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Abstract 

 

The LHC has been successfully operated at 

6.5 TeV during 2015. An analysis of the critical 

parts of the standard operational cycle has been 

made, aiming at increasing the performance and 

the efficiency of the machine. An outlook at the 

changes that will be faced in 2016 operation is 

given, with particular attention at some possible 

scenarios.  

 

SAMPLE AND METHOD 

One of the most important points when 

performing an analysis on the LHC 

performance is to clearly define the sample of 

data to be considered. For this analysis only 

proton fills used for physics (containing Stable 

Beams mode) were selected. According to the 

cases, 50 ns and 25 ns fills were sometimes 

distinguished. The separation from one phase to 

another is considered when the beam mode is 

changed, according to the timestamps stored in 

the logging database. 

 

THE TURNAROUND 

The LHC TURNAROUND is defined as the 

time needed to establish Stable Beams 

conditions after a beam dump has occurred. The 

distribution is represented in Fig.1 (red for all 

proton fills and blue for the 25 ns ones). The 

distribution has a long tail (not shown in Fig.1) 

due to periods of Machine Development or 

Technical Stops were the machine time was not 

devoted to produce collisions. 

As it can be seen in Fig.1 there is a first peak 

between 2/3 hours (mostly due to 50 ns physics) 

and a second peak around 6/7 hours. The second 

peak is more representative of the 25 ns physics. 

This difference is mostly due to the impact that 

the two types of beam have on the cryogenic 

and vacuum systems. The heat-load produced 

by the 25 ns beam is, in fact, much higher thus 

some pauses during the injection phase are 

needed to avoid overload (which would lead to 

loss of cryogenic conditions then longer 

recovery time). 

 

Fig.1 LHC turnaround 

 

Due to the continuous improvements on the 

control of the cryogenic system, the data of the 

last month was analyzed separately to spot 

eventual improvements, but no visible variation 

was seen on the turnaround distribution. 

 

THE 2015 LHC NOMINAL CYCLE 

This analysis takes into consideration all 

phases of LHC operation with beam; 

nevertheless, Beam Dump, Rampdown and 

Setup beam modes were not considered. The 

declaration of mode Beam Dump does not 

coincide with the actual beam dump and its 

period finishes with the beginning of ramp-

down. As consequence the duration of this 

mode is not really meaningful. So it is for the 

modes Rampdown and Setup. These modes, 

indeed, are more representative of faults and the 

separation between them depends on the manual 

operations that are done to prepare the machine 

during the ramp-down phase. As a consequence 

the duration of these beam modes can vary 

consistently from one fill to another (moreover 

their presence is not ensured as the fill number 

is sometimes changed at injection).  

For each phase of the cycle the average time 

was calculated. In order to reduce the 

dependency on the tail of the distributions, 

which is mostly representative of problems and 



special fills rather than standard operation, the 

median value was also computed. 

 

Injection 

The injection phase is the most complicated 

phase of the LHC cycle. Many manual actions 

are performed during this phase and several 

factors have an impact on its length. The time, 

in fact, depends on the chosen filling scheme, 

on the quality and availability of beam from the 

injectors, intensity of the circulating beam 

(generating heat-load then leading to paused in 

the process), time needed to setup the machine 

and to measure beam parameters as well as 

whether a steering of transfer lines is done or 

not. For these reasons the distribution of time 

spent in this beam mode is rather large with 

average of 72 min and median of 58 min. Due 

to the large number of manual actions 

performed, this phase is most likely the part of 

the cycle that can be optimized the most. 

Further details are discussed in [1]. 

 

Prepare Ramp 
This beam mode is declared when the 

injection process is completed and some 

operations, such as change of feedback 

reference, settings incorporation and loading are 

done to prepare for the energy ramp. This phase 

is well reproducible and the distribution is quite 

narrow. Nevertheless, a not negligible tail is 

present, resulting in an average of 10 min and a 

median of 5.5 min. This is due to the fact that 

during the first fills with 25 ns beam, a pause 

was needed before launching the ramp to allow 

stabilization of the cryogenic system before the 

load generated by the current change in the 

magnets. 

 

Ramp 

The beam mode Ramp is declared right before 

the timing event is launched and terminates 

once arrived at flattop. For this reason the time 

distribution is extremely sharp and the average 

(20.7 min) and the median (20.4 min) are very 

close to each other and to the settings length 

(1210 sec). Therefore in this phase of the cycle 

there is (at present) no room for optimization. 

 

Flattop 

Once the energy ramp is completed the 

Flattop beam mode is declared for performing 

some actions (feedback reference change, 

settings incorporation and loading) to prepare 

for the squeeze; the tune change into collision 

tunes is also performed. The distribution has an 

average of 6 min with a median of 5 min. The 

short tail is due to few fills when the quality of 

the tune signal was poor and some time has 

been spent to ensure good quality of the beam. 

 

Squeeze 

As for the Ramp, the distribution of Squeeze 

reflects the settings length, as this beam mode is 

set just for their execution. The average is 15.7 

min while the median is 14.1 min (settings 

length 12.5 min). The difference is mostly due 

to the fills of high beta physics when the 

squeeze settings were about 35 min long. 

 

Adjust 

The Adjust beam mode is the phase when the 

beams are brought into collisions. This phase 

consists of two parts as the high and low 

luminosity regions are treated separately. Once 

the collisions are established, the luminosity is 

optimized and the orbit feedback with reduced 

gain is switched on. The following beam mode 

(Stable Beams) is declared sometime during the 

last manual actions. This results in a fairly large 

distribution with an average of 13.7 min and a 

median of 12.5 min. If the length of the settings 

is considered (150 sec) it is easy to understand 

that there is a possibility to improve the process. 

Although the margin isn’t very big any minutes 

gained in this phase would directly go into the 

stable beam time. A common defined strategy 

could provide this improvement. 

 

Stable Beams 
For completeness also the Stable Beams beam 

mode was analyzed. The distribution has an 

average of 5.7 hours. 

2015 VS 2012 

The results of a very similar analysis were 

presented in 2012 Evian workshop [2]. The 



average of time spent in each phase is 

confronted in Tab.1. 

 

Beam 

Mode 

AVG 

2012 

AVG 

2015 
Diff 

INJECTION 67 min 72 min +5 min 

PRERAMP 4.8 min 10 min +5.2 min 

RAMP 13.5 min 20 min +6.5 min 

FLATTOP 6.8 min 5.9 min -0.9 min 

SQUEEZE 17 min 14.1 min -2.9 min 

ADJUST 9 min 13.7 min +4.7 min 

STABLE 

BEAMS 
6.5 hours 5.7 hours 

-0.8 

hours 

Tab.1 2012/2015 comparison of beam mode 

average time  

 

The numbers in the last column of Tab.1 are 

fairly small, which is an indication that the 

Long Shutdown 1 did not affect the operational 

performance of the LHC. On the other hand, 

some differences are visible. The longer time 

for the Ramp and shorter for the Squeeze are 

just due to the energy change (the current of 

matching quadrupoles is higher thus the power 

converters perform better). The Prepare Ramp 

longer time is mainly due to the cryo 

stabilization before the ramp. While the 

injection difference is relatively small and 

negligible, the difference in the time spent in 

Adjust is not. Purely looking at the settings 

length (shorter) shows even more the 

importance of a common and shared strategy on 

Stable Beams declaration. 

 

FUTURE OUTLOOK 

For 2016 and more in general in the following 

years, many changes can be imagined to 

improve the operational performance. The main 

possible changes are: 

1. Combined Ramp & Squeeze 

2. Achromatic Telescopic Squeeze 

(ATS) 

3. Lower beta star 

4. IP2 Crossing angle flipping 

5. 2 km high beta physics 

 

There is no a priori showstopper for option #5 

and option #3 and #4 are discussed in [3] and 

[4]. Option #2 requires few Machine 

Development studies once the optics are 

available to prove the feasibility and minor 

modifications on the setting redistribution for 

the condemned spool sextupole (RCS.A78B2). 

 

Combined Ramp & Squeeze 
Since Run I, studies have been carried out to 

investigate the feasibility of combining the 

energy ramp with the betatron squeeze in the 

LHC. Merging the two operations would result 

in a considerable gain (up to about 10 minutes) 

for each LHC cycle. After some dry attempts to 

prove the technical feasibility, a machine 

development study with beam was carried out in 

August 2015 (MD block #1). The promising 

results are reported in [5]. Essentially this first 

attempt proved the feasibility squeezing the 

beams up to a betastar of 3 meters during the 

ramp (time gain of 352 sec). Studies are 

ongoing to check the aperture margin up to a 

challenging value of 1.2 meters (609 sec gain).  

After this first attempt, it was decided to use 

this method in the relatively less demanding 

occasion of the intermediate energy run 

performed in November 2015. The ramp to 2.51 

TeV was then combined with a squeeze to 4 

meters betastar. Several cycles were performed, 

including five fills used for physics. The LHC 

team has then acquired enough operational 

experience to use this new technique in 

operation for 2016. However, the strategy for 

optics distribution vs energy has to be defined 

to maximize aperture margin, flexibility and 

power converter performance. 

 

CONCLUSIONS 

The first and most important conclusion of the 

analysis is that the LHC performance in 2015 is 

comparable to those in 2012, despite the long 

shutdown and the challenges embraced; this is a 

great result for the LHC. 

Possibility for further improvements have 

been identified, mainly in: 

 Combining Ramp and Squeeze which 

would result in a possible gain of up to 

10 minutes 



 Optimizing the injection process. In 

[1] a more detailed analysis is 

presented. 

 The importance of a common strategy 

for Stable Beams declaration is 

highlighted. 
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