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WP16
HL-LHC IT STRING and HL-LHC HWC

Marta Bajko

The HL-LHC IT STRING will serve as a tesﬁ
bed [....]. The HL-LHC IT STRING should
therefore validate operational modes
[...] in view of the hardware
commissioning and operation periods in
the HL-LHC era. [...]

Extract from the Mandate of the WP16

A

. L

The present reporting is essentially

done in this ?ﬁ(ret

II 2022 2023 2024 2026 2027 2028 2029
S m———= 0 ewes DOC —
IT STRING Installation IT STRING Validation Program HWC  Training

IT STRING test will ensure a successful and efficient HWC of the HL-LHC!

1 Mirko Pojer

The HARDWARE COMMISSIONING phase should

extend its activity to all equipment that will be installed in the
insertion regions [..]. The hardware commissioning (HWC)
activity will focus on the preparation and execution of detailed
procedures [...] including their individual system tests and a
short circuit test campaign, [...] consolidated operational tools

obtaining the final validation of the superconducting circuits.
But ...IST, SCT, HWC Procedures, Software and

Control is not STRING specifique, but HL

IT STRING

Y @)

HWC

Marta Bajko , HL-LHC IT STRING Day IV the 27th September 2024
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3. Type of visits

3.1 Professional visit for CERN members

Professional visits are only for CERN personnel already involved on the IT String
construction, commissioning, and operation. Technical visits aim at checking on the field
status of the facility without execution of work. VICs or preparatory inspections prior
subcontractor’s interventions are two examples of a technical visit.

The conditions to access for a technical visit are a valid SM-18 Access and safety
training, an approved Impact request and the PPEs. Before accessing the facility, the
escort shall pass by the control room to announce him/her-self and for verifying specific

“\

N

C Ly

conditions.
Today visist’s IMPACT 236876

3.2 Professional visit with external participants

Professional visit with external participants includes professional personnel accessing
punctually the IT String not having a valid SM-18 Access and safety training. External
participants are accompanied by the visit organizer and by an IT String team member.
Examples of external visits includes personnel and professional involved on equipment
supply, equipment transport, engineering studies, safety audits.

The conditions to access for a visit with external participants are an approved Impact

request created by a CERN member of personnel qualified to organize technical visits,
ring of PPEs.|

N

See talk of D. Bozzini
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IT STRING —Increasing ACTIVITIES and SAFETY

Impact requests by group

+43 % since May 2024
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https://impact.cern.ch/impact/secure/?place=editActivity:236876
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https://cern.sharepoint.com/sites/
HL-LHC/WP16/SitePages/WP16-
Key-Roles.aspx

M

HL-LHC PROJECT

M. Parodi EN-EL
coordinator for WP16 |

A, Perin/ A. Onufrena TECRG | <(
e e )

. Otto ATS.

i D.Letant-Delrieux TE

HL-LHC Quality Office

D. Bozzinl TE-MPE

STRING Integration

A Martines Selles SCE-SAM { Platform

(

signal Cabling
AC Powering

DC Powering

_ Blanchard TE-MPE !]
STRING Control Systems:
v,
STRING Validation Program ||

(5 peteer enne {

Budget

PSR [ L oy m

v M. Bajko TE-MPE

- (5.t Maour TEMsC

|

Q2a,Q20

| WP3 Magnet and Inteconnections

D5HX \ ¥. Leclercq TE-MSC

| Wp6a Cold Powering systems

" 4 OFHX
/
/
! A Pomer Converters
WP6b Warm Powerin  ((Hvesen sveec |
WP16 HL-LHC IT owering Discomector fores |

STRING
B\ \

Proximity Cryogenics
sqr
Cyopenicconral\ —

| Cryogenic Cooling

SMI8 Infrastructure

Gas Managment System

Control Room

S.Blanchard TEMPE |

WP16 Meetings

!
@

———{__string Control Systems Meeting.

D. Bozzini
String Technical Coordination Meeting )|

( string Vasidation Program Meeting (SVPM)

(" string satety Meeting (ssm) )

4 conroisoware '\
Control Systems
\ Anatysssotware_J

} (o) |
uQos } Quench detection |

S ]

Vacuum Systems } W, Maan TESC |
[ 7.v. Barbarroux BE-GM

5\
WP15.4 Alignment )

HL-LHC Meetings
s - -~ -
( Costand Schedule Review (C&5)

WP16 members

WP7 Machine Protection

TE-MPE-SF

EN-ACE

Dep. Meetings

(" TE Technical Meeting (TETW) }——m

o HL-LHC PO

o —
Marts Bajko_mmml HC ITSTRING Day IV the 27th September 2024

{( Technical Coordination Committee (TCC)




= RoadMap---set up done by S. Yammine
= Interface---mapped by S. Blanchard

S. Blanchard , TE-MPE-SF

Coordinate the work of the Control

and Software ( new role)

S. Yammine will stay very active in the follow

up as part of the SVPM

Storage + Analysis

CONTROL AND SOFTWARE FOR IT STRING

Control

AccTesting HWC Sequencer
GUI GUI

11 [ AccTesting
Server
4

HWC Sequencer
4
[

QPs
WinCC OA

FGC

CcDB
WinCC OA

The IT STRING DAY lIl outcome justifies also this choice Gontrel.* Supervisier

Control, Analysis and Supervision Software for the HL-
LHCIT String HWC Powering Tests

HILuM ’ See talk of S. Blanchard

Courtesy of S. Yammine

Marta Bajko , HL-LHC IT STRING Day IV the 27th September 2024




TECHNICAL COORDINATOR of the IT STRING (new role)

In case of absence

D. Bozzini TE-MPE-SF S. Yammine TE-MPE-SF

Define and implement
access and control
monitoring
procedures.

Plan and coordinate Issue all necessary
authorizations,

of operational including access
maneuvers. authorizations.

Identify the person
responsible for
lockout/tagout

procedures.

Monitor the Monitor and plan the
operations carried out maintenance of the
and their progress. facility

HL-I!I% Pno.lecrc See talk of D. Bozzini

Marta Bajko , HL-LHC IT STRING Day IV the 27th September 2024



QUALITY FOR THE HL-LHC IT STRING

N. Heredia Garcia ,TE-MPE-SF dedicated new role

CONTRIBUTION DOCUMENT

SUMMARY OF WPGB CONTRIBUTION TO WP16 — IT STRING

Communication channels update
Contribution documents update

Nonconformity Repart
Cables trays for IT String WCC
WG Bwerton

Setup structure

Extraction of test steps from procedures

Slot Folder: Installation Jobs

Quality role
attributions

Attachment of test reports to MTF

Update of test steps status

Check test results values wrt procedures

Register of procedures in EDMS

TECHMICAL NOTE

1 () HL-LHC IT String 15 Ts and Short Circult Tests
1 HLLHE IT String Te: ot and Cokd Fowsring Interconnsctions WEC installation lessons learned
I (1 HL.LHG IT String i
() HL-LHC 1T String Specific Tests
(] LHE-XM1S 50020 (v1.0) HLLHC IT STRING VALIDATION PROGRAN
[ 2808419 (+.0.1) SUPERVISION CONTROL AND ANALYSIS SOFTWARE FOF
[F) 2939813 0w 1) o -— .
[2) 2858348 (1) Control applications and thei interfaces for HLLLHC IT String
[) 3008257 (v 1) String Control Room Accass Conditions ’
© () Safety IT String
I (] Schedules WP1S

AL-LAL FAUJELT ~ \ . i -
A See talk of N. Heredia Marta Bajko , HL-LHC IT STRING Day IV the 27th September 2024
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STRING VALIDATION PROGRAM

S. Yammine, TE-MPE —SF SVP Responsible ( existing role)

| No change in the communication and working methods.

A Phase | Phase Il Phaselll PhaselV PhaseV End of the

Experimental
. . Program
Tests before cooling Powering tests before TC Thermal Cycle Pow.tests \Warm-up
and 1% cool-down after TC
r >«

[@EV 0N TR &~ Ty, T oIoI'''''''oooohohooomooozo
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12] IST and SCT 3 < S 3 < s
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1.9 brrnsnnnsfrnsssssnnnnssssnnnnnnnssssnnnnnnnnnses s Q u—— O = = = o xxr s e e s s s xsnnnnnnnafinnnnnnnn s
Courtesy of S. Yammine - Powering Tests ~ String 20 Optimised t
Cool-Down for HWC Specific Cool-Down Powering Tests
for HWC

To be remarked that all documents ( IST, SCT, HWC procedures) are prepared for the HL-
LHC and will be tested in the IT STRING. As such this work is fully on the WP16 HWC part.

o : See talk of S. Yammine
HiLum y
el Marta Bajko , HL-LHC IT STRING Day IV the 27th September 2024




Same approach as in the accelerators
= Three areas, two are operational

= Traceability of interventions and associated safety risks
= Train personnel that will work in HL-LHC

IT_STRING Mezzanine
- Not active now - 2173/1-V08
- Operational

N o —

LN |

‘ || R
- -ld 4 "_ :

e

STRING SAFETY (TSO)
D. Bozzini, TE-MPE —SF SSM Responsible ( existing role!)

No change in the communication and working methods.

SM18
Building surface /
Facility
Num Floor Area / Room Name Underground
2173 R IT_STRING IT-String area Surface HL-LHCIT-String
2173 1 1506 Control room Surface HL-LHC IT-String
2173 1 1-V08 Mezzanine Surface HL-LHC IT-String
Location Tree
b g GIF
I g HiLHC
4 g HL-LHC IT-String
_____________ 2173/1-506
2173/1-V08
B 1m_straneG
I rlg HiRadMat
I rlg ISOLDE
I g LEIR
|  Close ||

Control room
-2173/1-V08
- Operational

-LHC IT STRING Day IV the 27th September 2024




HL-LHC IT STRING organization 2024
REPORTING
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Scientific secretary of WP16 Meetings
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STATUS REPORT 2024

IN THIS TALK

ls Fﬂ L“E}s [ ;24 2025 ’ E 2026 @ 2027l.s

hs a1 @2 @3 @1 a1 @2 @3 a1 a1 @2 @3 a1 a1 @2 a3

L B 2023

Itercannections
. lintartace and Shont Greult Test - Test before cooling
Cooing
Powering tests before TC
TC
I rowering woss afver TC

. Warming

{omtomrsamgrmpn
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A slide from 2023 STRING DAY lli

UPCOMING ACTIVITIES L

Remaining activities of the infrastructure
Short Circuit Test

SC Link installation

‘ Cryo magnet installation




CRYOGENIC INFRASTRUCTURE

HTS Superconducting Feedbox (DFHX)

Superconducting Link (SC Link)

. Circuit Disconnectors Control Racks

/ - Cryogenics
- Quench Protectio
- Remote Alignme

- Vacuum
- Power Interlock

Power Converter & Energy Extraction

Cryogenics Line (SQXL)

Superconducting
Feedbox (DFX)

Magnet Line, Jacks & Alignment System

iL | ’
HL-LHC PROJECT

Marta Bajko , HL-LHC IT STRING Day IV the 27th September 2024



CRYOGENIC EQUIPMENT and VSC activity

JE— A PCDS, SQXL and associated
i, o CONTROL installation including the
Cold Compressor COMPLETED;
HWC phase 1 (IST at cold
COMPLETED o $90

—

W\

Plateaus at
220 K,90 K Drift

and 50 K
‘// Warm-up
-,

Phased1: commissioning without magnets (la *®
controlled cooldown and mechanical integrity %150
validation, 1b further validation and studies (e.g. heat 100
load measurements, refined control sequences), 1c 50

CCUtest& 5K Plateau g C:pa;:slly
plateaus e

additional opportunity to validate CCU logic (nominal 0
and fast transients), mechanical consolidations 07 Nov
(TLO1 repair) and system tests
‘HiLumi ? See presentation A. Onufrena (CRG) and W. Maan (VSC)
o HL-LHC PROJECT

Marta Bajko , HL-LHC IT STRING Day IV the 27th September 2024



SHORT CIRCUIT TEST

HTS Superconducting Feedbox (DFHX)

Superconducting Link (SC Link)

el Circuit Disconnectors Control Racks

/ - Cryogenics
- Quench Protectio
- Remote Alignme

- Vacuum
- Power Interlock

Power Converter & Energy Extraction

\ .
Cryogenics Line (SQXL)

Superconducting
Feedbox (DFX)

Magnet Line, Jacks & Alignment System

iL | ’
HL-LHC PROJECT

Marta Bajko , HL-LHC IT STRING Day IV the 27th September 2024



SHORT CIRCUIT TEST: COMPONENTS

N a2\
W N

COMPLETED PO
wWeéb, WP7, WP16 delivery | )/

.............

EDMS no. 3006292

Marta Bajko , HL-LHC IT STRING Day IV the 27th September 2028
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https://edms.cern.ch/document/3006292

SHORT CIRCUIT TEST

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.

1.75e+4
1.5e+4 5 ) Y1
HOME  ALL ARTICLES  RELATED PUBLICATIONS ~  SUB! ! J’ s
T -
1.25e+4 ———" E p
)  HL-LHC Latest News e
News Topic: WP16 IT String and Commissioning & /1
)  HL-LHCon Acc. News le+4 Wi :)( &
] -2 '
H 1
7500 il
IT String - results from SQXL commissioning < Y 4T
. . . el r
and SCT, and preparations for installation of 7z 3
® 744, o X
the cold powering system ,. -
19 JUNE, 2024 | By Marta Bajko (CERN), Sebastien Blanchard (CERN), Davide Bozzini (CERN), Nicolds Heredia Garcia (CERN) & Samer
Yammine (CERN) 0 - e
The operation of the IT String represents a significant milestone for the HL-LHC Project as it is where many state-of-the-art technologies 2500
developed for the HL-LHC will operate collectively for the first time. The installation and commissioning of this unique test stand have
seen relevant achievements in recent months.
-5000
Cryogenic system tests 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00
Timestamp (LOCAL time)
The IT String cryogenic system supplying superfluid helium to the magnets is composed of the IT String Cryogenic Line (SQXL) and the
Proximity Cryogenic Distribution System (PCDS) which connects the SQXL to the building infrastructure. The commissioning of the —— RPMBG.SM18.RQSX3.5F:I_MEAS RPLBB.SM18.RCTX3.SF:|_MEAS —- RPLBB.SM18.RCTSX3.5F:I_MEAS
i < 7 % : = RPLBB.SM18.RCSX3.SF:I_MEAS RPLBB.SM18.RCSSX3.SF:I_MEAS - RPLBB.SM18.RCOX3.SF:I_MEAS
cryogenic system is divided into two main phases; Phase 1, conducted without the magnets, and Phase 2, conducted with the magnets. —— RPLBB.SM18.RCOSX3.SF:| MEAS  —— RPLBB.SM18.RCDX3.SF:| MEAS —— RPLBB.SM18.RCDSX3.SF:| MEAS
Before Phase 1, a leak tightness verification of the helium and vacuum volumes was performed, resulting in the detection and repair of a ~+ RPLAD.SM18.RTQXA1.SF:I_MEAS RPBAF.SM18.RTQX3.SF:I_MEAS == RPBAF.SM18.RTQX1.SF:I_MEAS
Sallests —— RPBAE.SM18.RCBXV3.SF:I_MEAS RPBAE.SM18.RCBXV2.SF:|_MEAS - RPBAE.SM18.RCBXV1.SF:I_MEAS
~— RPBAE.SM18.RCBXH3.SF:I_MEAS  —— RPBAE.SM18.RCBXH2.SF:|_ MEAS -~ RPBAE.SM18.RCBXH1.SF:I_MEAS
== RPAFF.SM18.RD1.SF:|_MEAS == RPAFE.SM18.RQX.SF:I_MEAS

T

y

@ iLumi § See presentation of H. Thiesen (WP6b), S. Yammine (WP16)

el Marta Bajko , HL-LHC IT STRING Day IV the 27th September 2024



SC Link Installation

WP6a delive ry HTS Superconducting Feedbox (DFHX)
Superconducting Link (SC Link)

Circuit Disconnectors

Control Racks
/ - Cryogenics

- Quench Protection
- Remote Alignment

- Vacuum
- Power Interlock

Power Converter & Energy Extraction

\ . | : &
Cryogenics Line (SQXL)

Superconducting
Feedbox (DFX)

Magnet Line, Jacks & Alignment System

e e =), [...] unique set of challenges, primarily
centered around the handling of the SC

link connected to the DFHX and its

positioning on the platform.

W‘\V

i R

Installation
and assembly @ environment

See presentation of Y . Leclerc (WP6a)
Marta Bajko , HL-LHC IT STRING Day IV the 27th September 2024
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COLLABORATIVE EFFORTS of WP16, WP6a
with the key actors of EN-HH

WP6a + WP16 team

WP6a team

Marta Bajko , HL-L



uperconducting
eedbox (DFX)

WP19 delivery

HiLumi ’
HL-LHC PROJECT

ALIGNMENT EQUIPMENT INSTALLATION

HTS Superconducting Feedbox (DFHX)
Superconducting Link (SC Link) [

Circuit Disconnectors Control Racks

/ - Cryogenics
- Quench Protection
- Remote Alignment

- Vacuum
- Power Interlock

o S— B e e S —-—

( Power Converter & Energy Extraction

\ . ‘:
Cryogenics Line (SQXL)

Magnet Line, Jacks & Alignment System

Installation started

See presentation of H. Mainaud Duarte

Marta Bajko , HL-LHC IT STRING Day IV the 27th September 2024




CRYO COLD MASS Installation

HTS Superconducting Feedbox (DFHX)

Superconducting Link (SC Link) Cireuit Disconnectors

Control Racks
/ - Cryogenics

- Quench Protection
- Remote Alignment

- Vacuum
- Power Interlock

24092024 Magnet Assessment Board Report

MAB for cryo- bly

A PO - nGunn

HCQOXF SA008-CR000001 (LMQXFBO2) ‘ergy Extraction ue
LA
Wumuumfmgf@-f,‘~'§t‘j;:::' . \ . ‘E":‘

EDMS link to ID card: hip xument 3 2
EDMS link to this bttps://edms cern ch/document'3 1642621

Consi on critical (all closed)
- NC3069797: Failing of high-voltage withstand level @100 K, 400 V between QH and coil. QH -4)
disconnected.

- NC 3092545: The QH mentioned above not tested at RT afier failing the test at 100K
MAB has assessed both NCs and fully agrees with their closure, considering that the remaining 7 QHs
fHicient Sor quanch gotection

Considerations on powering performance
- Stable operation at nominal current: OK
- Cusrent reached: Target (MQXF), Uktimate (MCBXF) ‘

- Quench localisation and voltage built-up: OK

- Splice resistance: OK

- Inductance: OK

- Quench integral and current decay: OK

- Quench heater performance: | out of 8 QHs disconnected (see NC 3069797 above) (24 Q3 Q2b Q2a QN

- QDS trips possibly linked to intrinsic magnet problems: NONE
Considerations on field quality

- Transfer fanction and field direction: OK, but field direction not measured at cold

- Field harmonics: All within specifications . .

No ssues foroperation i the IT-Sing Magnet Line, Jacks & Alignment System
Considerations on clectrical quality assurance

- Quench heater and |fn£§um oK

- coil : .

- High-voltage insulation tests: OK, except NC given above | t I | t t t d -
; = NnStallation startea.

- Cold-bore shape with unexplained peaks at the extremities

i o A. Jack installation,
N— B. Jumper preparation
e C. First Cold Mass Installed
i i i See presentation of S. Le Naour
‘HlLCLPJmI, WP3 delivery P

Marta Bajko , HL-LHC IT STRING Day IV the 27th September 2024




QZ2a cold mass installation
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COLLABORATIVE EFFORTS of WP16 , WP3
with the key actors of EN-HH

WP3 + WP16 team

WP3 team




UPCOMING ACTIVITIES

Cryo Magnet Installation

SC link and Cryo Cold masses interconnection
Control and software dry runs

QC ( leak detections and elga tests)

Cool down

IT STRING cold circuit powering test

Marta Bajko , HL-LHC IT STRING Day IV the 27th September 2024



WP16 - In Work schedule HL-LHC IT String Day IV (September 2024)

EVOLUTION of the SCHEDULE wrt the STRING day Il

IT STRING

LS3 Reference Schedule (A

LS2 YETS YETS EYETS EYETS
2021 2022 2023 2024 2025 2026 2027

Q1 Q2 03 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q

QWPQ: Components ready for IT STRING Test

Preparation of the zone

Metallic structure

{

Q4/'Ql Q2 Q3 Q4 Q1 Q2 @3 @4 Q1 Q@2 @3 Q

QWn: Last magnet delivery

(e = Delay explained by the shift of

me: Components ready forfthe IT String Test

(

Marta Bajko , HL-LHC IT STRING Day IV the 27th September 2024

ace ohd short CireyieTost [l Test before cooling

the WP3 deliveries and more
precisely by the Q1 magnet and

wee o of the CP where its horizontal
"7 test is conditioned by the longer

| e than foreseen testing of the Q3.

I Magnet installation

Interconnections

— - Cooling
Powering tests before TC

e [l

- . Powering tests after TC

4.5 months delay

HL-LHC IT String Day lll Baseline in grey




IMPACT OF DELAYS ON THE GLOBAL SCHEDULE

LS3 Reference Schedule (ACC-PM-MS-0004)

LS2 YETS YETS EYETS EYETS
2021 2022 2023 2024 2025 2026 2027 2028 2
Ql Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 O Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2
|
B I Z’Enstm;gne:de\;ﬂm . . .
o e ——— Start of Cold Commissioning
WPEB: Components ready forfhe IT String Test
\ G S| October 2025.
q : Cor ents ready for [T STRING Test | |

Preparation of the zone
Cryogenif infrastructure

Metalc ucure ! The first important results on the

T ] collective behaviour is expected at
the end of the first thermal cycle:
by July 2026.

AC infrastructurd

Control cablin

IT STRING

CV infrastructure
- Cold powering installatiof

I Magnet installation

Interconglections

B e i sort e Te ] 1 eor colng End of the String

-i el \/alidation Program by
B December-2026

Powering tests aftel

WP16 - In Work schedule HL-LHC IT String Day IV (September 2024)

‘Warming

Bl installation I  commissioning | Milestone U input

i This planning does not integrate the annual SM18 shut down period for 2025/2026, and is conditioned by the delivery of the Q1

|
jj e pa |
ww SZA Marta Bajko , HL-LHC IT STRING Day IV the 27th September 2024



PACT OF the SCHEDULE on RESOURCES for LS3

The overlap with LS3 may potentially bring us to conflicts . A study is done (and is
updated at every baseline change) , showing the needs of STRING . The document can
be circulated at each baseline change within the concerned GL at CERN.

Workload for the HL-LHC IT String

26 3
EYETS EYETS 2024-25 | LS3
“ 202324
2 - The BE-OP team has shown strong
H (sl nl wr) interest in collaborating with the
. . 5 . WP16 team. However, their active
MEMORANDUM and regular participation depends on
ANALYSIS OF RESOURCES NEEDED FOR : I I the LS3 tlmlng Our Objectlve IS to
HILHC T STRING DURING 152 I ! ensure their full presence during the
n mﬂf ctions "Optimised Powering Test."
o P o gt el byt s
E‘a‘g::“;‘:?;’.'?f:‘..;T';i;‘:!:.f'2:j’ffi:$§£:r?;°L§¥f.:211:.°:T:i:":ELi:Y:’iifﬂi:::?::‘:;ﬁ;‘.“ﬂ!§ , | Optimized |
LU | [ Poweri I
Ll | il |I ‘i' g]

01/10/2024 01/01/2025 01/04/2025 01/07/2025 01/10/2025 01/01/2026 01/04/2026 01/67/2026 01/10/2026 01/01/2027 01/04/2027
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STRING VALIDATION PROGRAM

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-LHC’s IT zone

We will be working with magnets that are not fully conforming, subject to
limitations on:

a. maximum current

b. protection aspects

This performance has been reviewed by a team of experts ( MAB).

We have a comprehensive document detailing the circuit parameters and
., the proposed operational approach within the String.

Co

for HWC

IST SCT HWC

nr of

See presentation of S. Yammine documents 9 1 8




CONTROL AND SOFTWARE FOR IT STRING

DEPARTMENTS 3 [S)zszllfelc:)atrl;)re]nt ? 3,,5!,@9,,,,%‘,,,/}{ rrrrrrrrrrrrrrrrrrr C°"”°’ o BE-CSS
GROUPS 9 €S0P (o) (g O
Scripts/Notebook 1 i i ®

Browser | © TE-CRG

| @ Tevse

o i O TE-MPE

CONTROL AND SNET\WADE XOALS + PM_y{ sigmon |»{ “Gevar oo
Development, conﬂguraﬂon 131 {0] R — e E— |
HL-LHC |

[ String |
I \eLogbook/ :

tested and optimised on the IT Strlng &
first cool down and )
| | validated at the second.

TE-MPE BE-CSS BE-ICS BE-CEM BEGM BEOP TE-CRG TE-VSC

1

CDB
WinCC OA
| Control + Supervision

m Specification ®mDevelopment ® Scrpts/Notebooks Courtesy of S. Yammine

See presentation of S. Blanchard
H> @
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This schedule would
insure the readiness
of the Control and
Software for the start
of the String HWC.

Dry runs during SCT
was helpful; the next
runs are mandatory .
Delayed test may
bring us to the critical
path.

(o

CONTROL AND SOFTWARE MILESTONES

Software
EYETS LS3 deployment and
ﬁ F‘ ’E‘ configurations
= = =
[%] v (4]

2024

o SCT & Dry Run
Software Tests

2025 2026

Applications

02, @3 Q4 Q1,02 Q3 Q4 Q1 Q2 Q3 a4 a1 *EID
3 x o O | System Tests and Commissioning ggrril;itgsuration and
PIC - 1= Vers.

" PowzerApp.anc |

’ CDB - operat|

‘Acc_Testi ng.

@ Lsaperc

- ’ QPS/Circuit Syn.-EE, PC, PIC -Oct'24 Powering Tests
’ QPS/Circuit §

¢ Controls Checkaut

iC.onfigs— R
i Cooling
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- Thermal Cycle
. Powering Tests
. Warm-up

.FR.AS - Operational Vers.-May’25
.suingMon =24 -1 \fers.
| &)vAc-Operational Vers. -March'25
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’ . HWC Seq
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| LSA DB Configs - Dec’24

’Swan Notebooks —Draft Vers. -Aug’25
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STRING OPERATION

Cold Powering TE-MSC

STRUCTURE, ROLES AND RESPONSABILITIES o ene

Equipment
Cryogenics TE-CRG

- Experts
Vacuum TE-VSC

_ Aomet 2821

Infrastructure Expert: EN-EL / EN-CV

T

Proposal already tested during cryogenics HLAHC T svig oe-cen
. . . Equipment & BE-CSS
commissioning, IST and SCT it Becs
_ Controls & TEMPE
5 core roles proposed: i [Gontrols & Software Offiesr | ¢ "0 TEvsC
. . before next test TE-CRG
= Responsible for operation BE-GM
SY-EPC

= Facility technical coordinator and safety officer = e Operatr I g TEMPE, BE-0P

Operators Cryo Operator TE-CRG
= Controls and software officer TEDH FE MP3 ’

TETM
. P2
= Test coordinator _ s

WP6a

= Quality officer ee v wPeb
e Test Coordinator P2 W7

wP9
Decision repeat, WP12
continue or modif.
of tests WP15.4
MCF

BE-OP
EN-EL

Other Groups
HL-LHC IT String EN-CV

m @\ Validation Program _
HL-LHC PROJECT ) _




COST, BUDGET

I—PV —— PV Trend (Baseline 6.12.0) —EV —AC | }—PV — PV Trend (Baseline 7.9.0) —EV —AC |
9,000
5,000 g We are @ 77% of the BA
7,000 Baseline 5.5 /—‘ 7,000 -
6,000 1] September 2022 6,000 ] Baseline 6.12 / Baseline 7.9.0
5,000 String day i Baseline 6.12 L 5000 — September 2023 September 2024
4,000 7 September 2023 § 4,000 String day Il String day IV ‘
3,000 7 String day Il REae ¥ |
2,000 2,000 - |
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?;;‘ o 07
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" Increase of the BAC from Baseline 6.12 to 7.9. he presently allocated budget for the HL-LHC |
- <1 % wrt the last year report of 7.7 % STRING (WP16) is 8.384 MCHF —only 0.72 %
the total cost of the HL-LHC project.

Metrics on the 24-Sep-2024 9
PV (kCHF) EV (KCHF) AC (kCHF) BAC (kCHF) PV Trend (Baseline 7.9.0) (KCHF) SV (kCHF) SPI (%) CV (kCHF) CPI (%) SV(t) (months)

6,447 6,365 5,971 8,383 6,447 82 " 99 394| A 107 w -0.81

T ) CERN
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SUMMARY

STRING Integration and Installation
1 Major infrastructure is in place and commissioned. The goal 2023 to perform the SCT achieved. Major component delivery : SC link and
the first magnets in place.
STRING Validation Program- Control and Software

0 Work advanced on the HL-LHC HWC procedures, together with the HL-LHC like software and control layers in 2024. Dry runs planned.
Coordination of the Control and software is challenging but so far so good.

STRING Safety

[l Safety is closely followed. On the activity/coactivity side is to remark that 67222 IMPACT request from 22 different groups are processed
or in process. The most challenging activity the installation of the Sc link system is behind us. Nomination of a technical coordinator done.

STRING Operation and Resources

[0 The Operation structure, roles and responsibilities has been defined and documented. Today is urderapproved (‘'recommendation).
Tested during IST and SCT. It is closely linked to the safety. BE-OP presence in the STRING is conditioned by the LS3 timing. Budget for
a graduate is secured in WP16 to complete the existing but reduced WP16 team. No conflict between HL-LHC IT STRING and LS3
regarding resources

Schedule

0 The start of the cold commissioning is foreseen by Jure October 2025. First important results on the collective behaviour is expected at
the end of the first thermal cycle: by May-July 2026. End of the String Validation Program is planned by August-December 2026. All these
is conditioned by the delivery of the Q1..

Budget

0 WP16 cost stays within the allocated Budget of 0.79 % of HL-LHC. The increase of BAC from last year is ##—< 1 %. 380 kCHF saving j
reported today.
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|l essons Learned:
Integration vs Installation

LEARNING: Despite having highly detailed 3D integration drawings, we
remain vulnerable in several areas: tolerance management, verification of the
‘as-built' state, and undeclared modifications. Given the dense nature of the
HL-LHC installations, it is crucial to continue refining our quality control
processes and tools.

FEED BACK : We have invested in a system that enables easy identification
of design divergences directly in the field. While this is a promising option for
conflict tracking, we still need to establish acceptable tolerances, define the
granularity of the measurements (scanners), and clarify what exactly we are
measuring and how
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Lessons Learned:
Design and Tools for installation

LEARNING: During the STRING phase, we have identified technical
solutions that could be optimized—such as water cooling, cabling,
interfaces, and tools for progressing while awaiting final equipment—for the
final HL-LHC implementation.

FEED BACK: In some cases, discussions were initiated with us directly
(e.g. water cooling, air-cooled cables, cabling quality), while in other cases,
they were based solely on documents left behind. Personally, | believe that
direct involvement in the optimization process of the HL-LHC leads to better
outcomes, rather than simply following messages presented in slides.
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Lessons Learned:
CONTROL AND SOFTWARE

LEARNING: The control systems and software are typically specified by the
equipment owner but often developed by specialized groups. Some of these
groups may place us on the critical path if all dry runs and integrated system tests
(IST) are not completed on time.

FEED BACK: Coordination is crucial, and part of its role is to drive progress
forward (with the STRING project being ahead of HL-LHC). It's essential to ensure
that for all systems, the IST and associated software are tested as early as
reasonably possible. We hope that our work on the STRING project will contribute
positively to this effort.
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Lessons Learned:
Schedule

LEARNING: Some activities took three times longer and cost three times more than
initially planned. This wasn’t due to a single team or reason. Delays in the delivery of
major equipment, which is often the case in the 'high-tech' sector and still in the
prototyping phase, fully justify the overall timeline extensions. However, alongside
these delays, even less technologically complex items experienced significant
setbacks. Trials and dry runs are essential for success. Safety measures, while
adding cost and time, ensure the necessary conditions for progress, though they
were sometimes underestimated.

FEED BACK: It's difficult to extrapolate directly to the HL-LHC, as we are likely paying
the price of being a ‘first-of-a-kind' project. While communicating delays doesn't
eliminate their impact, it has always helped by allowing us to reorganize and continue
progressing. It's crucial to extract insights from this experience, particularly regarding
the actual time spent on installation and IST, to better plan for the HL-LHC. Prioritizing
dry runs and safety measures in advance will reduce risks, minimize extra costs, an
help prevent delays in the schedule.
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|l essons Learned:

Accounting

LEARNING: | find it very challenging to track the budget and costs with the
current tools. Monitoring expenses requires parallel accounting systems, and
even then, it's difficult to gain a clear overview. I've done my best to provide a
transparent declaration of all additional costs to facilitate post-mortem
analysis, which explains the growing BAC alongside the resulting savings.
The budget distribution across various sections (with WP16 not owning all
budget codes) has led to a situation where spending transparency depends
largely on whether the responsible link person chooses to provide it.

FEED BACK: A Work Package Leader (WPL) cannot be held responsible for
expenditures that they have not personally approved. Some adjustments are
needed to align the approval routing with CERN's rules, while also adapting it
to the specific structure of the project.
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