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164th Meeting of the Machine Protection Panel 

The meeting took place on May the 18th in 774/1-079. 
Participants:  
A. Apollonio, W. Bartmann, E. Carlier, L. Carver, L. Jensen, V. Kain, D. Lazic, A. Lechner, 
B. Lindstrom, A. Mereghetti, C. Martin, Y. Nie, B. Salvachua, C. Schwick, J. Uythoven, 
G. Vandoni, F. Velotti, C. Wiesner, J. Wenninger, D. Wollmann, C. Zamantzas, M. 
Zerlauth. 
 
The slides of all presentations can be found on the website of the Machine Protection 
Panel: 
http://lhc-mpwg.web.cern.ch/lhc-mpwg/ 
 

1.1 Approval of MPP#163’s minutes 
 Actions from the 163rd MPP: 

 J. Wenninger: prepare a summary slide to show which parameters are 
checked and how, referring to the AOB - Abort Gap Keeper - protection 
of fine delay parameters. Ongoing. 

 No additional comments have been received on the minutes; they are 
therefore considered approved. 

1.2 BLM near miss event in the SPS – post mortem and proposed 
improvements (V. Kain) 

 Verena presented a near miss event which occurred on 5th of May at the SPS, 
where the LSS2 BLMs were not interlocking when the beam losses were above 
the threshold, and its mitigation strategies to be applied in the near future. 

 There are several different BLM systems in the SPS. Their thresholds and gain 
settings are user dependent.  

o Ring BLMs: integrating through cycle and comparison to the threshold 
in software (SW). The acquisition is performed every 20 ms and the 
fastest interlock reaction time is therefore as well 20 ms . 

o LSS BLMs: integrating through cycle and comparison to the threshold 
in hardware (HW). The interlock reaction time is about 500 µs. 

o BLMs in the LHC transfer lines: having effect only on the following 
extraction. The interlocking is done in SW. 

 The SPS BLM systems underwent several SW upgrades (FESA2 to FESA3 and 
operating system OS upgrades) during the YETS, some of which could only be 
tested with beam, e.g. the correct BLM readings. The beam losses measured 
were too high due to the fact that the driven gain settings were not correctly 
taken into account at the hardware level. Therefore, the BI experts rolled back 
to previous OS, and only the reading of the BLMs was verified. The interlocking 
functionality was not tested afterwards.  

 On 5th of May, the MST switched off during slow extraction due to 
electromagnetic interference on a temperature probe, but the BLMs did not 
stop the beam. A similar issue had already occurred on 15th of April. Later tests 

http://lhc-mpwg.web.cern.ch/lhc-mpwg/
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in the control room confirmed that the LSS BLMs were not interlocking when 
the beam losses were above threshold. 

o Daniel asked if the threshold was correctly set. Lars answered yes, but 
it seemed that there was some misunderstanding between the SW and 
the HW, and the real issue was actually originating from the HW. 

 As the BLMs are the only available protection systems in the SPS against such 
kind of failures, the following mitigations will be implemented soon. 

o SW changes: group the interlock-functionality settings into non-PPM 
property and put them in the MCS system, while keeping the interlock 
thresholds in PPM; make sure the gains can be read back from HW; 
extend the concept of normalized loss threshold to all BLMs in LSS2.  

o Additional interlocking: include a HW interlock on the extractions septa 
(MST and MSE) sum fault. 

 The proposal is to connect the existing STAGE 5 “Extraction 
PERMIT” output of the MST/MSE state machine to the SPS RING 
BIS, implement PPM interlock management on the SFT cycles, 
and use a maskable BIS channel at least for commissioning. 

- C. Martin commented, that there is no maskable 
channel available in the BIC. 

o Monitoring improvement: The BLM system acquisition and interlocking 
functionality are dependent on timing. A 20 ms LTIM settings 
monitoring is not clear yet (only publish on change, SIS is not a 
solution). 

 Jorg commented that putting it in SIS will at least be a 
compromise. 

o Procedures: Testing will be performed more at start-up and after every 
modification, both with and without beam. 

 Provide sequence to run MCS check in order to verify all 
interlock configuration through FESA. 

 During HW commissioning without beam, perform connectivity 
test with high voltage to make every BLM triggering BIS, change 
gains and read them back from HW, and test all BLM SIS 
interlocks. 

 Test with beam for LSS2, 4 and 6 BLMs (HW interlock): put 
bump at location of interest, trim the threshold to 0.1 mGy, use 
LHCBPMs, turn-by-turn FBCT or mountain range to measure the 
time from injection to dump which should be about 500 µs. An 
MD cycle is needed to validate the BLM interlock capability. 

 Test with beam for ring BLMs (SW interlock) where 2 BLMs are 
needed to trigger: adjust incorporation rules to have slow rising 
bump, reduce thresholds at two adjacent QF or QD magnets 
and put bump in Q20 at 26 GeV in the middle of flat bottom, 
record time evolution of losses and DC BCT, calculate the 
reaction time which should be maximum 20 ms. 

- Jan commented that 2 BLMs are needed originally for 
the availability of the SPS. Now one BLM should be 
enough, since its reliability has been proven. 
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- Jorg reminded that there are 2 BLMs per crate. 
o Jan asked about the timeline. It seems possible to do these 

implementations during TS1 and test them afterwards.  
o Daniel summarized that the proposed changes and timeline are ok. The 

open point is about the BIS, i.e. how to implement this using the 
available non-maskable BIC connections. In addition to the HW 
implementations, a test procedure is needed for the test after TS1. 

1.3 SPS crab cavity test stand – results of interlock test and readiness for 
taking beam (G. Vandoni) 

 Giovanna presented the current status of the implementation of interlocking 
for the SPS crab cavity test stand and readiness for the MDs to be conducted 
throughout 2018. The interlocks are detailed in document EDMS 1843638 and 
the performed DSO test in EDMS 1921540. 

 The MDs are split in four phases: 1 – RF-beam commissioning (2x10h), 2 – 
Transparency (1-2x10h), 3 – Performance (1-2x10h), 4 – High intensity (2x10h). 
A review in the MPP is foreseen between phases 2 and 3, i.e. before the beam 
intensity is increased beyond single bunches. 

 There are three types of interlocks: Personnel safety, Machine protection and 
Equipment protection. The Personnel safety has been tested and documented. 

o Jan asked where the table position is included in the interlock modules 
on slide 10. Giovanna replied that it does not go to the IOT Interlock 
modules but must be connected to the CIBU via another route. 

o Daniel asked about the reaction time of the RF controls layout for 
changing signals. Giovanna replied that it varies from signal to signal 
and that Luca Arnaudon or Eric Montesinos should know the details. 

o Jorg commented that the SPS BLMs have a 20 ms reaction time. Daniel 
added that the Crab Cavity BLM is of the same type and hence similar 
delays have to be assumed. Christos added that this BLM is in the 
standard system and part of the same tests. This BLM is part of the 
unmaskable interlocks. 

o Jorg commented that the table out/in permit is checked once per cycle 
as a maskable SW interlock. 

 The BIS was tested for table movements on 2nd of May. 
o Christophe added that the signals were forced manually within the PLC, 

in order to validate the connection, and that the tests should be redone 
by actually moving the table. 

o Jan, Markus and Daniel, requested that all basic interlocks + the 
different logic states of the interlock table are tested individually under 
nominal conditions before the first MD tests with beam. A procedure 
of what to test and by whom should be provided beforehand. 

o Giovanna added that the interlocks related to the RF do not act on the 
BIS. 

 The RF power interlocks were presented. A few are used for interlocking and a 
few are only monitored but might be used for interlocking in the LHC in the 
future. The time scales for RF power interlocks are faster than one µs. 

https://edms.cern.ch/document/1843638/1.0
https://edms.cern.ch/document/1921540/2018.01
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o Markus pointed out that all these fast interlocks do – according to the 
interlock schematic presented- not actually dump the beam. In 
addition, the transmission delay (if connected through the RF PLC) have 
to be accounted for. Verena asked how beam loading will be dealt with 
if only the RF power is switched off but beam is kept circulating. 
Giovanna replied that we need to have flexible interlocks during the 
commissioning and the MDs in order to learn about the system and the 
interplay between the cavities and the beam. 

o Daniel proposed an intermediate step after RF commissioning with 
beam in the MPP to review the interlocking. Lee replied that this could 
be done every second MD, or between each of the four phases in the 
MD plan. 

o Markus and Daniel commented that the low-level RF provide the 
fastest fault detection of any failure with the cavities and that it would 
be good to send these fast RF interlocks directly into the CIBU, 
circumventing the PLC, due to the delay of tens of ms due to the PLC. 
The goal should be to test the full interlock matrix before first beam 
and verify that the BIS of the SPS ring and the extraction BIS are 
triggered under the specified conditions. Then after the first two MDs 
see which RF signals propagate faster to the BIS, implement them and 
test them. 

 A few nonconformities of the interlocking were presented. The table position 
to vacuum valves opening, as well as the vacuum to cryogenics, is done via SW. 
For a HW interlock a cable needs to be added. Furthermore, in the Interlocks 
Engineering Specification only safety and machine protection interlocks are 
included. Proper equipment protection needs of the cavity should also be 
added to this specification. This will be accomplished sometime this year, 
except for the cable which will be added during LS2. 

o Verena commented that experts need to be involved for preparing the 
interlock strategy. In the LHC there is already a lot of experience with 
this. For example, how fast reaction is necessary to protect the cavities, 
and from when on it is actually dangerous. 

1.4 Direct dump BLM test during 2018 commissioning (W. Bartmann) 

 4 BLMPIs are installed at TCDQ and TCSP, which are hardwired directly to the 
dump trigger TSU without passing through the BIS, as a mitigation of a failure 
of the BIS to forward a trigger signal to the LBDS (more details see EDMS 
715795). The thresholds of these direct dump BLMs (BLMDDs) are similar to 
(but slightly higher than) standard IC thresholds, and they can only be modified 
locally in the tunnel. 

 A summary of the BLMDD test on 26th of April 2018 can be found here. The 
original aim of the test was to see the BLMDD not only triggering but also as 
first client in the TSU. This requires a complicated setup of beam intensity, 
dump protection collimator settings and monitor factor changes, which can be 
very time consuming and needs to be done every year. This year, in accordance 
with two rMPP members, it has been decided that seeing the trigger from both 
BLMDDs per beam is ok, despite for it not being the first input to the TSU. 

https://edms.cern.ch/document/715795/1.0
https://edms.cern.ch/document/715795/1.0
http://elogbook.cern.ch/eLogbook/event_viewer.jsp?eventId=2560045
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 The suggested test procedure to applied from now onwards is as follows. 
o In case of HW intervention: test IC with battery 
o After long shutdown (YETS, LS) , powercycle BLMDD crate to check the 

link between BLMPI and TSU. 
o After long shutdown, test BLMDD trigger in TSU with beam 
o Test 1: close TCSP, increase pilot intensity (fat pilot ~2e10 protons) until 

the trigger of the BLMPI at TCSP (limit of 20.000 bits), and then check 
TSU input signal. 

o Test 2: close TCDQ, trigger both BLMPIs at TCDQ and TCSP, check TSU 
input signal. One cannot distinguish the two BLMPI inputs, since the 
two BLMPIs are only a few meters away from each other. Therefore, 
the redundancy cannot be checked from the TSU side but from the IC 
reading. 

o Validation: if chamber reading is above 20.000 bits and the TSU input 
is ok, standard BLMs will trigger as well and faster. The difference to 
previous procedure is that we see the input on the LBDS side but it is 
not necessarily the first input.  

 Jan asked why standard BLMs will trigger faster. Wolfgang and 
Christos answered that there is a 300 m current loop leading to 
a few µs additional delay. 

o Daniel commented that the procedure looks reasonable and should be 
used and added to the LBDS (re-)commissioning document. 

AOB – Proposed update of BLM thresholds at collimators for steady-state losses 
(A. Mereghetti)  

 Changes of the BLM thresholds are proposed to accommodate the 
performance reach of the LHC in 2018. The changes are mostly fine tuning 
compared to last year. Most of them result from regular checks of thresholds 
at BLMs affected by betatron collimation cleaning and collision debris. A very 
small fraction of changes are mitigation actions because of frequent warning 
levels appearing this year in specific moments along the LHC cycle. 

o Anton commented that there will still be warnings at the collimators 
after these changes, e.g. during squeeze. 

 The changes have been discussed in detail in the last BLMTWG meetings on 
2018-05-08 and 2018-05-15, and will be presented at the LMC on 23rd of May. 
The implementation is planned from 23rd to 25th of May. 

 For betatron collimation cleaning, qualification LMs (RS09, all beams/planes) 
are used to spot all those BLMs that would trigger a premature beam dump, 
and to make sure that the collimators are operated within thermo-mechanical 
limits. Present SSL corrections on long RSs (e.g. from RS08 onwards) are 
modified according to scale factors identified with RS09. 

o BLM signals during LMs are extrapolated to 200 kW and compared to 
present thresholds. The changes requiring implementation are only at 
IR7 Q6 and IR1/5 TCTs to avoid premature dumps. 

o Daniel commented that every year there is a regular check of BLM 
thresholds against qualification loss maps. 

http://elogbook.cern.ch/eLogbook/event_viewer.jsp?eventId=2138662
https://indico.cern.ch/event/727546/
https://indico.cern.ch/event/728348/
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 Collision debris induces spurious signals in BLMs nearby the interaction points. 
The TCT/TCL collimators are involved. The effect is mostly visible on long RSs 
(steady state), since the signal from debris has time to pile up. 

 The TCSPM is used operationally in 2018, which was only used in MDs during 
2017. Therefore, we need to create a new family for the TCSPMs, set their 
thresholds as the THRI_7_TCSG, and increase the FT-corrections by 60%, as a 
result of the scaling of the qualification LMs. 

 IR7 MTQL (Q6) shows warnings towards the end of the ramp, up to 60% of the 
thresholds. The SSL (FT) corrections are active above 6.39 TeV at present. One 
needs to export to the last two energy levels the BLM thresholds at FT, 
including corrections by the LM scaling. 

AOB – Improved abort gap cleaning and shift of first bunch to avoid residual 
captured beam in the abort gap (J. Wenninger) 

 During run 1 the abort gap (AG) cleaning at FT was tuned to avoid impacting 
the luminosity and bunches adjacent to the AG. The same strategy was so far 
reused in run 2. To minimize the impact on the first buckets, the cleaning 
action did not cover the full abort gap (only ~3/4), so the last 1/4 on the bucket 
1 side was not affected by the AG cleaning. This sometimes leads to a 
population above the AG cleaning limit, but it is not cleanable being out of the 
AG cleaning reach. 

 Since in the large majority of cases the AG population is static, and cleaning is 
only required for a few minutes, the cleaning range was extended to cover the 
full AG. No impact was observed on bucket 51 (bunch slot 6). 

o The central bin requires a longer time to clean. 
o Some residual on both edges is reduced slowly. 
o After a cleaning of 2-3 minutes, the AG population can be reduced from 

typically 5e8 to 2e9 protons to < 2e8 protons. 
o Daniel commented that we are in a good direction for the AG cleaning, 

and some fine tuning might be needed, e.g. to make the gap population 
more uniform. 

AOB – Approval of the scraping test at injection with full beam (B. Ferrando) 

o Belen asked the approval of the scraping test at injection with full 
beam. The MPP agreed to scrape slowly about 1 sigma before the 
RAMP to investigate the losses during the ramp and the tail evolution. 
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