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Outlook
● LHC Collimator Hierarchy Breakage
● FASER/SND Background
● LHC aperture: measurements and performance
● Intensity limits at LHC from RF vacuum modules
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LHC Collimator Hierarchy Breakage
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● Hierarchy breakage on B2 during B* levelling
● Nominal B* levelling paused at 36cm

Courtesy of J.Wenninger, LBOC 07/05/2024
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LHC Collimator Hierarchy Breakage
● Hierarchy breakage on B2 during B* levelling
● Nominal B* levelling paused at 36cm
● Machine validation was OK

○ No issue identified during lossmaps
○ Working point for Q’ and MO different for 

SETUP beam vs trains
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Courtesy of D.Mirarchi, LBOC 23/04/2024

It should be possible to foresee Q’ and MO 
operational working points, should we change the 

settings for validating the machine with closer 
operational conditions?
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LHC Collimator Hierarchy Breakage
● Hierarchy breakage on B2 during B* levelling
● Nominal B* levelling paused at 36cm
● Machine validation was OK
● Issue identified for B2

○ Significant crosstalk → beams and planes
○ Identified TCP.D6R7.B2 (primary) and 

TCSG.D4R7.B2 (secondary) as likely responsible 
for the hierarchy breakage
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LHC Collimator Hierarchy Breakage
● Hierarchy breakage on B2 during B* levelling
● Nominal B* levelling paused at 36cm
● Machine validation was OK
● Issue identified for B2

○ Significant crosstalk → beams and planes
○ Identified TCP.D6R7.B2 (primary) and 

TCSG.D4R7.B2 (secondary) as likely responsible 
for the hierarchy breakage

○ Defined the ratio of the losses at those 
collimators as observable for the hierarchy 
breakage
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LHC Collimator Hierarchy Breakage
● Hierarchy breakage on B2 during B* levelling
● Nominal B* levelling paused at 36cm
● Machine validation was OK
● Issue identified for B2

○ Significant crosstalk → beams and planes
○ Identified TCP.D6R7.B2 (primary) and 

TCSG.D4R7.B2 (secondary) as likely responsible 
for the hierarchy breakage

○ Defined the ratio of the losses at those 
collimators as observable for the hierarchy 
breakage

○ Phenomenon dependent on bunch intensity
○ Starting from ~1.2e11 ppb, hierarchy is restored 

according to the selected observable
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○ Defined the ratio of the losses at those 
collimators as observable for the hierarchy 
breakage

○ Phenomenon dependent on bunch intensity
○ Starting from ~1.2e11 ppb, hierarchy is restored 
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○ Increasing negative MO knobs improves the 

situation
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LHC Collimator Hierarchy Breakage
● Hierarchy breakage on B2 during B* levelling
● Nominal B* levelling paused at 36cm
● Machine validation was OK
● Issue identified for B2

○ Significant crosstalk → beams and planes
○ Identified TCP.D6R7.B2 (primary) and 

TCSG.D4R7.B2 (secondary) as likely responsible 
for the hierarchy breakage

○ Defined the ratio of the losses at those 
collimators as observable for the hierarchy 
breakage

○ Phenomenon dependent on bunch intensity
○ Starting from ~1.2e11 ppb, hierarchy is restored 

according to the selected observable
○ Increasing negative MO knobs improves the 

situation
○ IP1/IP5 crossing angle affects hierarchy
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LHC Collimator Hierarchy Breakage
● Hierarchy breakage on B2 during B* levelling
● Nominal B* levelling paused at 36cm
● Machine validation was OK
● Issue identified for B2

○ Significant crosstalk → beams and planes
○ Identified TCP.D6R7.B2 (primary) and 

TCSG.D4R7.B2 (secondary) as likely responsible 
for the hierarchy breakage

○ Defined the ratio of the losses at those 
collimators as observable for the hierarchy 
breakage

○ Phenomenon dependent on bunch intensity
○ Starting from ~1.2e11 ppb, hierarchy is restored 

according to the selected observable
○ Increasing negative MO knobs improves the 

situation
○ IP1/IP5 crossing angle affects hierarchy
○ Single beam test demonstrates it is a two beam 

effect with high intensity
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Courtesy of D.Mirarchi, LMC 08/05/2024
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LHC Collimator Hierarchy Breakage
● Hierarchy breakage on B2 during B* levelling
● Nominal B* levelling paused at 36cm
● Machine validation was OK
● Issue identified for B2
● End of Fill tests confirmed that the hierarchy 

is broken due to vertical off-momentum 
halo particles

● Different options on the table to gain margin
○ IR1 dispersion KNOB
○ Q’ setpoint optimization
○ a3 corrections
○ MO setpoint optimization
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LHC Collimator Hierarchy Breakage
● Hierarchy breakage on B2 during B* levelling
● Nominal B* levelling paused at 36cm
● Machine validation was OK
● Issue identified for B2
● End of Fill tests confirmed that the hierarchy 

is broken due to vertical off-momentum 
halo particles

● Different options on the table to gain margin
○ IR1 dispersion KNOB
○ Q’ setpoint optimization
○ a3 corrections
○ MO setpoint optimization

13

Courtesy of D.Mirarchi, LBOC 04/06/2024
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LHC Collimator Hierarchy Breakage
● Road to B* 30cm after TS1

○ IR1 dispersion KNOB increased 150 → 250
○ Q’ lowered 20 → 10
○ Triplet a3 correction put in place
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Courtesy of D.Nisbet, LMC 26/06/24
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LHC Collimator Hierarchy Breakage
● Road to B* 30cm after TS1

○ IR1 dispersion KNOB increased 150 → 250
○ Q’ lowered 20 → 10
○ Triplet a3 correction put in place

● Aperture was good and hierarchy restored
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Courtesy of D.Nisbet, LMC 26/06/24
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FASER/SND Background Issue
● Agreed for 2024 with Reversed Polarity V 

(RP-V) crossing in IP1 and nominal H (Nom-H) 
crossing in IP5

● Reduce IR1 triplet and D1 radiation
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Courtesy of S.Fartoukh, LMC 28/02/24
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FASER/SND Background Issue
● Agreed for 2024 with Reversed Polarity V 

(RP-V) crossing in IP1 and nominal H (Nom-H) 
crossing in IP5

● Reduce IR1 triplet and D1 radiation
● Implications for the machine

○ RQX cable polarity reversed
○ Q4 of IP1 is OFF
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FASER/SND Background Issue
● Agreed for 2024 with Reversed Polarity V 

(RP-V) crossing in IP1 and nominal H (Nom-H) 
crossing in IP5

● Reduce IR1 triplet and D1 radiation
● Implications for the machine

○ RQX cable polarity reversed
○ Q4 of IP1 is OFF

● Issue with forward physics experiments
○ High momentum muons from IP1 collisions are 

not deflected anymore by Q4
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not deflected anymore by Q4
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FASER/SND Background Issue
● Agreed for 2024 with Reversed Polarity V 

(RP-V) crossing in IP1 and nominal H (Nom-H) 
crossing in IP5

● Reduce IR1 triplet and D1 radiation
● Implications for the machine

○ RQX cable polarity reversed
○ Q4 of IP1 is OFF

● Issue with forward physics experiments
○ High momentum muons from IP1 collisions are 

not deflected anymore by Q4
○ FASER reports a 2x background increase
○ SND reports as well a 2x background increase

● Experiments emulsion box need to be replaced 
every 10 fb-1 instead of every 20 fb-1
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Courtesy of G.Vasquez, LPC 08/04/24
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FASER/SND Background Issue
● Attempt with orbit bumps to deviate high 

momentum muons
● Non significant improvement
● Fortunately, 2025 configuration will restore the 

polarity in IP1 (same as 2023 but with inverted 
crossing plane)
○ FASER/SND background is expected to be 

under control
○ Back to nominal emulsion exchange rate (every 

20 fb-1)

22



JAPW 24 A.Calia

LHC aperture: measurements and 
performance
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Automated Aperture Measurements
● Aperture measurement is a crucial step in 

beam commissioning to define the acceptable 
clearance of the machine

● The bottleneck found must be protected by the 
collimation system along the cycle
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Courtesy of D.Mirarchi, LHC Collimation Working Group 05/04/2024
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Automated Aperture Measurements
● Aperture measurement is a crucial step in 

beam commissioning to define the acceptable 
clearance of the machine

● The bottleneck found must be protected by the 
collimation system along the cycle

● For 2024, a new automated procedure allowed 
significant improvements in time and 
reproducibility
○ 2 experts for 4h → 1 expert for 1h
○ Goal is to hand over the execution of the 

measurement to OP, while the experts will 
validate them offline
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Courtesy of D.Mirarchi, LHC Collimation Working Group 05/04/2024
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Aperture Measurements Results
● Agreed for 2024 with Reversed Polarity V 

(RP-V) crossing in IP1 and nominal H (Nom-H) 
crossing in IP5

● In this configuration, the aperture bottleneck of 
the machine in IR1 shifts from the triplets 
region to the D1 in physics
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Aperture Measurements Results
● Agreed for 2024 with Reversed Polarity V 

(RP-V) crossing in IP1 and nominal H (Nom-H) 
crossing in IP5

● In this configuration, the aperture bottleneck of 
the machine in IR1 shifts from the triplets 
region to the D1 in physics

● To gain aperture margin in 33 → 30cm B* step, 
crossing angle reduced from 160 urad to 150 
urad 

● TCL.6 at constant settings along B* levelling
○ Conservative compromise: FASER background 

(finally TCL.6 position had low impact on 
background), AFP dose and fixed interlock limits 
during B* levelling
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Courtesy of P.Hermes, LHC Collimation Working Group 05/04/2024
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Aperture Measurements Results
● Injection aperture is quite constant along the 

years and in the same region (IR6)
○ No surprises expected at injection for 2025 

configuration

● Expect aperture bottleneck at top energy 
will change again in 2025, new configuration
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Courtesy of P.Hermes, LHC Collimation Working Group 05/04/2024



JAPW 24 A.Calia

Intensity limits at LHC from RF vacuum 
modules
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Intensity Limitation
● Protect against failure of RF vacuum modules 

compression spring overheating
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Courtesy of J.M. Jimenez & P.Chiggiato, LMC14/02/2024
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Intensity Limitation
● Protect against failure of RF vacuum modules 

compression spring overheating
● Intensity limited to 1.6e11 ppb (stable beams)
● Bunch length has a significant impact on the 

local heating of the compression springs
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Courtesy of J.M. Jimenez & P.Chiggiato, LMC14/02/2024



JAPW 24 A.Calia

Bunch Length Control
● Protect against failure of RF vacuum modules 

compression spring overheating
● Intensity limited to 1.6e11 ppb (stable beams)
● Bunch length has a significant impact on the 

local heating of the compression springs
● During a typical 2023, bunch length was 

frequently below 1.1ns at start of ramp
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1.1ns

Courtesy of H.Timko, B. Karlsen-Baeck, LBOC 26/03/2024



JAPW 24 A.Calia

Bunch Length Control
● Protect against failure of RF vacuum modules 

compression spring overheating
● Intensity limited to 1.6e11 ppb (stable beams)
● Bunch length has a significant impact on the 

local heating of the compression springs
● During a typical 2023, bunch length was 

frequently below 1.1ns at start of ramp
● Mitigations:

○ Started the year with long. blow up tweaks
○ Optimum RF setpoints following MDs and scans 

during ramps
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Courtesy of N.Gallou, M.Hostettler, LBOC 15/10/2024
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Bunch Length Control
● Protect against failure of RF vacuum modules 

compression spring overheating
● Intensity limited to 1.6e11 ppb (stable beams)
● Bunch length has a significant impact on the 

local heating of the compression springs
● During a typical 2023, bunch length was 

frequently below 1.1ns at start of ramp
● Mitigations:

○ Started the year with long. blow up tweaks
○ Optimum RF setpoints following MDs and scans 

during ramps

● Drastically reduced instantaneous heating 
during the ramp since bunch length is 
consistently above 1.2ns
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1.2ns

Courtesy of N.Gallou, LBOC 15/10/2024
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Bunch Length Control
● Interlock in the ramp

○ Minimum average bunch length 1.15ns

● Optimized RF setpoints during the ramp
● Longitudinal blow up during physics

○ Average bunch length threshold ~1.18ns 
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1.18ns

1.15ns
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Thanks for your attention
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Backup
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Courtesy of D.Mirarchi
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Courtesy of  F.Van Der Veken, LHC Collimation Working Group #278
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Courtesy of  B. Lindström, LPC 02/10/24


