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Operational Assumptions and Faults Occurrence  
  One year of operation with 400 9ills of 10 hours each followed by 2 hours without 

beam 
  Power converter failures within the different systems are expected to cause 2.5 false 

dumps per year (main source of unavailability) 
  False alarms generated by BETS are not included 

  False dumps per year : 2 x (3.4 ±1.8) 
  Number of dumps with a missing MKD modules per year:  1 
  Number of asynchronous beam dump per year:1 
  Number of total dump system failures (unacceptable):1 every 1000000 years 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System   Unsafety/year  False dump/year 
Synchronous      Asynchronous 

MKD  1.4×10‐7  1.9  0.7 
MSD  0.4×10‐7  0.1  ‐‐ 
MKB  6.5×10‐10  0.7  ‐‐ 
LBDS  1.8×10­7  2.7  0.7 



Faults Occurred During 2010 run  
  1 energy tracking error at 3.5 TeV due to instabilities of 35 kV power 

supplies  beam dump (30/03/2010: media day)  

  Asynchronous beam dump, during energy scan without beam (due to spark 
on the outside of the gate turn‐off GTO thyristor): 

  1 at 5 TeV 
  2 at 7 TeV  

  4 internal triggers due to vacuum interlocks on the MKB for B2  
  FALSE vacuum pressure reading – logic now changed to use only VAC signal 

  1 Asynchronous beam dump with beam 

  2 beam dumps induced by TCDQ faults 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Safe margin for 3.5 TeV operation, isolators implemented 
during technical stops (starting in January 2011  9inished 
during 2012 TS)  



THE Asynchronous Beam Dump 
  Failure of a single power driver in one Trigger Fan‐Out unit (TFO)  LBDS 

self‐triggering of two generators for Beam 1: MKD C and D  IPOC fault and 
XPOC fault 

  Subsequent retriggering of remaining 13 generators worked perfectly 

  Component (MAX4429EPA single power driver) was not expected to fail 
  Broken chip still in the tunnel (diagnosis and repair during Christmas stop) 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THE 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 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Original logic:  
•  2 out of 4 trigger signals missing in 1 generator 
in case of failure (missing) of 1 driver circuit  

•  1 single generator pulsed in case of faulty trigger 
pulse at driver output 

Actual logic (to reduce risk of missing generator trigger): 
•  1 out of 4 trigger signal missing in 2 generator in 
case of failure (missing) of 1 driver circuit 

•  2 generators pulsed in case of faulty trigger pulse 
at driver output 



LBDS Trigger Synchronization and Distribution 

Fault‐tolerant Fail‐safe  Re‐trigger lines 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Effect on Beam Sweeping  
“Design” kicker pre‐
fire failure scenario  

Nominal TCDQ setting 

Real failure  

‐ Lower load on elements with aperture < 7 σ  
‐ Higher load on the TCDQ  robustness problem (see later) 
‐  Will change trigger logic back to original. Being discussed... 
(needs recon9iguration plus extensive tests) 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TCDQ Induced Beam Dumps 
  09/09/2010: B1 TCDQ stayed armed by mistake after parasitic collimator 

tests  timing event sent TCDQ and thresholds to 3.5 TeV setting (< 4 σ at 
450 GeV)  beam then was injected and dumped due to losses in point 6. 
  SW upgrade in progress now in TS 
  State machine.... 

  23/09/2010: beam 1 dumped due to a glitch in position readings (resolver 
read injection values) at end of ramp (out of thresholds). 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TCDQ HW and SW issues  
  TCDQ:  

  Some SW bugs being resolved 
  DC motors   ±0.05 mm resolution, not obvious if improvable with stepping 
motors. Reproducibility better than ±0.02 mm    
  Long‐term upgrade: possibility being addressed between ABT and STI  

  Positioning (MDC)/ interlock (PRS)on same CPU  potential common mode 
failure  (also RadHard issues have to be taken into account) 
  Could solve if use identical low‐level to collimators 
  Decision still to be taken on type of sensors: LVDT or potentiometers? 

  TCDQ position vs beam energy just SW interlocking: add HW interlock? 
  HW interlock BPMs in P6 currently much looser (±3.6 mm)… 

  Robustness:  
  Nominally 32 bunches should impact on the TCDQ during an asynchronous beam dump 
(original triggering logic)  

  TCDQ will be damaged by impact of 28 nominal intensity bunches (25 ns spacing) at 7 
TeV (Scaling to other energies/emittances/energies dif9icult!) 

  To be resolved in 2012 shutdown by HW upgrade (design in progress) 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Machine Protection Validation Tests 
Many tests still needed for 2011 

  Full series of system tests with beam to be performed after each shutdown  
  14/15 MKD, basic aperture, power off, energy tracking, RF interlock, FMCMs, sweep 

waveform, synchronisation, ... 
  Maybe 10 shifts – detailed planning still to make! 

  Asynchronous dump tests 
  Debunch and trigger dump (all operational con9iguration) to measure leakage to TCTs and 

other elements – for 2011 may need extra checks for lower β* ‐ discussion in RB talk  
  One dump per con9iguration, plus maybe special tests for TCT‐TCDQ margin – 10 ramps? 

  IR6 interlock BPM tests 
  Test procedure already revised – should streamline intensity increases somewhat 
  Less impact than 2010 (was about 1‐2 hours per new 9illing pattern/intensity step) 

12/08/2010 



XPOC 

12/08/2010 

  Upgrades for next year: 
  Monitoring losses at TCT in all the IPs 

  BLM grouped in families  
  1 MASTER element (example: TCDQ) 
  Losses of all BLM belonging to a family will be compared to 
losses at the MASTER element (example: TCT wrt TCDQ)  

  Monitoring  TCDQ position  

   Monitoring Orbit position at TCDQ (up to now orbit stability was 
better than 1σ ≈ 0.8 mm at 3.5 TeV , for nominal operation at 7 TeV  
it should be better than 0.3σ ≈ 0.2 mm)  



XPOC Signoff  
  XPOC signoff : “LBDS expert” RBAC role and “EiC Machine Protection” RBAC 

role 

  EiC got the consign to acknowledge a FAULTY XPOC only when induced by 
losses above thresholds due to unbunched beam (BLM at TCDS, TCDQ, 
MSDA, TCSG, MSDC and MQY.4R6) or missing data readings (ex. BCT) 

  EiC have to call the expert for XPOC signoff when: 
  FAULTY XPOC was induced by MKD and MKB failures 
  Unusual fault of any system 

  Do we need different RBAC roles for “EiC Machine Protection” and “LBDS 
expert”? 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Abort Gap Cleaning 
  Operational at 450 GeV 
  Still commissioning at 3.5 TeV: 9irst tests   

  RF voltage lowered from 8 MV to 7 MV:  
  1/3 of the gap was used for the cleaning.  
  The kick amplitude was about 34 times weaker than at 450 GeV. 
   Cleaning was observed but parameters still need to be optimized. 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450 GeV, Abort Gap Cleaning OFF   450 GeV, Abort Gap Cleaning ON 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Abort Gap Cleaning Status 
  Operation for protons 

  Abort gap cleaning fully operational at  
 injection energy  AGC always ON  

  At 3.5 TeV, the abort gap cleaning has still to be 
  9inely tuned and tested 

  Not possible to use the tune feedback system  
 at the same time as the abort gap cleaning 

  AGC switched on by  the sequencer when tune  
 feedback off  AGC always ON 

  When experience gained with abort gap  
 monitor  SIS interlock 

  Not yet operational for ions: 
  No synchrotron light seen at injection but only from 650‐700 GeV  (under investigation) 
  When solved, will have same operational considerations as for the protons. 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Abort Gap Cleaning Interlock 
  Limit of particles in the abort gap: 107 p+/m at 7 TeV and 109 p+/m at    

450 GeV (see WB talk for discussion about these numbers) 

  Interlock logic: 
  Experience and commissioning: “alarm” when abort gap population above a 

warning threshold  abort gap cleaning ON  beam dump if abort gap 
population above dump threshold   

  Goal: beam dump when abort gap population above thresholds  

  Connection of BSRA to SIS interlock system to monitor abort gap 
population and, eventually, trigger a beam dump: not yet operational   
 (no redundancy) 
  Beam dump would be triggered if abort gap population above dump threshold 
  Not guaranteed that BSRA reads  the correct value: no beam dump when needed 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Conclusions and Discussions 
  LBDS failures occurrence in agreement and not worse than requirements and 

expectations 
  No damage or quench during synchronous and asynchronous beam dumps 
  Leakage to downstream elements within speci9ications  
  TCDQ needs TLC – long‐term plans to de9ine 

   Logic for MKD triggering in case of spontaneous kicker pre‐9iring to change 
  Pre‐trigger of 2 generators is much worse for TCDQ 

  Machine protection validation tests, procedures and tests frequency: 
  Is this adequate? (too often, too rarely) 
  Could tests be improved?   
  Do they really insure machine safety? 

  XPOC functionalities and upgrade: 
  Missing checks? 
  Different RBAC role needed for XPOC signoff from EiC? 

  Abort gap cleaning 
  Always ON at 450 GeV 
  When operational at 3.5 TeV  ON through the sequencer 
  Solution to connect the BSRA to SIS interlock system: how to implement redundancy? 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Thank you for your attention! 



Backup Slides 



LHC Beam Dump (LBDS) System 
LBDS system consists of (per beam): 

  15 MKD extraction kickers 
  8 MKB dilution kickers 
  15 MSD septum magnets 
  1 Absorbing block: TDE 
  Protection elements TCDS, TCSG, TCDQ and TCDQM 

  Reliability of the system: 
  Continuous monitoring of system elements and kicker generators + Full 
redundancy 

  N2 Over‐pressure of TDE core (damaging loss of containment of TDE) 
  Automatic “Post‐mortem” of every dump event (IPOC and XPOC) 
  Redundant synchronization between RF and kickers 
  Beam energy tracking  
  Interlock on beam orbit and TCDQ position  

  If a parameter out of interlock tolerances  Beam Dump triggered 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Failure Scenarios 

  Acceptable faults: 
  One missing extraction kicker (14/15 MKD)  correct extraction but 
possible quench of Q4 if this happens simultaneously with another fault 

  Asynchronous dump 
  Spontaneous triggering of one/two MKD kickers   re‐trigger of the 
remaining modules with in 1.2 µs (450 GeV), 0.7 µs (7 TeV)  

  Loss of synchronization between RF cavities and kickers   
  Missing MKB: only one horizontal and one vertical  MKB  need to be 
operational  longer cool down period of TDE or, in the worst case, 
damage  

  Self triggering of the system in case of detection of an internal fault  
synchronous beam dump (FALSE) 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Machine Protection Validation Tests 
Tests to be performed after each shutdown (pilot beam at 
450 GeV) 

  14/15 MKD: open bump that simulates the kick obtained with14 MKD  clean 
extraction and correct beam position at the BTVDD screen 

  Aperture measurements with extracted beam: open bump with increasing 
amplitude until losses are recorded  no unforeseen bottlenecks 

  Aperture measurements with circulating beam: closed bump with increasing 
amplitude until losses are recorded  no unforeseen bottlenecks 

  LBDS kickers to STANDBY with circulating beam  dump correctly for B1 and B2 
  RF frequency interlock triggered at correct level  dump correctly for B1 and B2 
  RF frequency stop triggers synchronous dump from TSU PLL  dump correctly for 

B1 and B2.  
  MSD FMCM triggered correctly for MSD OFF  dump correctly for B1 and B2.  

12/08/2010 



Machine Protection Validation Tests 
  Asynchronous beam dump: 

  How:  
  Switch off RF for ~90 s  beam debunching and populating the abort gap  
  Local Bump away from TCDQ jaw (close to orbit interlock limit: now 1.2 σ ) 
  Trigger beam dump with CCC emergency switch  

  When: any change in beam intensity, optics (β*, crossing and 
separation), 9illing pattern , energy…..  

   What: leakage from TCDQ to downstream elements (i.e. TCTs in point 5 
for B2: < 10‐3). 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Machine Protection Validation Tests 
  P6 BPM test1: 

  How:  
  Check that BPM readings are within de9ined position thresholds 
  Change threshold of 1 BPM in point 6 (YASP,  provided expert RBAC role)   

  When: for any new 9illing pattern 
   What: beam dumped when BPM outside thresholds 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Check depends on the number of 
turns and bunches (1: low intensity, 
2: high intensity) 



Machine Protection Validation Tests 
  P6 BPM test1: 

  How:  
  Check that BPM readings are within de9ined position thresholds 
  Change threshold of 1 BPM in point 6 (YASP,  provided expert RBAC role)   

  When: for any new 9illing pattern 
   What: beam dumped when BPM outside thresholds   

  P6 BPM test2: 
  How:  

  Check that BPM readings are within de9ined position thresholds 
  Check reading of number of bunches 

  When: for any change in intensity (number of bunches) 
   What: correct readings 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XPOC 
  Fully redundant analysis of the extraction and dilution kicker waveforms 

(MKD and MKB) with individual references and tighter tolerance limits.  
  It analysis also measurements from beam instrumentation. 

  BLM in point 6 and transfer line: limits scale with energy and intensity  
  Vacuum pressure  in the extraction channel down to TDE (N2 pressure) 
  Beam position in the extraction channel (BPMD) 
  Beam image of the screen just in front of the dump block  (BTVDD) 
  The beam intensity in the dump channel (BCT) 
  Beam population in the abort gap (BSRA) 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no False XPOC 
but used as auxiliary 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for faults 
analysis  



Abort Gap Cleaning Test at 450 GeV 
  Abort gap “ protection”  

  Beam in abort gap  possible quench or TCT/LHC damage if TCDQ position is wrong 

  Principle of cleaning: kick out resonantly the beam in the abort gap with the 
transverse damper system 

  Test at 450 GeV: two nominal bunches injected, bunch #1 and #1201, simulating 
abort gap of 3 µm length 
  The cleaning of the abort gap took place over about 1.5 µs and is nicely observed on the Abort Gap 

monitor (right 9igure) 
  No evidence of variation of the initial emittance increase rate (~linear and similar to what normally 

seen by nominal bunches sitting at injection) 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Abort Gap Cleaning Test at 3.5 TeV 
  Experiment at 3.5 TeV by  

  RF voltage lowered from 8 MV to 7 MV:  
  The 3 µs gap between buckets #13281 and #14481 was monitored 
  Unbunched beam production is not symmetric 
  Particles needed about 50 s for crossing the abort gap.  
  1/3 of the gap was used for the cleaning.  
  The kick amplitude was about 34 times weaker than at 450 GeV. 
   Cleaning was observed but parameters still need to be optimized. 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