnet

(Siemens 3T)

Fig. 7 Some examples of application of SC-magnets

The SCmagnets could be classified according to their function in the machine. The
non-exhaustive typology (according to their function) is illustrated in Table 2.

Table 2: Typology of SC magnets for accelerators, detectors and other scientific instruments.

Accelerator magnets (LHC, HL-LHC, FCC)

Main magnets Correction magnets
Dipoles sextupoles
Quadripoles octupoles
decapoles

Insertion zone magnets
Detector magnets
Solenoid (CMS)
Toroid (ATLAS)
Other applications
Fusion
tokamak (ITER, JT60-SA)
stellerator (W7X)
Medical applications (Iseult)
Space applications
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A second criteria is used for SC magnets description (Table 3): it is based on their type
(e. g. Cos T h e tslould bB ktressed the fanction of magnets determines: 1) the
electromechanical design, 2) mechanical configuration of the magnet structure, 3) the type of
cable that to be used for the fabrication of the coll, 4) the cooling mode of the magnet/cable in
close relation with the type of cable and the performance to be achieved.

Table 3: Some examples of type of SC magnets according to their functions

Type Typ; of magnet Sketched drawing Cable
xample
Quadrupole

Cos Theta 04

Block FRESCA2

Canded Cos
Theta LBNL
Conductor

Various SC materials, wires, tapes, conductor type (Fig. 8) and configuration (thermal
stabilizati on, cooling, €) could be used depend

and other criteria such as cost, ...

Fig. 8 SC materials for superconducting magnets (Courtesy. Lionel Quettier)
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