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LIMATORS IN pp COLLIDERS
Role of collimation

> SLOW continuous unavoidable beam halo loss
> FAST accident scenarios (magnet failures, cavity failures, injection errors, etc)

to quench in SC machines

> RADIATION DAMAGE to the tunnel environment and electronic systems
> EXPERIMENTAL BACKGROUNDS
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HL-LHC | HE-LHC | SPPC | FCC-hh
Proton energy 7 7 12.5-13.5 | 375
(TeV)

Number of bunches

Protons per bunch | 1.15 1.5 1
R el I S S
Stored energy 9.1
rar il el Il Ml I
Interaction energy | 115 115 153-159
Tl il Il il Bl el
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CURRENT SIMULATION TOOLS
Codes for collimation simulations

SixTrack/K2 | = SixTrack/K2 one of the first codes used to design LHC collimation. Simplified
models, especially for nucleus modelling. Designed to be fast - only simulates
protons. Fortran, open source.
rlin > Merlin initially used for ILC, adapted after for LHC. Interaction physics is based
off K2, but with a number of enhancements for calculation of the outgoing
energy distribution -enhanced ionisation models, single diffraction, and elastic
scattering. C++, open source.
> FLUKA multipurpose code for radiation transport modelling. Has already been
run coupled with a special version of SixTrack for (DPMIJET-IIl). Simulate all
relevant interaction physics for collimation, will kill all non-proton secondary
particles, and perform a cut on protons at 30% energy loss. C. Full collimator
tank and jaw geometry is included. Fortran, closed source.
> BDISM (Geant4) radiation transport code similar to FLUKA. Multipl
different internal physics models (FTFP_BERT/QGSP_BERT). Similar cuts
FLUKA are used.Simple “block" geometry used for the collimators. C++,
source.
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CURRENT SIMULATION TOOLS
Benchmarking and Comparison

The differences in codes could be for tracking or for physics. In
order to solve the problem all the physics models have been
implemented in Sixtrack, so that the tracking, post-processing
will be the same.

> Beam impacting the FCC-hh primary collimator

> 60cm graphite collimator jaw

> Pencil beam - i.e. a point like distribution

> 12.8 million protons at 50 TeV

> Qutput phase space is dumped by SixTrack after the
collimator.
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RRENT SIMULATION TOOLS
Benchmarking and Comparison

> Each code produces different output distributions after interactions with a
collimator.

> How important it this to the operation and effectiveness of the collimation
system?

> Test with the current FCC-hh lattice

> 200 turns, 12.8 million protons at 50 TeV, with a horizontal betatron halo
distribution - a ring in (x, xp) that just touches the horizontal primary collimator
jaw, normal distribution cut at 3 sigma in (y, yp).

Loss maps show the distribution of losses around an accelerator ring. In an
ideal world all losses will be confined to the collimators, and any normal

conducting magnets. Losses into superconducting magnets are to be avoided
(Quench limits of superconducting magnets are 15 mW cm-3).
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>Loss maps:
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>Loss maps:

“Region | Merlin | FLUKA | G4 FTFP | G4 QGSP_

o € 1.00 1.01 0.92 0.94
B TCSG 1.00 127 1.45 1:32
3 TCLA 0.92 1.50 2.37T 101

o TCP 0.45 1.39 1.12 0.69
6 TCSG 0.49 1.36 1.24 0.79
o TCLA 0.51 1.22 0.92

“Total | 1 | 105 | 000 | 000
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>Experimental data
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Standard concepts

Make the doglegs strong enough to separate and locally catch the Singe-
Diffractive events (lower energy particles) or ion debris. Radiation-resistant
and heating-tolerant magnets will be needed (off-energy dump)

See the ideas already implemented in the CPPC lattice

“Triple Primary Collimator” for tighter phase space coverage separated 45° in
order to protect against transient beta beat and orbit perturbation




Hollow e-lens

* Hollow electron beam parallel to the p-beam:

* halo particles see field dependent on (Ax,
Ay) plane, while core is unaffected

* adjusting e-beam parameters can be used
as halo scraper

» Expect to be a key asset to control loss rates on
collimators

* Working on a design for implementation in LHC
in LS2. Decided to build test bench at CERN
— also crucial for FCC

12-15 November 2018

Crystal collimation

® Bent crystal can be used for channeling and
extracting the beam halo in a controlled way

* can improve cleaning efficiency

* reduce impedance: less secondary collimators,
larger gaps

* Low intensity beam tests at the LHC in 2015

* Promising for the FCC, but large uncertainties on
extrapolations to high energies and several
operational challenges.
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SUMMARY

> In high-beam energy and high-stored beam current collimation
challenging - requires accurate simulations in order to make predictions

> We can now run our simulations with more confidence of the loss
locations - all codes generally agree in loss locations, differences are
mostly in the magnitude of the losses.

> Future pp colliders are the ground where further ideas and developments
could be implemented
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