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The HL-LHC transformation has started!

LHC Pagel Fill: 12029 E: 0 GeV 29-06-26 13:59:57

SHUTDOWN: NO BEAM

BIS status and SMP flags
Comments (27-Jun-2026 05:52:15) Link Status of Beam Permits
Global Beam Permit

o Setup Beam
So long LHC and thanks for all the collisions!

Let’s follow the road to HiLumi LHC Beam Presence

Moveable Devices Allowed In
Stable Beams

AFS: 25ns_1916b_1909_1042_1560_112bpi_20i8bde URSI 1NN ENABLED USRS ENABLED




LHC Performance
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CMS 2010, 7 TeV, 45.0 pb™

2011,7 TeV, 6.1 fb™
2012,8 TeV, 23.3 fb™
2015, 13 TeV, 4.3 fb™
2016, 13 TeV, 41.6 fb™
2017,13 TeV, 49.8 fb™
2018,13 TeV, 67.9 fb™
2022,13.6 TeV, 41.5 fb™
2023, 13.6 TeV, 32.7 fb™
2024, 13.6 TeV, 122.2 fb™
2025, 13.6 TeV, 125.7 fb™
2026, 13.6 TeV, 33.1 fb™
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= almost 550fb-! over 12 years of operation = over 500fb-! at 13 TeV or higher energy with

almost Why stop the machine and Upgrade now?




LHC Lifetime Limitation:
Debris from the IP & Radiation damage to magnets!

peak dose longitudinal profile ( _ e
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within 10 years of operation within the lifetime limit

of new triplet magnets
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HI.-LHC technology challange: Radiation hard triplet magnets

Tungsten blocks

Need to replace existing triplet A
magnets with radiation hard system
such that the new magnet coils
receive a similar radiation dose @ 10

> |Requires larger aperture!
> INew magnet technology!

> 70mm at 210 T/m =>»150mm diameter 140 T/m =>» Longer magnets
8T peak field at coils =» 12T field at coils (Nb;Sn)!!! =» New Superconductor

gc
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Development Timescales for Magnet development!!!

High Field SC Magnets

Central field (T)

Dipole Field for Hadron Collider
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© Nb-Ti operating dipoles; ® Nb3Sn cos9 test dipoles

High

Lumincsity

LHC

® Nb3Sn block test dipoles ¥ Nb3Sn cos3 LARP QUADs

Ca. 30 vyears of Nb-Ti
magnet R&D leading up to
the LHC dipole magnets!

Transition from Nb-Ti to
NbsSn:  required  similar
length of R&D!

HL-LHC led the R&D for 11-
15T magnets based on
Nbs;Sn technology:

=» Started in early 2000
= 15-20 years R&D program

= Ready for installation
by 2025

= Ready for operation
by 2029

ca. 30 years of
development!!!

In addition, the HL-LHC accelerator needs to be a highly reliable and efficient machine!
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NEW TECHNOLOGIES FOR THE HIGH-LUMINOSITY LHC Series production close to

completion in Industry
Cryo-assembly ongoing

Technology

CIVIL ENGINEERING “CRAB” CAVITIES
2 new 300-metre service 16 superconducting “crab” cavities for
tunnels and 2 shafts near the ATLAS and CMS experiments to
ATLAS and CMS. tilt the beams before collisions.

Landmarks \

Super Conducting
Separation /

, Recombination

Finished in 2023 X » < dipole magnets: D1 & D2

Upgrade of the Injector
Complex = LIU project

/ : collars

: i ETS 1 sleeve
Implemented during Magnet series i ’
LS2 = increased beam : production finished gl

intensities as of 2022 and cryo-stating g
W close to

completion
Complete & A
Prototype System -

validated in 2024 F e Successfully

9 Serles ctrical transmission lines based on a high- 2 . D 1 /D2 Mag netS

perature superconductor to carry the very ] d e p | Oyed N
H igh DC cu he ma f h
prOd uction close gering s;s:re?:\‘;si;Zttaueeéning;?snerv?/rzérveice /2 SyStem al ready Pb-Pb ope ration
. tunnels near ATLAS and CMS. I .
to completion installed for Run3 since 2023
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SS shell

required for LS3
installation already
e . delivered to CERN

N February 2024



Civil Engineering and new galleries
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Infrastructure installations in HL galleries
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Cryogenlc distribution line installations |n new galleries
Phase 1 XA mstallatlon comple ed in
Pti\andp Rssure tests one Le ktes

Cryoge i€ distribution lines Pt1

QXL in the tunnel
(175 m)

Video: Ptl Refrigeration system installation
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https://cernbox.cern.ch/s/JutuyG1sYKGGZlr
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Video: Pt1 Refrigeration system installation
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https://cernbox.cern.ch/s/JutuyG1sYKGGZlr

Cold Powering System

/ 6 Requires transport of
over 100kA over a distance
of ca. 100m

=>» Requires a
superconducting
powering system to avoid
excessive Ohmic losses

; }JPower converters:

{ (60, 120, 200) A
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Alidation of complete Superconducting link system in 2024

he flexible, double-wall, corrugated cryostat comprises 19 MgB,, superconducting cables in a single assembly,
twisted together to form a compact bundle. These 19 superconductlng cables can transfer altogether a DC
' current of about 120 kA at ~20 K. ~ "
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LS3 started for [almost] all accelerators by now

2026 2027 2028 2029 2030

LHC
NA
SPS
PS
ISOLDE
PSB
L3
L4
CTD
(Re)Commissioning -Operation -Year End Technical Stops
We are here
LS3 start Injectors Operation restart LHC restart
= CTD: 02.06.2025 v = L4 March 2028 = 1stsectors cooldown: Early 2029
= |SOLDE: 08.12.2025 v = PSB: May 2028 = Final HW Com (P1&5): January 2030
= LHC: 29.06.2026 v = PS: Aug 2028 = Caverns closure: Mid May 2030
= Injectors: 31.08.2026 v = SPS: April/May 2029 = Beam valves opening: End May 2030
= |3: 30.11.2026

NA stands for North Area, CTD for CNGS Target area Dismantling
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HL-LHC LS3 Schedule: 47 very busy months

Q2 2026

Long Straight Section [LSS]
dismantling after cryo lockout
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Cabling dismantling

Core excavation (LHC side)

Cabling installation
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4 months in - Excellent start into LS3: Beam vacuum dismantling

1372 =890 m

Component distribution by category

Warm module

Support

Gauge

Chamber

Pump

Valve

Sector valve

NEG Cartridges

0 50 100 150 200 250 300 350
Number of components

Cutting Chambers Empty Tunnel

RP Waste

Heavy handling and logistic
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Recovery of vacuum components
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Start of de-installation of cold elements




De-installation of cold elements: first triplet magnet removal [Q3]

=G ey
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Cryo Distribution Line and complete Triplet removal
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Dashboard Long Straight Sections Point 1 and Point 5

< Back to report ‘ LHC LSS1&5 - PROGRESS: 20% - VARIANCE: 7% - DELAY: 0 DAYS - WP = ALL
Baseline 1 (02/06/2026) - - - ' Forecast Achieved
30%

LS3 start: 29/06/2026
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Increasing focus on Installation s
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A key step towards the HiLumi era
of the LHC is what we call the

: a full-scale test of
the new superconducting magnets and
powering systems including alignment
systems

POWERING TO TARGET WITHOUT TRAINING
-@ RQX circuit reached target current without training.
Several 12 h plateaus of all combined circuits successfully

achieved. Operation cycles completed and protection
mechanisms worked as expected. Mifilg= 2 Bsiag [d8SI@NEdcalerator Cod

POWER CONVERTERS STABILITY
Converters demonstrated excellent stability of 0.7 ppm
over 12 h.

CRYOGENIC PERFORMANCE DURING HIGH-ENERGY QUENCH
38 MJ of energy successfully dumped into the bath.

Cold mass pressure remained < 20 bara and maximum

temperature reached 35 K.

RECOVERY OBSERVATION
Recovery time after highest-energy quenches is longer

IT string Operation Highlights

1. PROTECTION 2. FUNCTIONAL 3. PERFORMANCE 4. INTEGRATED 5. NOMINAL
CHECKS * TESTS Y RAMP-UP - OPERATION Y ENDURANCE
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MAGNET MOTION UNDER POWERING
Controlled movement of magnets up to 100 um while
powering to nominal current was successfully performed.

than initially predicted.

Phase 1 program completed ahead of schedule: second cooldown after TC completed

O. Bruning CERN Ac

23 FEB 2026 10 APR 2026 APRIL 2026 APRIL 2026 8 JULY 2026 19 JULY 2026 17 AUG 2026 OCT - DEQR02¢ END DEC
Coold: Cryogeni Alignment Progressive Nominal Hardware String specific Thermal (lycle Final
to 19K commissioning at cold powering current Commissioning tests (Run {) Warm-up
and testing performed of all circuits reached pleted pleted
campaign ended started
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Magnet production and busbar systems

The series production of the magnets for HL-LHC is approaching completion across the entire collaboration
All magnets required for HL-LHC installation that undergo vertical testing have now been qualified, and 70% of the cryo-assemblies
containing new magnets have been completed.

: Qualified Test ongoing : Cryostating : Cold mass assembly

v v v

= Busbar system redesigned based on IT-String feedback.

. Key features already implemented during the IT-String repair - Positive
results so far: system performs as expected

m Production on track:
- Cable produced and insulated at CERN
u Mock-ups ongoing to optimize routing and line conditioning

- - \ [

Status — ICFA Seminar Toyama Japan November 2026
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Magnet Cryostating in full swing [SMI2] for testing and installation

-7 \ #/‘
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International Collaboration with in-kind contributions are at

the heart of the HL-LHC project

Connection to LHC (UL) Service gallery (UR)

Service cavern
UA Gallery \
" o | o | +

*

SC Links

Q4 I Collimators ; !
R 1 Z
¢ = ’ i S
——t ' D1 L& |

Crab cavities

. cp=E2 _ -
TAXN EmmRE X : Q3w AR = -
?;; %J'% n T = q @ Q2a
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In-kind contributions to the HL-LHC project

2026 HL-LHC Collaboration meeting
at Royal Holloway University near London

"""""

Oct-2028
Jan-2030
Jan-2031

Asia and Europe




Schedule Critical Components: HL-LHC Crab Cavities [2 types]

First series DQW cryomodule jointly done by UK-
STFC & CERN in SM18 for cold test

= DQW cavity testing on track for the next cryomodules and
second cryomodule advancing well at UK-STFC

First series RFD cavity tested at TRIUMF,
cryostating to start. Remaining cavities at different
stages of fabrication & testing [AUP]

=  Cryo-stating at TRIUMF delayed by about 1 year
=  CERN mitigation: production of 2 cryomodules at CERN
= |t fits into the schedule, but no margins left!

THALES 10T trolley

= High power RF components acceptance tests being
finalized and series components delivery underway

= Faraday cages Point 1 & 5 installed, services being
finalized

[ —
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EU funded HiLumi
Design Study

Approval of

HL-LHC Project
LHC

LS1

13.6 TeV 13.6 - 14 TeV
13 TeV energy
Diodes Consolidation
splice consolidation cryolimit : h
7 TeV 8 TeV pution collimators interaction ) inner triplet . HE LH(..:
S — R2E project regions Civil Eng. P1-P5 pilot beam radiation limit installation
|||||||m}
ATLAS - CMS I/———‘*
i upgrade phase 1 - 5t075
g:gﬁ';::ts i & A-ll-lli.ﬁﬁgra%?s x nominal Lumi
nominal Ludi 2 x nominal Lu&I ALICE - LHCb | 2 x nominal Lumi :
75%4nominal Lumi / [ upgrade
luminosity {[I[VR{ 3

Finished Run3anarxatiox

DESIGN STUDY 23 PROTOTYPES e consTRUCTIC 20 years aiter first upgrade studies in
2000 and 15 years after the HiLumi
Preliminary Design Study in 2011, the
HL-LHC construction is well on track for
start of operation in 2030

HL-LHG TECHNICAL EQUIPMENT:

HL-LHC CIVIL ENGINEERING:

DEFINITION EXCAVATION BUILDINGS

NO V
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Beam Vacuum activities on the Large Experiments

RB24 vacuum chambers
1 quitting the ALICE Miniframe

\ur ARV, =%
4 L,'_

* ;2,__.

Removal of CMS central
chamber supports

Extraction of CMS HFCT2 chamber
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HL-LHC IT STRING - Powering tests in Phase 1
HL-LHC 12 hr Plateau at Nominal Current! HI Ramp Tests for Flux Jump and Q1a Voltage Development Studies!
IT STRING Elogbook #Comments (2026/07/15 09:20:13): IT STRING Elogbook #Comments (2026/07/15 09:20:13):
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12 hours on Grouped Circuits at Target Current Ramp Tests for Flux Jump and Q1la Voltage Development

HL-LHC i il " o .
FRAS with Magnet C: at HL-LHC Final Crowbar Discharge Test and then Warm-up of the IT String!
IT STRING Elogbook #Comments (2026/07/15 09:20:13): IT STRING Elogbook #Comments (2026/08/13 03:43:44):
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HL-LHC Beam Screen Production & Integration

Integration

Ongoing

To be done

Progress since 2025 HL-LHC collaboration meeting

Beam screen integration completed in one corrector package and

six final focusing magnets
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EVM status of HL-LHC project —BL 9.6.0

PV PV Trend (Baseline 9.6.0) =——EV =—AC

1,200,000 -
1,100,000 -
1,000,000
900,000 s " 80% spent, at ~ 85% incl commitments
800,000 '
w 700,000 - 4
é 600,000 g
500,000 ’
400,000 - |
300,000
200,000 Z
100,000
. _
o & 53 % g & § ® 42 & & ¥ 8 &4
S &8 § §&§ ®§ § & 8 8 |8 § & 8§ 818§
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~109.3 MCHF (September 2026) from North America, Asia and Europe
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