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Abstract

We report on a study of muon backgrounds in CLIC. Halo and tail particles are generated by HTGEN and
tracked through the CLIC lattice using PLACET. For particles which hit aperture limits, we use BDSIM for
the detailed simulation of interactions and the tracking of the secondaries towards the detector..
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Abstract tracking of the halo together with the beam core. More in-
formation can found in [4]. The halo component will be

: . further enhanced in a real machine by any deviations from
Halo and tail particles are generated by HTGEN angLJ y any

A . e ideal machine as caused by misalignment and magnet
tracked through the CLIC lattice using PLACET. For Palolerances. These unwanted effects could in principle be

Fc_lle(sj W.h'CT T.'t ap?_rtttjre “T'ts’ wedutshe ?DSLM forfttt;]e de'simulated in PLACET if we would know the actual pa-
aried simulation ot interactions and the tracking oTthe-S€ \ , atars of the real machine including all tolerances. The

ondaries towards the detector. simulations presented here based on generation by beam
gas scattering alone have been done for the nominal lattice
INTRODUCTION without tolerances, and can therefore be expected to only

_ o ) ~_ account for part of the halo component present in a real
Halo particles in linear colliders can result in significantyachine.

losses and serious background which may reduce the over-

all performance. Even if most of the halo is stopped b DSM
collimators, the secondary muon background may still b
significant. It is therefore important to include in collima BDSIM is a toolkit based on Geant4 [6], thus giv-
tion studies halo generation and tracking. In the followingng access to many electromagnetic and hadronic inter-
we employ advanced simulation tools to estimate the nunaction models as well as a powerful geometry descrip-
ber of the generated muons in the collimation section afon framework. On top of this, fast particle tracking rou-
the CLIC beam delivery system (BDS) and track them t@ines and some additional physics processes are introguced
the interaction point (IP) where they can be used as inpahd a high level geometry description language is added.

We report on a study of muon backgrounds in CLIC

to the CLIC detector simulations. An interface to PLACET has also been developed in or-
der to combine PLACETs wake-field effects on the beam
SIMULATION PROCEDURE halo, with BDSIMs capability for secondary generation

and tracking [7].

The halo generation is performed by HTGEN [2], which
produces a set of four-vectors of halo particles impacting MUON ESTIMATES
on the spoilers in the CLIC BDS. These four-vectors are
then passed to BDSIM [3] which performs the secondary The flux of halo particles which will impact on the col-
generation and tracking. These codes are now briefly diimators will depend on the collimator settings and details
cussed in turn. of the lattice parameters including imperfections and mis-
alignment. Based on preliminary collimation studies and
simulations under rather idealistic assumptions, previou
studies [1] have found for 10 nTorr CO both in the CLIC

Halo particles can be produced anywhere in the systerinac and BDS, that a fraction of aboRtx 10~ of all
Here we assume that beams are cleaned before they areparticles will have large amplitudes and hit the spoilers in
celerated in the CLIC linac so that we only need to considéhe BDS section. With.24 x 10'? particles per train, this
the extra halo production in the linac and the BDS. Therwas found to translate into a flux 8f4 x 108 particles per
are many possible processes which can contribute to thi@in impacting on the spoilers. At 1.5 TeV, a fraction of
production of halo particles. A rather comprehensive lisabout9 x 10~* of these particles were expected to pro-
of potential halo production processes can be found in [Sfluce secondary muons, resulting in a flux of atwut10°
A basic class of halo production processes which will almuons per train, many of which would be seen as back-
ways be present is beam gas scattering. We use the HTGEKund in the detector in the interaction region. Reducing
code to generate halo by beam-gas scattering (Mott scattére muon flux would require very massive shielding, of the
ing) and inelastic scattering (Bremsstrahlung). It isyfull order of 100 m of (magnetized) tunnel fillers, to be effec-
interfaced and integrated in PLACET [3], which allows theive; detailed study of this issue is therefore important. |
the following these studies are updated by employing mod-
UK* ;2; r:ize:;%hT'ssgri:)@Iloto tgiiﬁnﬁizugi uhr?CS” f:rfgi\tfﬁg Eﬂfp‘g&e ern simulation tools and the latest CLIC lattices. The effec
mission under the FP7 Re?éarch Infrastructures projectAREL grant of s_wapplng the betatron and energy coIhma_tlon_ sections Is
agreement no.227579. estimated and demonstrates a 41% reduction in the muon

T deacon@pp.rhul.ac.uk flux reaching the detector.

Halo generation and tracking




Sooiler geometry Tests were carried out to determine how muon cross sec-
The halo was tracked from the first (vertical) spoiler totlon biasing affects the shape of electromagnetic cascades

the interaction point using BDSIM. The spoiler geometry250 GeV electrons were fired into iron and energy loss was

is based upon option 1 in the “Spoiler designs and beaH1|0tted in a histogram for different levels of muon cross

N . ) ection enhancement. The results are shown in M.
damage tests” presentation by Nigel Watson at the CLI . .
L9 . _ he shower shape remains the same for the cross section
collimation meeting, 15th Jan 2009. The spoiler is ta-

pered at the ends towards the centre from a 10 mm apertuerréhancements shown.

when the spoiler is fully closed down to zero at the centr
of the spoiler. The tapered part of the spoiler is made ¢

[10* e of 250 GeV on iron |

Beryllium. In red at the middle of the spoiler is a flat tita- S 107} " 160 cross sec.ias T,
nium block 21mm long. The total length of the spoileris @ f Led cross sec. bias I
400 mm p= 10 e 1e6 1 cross sec. bias h
' o F 1e8 p cross sec. bias
. E1F

Magnet, beam pipe and tunnel geometry g L EL

Material included in the simulation were all magnets & _15 I

. . Q 10 b
spoilers, absorbers, the beam pipe and the concrete tu I
nel walls at a radius of 2.25 metres. The magnets we f_; 10»25 *
modelled using solid iron cylinders 25cm in radius. All the 5§ E B |
= S S|

correct magnet apertures were included. The beam pipe 10’30 0.01‘ 0.02 0_53 0.04 "“0_05 0.06 0.07
radius was 8.21 mm, except where magnet apertures d
tate, and its thickness 2 mm, and the beam pipe was tapel
such that it changed linearly between successive beam line
components. The tunnel was filled with air at standard tenfigure 1: Energy loss profiles for different levels of muon
perature and pressure. production cross section enhancement.

A floor was added to the tunnel along with a beam line
offset to match the baseline design in the CLIC linac, which At 1500 GeV incident particle energy the — ptu~
is assumed at this stage to be approximately the same @ecess dominates, and therefore the muon flux from the
the tunnel cross section in the linac for the CLIC concepe~ ande™ beam will be similar (Fig. 2). At 250 GeV the
tual design report which was presented at CLIC workshomuon flux fromy— > p™p~ andeTe™ — ptp~ will
2009 by John Osborne. Included in the floor are the coolingf a similar magnitude, so the differences between the two
water pipes. colliding beams will have to be taken into account when

simulating the 250 GeV machine.

z [m]

Physics processes and cross section biasing

The following physics processes were turned on: elec
tron/muon multiple scattering, electron/muon ionisation
electron/muon bremsstrahlung, e+/e- annihilation, photc
electric effect, Compton scattering, gamma to e+/e- pa
production, gamma t@-+/mu— pair production and the
interaction of muons with nuclei.

Since muon production processes have a relatively lo
Cross section, cross section biasing is used to reduce
quired computing time. The muon production cross sectio
are enhanced by some factBy. To preserve the shape of Wy

B . 5 i{{; N
the electromagnetic cascade the parent particle has so 10 :Mm_kh B N
probability of being kept alive and the daughter and paret 0 200 400 600 800 1000 1200 140
particles are then re-weighted as follows: Energy in GeV

------------ y to wut, 10° e* of 1.5 TeV incident x 0.1
e*e to wp*, 10* e* of 1.5 TeV incident
e*e to y'p*, 10* e of 1.5 TeV incident

10

107

10

10*

Particles per 5 GeV bin

o
we = w,/Fe (1) Figure 2: Muon spectra for various muon production pro-

cesses.

/
= —_ s 2
Wp = Wp T s @) A low energy cutoff must be set for photon electron

wherew means weighty ands subscripts denote parentand muon production. We assume a 25 cm iron wall up-
and daughter andndicates the original weight. A uniform stream of the detector. According to a Geant4 simulation
random number is generated between 0 and 1 and if th{Big. 3, citation needed) muons with energies greater than
number is less thaim, then the parent particle is kept alive.~ 0.5 GeV have a range in iron greater than this. There-



Table 1: Muon flux at the entrance to quadrupole QDO,
~ 3 m upstream of the IP per halo particle and per electror
bunch.

Coll. ord. | e N
halo bunch

Etheng | (5.56+0.01) x 107° | 1113 £2

BthenE | (2.2740.09) x 1075 | 45542

fore the low energy particle production cutoff was set to
0.5 GeV.
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Figure 3: Muon range in iron vs. muon energy calculatec
using the GEANT code.

Results
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Figure 4: Muon energies at the entrance to QDO for the
beta then E collimation beam line.
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In the original collimation system layout, the energy colyq, e 5: Muon x:y distribution at the entrance to QDO for
limation section comes first. A modified beam line Washa et thenE collimation beam line

developed using MAD and translated to BDSIM in which
the betatron and energy collimation sections are swapped

around, increasing the distance from the first betratroMore results and details of this work can be found in clic
spoiler YSP1 to the IP by 1 km. The resulting muon note XXX. Further tests will be carried out, including mag-
flux estimates are shown in Tab. 1. When calculating theetised muon shields.

total muon flux per bunch we assume that the halo particles
make upl x 10~3 of a bunch, which giveg x 107 halo
particles per bunch.

The results show a modest decrease of 41% in the mu
flux after changing the order of the collimation sections.
Example plots Figs. 4 and 5 show the spectrum and distri-
bution of the muons for the “swapped” beam line.

SUMMARY 3]

Detailed halo and muon production simulations have
been carried out. Prediction of energy spectra and sppq
tial distributions are expected to be rather realistic. How
ever, the absolute flux is hard to predict. Beam gas es-
timates given here should be considered as lower limifs)
Conservative estimates should allow for a good safety faﬁ;
tor which could be provided by allowing for magne-
tized muons shields. Data files containing the four mo-
menta, weights and origin of the muons are available onlir{g]
at https://lwww.pp.rhul.ac.uk/twiki/bin/view/JAl/CIMuon
for machine detector interface and detector simulation.
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