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STRING test stand for the HL-LHC IT @ CERN

M. Bajko TE-MPE-SF/HL-LHC WP16
On behalf of the SF section and WP16 team

5th SMTF and 3rd IDSM Workshop in Bad Zurzach, April 2025

Integration by. A. Kosmicki
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OUTLINE

ÁHL-LHC IT STRING TEST STAND SCOPE

ÁHL-LHC IT STRING TEST STAND DESCRIPTION

ÁSTATUS- PERSPECTIVES

ÁSTRING Integration and Installation

ÁSTRING Validation Program

ÁSchedule 

ÁConclusions-Summary

Marta Bajko , CERN for the 5th SMTF and 3rd IDSM Bad Zurzach 2025
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The HL-LHC IT STRING 

an unique and temporary test stand @ CERN

Marta Bajko , CERN for the 5th SMTF and 3rd IDSM Bad Zurzach 2025



HL-LHC 

IT STRING 

organization
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The HL-LHC IT STRINGwill deliver the first 
complete experience of installing and 

operating the HL-LHC IT zone

The scope of the IT STRING is to represent, as best as reasonably achievable

in a surface building, the various operation modes to STUDY and VALIDATE

the COLLECTIVE BEHAVIOUR of the different systems of the HL-LHCôsIT

zone (magnets, magnet protection, cryogenics of the magnets and of the

superconducting link, magnet powering, vacuum, alignment, interconnections

between magnets, and the superconducting link itself).

The HL-LHC IT STRING Scope

Ref. HL-LHC IT STRING Scope https://edms.cern.ch/document/1693312/1

Marta Bajko , CERN for the 5th SMTF and 3rd IDSM Bad Zurzach 2025

https://edms.cern.ch/document/1693312/1
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HL-LHC IT STRING a reproduction of HL-LHC P5L
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HL-LHC IT STRING in the SM18

STRING area

Magnet test 

cryostats

Cryogenic 

infrastructure

RF test zone

Horizontal 

benches for 

cryo magnets

SC link system 

test bench
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THE NEW TECHNOLOGIES OF THE IT STRING 
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DFHX

LEARNING DURING INSTALLATION?

Water-Cooling distribution in
two possibleconfigurations.

This is the first time that the individually-tested magnets will be interconnected, following the procedures 
which had been defined for the new HL-LHC inner triplet

Validation of theassembly procedures of of 
the DFX and its interconnection with the 
DCM.

Validation of the routing of the SC 
link, also of the WCC

Validationof the handling of
the SC link system: of the
conjoined DFHXand SClink
together.

DCM

DFX

D1

D1

Q1
Q2b

CP
Q3

Q2a

Validationof the procedures,the time duration and of the spacerequirementsfor
the installation/ Mainly regardingthe interconnection of the Magnets,(including
the splices), the QXLandthe N line.

Marta Bajko , CERN for the 5th SMTF and 3rd IDSM Bad Zurzach 2025



logo

area

LEARNING DURING STRING HWC AND OPERATION
Ex. Validation of the new POWERING AND PROTECTION STRATEGIES

VALIDATE the new poweringscheme:  
ex. new decoupling algorithm 
parameters for the circuit nested 
control and the new FGC parameters 
for the HL-LHC IT circuits. 

Ex.  of flux jumps recorded during individual model magnet 
test

Define thresholds and validate  the quench 
detection considering  cross-talk among 
circuits and flux jumps, in order to increase 
the availability and reduce the amount of 
false triggers in both  HWC and in the 
operation while keeping a suitable quench 
detection scheme. 

Flux jumps

Validate the protectionstrategy 
combining CLIQ and QH

Circuit 2

Circuit 4
Circuit 3

Circuit 1

Circuit 1

Circuit 3
Circuit 4

Circuit 2

Validate the energy extraction 
with the new technology

Validate the Interlock system 
for machine protection.

Validate the new hardware, software 
and procedure for the HL-LHC ElQA

Check how the SYSTEMS TOGETHER can be 
ŎƻƳƳƛǎǎƛƻƴŜŘΧόŀƭǎƻ ƛƴŎƭǳŘƛƴƎ WCC 
performance, CV circuitry, cryogenicsetc

Ground to Cold mass 
transfer function 
validation (vibration 
measurements)

Marta Bajko , CERN for the 5th SMTF and 3rd IDSM Bad Zurzach 2025
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STATUS of the INSTALLATION

Marta Bajko , CERN for the 5th SMTF and 3rd IDSM Bad Zurzach 2025
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PowerConverter & EnergyExtraction

SuperconductingLink (SC Link)
Control RacksCircuit Disconnectors

Cryogenics Line (SQXL)

-Cryogenics

-Quench Protection

-Remote Alignment

-Vacuum

-Power Interlock

HTSSuperconductingFeedbox(DFHX)

Superconducting

Feedbox (DFX)

Magnet Line, Jacks & Alignment System

STATUS of the CRYOGENIC INFRASTRUCTURE
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PowerConverter & EnergyExtraction

SuperconductingLink (SC Link)
Control RacksCircuit Disconnectors

Cryogenics Line (SQXL)
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HTSSuperconductingFeedbox(DFHX)

Superconducting
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STATUS of the CRYOGENIC INFRASTRUCTURE



CRYOGENIC EQUIPMENT
PCDS, SQXL and associated CONTROL installation including the Cold Compressor 

and he GMS for the DFHX all  COMPLETED

Marta Bajko , CERN for the 5th SMTF and 3rd IDSM Bad Zurzach 2025

TL05

Gas management panel

Warm Quench Buffer

2 x 15 kW heaters

Gas management DFHX

SQXL

SQXL

Number if items/assemblies tracked : >1000

Instrumentation: 376 items with 190 not in magnets & cold powering

Å Thermometers :  227 with 81 not in mag. & cold powering

Å Valves : 185 total, 31 cryogenic



CRYOGENIC EQUIPMENT COMMISIONING

Marta Bajko , CERN for the 5th SMTF and 3rd IDSM Bad Zurzach 2025

After repair 

(Phase 1c)
Before repair 

(Phase 1b)

During  repair 

(between Phase 1b and 1c)

Phase 1a: Mechanical integrity validation during  

controlled cooldown (2023)

Phase 1b
Thermal performance validation: 6 g/s (cold powering) + 300 

W at 1.8 K (magnet cooling) Ÿ allows to operate the magnets; 

Heat loads on TL01 was 10-20 W higher than expected ; Cold 

compressor (CCU): Repairs performed and validated while 

the planned logic demonstrated lack of maturity (2024)

Phase 1c
CCU control logic validation; Thermal characterisation 

of the system (TL01 repair validation); Further heat load 

and system cooling capacity  assessment (2024)

The cryogenic 

system has a 

sufficient cooling

capacity to keep the 

magnets at 1.9 K Ÿ 

system has been 

validated for the IT 

String operation
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PowerConverter & EnergyExtraction

SuperconductingLink (SC Link)
Control RacksCircuit Disconnectors

Cryogenics Line (SQXL)

-Cryogenics

-Quench Protection

-Remote Alignment

-Vacuum

-Power Interlock

HTSSuperconductingFeedbox(DFHX)

Superconducting

Feedbox (DFX)

Magnet Line, Jacks & Alignment System

WARM POWERING SHORT CIRCUIT TEST 



AC network, WCC, ACC, CDB, PC, EE, PIC, WC all in COMPLETED

THE IT STRING WAR POWERING

Marta Bajko , CERN for the 5th SMTF and 3rd IDSM Bad Zurzach 2025

EDMS no. 3006292

Safety Inspection

THE IT STRING: an ELECTRICAL INSTALLATION

https://edms.cern.ch/document/3006292


SHORT CIRCUIT TEST (SCT)

Marta Bajko , CERN for the 5th SMTF and 3rd IDSM Bad Zurzach 2025

The steps executed during short-circuit tests included the validation of interlocks, the tuning of control

loops, the discharge of the energy extraction system and power converter, and the 8-hour heat run test

for thermal validation.

This last test required the 

simultaneous powering of all 

circuits at ultimate current for 8 

hours, which has been 

achieved
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PowerConverter & EnergyExtraction

SuperconductingLink (SC Link)
Control RacksCircuit Disconnectors

Cryogenics Line (SQXL)

-Cryogenics

-Quench Protection

-Remote Alignment

-Vacuum

-Power Interlock

HTSSuperconductingFeedbox(DFHX)

Superconducting

Feedbox (DFX)

Magnet Line, Jacks & Alignment System

STATUS of COLD POWERING

[é] unique set of challenges, primarily 

centered around the handling of the SC 

link connected to the DFHX and its 

positioning on the platform. 
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Sc Link INSTALLATION IN THE IT STRING

Marta Bajko , CERN for the 5th SMTF and 3rd IDSM Bad Zurzach 2025



PowerConverter & EnergyExtraction

SuperconductingLink (SC Link)
Control RacksCircuit Disconnectors

Cryogenics Line (SQXL)

-Cryogenics

-Quench Protection

-Remote Alignment

-Vacuum

-Power Interlock

HTSSuperconductingFeedbox(DFHX)

Superconducting

Feedbox (DFX)

Magnet Line, Jacks & Alignment System

STATUS of ALIGNMENT EQUIPMENT

Installation started with the 

A. Jackôs positioning 

B. WPS cable (WP19)

C. FRAS  (OF deployment) 

Marta Bajko , CERN for the 5th SMTF and 3rd IDSM Bad Zurzach 2025
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PowerConverter & EnergyExtraction

SuperconductingLink (SC Link)
Control RacksCircuit Disconnectors

Cryogenics Line (SQXL)

-Cryogenics

-Quench Protection

-Remote Alignment

-Vacuum

-Power Interlock

HTSSuperconductingFeedbox(DFHX)

Superconducting

Feedbox (DFX)

Magnet Line, Jacks & Alignment System

STATUS of CRYO COLD MAGNETs
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PowerConverter & EnergyExtraction

SuperconductingLink (SC Link)
Control RacksCircuit Disconnectors

Cryogenics Line (SQXL)

-Cryogenics

-Quench Protection

-Remote Alignment

-Vacuum

-Power Interlock

HTSSuperconductingFeedbox(DFHX)

Superconducting

Feedbox (DFX)

Magnet Line, Jacks & Alignment System

CRYO COLD MASS Installation

Status

A. Jumper connections done

B. All Cold Masses but one installed
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Q2a cold mass installation by the transport teams

Marta Bajko , CERN for the 5th SMTF and 3rd IDSM Bad Zurzach 2025

An extraordinary milestone 

of the WP3 team
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STRING VALIDATION PROGRAM

Marta Bajko , CERN for the 5th SMTF and 3rd IDSM Bad Zurzach 2025

The scope of the IT STRING is to represent, the various operation modes, to STUDY and 

VALIDATE the COLLECTIVE BEHAVIOUR of the different systems of the HL-LHCôs IT zone.

Another key motivation is to test and optimize the QC plans, IST, SCT and Powering Test 

procedures to prepare to a smooth LS3 

Courtesy of S. Yammine

We are here, 

overlapped 

with 

Installation 

and 

assembly

type of document nr of document

IST 9

SCT 1

HWC 8
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3
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6
7

CONTROL AND SOFTWARE

Specification Development Scrpts/Notebooks

CONTROL AND SOFTWARE  FOR IT STRING

Marta Bajko , CERN for the 5th SMTF and 3rd IDSM Bad Zurzach 2025

DEPARTMENTS 3

GROUPS 9

Specification 5

Develeopment 7

Scripts/Notebook 1

Development, configuration are for 

HL-LHC 

Test and optimised on the IT String 

during the first cool down and 

validated at the second.
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CONTROL ROOM

HL-LHC IT STRING CONTROL ROOM IS OPERATIONAL


