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Outline of the presentation
= Test stands today in Sm18
= Main facilities for tests in SM18
= Limitations and solutions in space
= Limitations and solutions in time
= Proposal for the STRING test
= Proposal for the SC LINK test
= Status of the work
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Magnet test stands layout @ CERN &

THE SUPERCONDUCTING MAGNET TEST STAND AT CERN in SM18
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Vertical test stand upgrade

Cluster G Cluster D

The vertical cryostats zone, called Cluster G is about 400 m?2 . It is under upgrade with an extra space called
Cluster D of 150 m? . It will accommodate the test of larger diameter magnets @ higher operating current for
HL LHC.
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Horizontal test bench upgrade i
Cluster A
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Cluster F

The horizontal test zone Cluster A to F excluding D is composed by 8 benches. They are equipped with 4
independent electrical circuits allowing to test magnets up to 15 kA @ 1.9 K. Two clusters are planned to be
upgraded to 20 kA capacity.




Horizontal test bench upgrade &)
Cluster A

The UPGRADE is DRIVEN by HL-LHC needs: Cluster F .
Magnet weight: 25 tonnes

Target for prototype test: 90% Igg < 20 KA Operating temperature: 4.2 Kand 1. 9 K
Target for series test : 108% I, = 17.8 KA Max. Operating current: 20 kA, 2 x 2 kA
Max. Pressure in the magnet in case of quench: 20 bars
Cluster E will have the same characteristics. Foreseen later. Max. Test voltage: 3 kV

HiLy i’ logo
HL-LHC PROJECT area



Facilities Upgrade

UPGRADE DRIVEN BY The recommendation enabling to carry out the full test programme with no contraints

For 2019
CRYOGENIC COOLING PRODUCTION: + 35 g/s LHe

Needs essentially for HL-LHC IT STRING run in parallel with magnet testing

DEMINERALISED WATER PRODUCTION: + 150 m3/h

Needs for demineralised water entirely coming from magnet operation

HANDLING: 25t and longer rope

Needs for overhead crane entirely coming from magnet operation Operational

NCONTROL ROOM

Needs to extend the small control room of the vertical . Test facility to be used
also for horizontal benches and Sc link

Operational

For mid 2016



Conflict or synergy in space and time

ertical test cryostat SC link test stand |(110m) IT String (80 m) Horizontal benches

Overlap with Vertical
cryostats

- Overlap Sc link test stand and STRING

The integration is driven by a
possible synergy as following:
Share time, cryogenic cooling and
electrical powering systems
between Sc link test stand and IT
String
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' Conflict/synergy between test stands/IT String ?

nk models

SC link series (110m)

IT String (80 m)
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The HL-LHC IT STRING in the organigram

High Luminosity LHC Project

MEMBER STATES COLLABORATIONS® NON MEMBER STATES COLLABORATIONS®

HL-LHC PROJECT MANAGEMENT

IR Magnets
CEA Saday: P. Védrine, J-M. Rifflet, H. Felice
CIEMAT Madrid: }-M. Perez, F. Toral
INFN: A. Zoccoli®, G. Volpini®, P. Fabbricatore®
Uppsala University: T. Ekelof

UK: R. Appleby® (Spokesperson & Collimation),
G. Burt® (Crab Cavities), S. Gibson’ (Beam Instr.),
Y. Yang® (Cold Powering)

Project Leader: Lucio Rossi, CERN
Deputy Project Leader: Oliver Briining, CERN
Project Office Manager: Laurent Tavian, CERN
Configuration, QA, Resource Manager: Isabel Bejar Alonso, CERN
Integration: Paolo Fessia, CERN
Collaborations & Consolidation: Beniamino Di Girolamo, CERN

Budget Officer: Benoit Delille, CERN
Safety Officer: Thomas Otto, CERN

Secretariat: Cécile Noels & Julia Cachet, CERN

US HL-LHC AUP’ - USA
Project Manager: G. Apollinari, FNAL

Deputy Project Manager: R. Carcagno, FNAL

Magnet Systems
G. Ambrosio, FNAL
Crab Cavities System
A. Ratti, LBNL, L. Ristori, FNAL

KEK - Japan

LHC Upgrade Coordinator: K. Tokushuku

SC D1 Magnet: T. Nakamoto

WP6A Cold Powering
Amalia Ballarino
WP2 Accelerator Physics Vittorio Parma

Gianluigi Arduini

Rogelio Tomas Garda
WP6B Warm Powering
Jean-Paul Bumet
WP3 IR Magnets Michele Martino
Ezio Todesco |

Paolo Ferradn
WP7 Machine Protection

Daniel Wollman
WP4 Crab Cavities & RF feinerDent
Rama Calaga
Ofelia Capatina
WP8 Collider-Experiment interface
Helmut Burkhardt — Francisco Sanchez
Galan
WPS5 Collimation
Stefano Redaelli
Roderik Bruce
WP9 Cryogenics
Serge Claudet
Rob Van Weelderen
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WP10 Energy Deposition & R2E
Markus Brugger — Francesco Cerutti

WP11 11T Dipole
Frédéric Savary
Hervé Prin

WP12 Vacuum
Vincent Baglin
Roberto Kersevan

WP13 Beam Instrumentation
Rhodri Jones
Hermann Schmickler

WP14 Beam Transfer
Chiara Bracco
Brennan Goddard

WP15 Integration
& (De-)Installation
Paolo Fessia

WP16 IT String & Commissioning
Marta Bajko — Mirko Pojer

WP17 Infrastructure & Logistics
Laurent Tavian
Beniamino Di Girolamo

* In kind contributions

2 INFN Directorate

*INAV Miano LASA

“INFN Genova

* University of Manchester/Cockcroft Instiute
# Lancaster University/Cackeroft Institute

? Royal Halloway/John Adams Institute

¥ University of Southampton

? US HL-LHC Accelerator Upgrade Project

Ref. HL_WP16 IT STRING Mandate: https://edms.cern.ch/document/1513780/1

[...] THE WP16 covers the coordination
of the commissioning of the HL-LHC
equipment as part of the accelerator
system. [...] The first important system
test will be the Inner Triplet (IT)
STRING test.

The IT STRING should comprises all
magnets with their cold and warm
powering and associated cryogenics
systems from Q1 to D1 magnets
including DFX. [...] The IT STRING will
have conditions as similar as possible
to the operational ones and will
constitute an integration and system
test of the most critical part of th
upgrade.

Ref. HL_WP16 Conceptual specification
https://edms.cern.ch/document/1586706/1
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The HL-LHC IT STRING SCOPE

INTRODUCTION
In the HL-LHC configuration, the Inner Triplet (IT) region of IR1 and IR5 of the present LHC will be heavily modified.
In particular the Q1-Q2-Q3-D1 magnets will be completely different from the present LHC magnets, mainly due to the
new technology they are based. In particular the D1 magnet will be superconductor instead of normal conductors
as is today in the LHC. The IT quadrupoles (Q1-Q3) will use Nb;Sn superconductors instead of the Nb-Ti used by
the present ones.

The powering of the magnets will be with higher current than the present LHC IR magnets and will be made via a
superconducting link. The protection of the magnets based on Nb;Sn superconductor technology will be different
from the present ones (ex. CliQ and new QH) due to its particulate characteristics at low and medium field and the
high magnetic energy stored in the magnets in operational conditions.

In addition, the aperture will be much larger, the cold mass configuration will be completely different and the
corrector package will be substantially modified as configuration and technology, too.

[-..]

MAIN GOAL

The HL LHC IT STRING will be a test stand to STUDY and VALIDATE the COLLECTIVE BEHAVIOURE of the
different systems: magnets, magnet protection, cryogenics for magnets and superconducting link, magnet powering,
vacuum, and interconnections between magnets and superconducting link, alignment.
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Ref. HL-LHC IT STRING Scope https://edms.cern.ch/document/1693312/1
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Relevance for the HL-LHC IT STRING

The HL-LHC IT-String can provide relevant experience (same object as in the LHC), validation (“first time”
test) and advanced operation information on:

Magnet positioning, alignment, interconnection procedures (do not under-estimate)

Mechanical behavior of the IT continuous cryostat (Q1 to DFX) and other components (DSH, DFH)
under pressure, vacuum, cool-down, operation and warm-up

Cryogenic behavior and operation under static and dynamic conditions

= Insulation and beam vacuum static (and dynamic) behavior

=  Powering behavior of the system with Sc links, dynamic response (and associated field quality),
interaction of circuits

=  Cross talk between magnets in operation and during a quench, detection, propagation and protection of

the complete superconducting circuit

These aspects, especially the collective behavior, can only be tested
In a representative test, a so-called STRING

GOALS in parallel: Develop methods, techniques Installations

Develop tooling for Test to HWC and OP
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Develop procedures definition of Operation support  of HL-LHC




ID Card of HL-LHC IT-String

[...] a FULL INTEGRAL TEST of the equipment from Q1 till
D1 including the DFX is foreseen in the HL-LHC project, in
Test Facility name: HL-LHC IT STRING CONDITION AS SIMILAR AS POSSIBLE to the operational

Test Facility location: SM18 (b. 2173) i

Test date: 2020-2022 The IT STRING of the HL-LHC will be composed by systems
Operational temperature: 19K E;i\ggilﬁg_teﬁed individually at least in nominal operational
Operational current: 108% |, minar = 18 KA?

Magnets: Q1, Q2a, Q2b, Q3, CP, D1 o oo otiment 15867061

Cold powering: SC link (60 m or 110 m) HTS leads DFH and DFX,

Warm powering: 1 x PC 18 kA, 3 Trim Q1-Q3, 6 x 2 kA, 1 x 12 kA, 9x 0.1 kA
Water cooled cables

= Protection: CLIQ , QH and EE
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Main components and schematics

Bus-bar

agnets (D1 ,CP ,Q3 ,Q2a ,Q2b
Q1)

Beam Screens
Connection Module (DFX)

Superconducting Link (DSH)
Current Leads (DFL and DFH)

Water Cooled Cables (WCC)

Power Converters (PC) — 4
EE and Protection
Interlock and DAQ system {
[ DFL

ox120 A Power converters

H
fi

——

DSH (SC link)

12k 6x3 kKA

20 kA A
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SC link series test

Cluster F




QA AND QC
SAFETY
PROTECTION and INTERLOCKS

magnet
ELECTRICAL CIRCUIT Sc link
warm circuit [ power converters Sc bus bars

water cooled cables
- Sc current leads

Sc link
cold circuit 4 Sc splices OPERATION
Sc bus bars field reference
L magnets VACUUM el
insulation
beam
beam screen
INSTRUMENTATION AND CONTROL
0% ’ AND INTERLOCKS
i‘;:t 2 AR : = INSTALLATION, ALIGNMENT HL-LHC IT STRING
. SRR S AND INTERCONNECTIONS Sy
B Gl — The validation of the
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i collective behavior
SM18 2020-2022 cryogenics of the svstem combponents



