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Simulation models for beam losses: setup of simulation models for beam loss halo that 
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Executive summary 

WP5-Collimation team has started the activities toward the design of the new collimation 

system for the HL-LHC era. The progress of this work package profits from strong 

collaborations with WP2 and WP10 within HL-LHC, as well as with other teams at CERN, 

US-LARP and EuCARD. At CERN, models to simulate the multi-turn halo cleaning were 

successfully setup and the first complete loss maps could be achieved for the ATS optics 

presently under consideration for HL-LHC. In addition, the tracking simulation models were 

setup in a way that allows one to compute multi-turn losses from the collision products that, 

in particular for the high-luminosity experiments, induce significant losses in the matching 

sections and dispersion suppressors. Manchester and Huddersfield universities have 

continued their development of the Merlin tracking code for collimation studies. Merlin now 

has a complete model of the LHC optics and collimators, which is consistent with the state-of-

the-art tools developed at CERN. The code has been extended with improved scattering in 

collimators, with elastic and single diffractive cross sections fitted to recent experimental 

data. The code is being benchmarked against SixTrack simulations and LHC loss map 

measurements and it is now essentially ready to be used for simulations of various relevant 

HL cases.  

1. INTRODUCTION 

The improved performance of the HL-LHC relies on new optics layouts that will enable 

reaching *
 values below what can be achieved with the present machine. This can only be 

achieved by major changes of the machine layouts in the high-luminosity interaction regions, 

for example by changing the aperture of the triplet magnets that determine the smallest 

achievable *
. A new Achromatic Telescopic Squeeze (ATS) scheme is being now considered 

to achieve *
 below 15 cm at the HL. It is important to address very early on potential 

collimation issues for these optics scenarios. The complete setup of models for tracking 

studies has been achieved. This includes simulations of the collimation beam halo cleaning as 

well as of the physics debris products. These first simulations indicated a potential issue for 

the ATS optics that will have to be addressed with an upgrade of the collimation system. This 

new scheme that requires changes of beam orbit and functions in the arc (as opposed to 

more standard optics solutions that only require changes in the insertions) induces losses 

around the ring with a pattern qualitatively different with respect to the present LHC. 
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2. SIMULATION MODELS FOR HL-LHC OPTICS SCENARIOS 

2.1. INTRODUCTION TO SETUP OF HALO CLEANING SIMULATIONS 

The setup of beam halo cleaning at 7 TeV with the ATS optics at 15 cm * 
has been setup 

successfully and has been reported at the second HiLumi annual meeting in Frascati
1
 (Nov. 

2012). The detailed results are going to be presented at the 4
th

 International Particle 

Accelerator Conference, IPAC13, in Shanghai, China (May 2013), see Section 2.2 of this 

report. The standard set of collimator tracking tools based on a SixTrack version with 

collimation features was updated for setting up the ATS simulations. 

These simulations address possible collimation limitations from the betatron cleaning system 

in IR7. In addition, the developed optics models (optics, layout, aperture) will also be used for 

simulations of losses around the ring generated by collision products in the high-luminosity 

insertions. The setup of simulations profited obviously from the optics developments in WP2. 

The first simulations results for ATS were achieved which required a definition of a first 

preliminary baseline for collimator settings in the HL-LHC era, compatible with the new 

aperture for the ATS layout. This was achieved in strong collaboration with the WP2.  

The improvements in the Merlin code have continued with high priority. The LHC loss maps 

with the standard optics were presented at the International Computational Accelerator 

Physics conference, ICAP12, Rostock, Germany (Aug. 2012), see section 2.3 of this report. 

This contribution was granted an oral presentation. Detailed comparisons between Merlin 

results and SixTrack results as well as between Merlin results and LHC measurements at 

3.5 TeV are on-going. 

The first simulation setup described here concerns proton beams only. The simulations for 

ions are being developed.  

It is noted that resources from RHUL and Valencia started working on WP5 topics at the end 

of 2012. They will contribute to the SixTrack simulation effort at CERN. In particular, 

Valencia will contribute to the simulations of the beam loads at critical collimator locations 

for HL-LHC layouts. These simulations of beam failures will use the same setup established 

for halo cleaning and physics debris tracking studies. 

                                                 
1
 http://indico.cern.ch/event/183635 

http://indico.cern.ch/event/183635
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2.2. PRELIMINARY RESULTS OF HALO CLEANING WITH ATSi 
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2.3. STATUS OF TRACKING SIMULATIONS WITH MERLINii 
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3. FUTURE PLANS / CONCLUSION / RELATION TO HL-LHC 
WORK 

The simulation models are well advanced to the extent that they can be used to conceive and 

validate new collimation layouts that can address the potential issue found with the new ATS 

optics. In particular, it is envisaged to add to the layouts new collimators in the dispersion 

suppressers of IR7 as a possible cure for the beam losses observed around the ring.  

The models will be extended further to follow the ATS optics and layout evolution (an optics 

version to reach 10 cm is being worked on). As a next step, error models will be added: 

collimation imperfections (errors on gaps, jaw angles, jaw flatness, etc.) and machine 

imperfections (orbit and optics errors, aperture misalignments, etc.) will be progressively 

added. 

The simulation setup of beam halo cleaning is going to be used as well for simulations of fast 

failures at the HL-LHC (Valencia contribution). There is a strong synergy with previous work 

done within EuCARD-WP8 for the present LHC layout. The detailed comparison between 

Merlin and SixTrack will continue, with the aim to achieve a comparison for the ATS optics 

as well as for the standard one. The RHUL team is developing further the existing BDSIM 

code for HiLumi LHC, including seamless integration of particle interactions and loss 

(Geant4) with accelerator style tracking and tools to import LHC optics elements into the 

code. This work complements the MERLIN studies being performed in Manchester and 

Huddersfield. 

It is also noted that the present models will have to evolve further to match the evolving 

requirements for HL-LHC. In addition, the simulation models do not yet included important 

hardware that is considered for HL-LHC like the crab-cavity system. Preliminary works (Yi-

Peng Sun et al., “Beam dynamics aspects of crab cavities in the CERN Large Hadron 

Collider”, Phys.Rev.ST Accel. Beams 12:101002, 2009) indicated that this system has minor 

effects on the LHC collimation performance but more detailed studies should address the final 

LHC implementation. 
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