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Technical Stop Special physics runs (place holders)

1
HW Commissioning, Powering Tests, Magnet Training I:l Machine development (incl. floating)
Machine check out I:lScrubbing

Recommi issoning with beam l:l Pb-Pb / Pb-p / 0-O / O-p/ p-p ref. physics run
Interleaved commissioning & intensity ramp up l:l Pb / p-p ref Setting up

Proton physics run 4 LINAC3 Pboven refill

I

2026 LHC schedule

LHC, TI2. TI8 and Start Beam

High mu
LHC hand-over experiments dosed _ commissioning  First Stable  Collisions with dual intensit
Jan Feb oo all vaives open MaF beams 1200 bunches  8radalintenlty
Wk 1 2 3 a 5 6 7 8 | 9 10 1 12 13
. Mo 29 5 12 19 2 2 9 Chamr ™ 18 wiachine 2 2 9 16 23
cpl..... 1€ Loz
» Highly compressed startup T e
Closure
We Scrubbing
Bakeout
anc

* Only 10.7 weeks beam-to-beam E e S

: o — g e
« About 7 operation days lost
Apr oy May Hign ms SRS Jun

=
«n

° COLL & Compressor eXChange - i‘;NG s | v 18 19 20 21 22 * 24 25 26

Whit

ayo 13 20 o1 2l Highit, * 1 18} | Whitsun 25 8 15 2
Tu intervention beam test

MD 2 MD 4
We 12Tev
SMOG MD3
Th Ascension . oomn | HighIntensity
am test
Fr G. Fri. 1st May
VdM/Lumi

Sa program Heavy ion Stehch)
su | easter MD 1 el fest

THE 2026 PROGRAMME

~3 weeks High-u proton physics at 1.8 x 10" p/b — Run 3 design (ending today)
~3 weeks Low-u proton physics all targets surpassed (done)

~6 days Special runs 1.2 TeV + Van der Meer (done)

~3 weeks Heavy-ion run Pb—Pb — last of Run 3 !

14 days High-intensity test HL-LHC dress rehearsal
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Long Shutdown 3 is coming

2025 2026 2027 2028 2029 2030
| a2 a4 | a1 { a2 [ Q3 [ a4 | a1 | @ | a3

a1 | a2 | Q3 | Q4 | a1 [ Q2 | Q3 | o4 Ql | @ ! Q3 | a4 | a1 | Q |

LHC
SPS
AWAKE
PS
ISOLDE
PSB
L3
L4
- Long Shutdown (LS) (Re)Commissioning -Dperation -Year End Technical Stops
LS3 start Inj. Operation restart LHC restart
= AWAKE: 02.06.2025 = L4: May?2028 = 1stsectors cooldown: Early 2029
= |SOLDE: 08.12.2025 = PSB: May 2028 *  Final HW Com (P1&5) : January 2030
= LHC: 29.06.2026 = PS: July2028 (*) = Caverns closure: Mid May 2030
= |njectors: 31.08.2026 = SPS: April/May 2029 (*) = Beamvacvalvesop: EndMay 2030
= L3 30.11.2026 (*) To be optimised
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Accelerator complex availability in pp run
[ISOLDE already in Long Shutdown 3]

LHC availability

« Availability is THE key factor for accelerator

Availability Stable beams
performance (SB)
» Accelerator Fault Tracking (AFT) systems allows 0] o
for analysis and cataloguing of down time 7 5" 5 /0 60 .4 /o

Operation (other): 186.7 h (15.0 %)

Availability

Linac4 99%

PSB 98.7%

PS 96.1% . T
SPS 95%
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2026 LHC commissioning

LHC Pagel Fill: 11505 E: 6799 GeV t(SB): 00:48:15 13-03-26 18:56:40‘

PROTON PHYSICS: STABLE BEAMS
6799 GeV | B1: 1.23e+14 1.25e+14

Beta* IP1: 1.20m Beta* IP2: 10.00 m Beta* IP5: 1.20m Beta* IP8: 2.00 m

IP8: 708.18

Inst. Lumi [{ub.s)~-1]

IP1: 345.93 IP2: 13.16 IP5: 580.13

FBCT Intensity and Beam Energy Upcdated: 18:56:28 Instantaneous Luminosity Updated: 18:56:27
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— ATLAS — ALICE — (MS — LHChb

2L:00 01:00 0500 0%00 13:00 1700

BIS status and SMP flags Bl B2
Link Status of Beam Permits
Global Beam Permit

Setup Beam
Beam Presence
Moveable Devices Allowed In rue
rue

Stable Beams [ true |

MUBICLOLCR:YN ENABLED MUBICIVLR: PR ENABLED

Comments (13-Mar-2026 18:16:31)
Low mu fill 800b

All IPs on target
g

Roman pots IN

AFS: 25ns_843b_830_704_749_144bpi_12inj_3INDIVs
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Beam commissioning completed within the
foreseen time

No operation problems found (limited
configuration changes were beneficial)

All systems tested and configuration validated

First STABLE BEAMS (with 4 bunches)
declared on March 7th

Start of physics production with 1200
bunches on Friday March 13", about a week
ahead of schedule

Intensity ramp-up finished by March 17t

Bunch intensity at the Run3 operational goal
(1.8e!! ppb), before the low-u




60

2026 LHC configuration

g min p* 30/30 cm 0 §

O I . .

The baseline configuration for 2026 is (almost) i) 2024 vy
unchanged wrt 2025: T T emetsemm "

» 10 minutes gain /cycle by compressing the entire * squeeze - - Searly oo Zz 3

into the ramp ¢ el stert o0’

- Extension of B* levelling from 60/18 cm to 50/15 cm (HL-LHC % N min B* 60/18 cm ;‘z 5

B* value) g o5

A os®# o | Virtual Ly g

 Intensity per bunch pushed to 1.8e!! ppb — limited by the heat 2 [ff 2025 e s 10 2

load to the cryogenic system (e-clouds!) T2 3 4 s 6 7 8 9 ‘m o
Time in collisions [h]

= 25 ' S L : x 470 —
combined ramp, 2 1.5 S
inj squeeze and rotate ) inasi i £ : : =
mjeci ;):ams q6 ST B o establish STABLE Iun};p_o_"s;g :gggumg £ || minp* 50/15cm 130 2
injections Vo HinIP1 collisions | B to p*=50/ 12 cm L Virwal 1 10 B
=2 051 g
6.8 TeV/ beam => s = 13.6 TeV 6.8 ToV// beam => J5 = 13.6 TeV £ 2026 - :]1351 i gdLSAS q10 <

0 | | | | T T | | | | 0

0 1 2 3 4 5 6 7 8 9 10 11 12 13

Time in collisions [h]
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Bunch length

Levelling ~

Baseline

Collidina Bunch Revolution ._
bunches populationfrequency (1 + Xing? 2 )
\ OXing

Beam size t
at IP

Xing angle Separation
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LHC exceeding expectations (\) ) C\)

- Luminosity for CMS/ATLAS reflects the 3 S ~—
weeks of low-pile-up run for high precision B p
standard model physics g ALICE

: - 3 _ .
. Very long fills are beneficial for LHCb - target=18 pb= -~

30

-
.
F R - o T TP B S EERRY B S PP OET EEEE PP PPl PET TP s — Predicted @ LHCb Achieved --- Target
A I I AS / < MS é -~ —-— 2026-04-012026-04-15 2026-05-01 2026-05-15  2026-06-01 2026-06-15 2026-07-01
259 - 551 ra e
<2

t t =28 fb-! ] i

arget = <
201 g . met"t B ———— L SO 5 o

P e

[Gensratad at: 2026-05-28 14:13:40]

Integrated Luminosity [1/fb]

Integrated Luminosity [1/b]
@

2026-01-15  2026-02-01 2026-02-15 2026-03-01 2026-03-15  2026-04-01 2026-04-15 2026-05-01 2026-05-15  2026-06-01 2026-06-15 2026-07-01
Date

2026-01-15  2026-02-01 2026-02-15 2026-03-01 2026-03-15  2026-04-01 2026-04-15 2026-05-01 2026-05-15  2026-06-01 2026-06-15 2026-07-01

(Generaled at: 2026-05-29 14:13:39] Date

[Generated at: 2026-05-29 14:13:40]
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LHC performance

~50% of which | [
deliveredinthe | ISSaAd
last 2 years
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RUN 3

LS2

RUN 2
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LHC pp product

ATLAS and CMS instantaneous luminosity across the LHC lifetime
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Low-mu run

* The low-mu run was very successful, both for the
machine and experiments

« Operating at 1.55e!! p/b compromise for heating/stability
* The targets set for the experiments were all surpassed

ATLAS CMS — ATLAS —CMS —ALICE — LHCb
16000 4

-

T Availability

\_

Availability

80.0% 66.2%

~

1 Stable beams (SB)

/

(LHCb levelling for ~ 50h at nominal rate!)

Very long productive fills

Target (fb™) 1 1.67 14000
= 12000
Ultimate target (fb') 1.25 2 5 10000 ]
Delivered (fb™") (including 1.49 235 § %000
emittance and mu scans) : ‘ £ 49.6h of stable collisions. .
Delivered - low mu only (fb'') 2000
(excluding emittance and mu 1.33 2.16 0 : —ul
scanS) 2026-04-11 08:00 2026-04-11 16:00
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1.2 TeV run

— ATLAS —CMS —ALICE — LHCb

j:z Q‘\ AV,
4003 O 0" N
9 350 Q QQ Q'Q
. . N : . Q’O" \‘1’
» LHCb request mainly for antiproton £ Sl s S ®
production studies with SMOG gaof Aperturemess, &
oL 3 1504 ps I
» collisions at ~47.5 GeV 0 %
0 - — ; ; . : :

« Challenging configuration due to
unusually low energy 2 4u0evra p—Beam 1 —Beam2 — Energy

« Learning opportunity for various ag | | | 4 > ”:
machine physics aspects (Beam- g 16000414 \ =X
Beam, magnetic decay, e-cloud...) "“‘E ; ’L o 8
S souoents chones 150 €

. . %iz::::ilr FF [ J | hﬂ\ o n" ] e e

« Setup in record time oot = — il alh

0.000e+0 k

T T T T T
2026-04-29 16:00 _#026-04-30 2026-04-30 08:00 2026-04-30 16:00 2026-05-01 2026-05-01 08:00 2026-05-01 16:00

« pp collisions at energy of 2.4 TeV

~2 days
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Outline

« 2026 pp run
« 2026 Pb run so far
» Limitations, major faults, and a curiosity

» Qutlook for the rest of the year
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Strategy for 2026 Pb run

e 2024-2025 ion runs were overall a great success
« - Stay very close to the 2025 machine configuration and don’t change much

« |dentical optics to 2025: 3* = 0.5 m at IP1/2/5, * =1 m at IP8

* Implement only minor changes that are considered risk-free
« Try to mitigate background issues at ALICE and LHCb: change of IR8 dispersion correction
* Crossing angles slightly reduced, based on 2025 beam-beam MD and simulations

Recent decision to
New in 2025 Physics ONLY run with
Ramp & Squeeze | Squeeze ’ (ALICE+) negative polarity
Injection squeeze to IR1/2/5 IR8to
im, 1.5m to 0.5m 1m ALICE
crossing
flip
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Run 3 Dellvered Delivered, Dellvered
Pb run (so far) AT

ATLAS 7S 6.63 0.75
ALICE 6.5 6.03 0.56 6.6
« 86.2% availability in Physics CMS 7 * 6.65 0.75 7.4
. . . 2 ?
+ Excellent intensity from injectors SR 1.69 ' '
. . . *x
+ Records in first 1240b-fill Recorded
_ _ Availability Stable beams
« Highest Pb ion O (SB)
bunch intensity: b e de elew| | 86.2% o
] L /0
2.53x108 Pb/bunch S e v, O T z S57.4%
« Highest stored beam = %%} o 2023
o A
energy: 28 MJ 2 15| = N ‘, ‘p"-a : S04 S
(preyious record 25.7 B 104 .-" . 1 @ 2025
MJ in 2025) g C " o ] A nz N
=~ “ 1 ] Ry 000

]

0 5 10 15 20 25 30
time (days)
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: physics
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Pb run (so far T T
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Pb run (so far)

Scans successfully completed for all experiments
Last VdAM in Run 3!

— ATLAS =—""1§ — ALICE *LHCb >
’ s o
] > > =
] o o g wn
6.000e-3 3 > = 2
] [N O (p) 3
— . O @) > —
9’ 5.000e-3 7 = T O <
= ] < —
[N ]
:I -
=, 4.000e-3 7
2 .
S 3.000e-3 3
£ ;
g ]
3 2000e-3%
1.000e-3 {#2" | |
i .
0.000e+0 :
2026-05-27 16:00 2026-05-28 2026-05-28 08:00 2026-05-28 16:00 2026-05-29
Local Time
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Outline

« 2026 pp run
» 2026 PDb run so far
* Limitations, major faults, and a curiosity

» Qutlook for the rest of the year
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Vacuum modules

e Interconnect of beam pipe segments
flexible - thermal contraction/expansion and movement
well conductive - limit machine impedance

o ”RF fingers" in interconnection modules (PIMs)

,,

s

flexible metal sheet fingers "sliding" over the beam pipe ‘%&
welded on one end, tightened on the other with a spring '%
i ot

e Thermal run-away or non-conform vacuum

Interconnection modules
Improper contact — increased heating
— "burns" the spring — worse contact
Failures in 2023 and 2025
concerned modules exchanged
Problematic modules still in the machine:
TCLD collimators next to IP2
elliptic modules (common chamber) in IP1 and IP5
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Edge Welded Bellow in COLLIMATORS

e Edge Welded Bellows are used in COLLIMATORS to

connect vacuum vessel with mechanical tables

* Developed for axial displacements,
transversal movement in collimator assembly

e Three vacuum leaks in Run3

« TCTPV.4L8.B1 (2022) — exchanged

* TCLIB.6L8.B2 & TCSG.A6R7.B2 (2025) - "non-critical" collimators, blocked
open & varnished

* TCTPV.4R2.B2 (2026) — exchanged

e Lifetime issue after < 6000 cycles

* |Implemented strategy to reduce movements: limited stroke during
operation

e Task Force across ATS for risk assessment; spares management; mitigation
strategies; intervention optimization; leak intervention procedures
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P18 cold compressor exchange

« All the warm screw compressors of LHC cryogenics
exceeded the 40'000 hours of runtime - the
manufacturer runtime limit for the major overhaul
performed at each LS

» Consequence of Run3 extension

* One compressor at P18 started to show signs of a
bearing degradation

* Decision to plan the compressor exchange at the TS1
(end of May)

« Unfortunately, the degradation accelerated

 Compressor replaced on Monday 13.04 to avoid a
failure that could cause a very long downtime of LHC
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End of the pp run in Run3

« Around 50h before the end of pp run of Run3, beams
were dumped on communication lost with cryo
equipments, revealing important water leaks on
water-cooled cables both in the service gallery and on
the tunnel side

« — Cryogenic, Power converters, Powering
protection system and IT racks were involved

e
y . =

« The leaks were quickly fixed! o - @gBIoken

« Restoring beam condition required drying (air blowers
Installed) and additional repairs of damaged cards
« — Beams back on Tuesday morning, marking a
premature and abrupt end of the pp run in Run3

Many thanks to
all the teams
involved! Leak in

UA27
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L HC as a seismometer

Magnitude 7.4 earthquake

100 km from Miyako, Iwate, Japan - 09:53

e -/ -
t‘H_Iuﬂl'(!m‘.IaIe : ) NEYA T " . :
B e e
ngao:‘Jsaﬂg?n . lm‘;‘_ VT UV M b j:
."< :- B :
S IR Lo S R
©  Wore on earthquake.usgs gov Earth qu ake in M ly ako’ J apan | e e e e e e e e
Recent earthquakes (M 7.4) at ~09:53 am on |
{"{ 4 mihnf- ; NEVAD 2 th . - S ,______u.ﬁww'm’*‘
Mo | @ 8 © ¢ Monday 20" April —
<. !
M 5.6 ME.1 M 4.7 M 5.7 M 5.8
]_1.2 km from 207 km from 20 L.<m from Silver 38 km from North 44| ) C s : o
- T e s  With a propagation speed of ~3-5 BEE i .t
- kml/s for the seismic waves, it reached
20 Apr, 10:32 19 Apr, 19:34 19 Apr, 16:39 18 Apr, 22:06 18 Apr, 10

Geneva (~10000 km away on shortest
path) about 40-50min later...

Note: Official reports of new earthquakes may be delayed
All times are in Central European Time - Sources: U.S. Geological Survey, ready.gov
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Outline

« 2026 pp run
» 2026 PDb run so far
» Limitations, major faults, and a curiosity

* QOutlook for the rest of the year
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High-intensity test

End of p+ Start physics
mu hmu physicsrun  Pbjons
14 15 16 I 17 18 19 20 21 22 ‘ 24 25 26
30; Faster 6 o 13 200 o of iehio 4 11 18 [ Whitsun 25 1 8 15 22)
interv n beam test N
MD 4

......

VdM/Lumi

elel= 1251213 |2

HL-LHC (Run 4) foresees to operate at 2.3e!! ppb

Limitations encountered in Run 4 may cause downtime and cost performance (-25% integrated
luminosity for 1.8e! ppb) =» LS3 provides a uniqgue opportunity to address them

* Probe heating on equipment (non-conform vacuum interconnection modules, kickers, LHCb VelLo,...)
—> depends on bunch intensity

 Probe the unknown...

« Two weeks of high-intensity test scheduled at the end of Run3 o Single beam, 3 TeV

. . ] Alternate B1/B2 = 2.3 x 10", Test ~95% of the LHC.
« Testlimited by e-cloud heat-load (before beam screen coating)

Both beams, 3 TeV
* Operate with HL-LHC like beams at 3 TeV Combined intensity up to 2.3 x 10"
« similar impedance heating behaviour as top energy in Run 4 o Top energy, 6.8 TeV

Partially filled machine at HL-LHC bunch intensity.

« Stage approach to maximise probing while limiting risks
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High Intensity test (part 1)

EARLY MAY 2026

at 2.3 x 1011 protons per bunch

1 O A new beam-impedance-heating record.
2 bunches

25% above current production levels (equivalent ~1500b).

Physics Below or equal to Above op levels

- Back to physics
operational levels

« Smooth injection of 5x48b @ 2.3e!!
ppb with good steering

Fill 11674, Physics

Fill 11707, Physics

* Invaluable exercise preparation for

June |
« cycle and operational details j/l l “J/Jw JN \J
- W i) \;W

S. Kostoglou

—— VGPB.198.5L1.B.PR
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HL-LHC reliability run in the injectors

Performing a reliability run in the injectors is vital to
« Move from peak to operational performance

* Quantify time needed for filling the HL-LHC

« ldentify remaining issues and implement mitigations

« Validate tools

* Initially, following an LHC fill — 1 fill/day

* Now 1 fill per shift (3/day), mostly independent of LHC
filling

« Many fills performed so far with increasing efficiency
* RF cavities are at present the most difficult part to handle
« Consolidation planned for LS3
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End of p+ Start physics
Apr lowmu May High mu physics run b jons Jun
14 15 16 I 17 18 19 20 21 22 24 25 26
| I e I l C e S [] 30; Faster g 2 e 2l Highiot, 4 11 1 15:
interventi beam test

"I HighIntensity
Ts-
...........

Heavy ion

clel=|2 (512132

EEEEEE

* Trigger quench in all magnets (dipoles+quadrupoles) with possible diodes non-
conformity

The presence of a sufficiently large venting hole (required to release the pressure caused by helium

evaporation inside the diode) in 38 diodes of magnets installed after LHC start-up is not confirmed
—> Baseline inspect/repair all of them

Repair those that show non-conformity during the test

« Check impact of radiation on Inner Triplet correctors
« Power all circuits to their nominal current

* not done since post-LS2 powering campaign

Check degradation wrt previous performance and P1/P5 vs P2/P8 (lower radiation levels)
Ensure proper spare for HL-LHC (one of the 4 triplets assemblies removed from P1/P5)

CERN
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Conclusions

« 2026 pp run was very successful
« Almost un-modified configuration was key for quick re-start
« Excellent availability of the entire complex
« LHC efficiently operated at Run3 bunch intensity goal (1.8e!! ppb)
« All target overpassed

« 2026 Pb run is going well

« Fast commissioning, thanks to limited changes in machine configuration

 Run3 is approaching the end
* Important to probe limitations for HL-LHC (heating & quench test)
« LS3 will give a unique opportunity to address them
* Very busy 47 months of LS3
Thanks for your attention
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