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State of the Accelerator
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The 2025 LHC Schedule- Q1 & Q2
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During the April  RRB 

plenary meeting the 

LHC was still in beam 

commissioning



The 2025 LHC Schedule- Q3 & Q4
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Oxigen, Neon and Proton in the LHC
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New light ion species (O, Ne) for the

first time in LHC!

ƺ last light ion run was Xe-Xe

ƺ last mixed-species run (pPb) was in run 2

ǒ very efficient commissioning

ǒ almost perfect availability
ƺ contingency ᵼ physics time!

ỉ luminosity targets largely exceeded!



2025 operational proton cycle
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main constraint: lifetime of inner triplet magnets
Å inner triplet magnets irradiated by collision debris
Å integrated dose approaching expected limits
Åmajor downtime or performance degradation in case of failure (depending on 

which magnet fails)
ỉ re-distribute the radiation dose rate on magnets on either side of the ATLAS 
and CMS experiments
Å  done by changing polarity
Å  flip polarities of triplets + rotate crossing angles (crossing scheme now 

H/V/V/tilted)



Åsignificant number of faults due to radiation to 

electronics (R2E)

Åmostly Single Event Upsets (SEU)

Åvictim of its own success: LHC is running at 2 x design 

luminosity

Å quench protection system (QPS)

Åusually affects magnets close to IP1, IP5, and IP8

Åprotection of magnets not compromised

Åusually quick recovery (1-2 h)

Åcryogenic system in point 8

ÅPressure sensors in the LHCb cavern in IP8 suffering from 

collision debris

Årecovery from a trip can take 24+ h ỉ shielding & software 

"fix" put in place

ÅHardware consolidation is requested for LS3

Radiation Challenges
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ÅSlow beam losses were reported left of Point 2 on 30 July.

ÅInvestigation showed sudden vacuum pressure rises originating from an RF finger 

vacuum module (6L2) 

ÅDespite the loose spring, the RF contact was sufficiently good to run with nominal beam 

ï no exchange needed, avoiding 10 days down time 

ÅThis concerns only beam 1 (clock-wise) 

RF Finger Vacuum Module Non-Conformity 
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ATLAS and CMS: most productive year ever!
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initial schedule: "optimistic"
(length of light-ion and VdM runs

under-estimated by 2-3 days)

120fb-1 target:  most 
ambitious so far!

(2024 produced 120fb-1 and 
was ~2 weeks longer)

125 fb-1



A year of records!
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1.7 fb-1 in 24 h

(30 Aug)

1.45 fb-1/day in over 

7 days

(2 Oct to 5 Oct)

1.3 fb-1/day in over 7 

days

(24 Aug to 30 Aug)

125 fb-1 in one year

(2025)

luminosity prediction



Å515 fb-1

Å0.51 ab-1

ATLAS / CMS: the (half-)attobarn era
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Luminosity delivered by the LHC



LHCb: most productive year ever!
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12.5 fb-1



2026 operational cycle
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baseline: re -use 2025 proton physics cycle
Å possible optimization: combine ramp + squeeze + rotation
Å same time as the previous ramp - save ~10 min per cycle
Å levelling in Stable Beams unchanged

Å limit commissioning to the bare minimum
Å beam commissioning of the LHC in ~10 days!
Å prefer re-validation over full re-commissioning

2026 physics schedule (preliminary)



2026 luminosity projection (preliminary)
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57 proton physics days: ~60 fb-1 if performance is par with 2025



Åequipment may degrade with higher bunch intensities

Å mostly due to impedance / rf heating

Å usually due to dormant non-conformities

Åexpect the unexpected é

ÅHL-LHC beam parameters need to be demonstrated

Åbeam losses, emittance preservation, é

Åcrucial to probe the HL-LHC intensity regime prior to 

LS3

Å not reaching the target intensities would limit HL-LHC (run 4) 

performance!

Å if an intensity limitation is found - we have to fix it during LS3!

Åplanned 2 week high-intensity beam test before LS3

TEST of HL-LHC beams in LHC
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Åtest different beam types with HL-LHC 

like intensities in LHC

Á up to 2.3 1011 protons per bunch

Á 48b trains, 8b4e beams, 72b trains

Åtest the beams at different energies

Á 450 GeV: set up

Á 3 TeV: heating test with 48b; start 

with single beam, then both

Á 6.8 TeV: test of 8b4e beams

Åaim to test equivalent rf heating of HL-

LHC beams

Á inject & ramp the beams, then let them 

circulate for a few hours



Å2025: yet another successful physics year

Ålight ion run in summer: success

Åpp targets exceeded: 125 fb-1 @ ATLAS and CMS, 12.5 fb-1 @ LHCb

Ånon conform interconnect in 6L2 - stable until October

Å2026: ready for "the end game"

Åplan to re-use most of the 2025 physics cycle

Åpossible merge of ramp + squeeze + rotation

Å57 proton physics days: max. ~60 fb-1 expected

Åsubject to change with special runs (low-mu, light ions, é)

Ålast 2 weeks: high intensity beam test for HL-LHC: crucial to discover weaknesses which would prevent 

HL-LHC intensities!

Conclusions
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HL-LHC Accelerator Upgrade Project (AUP)

02
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MQXFA= quadrupole for the HL-LHC
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Á 20 Magnets/ 10 Cryo-assemblies: 

Á 16 magnets for 8 Q1/Q3 to be installed in LHC tunnel and 4 

magnets for 2 Q1/Q3 commissioning spares

Cold Mass

(LMQXFA)

Magnet

(MQXFA)



The Inner Triplet and Matching Section regions
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10 Dressed Cavities & Ancillaries
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Low-b quadrupole magnets from LHC to HL-LHC 

ÅCold mass OD from 490/420 to 630 mm

ÅMore than double the aperture: from 70 to 150 mm

Å~4 times the e.m. forces in straight section

Å~6 times the e.m. forces in the ends

MQXBMQXA
MQXF (HL-LHC)

State of the art quadrupoles at the time of LHC construction



MQXFA status summary
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Component status 
wrt  Baseline

Comments

Strand procurement & QC (FNAL, FSU) ~99% complete 1 UL spare cond. TBD*

Cable fabrication & insulation (LBNL) 99-100% complete 1 cable added

Coil part procurement (FNAL) ~100% complete 1 part TBD*

Coil fabrication (FNAL) 99% complete Last coil

Coil fabrication (BNL) 100% complete

Magnet part procurement (LBNL) 100% complete

Magnet assembly (LBNL) ~95% complete

*TBD =  To Be Delivered



MQXFA structures and Assembly
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ÅMagnet assembly is close to the end

Å26 MQXFA magnets have been assembled 

ÅMQXFA03-24, 7b, 8b, 13b, 17b (excluding prototypes)

ÅMQXFA16b assembly almost complete



Magnet test Done at BNL
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Á 18 magnets met requirements during vertical test

Á 4 magnets (MQXFA07/08/13/17) meet requirements after a coil change

Á 1 magnet (MQXFA16) to be tested after a coil change

Á MQXFA05 passed the Endurance Test 
Á 7 thermal cycles (5 vertical + 2 in CA02), 53 quenches, 87+ power cycles 

Á MQXFA11 demonstrated resilience (after highway crash)

ÁMQXFA24 is at BNL waiting for vertical test



Magnet vertical test at BNL
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Á MQXFA22 and MQXFA23 cold test were successfully completed. 

Á MQXFA22 reached acceptance current after 8 training quenches; delivered to FNAL.

Á MQXFA23 trained with 7 quenches. 

Á CTI4000 liquefier is not running. They use a smaller capacity liquefiers. Efficiency is poor; 4 - 5 

quenches a week. 

Á Two more magnet tests at BNL; MQXFA16 might be tested at CERN.



Cold mass fabrication
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Alignment station

Instrumentation station

Cryo-stating

Cold Mass Welding stationAlignment station; clamps and rollers. 

Both stations have been aligned 



Cold Mass & Cryo-assembly status

27

Qa 
Fab

Qb 
Fab

Qa 
VT

Qb 
VT

Qa 
Prep 

Qb 
Prep

CM 
PH1

CM 
PH2

CM 
PH3

Cryo 
PH1

Cryo 
PH2

Test Shipped Accepted

CA01 V  V  V  V  V  V  V  V  V   V  V  FNAL   V  V  

CA02 V  V  V  V  V  V  V  V  V   V  V  FNAL   V  V  

CA03 V  V  V  V  V  V  V  V  V   V  V  FNAL  V  

CA04 V  V  V  V  V  V  V  V  V  V  V  CERN V   

CA05 V  V  V  V  V  V  V  V  V  V  V  CERN V   

CA06 V  V  V  V  V  V  V  V  V  V   FNAL

CA07 V  V  V  V  V  V  V  V  V   CERN

CA08 V  V  V  V  V  V  V  V   FNAL

CA09 V  V  V  V  V  V   FNAL

CA10 V  V  FNAL

Fab ï Fabrication

VT ï Vertical Test

Mag Prep ï Magnet preparation for CA work

CM PH1 ï Phase one; Beam tube, bus work, Heat Exchanger

CM PH2 ï Phase two; Shell and End cover preparation and welding

CM PH3 ï Phase three; Capillary tube assembly and initial pressure and leak test

Cryo PH1 ï Phase one; CM insertion 

Cryo PH2 ï Phase two; Cover flange work and combination pressure and leak test

Orange т in progress
Green т completed
Blue т Planned to be completed  



LQXFA/B-04 Test at CERN
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Å Cool down  300 K ï 80 K  6 days

Å 80 K ï 1.9 K 2 days.

Å Form 11/01 ï 11/27 holding 1.9 K (short time spent at 

4.5 K).

Å Powering test started on November 10th and completed 

on November 27th.

Å First attempt to acceptance current was successful

Å Holding the current at nominal 3 x 20 hours

Magnetic Measurements, 23 ramps to nominal Current; 

There were 4 Heater induced quenches at 6000 A, and 1 heater 

induced quench at nominal. Final validation ramp to acceptance current 

(16530 A) was successful.

LQXFA/B-04 so far completed all the required powering tests 

(quench training and MM related tests) successfully.

Waiting for the MM results (preliminary results look OK).



Conclusion
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ÅOne more magnet test is needed to complete the project

ÅCM07 installation is in Phase 3 (capillary work and final pressure test)

ÅCM08 installation is in Phase 2 (welding)

ÅCM09 one magnet is ready and the second is being prepared for 

installation  

ÅCA06 Cryo-assembly production has started

ÅCA04 test at CERN was successfully completed

ÅFinal delivery date has not changed (June 2027): introducing one thermal 

cycle we will gain a month



String test

03
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Courtesy of Marta Bajko 
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HL-LHC IT STRING and HL-LHC HWC
The HL-LHC IT STRING will 

serve as a test bed [é.] to 

study and validate the 

collective behaviour of the 

different systems of the IT 

zone. It should therefore 

validate operational modes 

[é] in view of the hardware 

commissioning and operation 

periods in the HL-LHC era.

The HL-LHC HARDWARE 

COMMISSIONING should extend its activity to 

all equipment that will be installed in the insertion 

regions [é] Will cover the preparation and 

execution of detailed procedures [é] including 

their individual system tests and a short circuit test 

campaign, [é] consolidated operational tools 

obtaining the final validation of the 

superconducting circuits.

IT STRING Installation IT STRING Validation Program IST, SCT            Powering tests 

IT STRING HWC

в

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



See S. Izquierdo Bermudez WP3/TE-MSC

MAGNETS AND ANCILLARY DELIVERY by WP3

CP : February 25Q3 : March 2025 D1 : November 2024Q2a : September 2024

DCM May 2025
Jacks

All installed

Anchors

All installed
Lines N1 & N2: April 2025

IN
S

TA
LL

A
T

IO
N

Q2b : February 2025Q1 : April 2025
C&S24

M. Bajko, TE-MPE WP16 HL-LHC C&S25, Geneva


