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Abstract 
The luminosity upgrade of the LHC collider at CERN 

is based on a strong focusing scheme to reach lowest 
values of the beta function at the collision points. Several 
issues have to be addressed in this context, that are 
considered as mid term goals for the optimisation of the 
lattice and beam optics: Firstly a number of beam optics 
have been developed to establish a baseline for the 
hardware R&D, and that will define the specifications for 
the new magnets that will be needed, in Nb3Sn as well as 
in NbTi technology. Secondly, the need for sufficient 
flexibility of the beam optics especially for smallest β* 
values, the need for a smooth transition between the 
injection and the collision optics, the comparison of the 
optics performance between flat and round beams and 
finally different ways to optimise the chromatic 
correction, including the study of local correction 
schemes. This paper presents the status of this work, 
which is a result of an international collaboration, and 
summarises the main parameters that are foreseen to 
reach the HL-LHC luminosity goal. 

INTRODUCTION 
The goal of the LHC upgrade project is the production 

of  a total integrated luminosity of approximately 3000 fb 
-1 over the lifetime of the HL-LHC. To achieve this, a 
considerable reduction of the beta function at the high 
luminosity Interaction Points (IP) is needed, as values as 
low as β*=15cm are aimed for. The fundamental concept 
is based on a Achromatic Telescopic Squeezing (ATS) 
scheme [1] which has been proposed in this context and 
that allows both the production and the chromatic 
correction of very low β* values. This scheme relies 
essentially on a two-stage approach: First a pre-squeeze 
optics is established by using exclusively the matching 
quadru-poles of the high luminosity insertions IR1 and 
IR5. In a second stage, β* can be further reduced using 
only on the insertions on either side of IR1 and IR5 
creating sizable β-beating bumps in the four neighboring 
sectors. These waves of β-beating create the required β* 

reduction and at the same time boost, at constant strength, 
the efficiency of the chromaticity sextupoles located in 
the sectors 81, 12, 45 and 56. Figure 1 shows the optics 

for β*=10cm which is considered as ultimate limit of a 
feasible squeeze optics [2]. As can be seen in the plot, the 
ATS scheme has a strong impact on the optics of both the 
matching section of the high luminosity IPs but also on 
the optics of the neighboring LHC sectors. Therefore a 
large optics investigation has been launched to study the 
flexibility of the overall upgrade optics, taking into 
account especially the β functions at Q4 in IP1/5 where 
crab cavities will be installed. In addition, beam optics 
scenarios have to be studied for a variety of different 
beam optics in the neighboring sectors where special 
boundary conditions have to be observed in proton as  
well as heavy ion operation.   

 

 
Figure 1: ATS optics with β*=10 cm, at IP5: The 
transverse beam sizes [mm] are plotted between the 
neighboring sectors IR4 and IR6. 

Table 1 summarises the main parameters for the HL-LHC 
project, compared to the standard LHC design values [3]. 

Table 1: HL-LHC Parameters Compared to the LHC 
Nominal Values 

 

 LHC nominal HL-LHC 

Np [1011] 1.15 2.2 

nb 2808 2808 

β* [m] 0.55 0.15 

εn[μm] 3.75 2.5 

bunch distance 25ns 25ns 

x-angle [μrad] 300 590 

Lpeak 1*1034 7.3*1034 
 ___________________________________________  

* The research leading to these results has received funding from the 
European Commission under the FP7 project HiLumi LHC, GA no. 
284404, co-funded by the DoE, USA and KEK, Japan.
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