HL-LHC project
Status @ CM #12

Oliver Briining — CERN — Project Leader
On behalf of the HL-LHC project

Uppsala — September 19t to 22"d 2022
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th HL-LHC Collaboration Meeting
UPPSALA - Sweden
19 - 22 September 2022

The 12* HL-LHC Collaboration Meeting
will take place in Uppsala, Sweden, from 19
to 22% September 2022, as an In-person
meeting.

Based on the traditional programme with
plenary and work package parallel sessions,
this meeting will serve as a technical update
forum for the 6™ Cost and Schedule Review,
planned at CERN in November 2022, and
provides the framework for additional
collaborative meetings between the project
partners.

This year, the main objectives will be -
to update all HiLumi collaborators on the
results of key HL-LHC prototypes tests, o —
highlightthe p : ade in the transition F 4l -E
from protot tion to series B 2o Sea s TR e ——
production, e all collahorators 0% /: G T, L~
on the latest schedule changes. l‘ {"l ]
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Reminder of the HL-LHC Goals

From FP7 HiLumi LHC Design Study application in 2010
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LHC / HL-LHC Plan ‘Hil_uml' ’

HL-LHC

s L52

13 TaV

135 TeV L usa e

i

Eia :'Fin-n'.-?ll_.rr._ll

lHodas Consolidalion

splice cormeolidalizn st LI Inssalisiian .
Tey 8 TeV Bullon colimalon inlraciian inrst sl ———
e — RIE projesi LT Civil Eng. M1-P4 L ETE] raduilon Lt inakallaficn

ATLAS - CMS
ar——— pgrdn S 1 ATLAS - CMS —_
l:"'"" FIH" - ~ E ﬂl'i_'.r"ﬂlll_'_-"ll el FATENE L LATR L“
- ALICE - LHCB |
% nomna Lorm l__'d__—"F—- — upgnkda I
30 fio! | EEIl  Run3started |in July EEXS More detalls n I
HL-LHC TECHMICAL EQUIPMENT: Roderik Bruce’s talk
Pﬁ‘.ﬂ [ S lid . BOATATY DR E el o SRS ETIER T

Run3 started with excellent performance

LS3 shifted by 1 year and extended to 3 years
=» HL-LHC keeps the construction schedule unchanged where possible to keep the momentum!
E il = IT String operation still scheduled to start in 2024, but with main operation period in 2025

O. Briining, 5" HL-LHC Cost & Schedule Review, November 8t 2021
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Underground Civil Engineering Excavation work was completed during LS2!
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Main civil engineering work at Point 1 (ATLAS)

Underground Surface
(Fully completed on 25 Oct’21)

@ EXISTING STRUCTURES
@ 710 BE EXCAVATED

@ ALREADY EXCAVATED
@ FINAL LINING

SF17 STATUS: 2022.09.09

. TO BE CONSTRUCTED
. COMPLETED STRUCTURAL ELEMENTS
. COMPLETED ARCHITECTURAL FINISHES

SU17

S

. TO BE CONSTRUCTED
. COMPLETED STEEL STRUCTURES
& COMPLETED CIP CONCRETE Buildings Progress [%] / deliver
J gress [%] Y Fully completed and

SF17 100% / delivered delivered by Sep’22 (+ ~1
SHM17 100% / delivered months w/r to the initial

SU17 100% / delivered contractual date)
SE17 95 % / 26 Sep’22 Pieter Mattelaer and
SD17 95 % / 26 Sep’22 Laurent Tavian
Underground 100% / 26 Sep’22

mrge——winuUal meeting 19" September 2022




Main civil engineering work at Point 1

@ EXISTING STRUCTURES
@ 70 BE EXCAVATED

@ ALREADY EXCAVATED
@ FINAL LINING
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Main civil engineering work at Point 1 (ATLAS)
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SF17 / STATUS: 2022.09.09

. TO BE CONSTRUCTED
. COMPLETED STRUCTURAL ELEMENTS
. COMPLETED ARCHITECTURAL FINISHES

Pieter Mattelaer and
Laurent Tavian
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Main civil engineering work at Point 5 (CMS)

Underground
(fully completed on 25 Feb’22)

@ EXISTING STRUCTURES
@ 710 BE EXCAVATED

@ FINAL LINING

@ 70 BE CONSTRUCTED
@ COMPLETED STEEL STRUCTURES
@ COMPLETED PRECAST CONCRETE
() COMPLETED CIP CONCRETE

. ALREADY EXCAVATED

SF57
SHM57
SuU57

SE57

SD57
Underground

Buildings Progress [%)] / delivery Fully completed and

100% / delivered
100% / delivered
100% / delivered
70 % / 01 Dec’22
60 % / 01 Dec’22
100% / 01 Dec’22

Surface

SHMS57
SF57

i STATUS: 2022.09.09

@ 70 BE CONSTRUCTED
@ COMPLETED STRUCTURAL ELEMENTS
@ COMPLETED ARCHITECTURAL FINISHES

delivered by Dec’22 (+ ~2
months w/r to the initial
contractual date)

Pieter Mattelaer and
Laurent Tavian

Jal meeting 19" September 2022




Main civil englneerlng work at Point 5
(CMS)
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@ ALREADY EXCAVATED
@ FINAL LINING

Pieter Mattelaer and
Laurent Tavian



Main civil engineering work at Point 5

Pieter Mattelaer and | V' sTaTUS: 2022.09.00
Laurent Tavian \. & oo savers
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Technical infrastructures in the delivered
buildings

» Sectional doors

» Cranes

» Cable trays

» Lighting

» Ventilation system

» Primary water system




International Collaboration

Connection to LHC (UL)
Service gallery (UR)
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International Collaboration

Connection to LHC (UL)
Service gallery (UR)

QAWML X S

Cancellation of several Contracts with Russia due to accumulated delays = Plan B implementations

HiLumi ’
HL-LHC PH[]J_ECT -
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The MS region with in-kind contributions

UA gallery

@[ Service cavern
M
|
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(BBLR) e

Crab cavities

Gollimators

Cancellation of several Contracts with Russia due to accumulated delays = Plan B implementations
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The MS region with in-kind contributions

—

1

UA gallery

Overall reduction of in-kind contributions from ca. 129 MCHF to
95MCHF with cancellation of Russian agreements
- W—

=>» Still pursuing additional contributions but it is getting rather late in
04 the game!

(BBLR)

= HEL & Dilution Kicker descoped from HL-LHC project

=» 12 Collaboration Board meeting Tuesday, 20.09.2022

Cancellation of several Contracts with Russia due to accumulated delays = Plan B implementations
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Timeline: Main Milestones in 2021  ore details in
November 2021: HO corrector manufacturing finished and assembly started ./ Varco statera's talk




Timeline: Main Milestones in 2021 More details in

November 2021: HO corrector manufacturing and assembly completed v Srefano Redaelii's talk
November 2021: Shipment of second RFD cavity from CERN to the UK /
November 2021: CERN C&SR #5 =» endorsement of presented budget update

+14.2MCHF CtC increase & [30MCHF to 60MCHF exposure warning] v/

November 2021: Installation of two Goniometers with Crystal Collimators in the LHC v
V , ' ‘- b, / 597 J > /_;-‘/,_’;' ~




Update

=l

on RFD Cryo-Module

[

g - Cryo-Module on critical path for SPS
installation during YETS 2022/23!

= Decision to delay installation until 2023/24

-----



Timeline: Main Milestones in 2022

January 2022: MQXFAO0S fails to reach nominal current in vertical test [after performance limitation
of MQXFAO7 in September 2021] =» coil manufacturing review [both magnet coils were produced
during COVID years] v

February 2022: full validation of DQW pre-series bare cavity build in industry /
February 2022: Critical non-conformity of MQXFAQ9 =» requiring disassembly v/
March 2022: DFX Cryostat delivery to CERN




DFX Cryostat

Completed pre-series DFX by SOTON (UK1) !
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CERN-UK1 coIIaborati'omn under addendum #4
of KE3299/TE/HL-LHC

Design, Manufacturing, QC & CE certification
under the responsibility of Southampton
University

PRR 3 March 2020. 1.5 intense years from ra
material procurement to completion of
gualification and CE certification by notified bo

Completed in March 2022 at LTI Metaltech
delivered to CERN
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Timeline: Main Milestones in 2022

January 2022: MQXFAQS fails to reach nominal current in vertical test [after performance limitation

of MQXFAO7 in September 2021] =» coil manufacturing review [both magnet coils were produced
during COVID years] v

February 2022: full validation of DQW pre-series bare cavity build in industry /

February 2022: Critical non-conformity of MQXFAQ9 =» requiring disassembly v/

March 2022: DFX Cryostat delivery to CERN

March 2022: Cold-Mass assembly of D2 and nested Canted Cosine Theta corrector magnet v
May 2022: Endurance Test on MQXFAO5: 50 quenches, 5 TC = magnet remains @ nominal! v/

May 2022: Test of MCBXFBP2c at CERN in SM18 =» reached full operation range at 7.5TeV
equivalent current! v




D2 Cold-Mass Assembly

Srommy 8 0w e
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MCBXFBP2c: Cold Powering tests results

. . . . . . 2/25Tm
Design iteration on length of the inner coil produces successful performance increase! 2.0
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Inner dipole (kA)
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] ) Outer dipole (kA)
More detalls In
Fernando Toral’s talk
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Timeline: Main Milestones in 2022

January 2022: MQXFAQS fails to reach nominal current in vertical test [after performance limitation
of MQXFAO7 in September 2021] =» coil manufacturing review [both magnet coils were produced
during COVID years] v

February 2022: full validation of DQW pre-series bare cavity build in industry /

February 2022: Critical non-conformity of MQXFAQ9 =» requiring disassembly v/

March 2022: DFX Cryostat delivery to CERN

March 2022: Cold-Mass assembly of D2 and nested Canted Cosine Theta corrector magnet v
May 2022: Endurance Test on MQXFAO5: 50 quenches, 5 TC = magnet remains @ nominal! v/

May 2022: Test of MCBXFBP2c at CERN in SM18 =» reached full operation range at 7.5TeV
equivalent current! v

May 2022: PRR of US Crab Cavity Ancillaries production [HOM and pickup field antennas] v
June 2022: Finance Committee approval of Industrial contract for IP1 and IP5 refrigerators
ca. +30MCHF CtC = [C-MAC!] vV

July 2022: Successful vertical test of MQXFA10 v

August 2022: Cryostating of MQXFAO03 and MQXFAO04 started following a review of the
pressure vessel requirements and specifications



Update on MQXFA Cryo-Module Assembly




Update on MQXFA Cryo-Module Assembly




Timeline: Main Milestones in 2022

July 2022: Canted Cosine Theta Corrector production at BAMA in China =» lteration on
former grooves and assembly and impregnation procedure: CB09 and CB12 train faster v/

CERN Magnet MCBRDP4 also performs well!
Training History of the HL-LHC CCT Coils
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Timeline: Main Milestones in 2022

August 2022: MQXFBP3 test @ SM18:
Re-welded cold-mass from MQXFBO1 with lower pre-stress of Stainless Steel shell

But still using coils from
early 2020!

MQXFBP3 natural quenches
Tests are still ongoing and results are not yet final!

(Y
co

Reached nominal+300A 17 5min gk _i/Sh
after 1 quench v/ I PR, —— Ultimate current
- < & Target t
=» Held nominal +300A for 8h v = STeet CHren
S S 15 Nominal current
Showed a limitation at 4.5K E ] o 19K 20A/s
Returned to nominal+300A H 2 B 45K 20A/s
without quench after TC v 13 : A 45K 50A/s
- i = - h )
= Held nominal+300A for > 4.5h § 12 - No quench, 1.9 K
0 2 4 6 8 10
= Quench #

More details in
Ezio Todesco’s talk

g 19" SOPNERC" 2022



Timeline: Main Milestones in 2022
End Summer 2022: cold test of 4" CERN MCBRD prototype [D2 corrector]

Short sample at 19 K

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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200

A Ap. 1 quench ® Ap 2 quench%
100 S = Ap_ 1 reached —Ap.2reache¢;i
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End Summer 2022: Cold test D2 Cryostat in SM18 ¢ . a5 % B B5e o8 b @

End Summer 2022: cold test of first completed EeSTRCERN Quench number

LQXFA cryostat & FNAL, pending assessment of welding issues
Fall 2022: delivery of D1 Prototype to CERN

Fall 2022: Cold test of MQXFBO02 in SM18 [still using coils from 2020!]
Fall 2022: Completion of HL-LHC Civil Engineering work

YETS 2022 / 2023: completion of the Crystal Collimator installation in the LHC




Timeline: Main Milestones in 2022

Triplet Collimator Prototypes
TCTCPXH / TCLPX by Fall 2022

Collimator actuation system VD L R T (s,

Francois-Xavier Nuiry CO”'@aB'FL(J)nﬁngt@guA%Hdgﬁnlw %\% 19t September 2022







Timeline: Main Milestones in 2022

Beam Screens:
End 2022: First Q2 type Beam Screen for the corrector package
Mid 2023: First D2 type Beam Screen

End 2023: First Q1 type Beam Screen [e———

Cedric Garion
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Vi

Longitudinal laser welding Fixed point laser welding Laser cutting simulation




SPS Test Program for CCs

= The DQW module (2021 & 22 & 23). Still in the planning:

= Demonstrate max stable voltage (nominal required 3.4 MV)

= Continue Emittance growth studies to understand the x3-4 discrepancy
observed in 2018 between measurements & simulations

= Intensity reach up to 4 batches of 72 bunches with LIU intensities —
only possible in 2022 and beyond

= Study instability limits caused by main CC mode?

= Swap to RFD module delayed until 2023-24 YETS. Validation
program:
= Max voltage, impedance, cavity alignment & operational aspects
= Measurement of crabbed beams jitter & potential feedback
= uTCA development & deployment for crab LLRF (presently on VME)

O. Briining @ Annual meeting 19" September 2022



Magnet Testbenches
SRF Section
Cold-powering Test Area
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Vertical Test Stands




Upgrade activities: Cold Powering

System test main equipment:

DFX — SM18 pre-assembly
DFHX — SMI2 pre-assembly
Cu current leads — Bld 100
HTS cable — in manufacture
Sc link cryostat — Flex building
Sc link cable — Bld 927
CL heater rack — SM18
QDS racks — SM18
CFB shuffling module — SM18

Patch Panel Assembly:
Support structures - installed
CRG helium panel - installed

WCC - installed,
WCC cooling - ongoing
ACC installed,
Signal cabling installed,
Cu parts PPl installed

IP2X cage - in manufacture

Cu parts 18kA busbar - delay | .

Patch Panel is taking shape....
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More details

B ]

in Marta Bajko’s
o 55 presentation
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New IT String Schedule

More details
iIn Marta Bajko’s
presentation

IT STRING

coincides with the start of LS3.

WP16 - Baseline - C&S review - 2021

The end of the IT String experience

Installation Commissioning

| Milestone

D Input

P!

LS2 YETS YETS YETS EYETS LS3
2022 2023 2024 2025 2026 2027 2028 2029
Ql Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 a4 a1 QZ‘QS‘OA a1l QZ‘QS‘QA QI‘QZ Q3 a4 a1 0.2‘(13\(14 QI‘QZ Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2
Co - B § .
A (|t The Cold powering delivery is delayed by an additional month, following
7 | <l“"°“""‘ the SCR becoming officially available from the 13" of September.

AC nfrastructur

DC connection

Cold

p—

rcuit Test .

: Rack instJIIario

Control cabling installation

CV infrastructure

Cryogenic infrastructure + commissioning without magnets

Delays caused by covid war and non conformities

n

The critical path is driven by
the delivery of the last magnet to the
String. It is shown in red. The next
critical item is the Sc link delivery and
installation.

powering installation
lagnet installation

Interconnections

Test before cooling

Powering tests before TC
TC
Powering tests after TC

Warming
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Seeing the light at the End of the Tunnel
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Project is on

, Passed %2 Point in terms of Project Spending and EVM! trac_k for :

| Series production

| Congratulations to all teams, Collaborators and Work Packages! of HL-LHC
components
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End Transparencies
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SM18 upgrade project — Scrutiny outcome

Important upgrade of CERN’s SM18 test facility is required to allow for the testing of (pre-)series
magnets, current leads and cold powering systems (sc links and feedboxes) for the HL-LHC project
A Scrutiny group equest, assure
conformity with n ith needs beyond
the HL project sco

Detailed report a ess of technical

choices while make A el CIE=TeRETAIT VIR (] @Si il MR oIS C U RO RC ERIEL RO |ity assurance and
extend well into 2025

Updated schedule for magnet availability for IT String Test!

cost sharing
DMR on the impl

2637180/1.0

Safety box

Modified sleeve
Cluster G/ fixed point

IFS exit

DDFX style
supports

Helium bypass
Entrance flange CL length adaptors \
CL fixed point, tilt and move

- 4
s i & % gl

H/‘—j' Lo HTS current lead testing Test station for sc link and feedboxes Magnet test benches
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https://indico.cern.ch/event/1054828/
https://edms.cern.ch/document/2637180/1.0

WP3 - Magnets for insertion
regions

‘WP4 - Accelerating cavities
and RF systems

WP5 - Collimation

WP6A -
Cold Powering

WP6B - Warm Powering

WP7 - Machine Protections

‘WP8 - Collider Experiment
interface

WP9 -
Cryogenics

LS2 critical path

WP11- 11T DS dipole

W12 - Beam Vacuum

WP13 -
Beam Diagnostics

WP14 - Beam Transfert &
Kickers

WP 15.2/3 De(-Installation)

W15.4.3/4 - Survey

WP16 - IT Srting &
Commissionings

WP17 - Technical
Infraestructure

‘WP17.1 - Civil Engineering

+

WP18 - Control Technologies

\ ¥

UPGRADE

I

MINOR WORKS ﬂ _ DEVELOPMENT .
. Bruning @ Annual meeting 19" September 2022

Ls2 YETS YETS Ls3
2019 2021 2022 2023 2024 2025 2026 2027
Q - ~ & ~ ~ - g Q4 al Qz a3 Q4 al Q2 a3 Q4 al Q2 a3 Q4
NN E D EEE

LS2 critical path:
- 11-T dipole assembly,
test and installation

LS3 critical path:

- QXF assembly & test
— - D€iNnstallation

- Vertical core

excavation

- Installation

- Commissioning

LS3 critical path



Added Scope since C&SR 2019
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Collector solenoids
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