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Abstract

The installation in the CERN Large Hadron Collider (LHC) of two crystals in the

horizontal and vertical planes was accomplished during the LHC long shutdown

(LS1) for crystal assisted collimation studies. An appropriate layout was designed to

demonstrate the principle feasibility of crystal collimation at the LHC. Extensive

simulation campaigns were made to evaluate different crystal positions and

parameters, and to ensure that the main goals of these first feasibility tests in the LHC

are reachable. The final layout is presented. An overview of the considerations behind

the design choices and the crystal parameters is given, and the expected performance

of the system is discussed.

An overview of the final layouts for first crystal-assisted collimation tests in

the LHC, with expected performace and prepartory studies was given.

Crystal bending and length were optimized to ensure tests in any machine

configuration and provide R > 4Rc.

Principle feasibility of crystal-assisted collimation demonstrated in the last

4 years of tests in the SPS, in the framework of the UA9 Collaboration

• To address these items and compare the predictions of expected cleaning

performance with respect to what is achieved with the present system.

• First tests in the LHC are foreseen after the machine commissioning in

2015, during dedicated low-intensity Machine Development runs.

Main questions to be addressed before relying on this technology for HL-LHC:

•Can crystal-assisted collimation improve the present, already very good, cleaning 

system?

•Can crystal-assisted collimation ensure stable performance in any machine 

configuration?

• Is crystal collimation compatible with safe operations in any beam condition? 

•Do crystal properties, observed so far at lower beam energies, scale to the LHC 

energy as expected?

cern.ch/UA9

Based on these promising results that show a better performance of the

crystal-based collimation, we are confident that the proposed layout can

ensure a successful set of tests for beam energies ranging from injection to

top energy, in both planes, both with ions and protons beam.

CONCLUSIONS

INTRODUCTION

GONIOMETERS and CRYSTALS

IPArcInsertion

Figure 4.1: Collimat ion layout along the whole LHC, for both beams.

(of which 50 are movable); the full layout is shown in Fig. 4.1. Two LHC

insert ions are dedicated to collimat ion:

• IR3 for momentum cleaning, i.e. removal of part icles with a large energy

o↵set (cut from δp/ p⇠ 0.2 % for zero betatron amplitude).

• IR7 for betat ron cleaning, i.e. cont inuous controlled absorpt ion of halo

part icles.

Collimators are divided into families depending on their usage, and are

composed of two symmetric and independent jaws(except thedump collimator

TCDQ) act ing in thehorizontal (H), vert ical (V) and skew (S) planes. Di↵erent

68
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Multi-stage halo cleaning with ~50 collimators per beam, two dedicated insertions 

The Present Collimation of LHC

The Crystal Assisted Collimation of LHC
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• Layout optimized to have a minimum impact on the present system, and to 
ensure tests in any machine configuration.

• Only two goniometers are installed in the H&V planes of the LHC Beam 1.
• An accuracy of 1 μrad is achieved using a mixed piezo-mechanic technology, to 

orient the crystals on the beam envelope.
• Existing collimators are used to absorb the extracted halo particles.

Beam 1
Beam 1

Crystal Collimation
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Standard Collimation
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Simulated leakage of Halo Particles reduced by factor ~12

The Crystal Collimation CONCEPT

 2 goniometers with crystals
 Cables from phase-2 collimators + 

new optical fibers

 1 new support, 1 support from 
phase-2 collimator

 3 absorbers
(TCSGs – already installed)

 2 Cherenkov detectors
(not for installation during 
LS1)

 2 new supports

 New signal and HV cables

 New vacuum system cables

 7 diamond BLMs
(2 for installation during 
LS1)

 New cables

 Control electronics to be 
installed in TZ76

The LAYOUT of EXPERIMENT at the LHC
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Important Results
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Loss Rate Reduction at the 
Channeling vs. Amorphous

<θ>MCS ~ 3.4 μrad (7 TeV)


Amorphous (0.6 m CFC)
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(3 mm Si)


<θ> ~ 40-50 μrad (7 TeV)


θch≅ αbending

θc≅ √(2U0/E)
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Crystals deflect particles by coherent interaction:
 large angle deflection also at high energy
 reduced interaction probability

(e.g. diffractive events, ion fragmentation/dissociation)
 reduced impedance

(less secondary collimators, larger gaps)

BUT
✗small angular acceptance
✗concentration of the losses on a single 

absorber
✗extrapolation to the highest energy not 

yet proven
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