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The LHC Beam Dump System

15 MKD: extraction 

kickers
MSD: extraction septa

TCDS: septa protection MKB: dilution kickers

TCDQ: Q4 

protection & TCSP

TDE: Beam dump



Original Kicker Failure Assumptions 

 MKDs: 

 1 module pre-fire  all 
14 remaining MKDs re-
triggered within 1.3 μs 
asynchronous beam 
dump

 MKBs:

 Erratic firing of one 
MKB: risk of phase 
opposition  2 MKBs 
missing

 Flashover 
simultaneously affecting 
two MKBs sharing the 
same vacuum tank  2 
MKBs missing

 Horizontal plane more 
critical since 4 kickers 
only

1 module pre-fire

TCDQ

TCDS



LBDS: Main Findings in Run I

 Safety holes found in powering system logic:
 Possible self-triggering of two MKD generators (Trigger 

synchronisation and distribution logic)

 Lack of redundancy and unreliability of WIENER power supplies 
increased risk of asynchronous beam dumps

 Common failure mode VME + 12 V DC power feed line of TSU crate 
 risk of no sync. or async. beam dump when requested 

 Mitigations put in place already during the Run:
 TSDS logic modified 

 Additional protection in WIENER power supplies

 External fast monitoring of VME + 12 V line (increased risk of async. 
dumps)

 Slow surveillance of VME + 12 V line which forbids arming the system if 
failure occurred while the system was not armed

 Electrostatic discharge in GTO stacks  risk of spontaneous 
MKD/MKB triggers  limited to ≤ 5 TeV operation



LS1 Activities

 Improved and fully redundant power 
distribution architecture 

 MKD and MKB:

 Added insulator between Plexiglas insulated ground 
ROD and GTO HV deflectors

 MKD GTO electronics less sensitive to Single 
Events Burnout (SEB)

 Increased voltage of Power Trigger Units (PTU)

 Shielding of cable ducts to diminish radiations 

 Controls:

 Upgraded Trigger Synchronisation Unit (full 
redundancy and internal surveillance)

 Direct connection between LBDS retriggering 
system and the BIS

 SW upgrade (FESA3 migration and operation at 6.5 
TeV)

 Installed two missing MKBVs (baseline 
completion) 

 Upgraded TCDQ:

 One additional module and CFC instead of graphite 

 Separated PLCs for Motor Drive Control (MDC) and 
Position Readout and Survey (PRS)

 TCDQ positon in BETS (fully redundant position 
check) 



Run II Performance

MKD/MKB Erratic/Flashover with beam at top energy 
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LS1

* One a.b.d. with pilot at 450GeV (Evian December 2011) 
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Run II Performance

MKD/MKB Erratic/Flashover with beam at top energy 

LS1

* One a.b.d. with pilot at 450GeV (Evian December 2011) 

- 4 nominal bunches in the machine during a.b.d., no mis-kicked 

bunch  clean extraction
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Run II Performance

MKD/MKB Erratic/Flashover with beam at top energy 

LS1

* One a.b.d. with pilot at 450GeV (Evian December 2011) 

- Five MKBH erratics at 6.5 TeV:

- 2X in 2 days, one pilot 

bunch

- 1X seven bunches

- 2X in 2 days, full machine

Clear correlation with dirt and 

sparking activities      
31st May 2015 24th October 2015 
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Run II Performance

MKD/MKB Erratic/Flashover with beam at top energy 

LS1

* One a.b.d. with pilot at 450GeV (Evian December 2011) 

- Two MKBH erratics at 6.5 TeV:

- 1X full machine

- 1X 7 bunches

Same generator affected, 2 events 

in less than 1 week

Clear correlation with dirt and 

sparking activities      
31st May 2015 1st October 2016 4th October 2016
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Run II Performance

MKD/MKB Erratic/Flashover with beam at top energy 

LS1

* One a.b.d. with pilot at 450GeV (Evian December 2011) 

- Two MKBH erratics at 6.5 TeV:

- 1X full machine

- 1X 7 bunches

Same generator affected, 2 events 

in less than 1 week

Clear correlation with dirt and 

sparking activities      
31st May 2015 1st October 2016 4th October 2016

During 2016/2017 EYETS:

Cleaning, better sealing and dust traps to 

all MKBH generators

Added lower value resistor on GTO gate-

cathode on MKB  less sensitive to sparks 

 reduce erratic rate
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Run II Performance

MKD/MKB Erratic/Flashover with beam at top energy 

LS1

* One a.b.d. with pilot at 450GeV (Evian December 2011) 

- One MKBV flashover at 6.5 TeV:

- 1X full machine

31st May 2015 
4th October 2016

14 July 2018 MKBV 



New Failures: MKD Type 2 Erratic 

TCDS

TCDQ

 Slower rise time in case of 1-module pre-fired @ 7 TeV was 

observed during reliability run without beam in 2015.

TCDS



New Failures: MKD Type 2 Erratic 

TCDS

TCDQ

 Slower rise time in case of 1-module pre-fired @ 7 TeV was 

observed during reliability run without beam in 2015.

TCDS

• Bunches almost uniformly 

swept on the TCDS (fixed 

aperture) in all scenarios 

• The number of bunches and 

density of particles impacting 

the TCDQ varies depending on 

the TCDQ effective position wrt

beam (taking into account 

tolerances) and the erratic type.

• Maximum energy deposition 

close to jaw surface, strong 

dependence on number of 

particles per bunch

Possible limitations on bunch 

intensity depending on required TCDQ 

position or vice versa in Run III.

Ongoing studies on TCDS and TCDQ 

driven limitations and possible 

improvements for HL-LHC beams.



New Failures: EM Coupling Between MKB Generators 

 Erratic on MKBH during tests @ 7 TeV without beam  Parasitic 

EM coupling through re-triggering line  firing of neighboring 

generators

 Possible loosing more than 2 MKBH 

Courtesy of C. Wiesner

For t∞

αmax  75%

(loss of 1 MKBH)

For t∞

αmax  50%

(loss of 2 MKBH)

For t∞

αmax  25%

(loss of 3 MKBH)

For t∞

αmax  0%

(loss of 4 MKBH)

100% Dilution



New Failures: EM Coupling Between MKB Generators 

 Mitigations:

 EYETS 2016/2017: consolidation of MKB retriggering line to 

avoid coupling in case of self-trigger

 LS2:

 Upgrade of all MKBH generators for operation at lower voltage  reduced 

risk of erratic

 MKB retriggering in case of self-trigger  synchronous dump with no more 

risk of anti-phase in case of erratic but different sweep pattern depending on 

MKD-MKB delay



reaction 

time < 6 us

~89 us

2/4 MKBH 

(165.5%)

Highest Edep

US window

Highest Edep

dump core

Highest Edep

DS window

Courtesy of C. Wiesner

Possible limitations on 

beam brightness and 

intensity in Run III.

Ongoing studies on 

limitations and possible 

improvements for HL-LHC 

beams (A. Perillo’s talk) 

New Failures: EM Coupling Between MKB Generators 

 Mitigations:

 EYETS 2016/2017: consolidation of MKB retriggering line to 

avoid coupling in case of self-trigger

 LS2:

 Upgrade of all MKBH generators for operation at lower voltage  reduced 

risk of erratic

 MKB retriggering in case of self-trigger  synchronous dump with no more 

risk of anti-phase in case of erratic but different sweep pattern depending on 

MKD-MKB delay



New Failures: Delayed Propagation Coupled with Anti-phase 

 First flash-over with beam: programmed dump with 2556 bunches at 6.5

TeV, 37 μs after the start of the dump a flash-over occurred in magnet

MKBV.C, 10 us later propagated to MKBV.D (both magnets in same tank)

Nominal waveform

HV Generator 

Current

Nominal waveform

Current in generators



Nominal waveform

HV Generator 

Current

Current in generators

First flash-over  0 current 

in the magnet (maximum V 

between busbars)

New Failures: Delayed Propagation Coupled with Anti-phase 

 First flash-over with beam: programmed dump with 2556 bunches at 6.5

TeV, 37 μs after the start of the dump a flash-over occurred in magnet

MKBV.C, 10 us later propagated to MKBV.D (both magnets in same tank)



Nominal waveform

HV Generator 

Current

Current in generators

First flash-over  0 current 

in the magnet (maximum V 

between busbars)

2nd flash-over 10 μs later 

Some current in the magnet 

+ antiphase with other 

kickers  loss of 3 MKBVs
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Nominal waveform

HV Generator 

Current

Current in generators

First flash-over  0 current 
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between busbars)
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New Failures: Delayed Propagation Coupled with Anti-phase 

 First flash-over with beam: programmed dump with 2556 bunches at 6.5

TeV, 37 μs after the start of the dump a flash-over occurred in magnet

MKBV.C, 10 us later propagated to MKBV.D (both magnets in same tank)



Nominal waveform

HV Generator 

Current

Current in generators

First flash-over  0 current 

in the magnet (maximum V 

between busbars)

2nd flash-over 10 μs later 

Some current in the magnet 

+ antiphase with other 

kickers  loss of 3 MKBVs

Even more critical if occurring in MKBH 

since left with only 1 dilution kicker!

New Failures: Delayed Propagation Coupled with Anti-phase 

 First flash-over with beam: programmed dump with 2556 bunches at 6.5

TeV, 37 μs after the start of the dump a flash-over occurred in magnet

MKBV.C, 10 us later propagated to MKBV.D (both magnets in same tank)



 Mitigations:

 Lowered voltage on faulty MKBV by 

20% to reduce stress on magnet until 

end of Run II (validated with 10 pilots 

and confirmed expected 5% overall 

vertical dilution reduction)  magnet 

replacement in LS2  

 Proposed addition of two MKBH per 

beam by LS3 (not yet approved!)

 Only fully reliable solution to reduce risk 

(lower voltage) and sensitivity to any 

possible failure of MKBH

 Possibility of increasing dilution at the 

dump  reduce energy density and 

temperature increase during nominal 

operation

Possible limitations on beam brightness 

and intensity in Run III (A. Perillo’s talk).

Possible mitigations (improve insulation of 

the HV busbars, if present understanding of 

flashover origin confirmed during visual 

inspection) before LS3 are being evaluated. 

New Failures: Delayed Propagation Coupled with Anti-phase 



Other MKD/MKB Consolidations and Upgrades

Increase reliability: reduce risk of erratics, monitoring of 

switch status, faster reaction in case of failures

 LS2: 

 HV switches modification

 Sparking activity surveillance system 

 MKD triggering and retriggering upgrade

 New Power Trigger Module (PTM) and Control (PTC) 

 Improving grounding circuit

 IPOC upgrade  

 Ross relay and energy saver

 LS3 upgrades:

 Upgrade of PLC HW and SW



Abort Gap Keeper

 Since 2017 possible regenerating the 

AGK window length via SW store more 

bunches depending on MKI waveform 

length (number of injected bunches) 

 On Sept. 4th 2017: 7 bunches erroneously 

injected in abort gap  beam dumped by 

operator at 2 TeV just small kick from 

MKDs and cleanly extracted at next turn. 

 Revised procedure*:

 Filling scheme editor takes into account AGK 

length

 SIS checks that: 

 SPS train length (BQM) consistent with MKI wavelength 

 Last injected bucket is not in AG

 Requested injection bucket not in AGK …

 Injection sequencer blocks (not only warning) if 

SIS checks not OK

 EDMS document with new filling schemes and 

key parameters to be checked and approved by 

MPP before applying any change

* Details in C. Wiesner talk at Evian 2017 

No more accidental injection in AG



Asynchronous Beam Dump Test

 Vital test to insure correct positioning and hierarchy of TCDQ wrt

collimation system during all operational phases (in particular TCTs)

 Detailed procedure available

When 
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Asynchronous Beam Dump Test

 Vital test to insure correct positioning and hierarchy of TCDQ wrt

collimation system during all operational phases (in particular TCTs)

 Detailed procedure available

 ABD tests validation
• Offline python scripts which checks:

• All collimators position

• Bump amplitude @ TCDQ

• Abort gap population (intensity and 

distribution)  expected losses at critical 

locations wrt past tests



Asynchronous Beam Dump Test

 Vital test to insure correct positioning and hierarchy of TCDQ wrt

collimation system during all operational phases (in particular TCTs)

 Detailed procedure available

 ABD tests validation
• Offline python scripts which checks:

• All collimators position

• Bump amplitude @ TCDQ

• Abort gap population (intensity and 

distribution)  expected losses at critical 

locations wrt past tests

Next step:

• Comparison with simulations (one-

turn)  predict loss locations along 

the full ring, independent past

measured references



BETS TCDQ

 In order to guarantee the correct TCDQ positioning during the ramp 

also in case of:  

 Failure of timing distribution to start PLC 

 Failure of Ethernet card to transmit set points to the PLC

 Added redundant HW interlock (BETS TCDQ): fully independent

check of position wrt energy (pre-defined functions and limits, ~± 1σ)

 Not possible varying TCDQ position outside BETS limits during β* 

squeeze at fixed energy



Not desirable 

movement due to 

risk of accumulating 

mechanical play



 In order to guarantee the correct TCDQ positioning during the ramp 

also in case of:  

 Failure of timing distribution to start PLC 

 Failure of Ethernet card to transmit set points to the PLC

 Added redundant HW interlock (BETS TCDQ): fully independent

check of position wrt energy (pre-defined functions and limits, ~± 1σ)

 Not possible varying TCDQ position outside BETS limits during β* 

squeeze at fixed energy



BETS TCDQ

In Run II, TCDQ set at the end 

of the ramp at required position 

as at the end of the squeeze.

Not-ideal positioning during the 

ramp but no MP issue:

• Machine aperture and TCTs 

still fully shadowed by TCDQ

• A few more escaping bunches 

to IR7 in case of abd

No upgrade possible in LS2.

The same protection as TCDQ 

BETS HW interlock to be 

granted at each operational 

stage!



XPOC

 Logic:

 OP can reset: BLM and CONTEXT (masked 
channel in Run III?)

 Expert can reset: ALL

 In general it worked fine and was very 
reliable. Main encountered issues:

 Missing or corrupted data (BTVDD, BCT, 
BPMs, etc.) 

 Wrong operation (resync of RF with LBDS 
armed  TSU fault), need expert reset even 
when well known issue (critical)

 Systematic MKD fault during first dump @
450 GeV after long time @ 6.5 TeV
(residual magnetization of capacitor box 
it will be fixed in LS2)

 Noisy Rogowsky pickups (MKD/MKB 
false faults)  thresholds to be iteratively 
adjusted at the beginning of the Run 

 BTVDD: 

 Swapped coordinate system (fixed)

 Wrong image on page 1 for Beam 2 
towards end October 2018. One camera 
broken  remaining camera adjusted to 
have correct measurement in XPOC until 
the end of Run II (need to add a filter so 
not possible seeing pilots). The camera will 
be repaired during LS2

L
a
tc

h
in

g
M

a
s
k
e
d



Recommendation for next Commissioning after LS2

Adequate time to be allocated and insured for LBDS 

commissioning wo/w beam  time for reaction in case of 

problems (non-conformities discovered during dry run at the end of 

LS1)

 Individual System Tests: 6 weeks per beam  

 Local Reliability Run: 12 weeks (some tests in parallel) 

 Remote Reliability Run: 18 weeks per beam (in parallel)

 Machine check out: 2 weeks

 Commissioning with beam: 1 week



Summary

 The BDS is one of the most critical LHC machine protection system

 A few kicker failures per year (erratics and flashover) occurred and will continue to 
occur, especially when operating at higher energy (higher voltage)

 Some mitigations were already put in place and others are already part of the HL-LHC
upgrade program (kicker switch consolidation, TCDS upgrade, etc.)

 Weaknesses and new kicker failure types (type 2 MKD erratic, ~3 “missing” MKBs) 
were identified during past Runs  impact on beam load for dump protection 
elements and TDE 

 2 additional MKBHs per beam are required to insure the full safety of the machine 

 For TCDS/TCDQ and TDE studies are on going to define the required changes 
(including BETS upgrade) and the optimum upgrade strategy of the LBDS 

 These activities cannot be completed before the end of LS3 and an impact on the 
intensity and brightness reach in Run III is expected

 Others:
 AGK: revised and robust procedure to vary AGK window via SW possible increasing number of 

stored bunches 

 ABD: vital test to insure adequate protection in case of adb, new offline analysis tool available for 
validation and further improvements planned for Run III

 XPOC: globally reliable with some hiccups. No change in reset logic planned for Run III (OP reset 
for presently masked channels?)  

 Final recommendation: allocate and insure adequate time for LBDS commissioning 
wo/w beam after LS2!



Thank you for 

your attention!


