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Mariusz: Presentation on the BLM threshold production to be given at the 

Evian workshop 

Mariusz went through the presentation that he is going to give at the Evian 
workshop.  
 
In the BLM hardware there are HV issues that are relevant to the performance 
of the BLM thresholds. The comparator that is used to monitor the HV levels 
of the monitors will give a beam dump flag if the voltage in the HV circuit 
drops too low. This can occur in the areas where high losses and/or long loss 
durations are seen. This is foreseen to be cured by decreasing the threshold 
for the HV dump from 1370 V to 950 V. In addition, also to protect the HV 
supply, suppressor diodes with resistors are installed to HV input. 
 
High injection losses follow the particle showers from the injection line. This is 
critical especially for the BLMs that cannot be masked due to the machine 
safety. The monitors will become saturated if they are not masked and this will 
result into a beam dump signal. This also prevents the monitors to measure 
losses during the injection. There are two solutions foreseen for the problem, 
either sunglasses are put on the monitors, i.e., the monitors are temporarily 
disabled from sending beam abort signal, or lower sensitivity monitors are 
used.  
 
Since the SEMs were found to be too insensitive to be used in the BLM 
system, an improved alternative, LIC, was developed. Similarly to ICs, the 
sensitivity and the signal current of the LICs can be adjusted by using RC-
filters. The SEMs that have been installed in the LHC have been or will be 
replaced with LICs. Barbara: Most of the time the installed LICs are replacing 
the corresponding SEMs, but there has also been new installation locations, 
namely on MQs. The locations where SEMs are changed to LICs are for 
instance septa and TDI. Also there is at least one LIC that used to be 
connected to BIS and now is parallel to an IC. 
 
The sunglasses alternative is currently being studied. It is not yet sure if the 
full system would be ready for the startup 2015. In any case, at the startup the 
system would not be blinded. There are 8 inputs per card with 3 cards in IP2 
and 2 in IP8. There is also on blindable surface crate for both IP2 and IP8. 
 
The BLMs were originally installed in the locations with maximum beta values. 
There were 3 BLMs per beam per MQ. However, due to the losses by UFO 



events, it was decided to relocate the middle detector to the MB-MB–
interconnect to protect the MBs from the losses. The simulations show that 
the relocated monitors will give higher signal in case of the UFO events. 
 
Quench tests are needed since more quenches than before are expected at 7 
TeV. Testing allows locating the limit where the BLMs should dump the beam. 
The tests can also be used to validate the models that are used in the 
threshold calculations. To do this in controlled environment helps in improving 
knowledge of the underlying physics in the events. Typical approach in the 
tests is to push the limits until a quench occurs. First quench beam-induced 
quenches occurred in 2008, but the first real quench tests with beams were 
made in 2010. In 2011 and 2013 the tests were made to study the effects of 
the collimation. 

 

Main outcome of the quench tests have been reduction of measurement 
uncertainties and improved understanding of physics in electro-thermal 
simulations. The results have allowed to benchmark and validate the 
simulation models.  The most recent results of the simulations suggest that 
more relaxed threshold values could be used in the milli-second and steady-
state regimes. 

 

For the measurements of the UFO-timescale quench limits, the results of 
QP3-model were found to be 2-3 times lower than the measurement results. 
The measurements were found to be difficult and the UFO-loss parameters 
were not really reached. The signal profile that was measured was found to 
be spiky instead of continuous. Also there is a contribution of neutral particles 
in the loss. 
 
The current thresholds of the BLM-monitors were fine-tuned with the 
experience obtained with the LHC.  They were proven to be good at 4 TeV but 
were not planned to be used for higher energies.  

 

The threshold tools that have been used do not allow selecting different loss 
scenarios for different time scales within a family. Thus the selected scenarios 
are not always the optimal for all types of runs, but their overall response is 
the best. Anton noted that this means that globally the most conservative 
ones must be used. Barbara remarked that now would be the best time to 
modify the tools to add the possibility for multiple scenarios. Bernhard 
concluded that even if the possibility to foresee multiple scenarios was not 
needed at the moment, there could be more demand for it in the future. Thus 
this should be done. Mariusz added that at the moment there is no good 
scenario for the low time scale. More QP3/FLUKA simulations will be needed. 

 

A new LSA-based threshold generation application is currently being 
developed. This is foreseen to replace the old program that consisted of a 
C++ program that was used to generate ASCII files. These were then sent to 
LSA to set-up the thresholds. The running of the old program required some 
knowledge of the C++ programming and of the ROOT data analysis 
framework. The new program will be more user-friendly, secure and has more 



possibilities of tracking and testing the thresholds. It is currently in testing and 
development phase. 

 

Bernd: Presentation on quench tests and their impact on 
thresholds post LS1 to be given at IPAC14 

Bernd presented the talk that he is giving at the IPAC14 meeting. The basis of 
the talk is the paper that is edited by Mariusz/Bernhard.   
 
Most of the beam is lost in the collimation region. This produces losses to the 
cold magnets. In addition there are small dust particles that end up to the 
beam and create beam losses with timescales from 100 µs to several ms. 
There is some experience of this type of losses at 3.5 and 4 TeV. Currently 
these can only be extrapolated to 7 TeV. This shows a steep increase in the 
number of expected beam dumps at higher energies. 
 
For superconducting magnets the loss energy/power varies strongly with the 
loss duration. For short losses the heat capacity is constant whereas at 
steady state the power of the extracted heat loss is constant. Arjan noted that 
the steady state line in the plot of slide 5 should be around 1 s. Also the line 
for constant heat capacity region should be moved to the left. 

 

The basic methodology to study the losses starts from a particle-tracking 
simulation to determine the proton impact on the equipment; in a particle-
shower simulation the energy that is deposited in the coils and BLMs is 
calculated. The particle-shower simulation yields energy-deposition per lost 
proton. This number is multiplied by the proton loss-rate which is obtained 
from measurements of the beam intensity. If no quench occurred in the 
experiment, the procedure yields a lower bound on the quench level in the 
coil. If a quench occurred, we obtain an upper. On the other hand the magnet 
parameters give the temperature margin to quench. Electro-thermal 
simulations can be used to estimate and to analyze the energy required to 
quench a magnet for a given temporal and spatial loss profile. Particle-
tracking is typically validated with BPM data. Particle-shower simulations are 
validated with BLM signals. Consistency between the upper- and lower 
bounds on the quench level from particle-shower simulations, and the electro-
thermal quench-level estimate, improve the overall confidence in the 
respective models. 

 

As an example of the quench tests, an experiment with short loss duration is 
taken. In this case injected beam was dumped on a collimator. This caused a 
quadrupole magnet to be exposed to shower particles, which increased the 
temperature inside the magnet and initiated the quench. 
 
The results of various experiments that have been made are listed in the slide 
10. Bernhard noted that the main result of the quench tests has been to 
increase the understanding of the quench phenomena. Although the models 
can give some estimation of the quenches and their occurrence, we are still 
far from directly setting the thresholds based only on the simulations. Bernd 

added that this is the first talk in IPAC that discusses about the understanding 



of the quenches. The factor of 2-3 differences between the measurements 
and simulations are already small and globally unique. 
 

Bernhard: The dynamic orbit bump quench test and its impact on BLM 

thresholds 

Bernhard discussed the recent MAD-X/FLUKA analysis of the dynamic orbit-
bump quench test of 17.10.2010. After the initial analysis of the test, long 
running-sum thresholds in most of the BLMs around the LHC have been 
reduced by a factor 3. An in-depth analysis should give a physical explanation 
of this factor.  
 
At the startup of the LHC the threshold values of the BLMs on the MQ arc 
were based on the CERN-THESIS-2010-070 by C. Kurfurst and on the Report 
44. In 2009 the assumed energy depositions per proton for BLMs 2 and 3 
were replaced by a Geant4 model for the first beam-induced quenches in MBs 
(Note 422). From Note 422 it was inferred that the BLM signals for the vertical 
losses might be three times lower than for horizontal losses. Anton 

commented that if the BLM signals were calculated with response functions, a 
factor of 2 can arise. 
 
The thresholds in 2010 were a factor ~9 too high to prevent this particular 
scenario from causing a quench. A factor 3 was, at the time, explained by the 
fact that the thresholds were set for horizontal loss scenarios, while the 
quench test produced a vertical beam loss. The remaining factor led to the 
reduction of the thresholds all around the ring, because it was assumed, that 
this factor was due to a bad estimate of the steady-state quench level, which 
is independent of the beam-loss scenario. 
 
Bernhard showed that this conclusion is not compatible with the recent 
analysis of the event. More likely, the large factor was introduced in 2009 
when the energy-deposition per proton was updated according to Note 422. 
The assumption that vertical losses produce 3x smaller BLM signals than 
horizontal ones was also not confirmed by the recent analyses. The factor 3 
reduction of thresholds around the ring needs to be revisted. 
 
The results of the QTAWG suggest that it could be reasonable to change the 
actual profile of the timing of the loss from rectangular to something that 
represents more the loss pattern. The quench levels have always been based 
on rectangular signals. Jorg commented that the rectangular shape does not 
sound physical. Bernd and Arjan both suggested trying the shapes in QP3 to 
see what comes out from the calculations. Mariusz mentioned that even if all 
the corrections and modifications that were made over time may have been 
unphysical, the final threshold values seemed to be optimal by the more 
recent simulation results. 
 
 

Next meeting 

Date and contents to be confirmed 
 



Minutes by Matti. 
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