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INTRODUCTIOIN 
After LS1 the energy will be about 6.5 TeV. The 

physics potential of LHC is determined by the integrated 
luminosity useful for the experiments and not only by the 
peak luminosity. The integrated luminosity is determined 
by the peak luminosity, the luminosity decay and the 
efficiency of operation (availability). In this session two 
of these parameters are addressed, the peak luminosity 
and the availability. 

 
Presentations related to peak luminosity: 
• Performance potential of the injectors after LS1, 

Heiko Damerau  
• Performance reach of LHC after LS1, Werner Herr  
 
Presentations related to availability: 
• Magnet powering with zero downtime - a dream?  

Markus Zerlauth 
• Beam systems without failures – what can be 

done?  Matteo Solfaroli and Jan Uythoven 
• Will we still see SEEs?  Marco Calviani 
• UFOs – will they take over? Tobias Baer 
• Quenches: will there be any? Arjan Verweij    

PERFORMANCE POTENTIAL OF THE 
INJECTORS AFTER LS1 

The upgrade of the injector complex will be finished 
only after LS2. This includes the replacement of Linac2 
by Linac4, the reconstruction of the PSB injection, as well 
as the upgrade of the PS Booster ejection and PS injection 
energy to 2 GeV (instead of 1.4 GeV) after LS2. These 
upgrades are required to overcome space charge 
limitations in PSB and PS. 

The full performance of Linac4 requires H- injection 
into PSB; with protons at 50 MeV, Linac4 can deliver 
only beams resulting in 50% of the luminosity compared 
to Linac2. 

Linac4 could possibly be connected with H- injection 
into PSB at 160 MeV at the end of 2015. This will require 
about seven months of installation and commissioning. 

In case Linac2 breaks down an emergency connection 
of Linac in two months would be possible. This would 
allow operating with protons at 50 MeV, but accepting 
reduced performance. It is therefore favoured to continue 
using Linac2 until LS2. 

RF manipulations in the PS  can increase the brightness 
from the injector complex, but batches will have less 
bunches (slightly reducing the number of bunches in 
LHC). 

Several options of these manipulations are promising to 
generate beams with very low transverse emittance. The 
intensity can then be increased by merging bunches. 

Emittance conservation of such transversely small beams 
along the injector chain remains to be demonstrated. 

Longitudinal coupled bunch instabilities require a new 
feedback system for an intensity above about 1.9*1011 
protons/bunch at PS ejection. Installation of a feedback 
system is planned for 2015. 

Can the low emittance be transported to LHC? 
Scrubbing in SPS should help to suppress electron cloud 
effects for very low emittance beams. This takes time and 
should be scheduled before LHC starts operating in 2014. 
The development of the Q20 optics in the SPS is also 
expected to improve beam parameters that can be 
transferred to LHC. 

Filling time will increase and optimum filling is 
important (such as dedicated LHC filling), not only to 
gain time, but also to reduce emittance growth in LHC at 
injection energy. 

Q&A 
Paul: we will have pre-commissioning of Linac4 with 

protons, so it should take less than 2 months. 
Heiko:  we will have to test as well the transfer lines. 
Steve: does not sound worth at all. For a connection in 

LS1.5 (in case that there will be such stop), how long will 
it take? 

Heiko: 7 months. 
John: if there will be no protons, we could operate with 

ions. 
Ralph: which is the optimum brightness? 
Heiko: the one indicated +/-15%, but this is not a hard 

limit. Low emittance in the SPS could be tried this year; 
for 2012 we could have already the batch compression, to 
be tested in MD. 

Caterina: commented on the situation of the H- source: 
The design is done and it is under construction; first beam 
is expected at the end of August. 

PERFORMANCE REACH OF                
LHC AFTER LS1 

It is assumed that the LHC will operate at 6.5 TeV and 
that the emittances from the injector can be preserved. 

No limit is expected from head-on beam-beam effects, 
as it has been demonstrated that high intensity bunches 
can be collided. 

Long-range beam-beam effects are more relevant than 
head-on beam-beam effects and reduce the dynamic 
aperture. The dependence on intensity is unknown, 
extrapolations are not obvious. 

A beam separation of 10-12 sigma is required and 
depends on beam parameters (in the following a 
separation of 10 sigma is assumed). 

Finally, what is required for optimising the luminosity 
is: 
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• Small emittances and small beam sizes 
• Sufficient bunch intensity 
• Sufficient number of bunches 
• Sufficient long range separation 
• Possibly luminosity levelling to reduce pile-up for 

the experiments to an acceptable level. 
Three scenarios were considered: pessimistic, realistic 

and optimistic. Even with conservative parameters 
nominal luminosity is clearly in reach. With low 
emittance beams (e.g. 1.4 µm), bunch intensities of 
1.15*1011 and 2552 bunches, the nominal luminosity 
would be exceeded by a factor of 2.3.  

Further improvements might be possible with unequal 
beta functions for the horizontal and vertical planes 
(0.5 m and 0.3 m), similar to what has been done in the 
SppbarS collider. 

Twice nominal luminosity could be a target, but even 
four times nominal luminosity could be achieved, 
although this is very ambitious. The exact filling scheme 
will then slightly change these numbers. 

The preservation of the emittance is also very 
important. If the event pile-up is too high, luminosity 
levelling is an option. 

Several tests are proposed for 2012:  
• scaling of long range beam-beam effects with 

intensity   
• impact of noise on beam-beam effects 

The reduction of the dynamic aperture due to beam-beam 
effects to, say, five sigma, might not be a disadvantage 
since the beam tails would be scraped off. 

Q&A 
Rudiger: could we use the crossing angle to scrape 

beam tails, as with an electron lens? 
Frank: the parameters that Werner proposed is beyond 

what Heiko proposed. 
Werner: the only number that is not in Heikos 

presentation is 1.7e11 p/bunch. 
Heiko: 1.7e11 p/bunches is not expected before LS2. 
Steve: the preservation of the emittance is important. 

The highest luminosity is with a pile up of 63 and we 
need to separate the beams --> more luminosity than 
25 ns? 

Werner: with levelling for 50 ns we would lose a 
factor 2. 

Stephane: we should not forget IBS for low emittance. 
Small emittance scheme cannot give interesting integrated 
luminosity. 

Werner: at 7 TeV there is not much problem for IBS 
Elena: In the SPS we can expect an emittance of 

1.4 mm for 1.15e11; 2 mm for 1.7e11 is difficult 
Austin: it is difficult for the experiments to reach high 

pile-up. 
Ralph: we need an MD to prove that 5e34 is feasible 

this year; single bottleneck is SPS RF 
John: we need to watch out IBS through injection! 

MAGNET POWERING WITH ZERO 
DOWNTIME - A DREAM? 

The LHC magnet powering system is very complex and 
includes power converters, quench protection, cryogenics, 
powering interlocks and electrical distribution. We have 
today about six years of experience with its operation.  

50% of all premature beam dumps are from failures in 
the magnet powering system that includes several 
ten-thousand interlock channels protecting the machine 
from an accidental release of the energy stored in the 
magnets (10 GJ at 7 TeV). 

Potential gains by increased availability could be about 
35 days of luminosity operation. 

The number of faults increases with beam intensity and 
integrated luminosity due to SEE. During ion runs much 
less faults were observed, since equipment failures are 
dominated by SEE. The R2E work is expected to lead to 
large improvements. 

All equipment groups are undertaking serious efforts to 
further enhance the availability (see presentations by 
R.Denz and L.Tavian).  

Power converters: many improvements were already 
applied during 2011. For the future, some fault states will 
be changed to warning states, FGC lite and rad tolerant 
diagnostics modules are being developed. 

The remaining weak auxiliary power supplies in 60 A 
converters will be changed during LS1. A study of 
redundant power supplies for 600 A is being performed 
(two power modules providing redundancy with one 
FGC). 

QPS: an improved monitoring is required, many other 
mitigation measures are proposed and an improved 
handling of thresholds is planned alongside other 
operational diagnostic tools (see presentation by R.Denz). 

Cryogenics: the implementation of redundant PLCs for 
Cryo controls during LS1 is considered. The time-out for 
loss of Cryo-maintain could be increased from 30 s to 
2-3 min. Long-term availability depends also on upgrades 
and spare strategy (see presentation by L.Tavian).  

Powering interlocks: one false trigger/year was 
expected, in six years no HW fault was observed. With 
the relocation of the PLCs during the recent Christmas 
stop to mitigate the observed SEEs, the number of failures 
should become very small. 

It is considered to reduce the number of circuits that 
request to dump the beams in case of failure, by 
configuring individual circuit to dump the beams rather 
than all circuits of a given family. This requires a 
thorough analysis of the consequences in case of a circuit 
trip. 

Electrical distribution: the different systems can survive 
minor perturbations. For larger perturbations the FMCM 
triggers, in particular the unit installed for the D1 circuits 
(normal conducting magnets close to insertion 1 and 5). A 
possible improvement of the active filter will be tested 
during HWC. An option after LS1 is the installation of a 
switched mode power converter type that is less sensitive 
to perturbations. 
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General remarks. 
After LS1 the number of failures is expected to 

substantially decrease, due to R2E activities and other 
improvements. Already for 2012 we expect ~30% less 
beam dumps from the magnet powering system; after LS1 
this number should further decrease by 25-30% when 
scaling from present operation. Since the systems will 
operate after LS1 at 6.5-7 TeV with much higher power, 
this expectation might be too optimistic.  

In the framework of the ITER collaboration, a thorough 
study of interlock architectures was performed, 
demonstrating that 2oo3 logic increases both availability 
and safety significantly. For the LHC, critical systems 
could be redesigned to use such logics. 

During the design of the machine protection systems a 
Working Group on Safety and Availability across the 
protection systems ensured coherence between the 
systems. This had been very successful and the downtime 
due to failures in protection system is better than 
predicted. It is proposed to create a Working Group on 
Availability to ensure a coherent approach between the 
LHC equipment systems. 

Q&A 
Ralph: collimators are for passive protection; with tight 

collimators settings the losses might be faster. 
Jorg: with tight collimator settings we will be more 

sensitive to orbit excursions--> we might have losses as 
well in ramp and squeeze. 

Steve: if you calculate the average to peak luminosity, 
your data results in more availability due to identification 
of major problems --> we can expect sizeable increase in 
machine availability in 2012. 

Freddy: 30% improvement for the power converters is 
ok for this year, but 30% improvement after LS1 is too 
optimistic: ATLAS (presented as a comparison) is 
working in steady state, the LHC power converters are 
changing their current. Doubling the current, the power 
increases by 4. A reasonable objective is to maintain the 
present reliability when increasing the energy towards 
7 TeV. 

BEAM SYSTEMS WITHOUT 
FAILURES – WHAT CAN BE DONE?   

In general, there are less beam dumps from beam 
related systems than from systems for magnets powering. 

Vacuum system: there are no fundamental issues. After 
LS1, new effects when operating with 25 ns bunch 
spacing are expected. 

Beam monitoring (BGIs): unavailability stems from 
operational error and failure of equipment. 

Injection and extraction: most failures are due to power 
converters that will be improved. A slightly enlarged 
current tracking window for the MKB is proposed. 

Collimators: several SEE were observed, but there are 
no fundamental issues. A new PXI chassis with higher 
availability will be available after LS1. The position of 
the collimator jaws will be tighter, and buttons to measure 

the beam position in some of the collimator jaws will help 
to improve the measurement and increase the availability. 

Operation (beam dumps due to mistakes): significant 
improvement from 2010 to 2011 with only three beam 
dumps, all in non-standard operation. 

RF: improvements are on the way (see talk E. Jensen). 
BLM thresholds will decrease and the noise level will 

become closer to the thresholds. This is an issue that 
should be addressed during 2012. 

There were only a few beam dumps from other systems 
(access, controls, …), but it needs to be watched that this 
number does not increase. Depending on the required 
effort, even the work for avoiding a single beam dump per 
year might be justified. The effect of integrated radiation 
(radiation dose) and aging needs to be watched. 

Q&A 
Pierre: for beam dumps due to equipment systems it 

would be useful sending an SMS to the system owner. 
Matteo: while signing the PM, we could automatically 

send a notification. 
Alick: when there is a fault involving a system, the 

owner is always contacted by the EIC. 
Ralph: the integrated radiation and aging should be ok 

for 10 years for the collimators --> we should start being 
worried in 5-6 years. 

Massimiliano: one category of dumps is related to 
interlocks: wouldn’t be better to implement a system that 
informs about a possible dump before actually dumping? 

Steve: We should record if people have taken actions, 
for follow up on systems. 

WILL WE STILL SEE SEES?   
The objective of R2E is to reduce the MTBF to more 

than one week after LS1 for high luminosity operation. 
Some improvements are already expected for 2012, since 
a lot of work has been done during this Christmas stop. 

During LS1 additional shielding for UJ14 and UJ16 
will be installed and the relocation of critical systems is 
planned. 

For the electronics installed in the tunnel (and to some 
extend in the RRs) there is not sufficient space for 
shielding. Relocation of the tunnel electronics is not 
feasible. This is in particular critical in dispersion 
suppressors. Most critical is the electronics for the QPS, 
for 60 A power converters, for cryogenics and for beam 
instrumentation. 

Predictions are not obvious since the number of SEE 
depends on several factors: cross-section for the radiation-
induced failures, beam losses, vacuum pressure. In 
particular the vacuum pressure in the arcs, for 25 ns 
bunch spacing, is a parameter that is not precisely known. 
Expert from VAC expect that the pressure should not be 
much higher than today after a sufficient period of 
scrubbing. 

The prediction of the number of SEEs will become 
more accurate after 2012, by following up beam 
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operation, performing radiation test campaigns and by 
improving radiation monitoring. 

Power converters (1700 in total):  
• Long term R&D to develop radiation tolerant 

power converters (or part of the converters) has 
started (e.g. FGClite, tests planned). 

• Relocation of power converters.  
• A complete redesign of 600 A converters is being 

considered, to replace the converters in the critical 
areas. The superconducting link option might 
become available for LS2. 

Major improvements after LS1 are expected, although, for 
60 A converters, there is some uncertainty. Radiation 
testing before installation is mandatory. The final solution 
for rendering the power converter system insensitive to 
radiation will be hybrid between radiation tolerant 
converters, relocation etc. A review is planned for 2013. 

QPS: certain systems will always remain in tunnel and 
critical areas; radiation tolerant systems to be installed in 
LS1. Estimation of the expected number of failures 
requires radiation testing. Some equipment will be 
relocated in LS1. 

EN/EL and CRYO: should be ok.  
Scrubbing run for operation with 25 ns beams is very 

important and should allow reducing the pressure to a 
similar level as for 50 ns. 

The collimation settings will be tighter, but the 
behaviour of integrated losses should not change 
(function of intensity). The conclusion is that an MTBF of 
more than one week after LS1 can be achieved, but   
needs continuous effort. 

Q&A 
Lucio: the horizontal superconducting links should be 

ready before LS2; if there is LS1.5, we could profit. For 
the RRs, they could be ready for LS2. The SCL is an 
expensive but effective solution to radiation faults. 

Tiziano; power converter implementations could be 
deployed during LS1 and LS2. 

Marco: yes, some installations are compatible with 
technical stops. 

Bernd: how much will be the radiation in the arcs? 
Marco: few Gy per year, but estimates with 25 ns are 

not precise; we need 25 ns scrubbing. 
Rudiger: wouldn’t be better to spend more time for 

scrubbing? 

UFOS – WILL THEY TAKE OVER? 
In 2010 and 2011, 35 beam dumps were triggered by 

beam losses from UFOs. The impact on LHC availability 
could be mitigated for the second half of 2011 by large-
scale increases and optimizations of the BLM thresholds. 
UFOs are believed to be dust particles entering into the 
LHC beam. 

In total, 16000 UFOs below the BLM dump thresholds 
were observed in 2011. UFOs were observed all around 
the LHC. Throughout 2011, the rate decreased by about a 
factor of 5. 

A large number of UFOs occur in the area around the 
injection kicker magnets (MKI). These contributed with 
11 dumps in 2011 (8 at 3.5 TeV). For UFOs in this area 
no conditioning was observed. MKI UFOs occurred 
mainly within 0.5h after injection. Additionally, many 
MKI UFOs occur very shortly (ms) after pulsing the 
MKIs, some with a very short delay to the MKI pulse (too 
short to be explained by dust particles only accelerated by 
the gravitational field). 

Based on FLUKA simulations it is calculated that the 
minimum dust particle size needed to explain the beam 
losses from the large MKI UFO event on 16.07.2011 is 
about 40 um. 

The MKI kicker was opened in the lab and many 
particles were detected in the filter, with a size between 
1-100 μm. Typically the material is Al2O3 and it is 
assumed that the dust comes from the ceramic (Al2O3) 
beam screen support tubes surrounding the injected beam. 
A metallisation of the MKI is considered, but the rise time 
and power deposition would increase, making such 
solution not optimum. 

During the short run with 25 ns bunch spacing an even 
larger number of UFOS was observed including multiple 
events (12 UFOs at the same location within 20 s).  

Due to the energy dependence, the UFO-induced BLM 
signal at 6.5 TeV is expected to increase by about a factor 
of three, the UFO rate is expected to be similar as today. 
Taking into account the reduced thresholds of the BLMs, 
81 beam dumps are expected for operation at 6.5 TeV 
from UFOs in the arc and 27 from UFOs in the MKI. This 
assumes a bunch spacing of 50 ns and conservative BLM 
thresholds; with 25 ns bunch trains the number could be 
higher. 

This year should be used to further improve the 
understanding of UFOs: add BLMs in some locations, 
perform FLUKA simulations of beam-UFO interactions, 
use bunch-by-bunch diagnostics, observe UFOs during 
25 ns operation, perform MDs for UFOs at the MKI and 
possibly install a shaker device to generate UFOs. 

 When operating at 4 TeV there is still some margin to 
increase the BLM thresholds if there are too many UFOs 
triggering beam dumps. For 6.5-7 TeV, it is uncertain if 
UFO-induced beam losses can quench a magnet. Quench 
tests can address this question, such as a wire scanner test. 

A proposal for 2012 is to increase the BLM thresholds 
in sectors with acceptable interconnections by a factor of 
3. In case of a quench, the thresholds would be reduced.  

Q&A 
Rudiger: at 7 TeV we do not know the number of 

UFOs for the operation with 25 ns beams. 
Lucio: from your graph, it seems that we have more 

events in S34, around the zone of the incident. Can we 
think about cleaning? In LS1? 

Tobias: not really clear correlation with cleaned 
magnets and non-cleaned magnets. Could be sparking in 
the RF fingers. 

Steve: UFOs might be a show-stopper! We need to 
attack this problem. For the increase of threshold, are you 
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sure we have enough energy to quench a magnet? 
Wouldn’t be better to do a wire scanner test? 

Tobias: such a test has been proposed, but it is low in 
the priority list. 

Volker detailed his comments in the session by email: 
The observed increase of dust content in the ceramic 
chamber between “as received” and “as found after use” 
by a factor 500 is one of the last outstanding “MKI dust 
investigations”. Hypothesis is that the insertion of wires 
or their regular movement during the pulses scratch off 
particles. 

The operational MKI were assembled in a semi-clean 
room, and the tubes blown through with nitrogen. 
Alternative “post-assembly” cleaning methods have 
drawbacks: brushes leave deposits which are bad for HV 
or vacuum, liquids leave also traces which much be 
removed before tank closure (typically by firing at 800 
degrees back at the producer which will introduce new 
dust). For the MKI in August 2012 we plan to use 
extensive blowing with nitrogen to improve on that front 
(apart the lower heating the 24-wire version should 
provide). We also look into spraying dry ice bubbles, a 
technology used to clean (usually much smaller) surfaces: 
this is difficult because of the length of the chamber and 
may be risky because of the cooling effect. 

We have also a parallel development going on for a 
chamber where the wires are lodged fully inside the 
ceramics, such that the inner surface is “smooth”, and 
thus easier to clean. If we manage finally to produce such 
a chamber (after by now 2 years of prototyping) this 
needs first qualification for HV, vacuum and impedance 
before applying it in the LHC. 

Bernd: a decrease of rate during the year was observed: 
which is the saturation value? 

Tobias: we don’t know 
Bernd: we expected beam losses closed to quads; we 

could relocate part of the BLMs during LS1 to other areas 
Ralph: relocate could help in distinguishing the 

difference of losses. Nevertheless BLM thresholds are 
adapted to other type of losses. It is not surprising that we 
do not quench. 

Gianluigi: have you tried to normalize your chart to the 
normalized intensity? 

Tobias: done, but not really concluding 

QUENCHES: WILL THERE BE ANY?  
Quenches are part of normal operation of a 

superconducting magnet, although they should be avoided 
due to efficiency, downtime and a small risk during every 
quench. 

There are several mechanisms for quenches: beam 
induced quenches, false triggers firing quench heaters, 
quenches during ramp down of a magnets, etc. 

Quenches at low current (corresponding, for the main 
dipole and quadrupole magnets, to about 760 A) can be 
“quenchinos” that recover after a short time (order of a 
second). Recovery is not expected when operating at or 

above 3.5 TeV, any resistive transition will lead to a 
quench an a beam dump. 

At 7 TeV, the time to recover from a quench will 
increase to about 10 h. 

For high energy operation it will be required to train the 
main dipole magnets. It is proposed to limit the number of 
quenches to 50-100 during the first training after LS1, 
since there is always a small risk for damage due to a 
quench (for RB, this risk is estimated to be in the order of 
10-4). 

The parameters for triggering quenches by beam loss 
are not well understood. There is an uncertainty due to 
position of beam losses, due to the quench mechanisms 
and due to the time scale for beam losses. 

Studies of quench thresholds in the laboratory are not 
easy to perform and the extrapolation to LHC is not 
obvious. 

Quenches of the dipole magnets should be avoided 
before consolidation of the interconnections in LS1. After 
the consolidation of splices (improved interconnections) 
and CSCM tests (to demonstrate the correct functioning 
of the current by-pass including the diode), there will be 
less worries in case of quench. 

It is proposed to set the BLM thresholds to the quench 
threshold and to increase or decrease the threshold when 
gaining experience. The objective is finding an optimum 
between number of quenches and number of beam dumps. 

Quenches for main dipoles and quadrupole magnets 
will be during training and from beam losses. Other 
mechanisms such as fast ramp-down are not expected for 
the main magnets, but for other magnets this is very 
common. 

After LS1, quenches are expected during the period of 
hardware commissioning. After this period there will be 
hopefully only (few) quenches due to beam losses and    
de-training. 

Q&A 
Lucio: The quench test proposed on Monday, are they 

useful? 
Arjan: only for sake of knowledge… 
Lyn: each individual magnet will quench once… 
Mariusz: The BLM threshold is 30% below quench 

level. It would be better to start with improved knowledge 
from 2012. 

Rudiger: There are many different loss patterns; in 
autumn a workshop will be organized to discuss and 
understand beam induced quenches. 

Steve: If you have a quench, you must analyse the type 
of loss. 

Arjan: Yes. 
Ralph: at 3.5 TeV, we had 550 MW deposited for 

about one second on collimators and we did not quench. 
What about 7 TeV? 

Arjan: the information can be extracted from the chart 
shown in the presentation. 

Bernd: In order to analyse the situation, we need to 
know the impacted intensity and therefore the  conditions 
--> quench test are required. 
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Ezio: 50 mW/cm3, the upgrade is for 4 mW/cm3, much 
conservative. Quench tests are important to assess 
whether we are on the low side or on the high one and we 
can also do measurements in SM18. 

Walter: Could we perform tests with the SPS beam 
extracted on a dipole? 

Lucio: we could do such tests in HIRADMAT, but we 
do not have cryogenics there. Another option might be the 
North area. 

CONCLUDING REMARKS 
The peak luminosity after LS1 could exceed nominal 

luminosity by a factor of two; being optimistic and 
pushing some parameters even a factor of four is not 
excluded. To reach optimum performance will take some 
time. 

Availability is a concern, but it is very reassuring to see 
that all teams are working on improvements of their 
systems to increase availability. An additional motivation 
to improve the availability come from LHC HL that 
requires more than seven hours stable beams per fill. 

After consolidation of splices and of testing the circuits 
with the CSCM the risk of damage as in 2008 after 
quenching a dipole magnet should be very small. 

UFOs and, as a consequence, beam induced quenches 
are the most important threat for efficient operation at 
6.5…7 TeV, and 2012 should be used to improve our 
understanding and to find mitigation methods.  

It is suggested to organise a workshop on beam induced 
quenches in autumn 2012, with the different players, to 
come to a coherent view of beam-induced quenches. 
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