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Introduction	


!   Royal Holloway, University of London is a member of the John Adams Institute for 
Accelerator Science together with the University of Oxford and Imperial College 
London.	


!   RHUL expertise includes:	


•  Beam dynamic and beam loss simulations:  original development and validation 
of BDSIM as a Geant4 extension toolkit for beamline simulations:	


•  BDSIM applied to many beam delivery systems of ILC, CLIC,  ATF2…	


•  Recently developing BDSIM for beam losses simulations at the LHC.	


•  SixTrack / FLUKA expertise for HL-LHC collimation studies.	


•  Advanced instrumentation for beam diagnostics:	


•  Resonant cavity beam position monitors.	


•  Beam generated radiation monitoring.	


•  Laserwires for electron and high power proton machines (LHC Linac4).	
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!   New HL-LHC group formed at Royal Holloway University of London:	


•  Currently: 1 academic, 2 PDRAs + now recruiting 1 oPAC position.	


	


•  Strong collaboration with CERN BE dept, HiLumi WP5 collimation coordinator 
S. Radaelli and R. Bruce for SixTrack + FLUKA LHC simulation.	


•  Building expertise with present SixTrack + FLUKA LHC, now moving to HL-
LHC studies.	


!   Use existing RHUL developed BDSIM code for HL-LHC:	


•  Seamless integration of particle interactions and loss (Geant4) with accelerator 
style tracking.	


•  Fast export of MADX to standard loss simulation tools.	


!   Complementary studies by Rob Appleby & Roger Barlow et al at the Cockcroft 
Institute using Merlin+FLUKA: an opportunity for collaborative UK contribution. 	


Stephen Gibson Laurence Nevay Regina Kwee-
Hinzmann oPAC 
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!   Beam halo simulations:	


•  3.5 TeV beam energy simulations of CERN group recently extended to 4 TeV 
per beam.	


•  Start with SixTrack simulation and calculate loss map around LHC ring:	


•  Beam2 H+V Halo,  optics for β* = 60 cm	
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! SixTrack beam halo losses provide input to FLUKA simulation of region upstream 
of experiments:	


FLUKA Geometry IR1	


# particles	


PRELIMINARY 

energy 

•  Calculate particle 
energy spectra and 
azimuthal distributions 
at interface plane.	


•  Used as input to 
experiment Geant4 
detector simulation 	
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!   Beam halo recently extended to an HL-LHC scenario:	


!   Presented during HL-LHC kickoff and collimation meetings, 
11-15 November at Daresbury.	
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Figure 6: Proton transport parameters in the LHC lattice.

Figure 7: Proton transport parameters in the LHC lattice,
zoomed around one of the interaction regions.

which should include symplectic integration schemes. For
the HL-LHC the beam losses are dependent on the collima-
tor and apertures seen by the particle beam and an accurate
and flexible description of these needs to be implemented.
To improve the geometry of the machine beyond the beam
pipe, the conversion explained previously will be further
developed. Furthermore, an interface to SixTrack [18] will
be created to allow compatibility with existing LHC beam
loss simulations.

CONCLUSION AND OUTLOOK

We report the development of BDSIM, there has been
significant progress in refactoring the code base and build
system. This is essential for adoption by users who wish to
simulate beam loss and instrumentation sensitive to beam
losses. There has been significant progress in automagic
conversion from existing beam line optics simulation tools,
such as MAD8 and MADX, to the BDSIM description us-
ing GMAD. This conversion is significantly more efficient

and less prone to errors than previous methods. Finally we
tested the conversion on the entire LHC 3.5 TeV ring and
tracked particles around the ring for a few turns.

For ring systems, there are significant upgrades required
that include symplectic tracking, recording the number of
turns primary beam particles have taken, and termination
conditions. In general for large accelerators, parallelisa-
tion will be required to generate significant statistics of the
tracked primary particles as well as the generated secon-
daries.
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!   Beam Delivery Simulation (BDSIM): a Geant4 based toolkit 
for diagnostic and loss simulation.	


•  Code dynamically switches between accelerator style 
tracking and particle interactions and loss by Geant4. 	


•  Can apply spatial and shower energy cuts so that 
required level of geometric detail is simulated.	


•  First LHC model developed by importing MADX optics 
and building geometry from generic components.	


Muon background studies in CLIC

A study of muon backgrounds in the Compact Linear

Collider (CLIC) [11], a possible future e+/e− linear col-

lider, has been performed using BDSIM [12]. Halo parti-

cles in linear colliders can result in significant losses and

serious background in the detectors that may reduce the

overall performance. Even if most of the halo is stopped

by collimators, the secondary muon background may still

be significant. It is therefore important to include halo gen-

eration and tracking in collimation studies. Halo and tail

particles were generated by the halo generation code HT-

GEN [13] based on beam gas scattering and inelastic scat-

tering. The particles were tracked through the CLIC lat-

tice using its interface to the tracking code PLACET [14],

which was used for its collimator wakefield implementa-

tion. For particles that hit aperture limits, BDSIM was used

for the detailed interaction with matter and the tracking of

the secondaries towards the detector, where they could be

used as input to the CLIC detector simulations. An inter-

face of PLACET and BDSIM has been created for these

kind of simulations. Particles are tracked alternately in

PLACET and BDSIM [15].

CLIC Post Collision Line

The 1.5 TeV Compact Linear Collider (CLIC) beams,

with a total power of 14 MW per beam, are disrupted at the

interaction point due to the very strong beam-beam effects.

The disrupted beam has a power of 10 MW. Some 3.5 MW

reaches the main dump in the form of beamstrahlung pho-

tons, and about 0.5 MW of e+ and e− coherent pair par-

ticles with a very broad energy spectrum as well as the

lower energy disrupted beam particles need to be disposed

of along the post collision line. Background and energy

deposition studies were developed using BDSIM [16].

Several shielding configurations for the special C-shaped

magnets, see Fig. 4 have been tested to calculate their mag-

net lifetime. The results indicated that further improve-

ments may be required if the magnets are to survive in the

CLIC post-collision line radiation environment for a suffi-

cient length of time.
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Figure 4: C-shaped CLIC post-collision line magnet sim-

ulation with detailed coil geometry. Left: a section of the

coil where the copper cables are shown in green, and the in-

sulation is in orange. Right: The magnet yoke (red), coils

(orange) and beam pipe (grey).

In addition, luminosity monitoring using the post-

collision line was investigated. For this study the Geant4

physics process named ’QGSP-BERT-HP’ was modified to

enhance the cross-sections for the resulting muons in order

to be able to study muon signal in particular.

LHC

In the future the Large Hadron Collider (LHC) will be

upgraded for high luminosity (HL-LHC) [17] with an order

of magnitude increase in luminosity. Such an increase will

require precise knowledge of the energy deposition in the

accelerator itself for protection of the cryogenic systems.

To this end, BDSIM has been recently modified to simulate

proton transport and energy losses. The magnetic descrip-

tion of the lattice has been used from MADX to construct

the ring and the generic component library used while con-

version of the existing machine geometry in the FLUKA

geometry description to that of Geant4 is undertaken. A

segment of the beamline from the current simulations us-

ing generic magnetic components is shown in Figure 5.

Figure 5: Progressive zoom of part of the LHC beam line

showing the geometry built from the generic component

library.

With 20 protons simulated for 5 turns the tracking gives

the plots shown in Figures 6 and 7.

The LHC is a particularly complex example for BDSIM,

both in terms of the multi-turn tracking, but also as little

of the beam geometry description is available in a Geant4

compatible format.

FUTURE PLANS
BDSIM is an accepted tool for single pass machine sim-

ulations, such as the ATF/ATF2, ILC and CLIC. Particle

backgrounds at these machines mainly impact the diagnos-

tics systems, collimation system and the low-β interaction

region. The beam instrumentation that will measure Comp-

ton scattered photons, like laserwires, Shintake monitors

and polarimeters will all require an accurate simulation of

the background environment for successful operation.

For use at the LHC various enhancements and upgrades

are required. The first is in the accelerator particle tracking,
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"Typical" FLUKA geometries
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!   Aim to include the detailed geometry of collimators and 
the interaction regions.	


!   Detailed LHC models exist in FLUKA.	


!   Checking feasibility of auto-conversion of FLUKA 
geometry to Geant4:	


•  Challenging due to different geometry descriptions.	


•  Conversion looks possible via mesh file	


•  Need to verify memory consumption with large 
models.	


L.S. Esposito, LHC Background Study Group #49, 21 October 2013

"Typical" FLUKA geometries

right side IR1
until C13

Left Dispersion Suppressor + Arch up to cell 14

Long Straight Section

IR7
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!   Conversion checked using external Constructive Solid Geometry (CSG) package, 
Cubit.	


!   Example:  LHC quadrupole geometry	


•  Conversion looks possible via Cubit / STL mesh file: working in simple tests.	


•  Next step is to automatically assign material description to each region.	


•  Only collimator description needed for initial beam loss map studies…	


FLUKA quadrupole input	
 Converted to STL for G4/BDSIM 	

(Load via GDML tesselated solid)	




Prospects for WP11	
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!   Detailed simulations of LHC are underway to understand beam backgrounds and 
tune the collimator configuration for HL-LHC.	


!   BDSIM is being further developed for LHC studies as part of HiLumi and 
EuCARD2 projects.	


!   Novel collimator materials (Mo-graphite) could be readily simulated in BDSIM 
through Geant4 material description.	


!   Would enable characterization of new materials and through collaboration allow 
ongoing comparison with other codes: SixTrack / FLUKA and Merlin.	



