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Halo Collimation Systems

• Primary	spoilers	&	absorbers	source	of	
muons	in	BDS	

• Collimation	apertures	set	to	protect	IR	
region	from	SR	
– Calculated	from	6d	particle	tracking	
– Collimation	types	and	settings	recorded	in	

BDS	decks	in	ILC2015b
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2.1cm long Ti spoiler block with 
Be tapers up- and downstream

 passive survival of spoilers up to 
two full charge bunch impacts at 
250 GeV beam energy

side walls with pumping 
slots (1:1 aspect ratio, 
about 40% transparency)

Figure 2: Detailed isometric view of baseline spoiler can-
didate design.
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Figure 3: Plan view of transition flare between beam pipe
and tapered collimator jaws, showing cross-section planes
B-B and C-C

Option 2: Minimal Taper Angle
This differs from the baseline in that the two-step taper is

replaced by a constant 19mrad tapered longitudinal profile
(as in the ILC RDR). This reduces the widest opening at
the entrance of the collimator jaws to 23.5mm, only 3.5mm
larger than the incoming beam pipe diameter. This may
be useful in reducing further the possibility of disruptive
“cavity modes” occuring due to the diverging/converging
section between the entrance flare and the collimator jaws.
If the maximum collimator aperture could be reduced

from the assumed 20mm full gap to 16.5mm, an extension
of this optionwould be to dispense with the divergingflared
section altogether, at least in the collimating plane.

Option 3: onstant onverging aper
In this, the tapered sections leading to the Ti spoiler are

replaced by flexible pieces alone. This has advantages in
that RF cavity-like modes are unlikely, and the overall col-
limator length is a simple parameter of the taper angle that
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Figure 4: Along beam elevations: (Section B-B) at circular
entrance to flared transition, and (Section C-C) at rectangu-
lar exit from flared transition; see also Figure 3.

can be tolerated by beam dynamics considerations, but has
a taper angle which increases as the aperture of the colli-
mators is reduced. There are also concerns about radiation
load which could be tolerated by the flexible pieces.

Option 4: Wide Aperture
The final option increases significantly the non-

collimating transverse dimenion of the jaws, from a full
width of 40mm to 120mm, if such were beneficial from
considerations of RF design.

OUTPUT
The preliminary designs in their current stages of devel-

opment are made available to collaborators [6].

CONCLUSIONS
A preliminary, conceptual design for the adjustable jaw

spoilers for the ILC BDS is presented, to serve as a starting
point towards a complete engineering design which can be
achieved when design of the jaws themselves has been fi-
nalised. Generic features of this design can be extended to
other collimators in the ILC BDS.
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Abstract

Much attention has been paid to the optimisation of the
geometry and material of collimators in the ILC to mitigate
the effects of both short-range transverse wakefields and
errant beam impacts. We discuss the competing demands
imposed by realistic engineering constraints and present a
preliminary engineering design for adjustable jaw spoilers
for the ILC.

INTRODUCTION

Collimators are essential to remove beam halo and avoid
beam losses in the vicinity of the interaction point that
could lead to unacceptable backgrounds for particle detec-
tors. In the case of the International Linear Collider (ILC),
the collimation system consists of a series of adjustable jaw
spoilers and absorbers, and fixed aperture protection colli-
mators.
Of the 14 types of absorber, spoiler or protection colli-

mator included in the ILC Beam Delivery System (BDS),
six distinct devices with adjustable apertures are identified.
These are shown in Table 1, together with representative
values for their key parameters.

Table 1: ILC BDS adjustable jaw collimators
Device Absorber (cm) Power Full gap (mm)

material (kW) min, max
SPEX 3.6, Ti 0.01 1, 10
SP1–5 2.1, Ti 0.01 1, 10
AB2–5 42.9, Cu 1–20 0, 10
ABE 10.5, W 0.1 0, 10
MSK1 10.5, W 0.01 NA
MSK2 10.5, W 0.01 NA

The spoilers present a particular problem having the
largest sensitivity to wakefields and we therefore concen-
trate on developing a preliminary design that, although hav-
ing many features which are applicable to other adjustable
jaw collimators, is specific to devices SP1–5.

�Work supported by the EC under the FP6 Research Infrasctructure
Action - Structuring the European Research Area EUROTeV DS Project
Contract no.011899 RIDS and STFC

† B.D.Fell@dl.ac.uk

REQUIREMENTS FOR ILC SPOILERS
The jaws of the spoilers must be able to withstand two

(one) bunch impacts at 250 (500)GeV beam energy follow-
ing asynchronous beam aborts without causing excessive
increases in emittance due primarily to short range trans-
verse wakefields. The optimisation of spoiler jaws is on-
going with simulations [1] and recently completed exper-
imental tests for wakefields [2], complemented by initial
experimental tests of material damage [3].
The baseline design for the SP2 spoiler jaws in the

ILC Reference Design Report (RDR) [4] is a Ti spoiler
block 21mm in longitudinal extent, with Be tapers up- and
downstream to reduce wakefield effects and prevent signifi-
cant electromagnetic showering owing to its large radiation
length. In this design, we assume that:

• spoiler jaws will be rectangular in transverse section,
hence transition flare from circular beam pipe;

• spoilers will be peripherally cooled;
• occasional access will be necessary to replace jaws af-
ter beam damage;

• spoilers will be required to open to a full gap of 20mm;
• overall design will be parametric to allow for both
evolution in jaw design and extension to devices other
than SP2.

KNOWN CONSTRAINTS
The location of the spoilers close to sensitive machine

elements limits their maximum length, therefore designs of
the jaws which are shorter than that achieved by a single,
constant angle taper are desirable. It is essential that inte-
gration of the jaws into the vessel does not lead to an radio
frequency (RF) cavity-like geometry, and this is the subject
of a related study [5].
Although the design goal is to have passive survival of

spoilers up to two full charge bunch impacts at 250 GeV
beam energy, the integrity of both the surface and bulk of
the jaws would have to be validated after potentially dam-
aging incidents. The current design does not include any
scheme for such in situ study, leaving this as an option to
be studied in the future.

DESIGN APPROACH
There are aspects of the design which are not fully speci-

fied, most notably the final structure of the jaws. A baseline
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Collimator at the ATF2 final focus system, KEK, Japan
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VERTICAL BEAM HALO COLLIMATION SYSTEM AT ATF2
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Abstract

A single vertical beam halo collimation system has been
installed in the ATF2 beamline to reduce the background
that could limit the precision of the diagnostics located in
the post-IP beamline. On this paper the commissioning and
first performance studies of a single vertical beam halo colli-
mation system are reported. Furthermore realistic e�ciency
studies have been done using the simulation code BDSIM
and compared with the first experimental tests.

INTRODUCTION
ATF2 is a Beam Delivery System (BDS) built after the ATF
Damping Ring (DR) providing a scaled-down version of the
Future Linear Collider (FLC) Final Focus System (FFS) [1].
The ATF2 main goal is to achieve a vertical beam spot size at
the virtual IP of 37 nm within a nanometer level stability. The
control of the beam halo that could be intercepted in the beam
pipe producing undesired background is a crucial aspect for
FLC and ATF2. A transverse beam halo collimation system
feasibility and design study for reducing the background in
ATF2 was done and reported in [2, 3]. In March 2016 a
vertical beam halo collimation system has been installed in
ATF2 with the main goal of reducing the background noise
that could limit the performance of key diagnostic devices
around the final focal point (IP), especially the Shintake
Monitor (IPBSM) used for measuring the nanometer level
vertical beam size and the Diamond Sensor (DS) used to
investigate the beam halo distribution [4, 5] (see Fig. 1).
In this paper we present the results of the commissioning
and first performance tests as well as a first comparison of
the these measurements with realistic tracking studies done
using the tracking code BDSIM [7].

Post%IP'background'
monitor!

Window for 
IPBSM photons 
Diamond'Sensor'(DS)!

Shintake'Monitor'
(IPBSM)!

Last'bending'
magnet'(BDUMP)!

Wire'Scanner'(WS)!

Window!

Figure 1: ATF2 post-IP scheme
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VERTICAL BEAM HALO COLLIMATOR:
INSTALLATION AND COMMISSIONING

Construction and first calibration at LAL

The vertical collimation system has been manufactured and
assembled at LAL. In Fig. 2 (top) the vertical collimation
system is shown and a description of the di�erent compo-
nents can be found in [3]. The main parts of the collimation
system are the two rectangular Copper (Cu) jaws that can
be moved independently. The minimum half aperture of the
collimator is limited to 3 mm by a mechanical switch and
the maximum half aperture is 12 mm. At 12 mm half aper-
ture no collimation and wakefield impact is expected. The
linearity response of the motors and the software to control
de system were tested at LAL and the actuator precision
measured was about 10 µm. The jaws have been aligned
with a 3D machining with respect to external references (the
flanges and back plane to determine a 3D axis) before clos-
ing the vacuum chamber with indium seels. Furthermore a
vacuum test was performed successfully with a vacuum test
system that reaches a vacuum level of 10≠6 Pa.

Transition pipe (SS) 

Transition foil (SS elastic part)  

Vacuum chamber (Al) 

Jaw (Cu mask) 

84
8 
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QM11FF 
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Figure 2: Vertical collimation system open at LAL (top) and
installed at ATF2 (bottom)
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Figure 1: ATF and ATF2 layout with a zoom of the ATF2 post-IP beamline.
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Figure 2: Vertical collimation system installed in ATF2.
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Figure 3: DS vertical beam halo distribution measurement.

so-called low beta optics (10β∗

x × 0.5β∗

y ). Measurements
with the post-IP background monitor (CsI scintillator) and
the post-IP Cherenkov monitor (used by the IPBSM monitor
for beam size measurements) have been taken for different
collimator apertures (both detectors are located in the post-
IP beamline after the BDUMP as can be sen in Fig. 1). In
all these scenarios the relative efficiency has been calculated
in a relative way as the reduction of background photons as
we close the collimator respect to the measured background
level when the collimator is completely opened (vertical half
aperture of 12 mm). In Fig. 4 is shown the relative reduction
of background photons averaged over 100 pulses measured
with the post-IP background monitor as a function of the
half aperture of the collimator. The top plot of Fig. 4 shows
the relative efficiency for three different intensities being
the difference between the highest and the lowest intensity a
30 %, the middle plot shows the efficiency for the two DR
vacuum pressures and the bottom plot the comparison for
the two different optics studied. Notice that the negative
values of the relative efficiency are due to the background

fluctuations that can be caused by the interaction of the beam
halo with other components along the beamline.
From these measurements we could conclude that for a vari-
ation of the intensity of about 30% the efficiency does not
change. In the case of the DR vacuum pressure, for a worst
vacuum scenario we observed a highest level of collimation
relative efficiency. This is consistent with the DS transverse
beam halo measurements performed in 2016 [8] showing
an increase of the beam halo density and a change on the
parametrization. In the case of the comparison for the two
optics operation modes the difference observed on the rela-
tive efficiency is due to the increase of the beam size by a
factor

√
2 in all the FFS.

Comparison with Realistic Simulations
Beam halo tracking simulations have been performed with
MADX [9] and PLACET [10] tracking codes in order to
optimize the location and study the efficiency of the vertical
collimation system, the results were presented in [2]. These
studies have been completed using the tracking code BD-
SIM an extension toolkit of Geant4 in order to study the
efficiency of the collimator taking into account the emission
of secondary particles and beam halo regeneration due to
Electro Magnetic (EM) processes. The main goal of this
study is to quantify the efficiency of the collimator in the
reduction of photons that can reach the gamma detector of
the IPBSM. The background generated by the collimator
itself has also been studied in order to verify that the EM
shower produced by the collimator does not generate addi-
tional background photons in the IP region. No additional
background is expected at the IP and this is in agreement
with the observations. More details can be found in [2] .
For the BDSIM simulations the ATF2 FFS line has been
considered with (10β∗

x × 1β∗

y ) optics. A gaussian transverse
beam halo distribution (x, x′, y, y′) with 106 electrons of 1.3
GeV has been generated from ±3σcore

x,y (only the beam halo

tails are considered in these studies) with σhalo
x = 5σcore

x

and σhalo
y = 10σcore

y . No coupling between x-y planes has
been taken into account. For the longitudinal distribution
a gaussian model has been used with an energy spread of
0.08%. Multipoles and misalignments have not been taken
into account. In Fig. 5 is shown the relative reduction of
background photons generated in the BDUMP for different
collimator half apertures at the BDUMP window for photons
simulated and compared with the measurements performed
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Figure 1: ATF and ATF2 layout with a zoom of the ATF2 post-IP beamline.
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Figure 2: Vertical collimation system installed in ATF2.
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Figure 3: DS vertical beam halo distribution measurement.

so-called low beta optics (10β∗

x × 0.5β∗

y ). Measurements
with the post-IP background monitor (CsI scintillator) and
the post-IP Cherenkov monitor (used by the IPBSM monitor
for beam size measurements) have been taken for different
collimator apertures (both detectors are located in the post-
IP beamline after the BDUMP as can be sen in Fig. 1). In
all these scenarios the relative efficiency has been calculated
in a relative way as the reduction of background photons as
we close the collimator respect to the measured background
level when the collimator is completely opened (vertical half
aperture of 12 mm). In Fig. 4 is shown the relative reduction
of background photons averaged over 100 pulses measured
with the post-IP background monitor as a function of the
half aperture of the collimator. The top plot of Fig. 4 shows
the relative efficiency for three different intensities being
the difference between the highest and the lowest intensity a
30 %, the middle plot shows the efficiency for the two DR
vacuum pressures and the bottom plot the comparison for
the two different optics studied. Notice that the negative
values of the relative efficiency are due to the background

fluctuations that can be caused by the interaction of the beam
halo with other components along the beamline.
From these measurements we could conclude that for a vari-
ation of the intensity of about 30% the efficiency does not
change. In the case of the DR vacuum pressure, for a worst
vacuum scenario we observed a highest level of collimation
relative efficiency. This is consistent with the DS transverse
beam halo measurements performed in 2016 [8] showing
an increase of the beam halo density and a change on the
parametrization. In the case of the comparison for the two
optics operation modes the difference observed on the rela-
tive efficiency is due to the increase of the beam size by a
factor

√
2 in all the FFS.

Comparison with Realistic Simulations
Beam halo tracking simulations have been performed with
MADX [9] and PLACET [10] tracking codes in order to
optimize the location and study the efficiency of the vertical
collimation system, the results were presented in [2]. These
studies have been completed using the tracking code BD-
SIM an extension toolkit of Geant4 in order to study the
efficiency of the collimator taking into account the emission
of secondary particles and beam halo regeneration due to
Electro Magnetic (EM) processes. The main goal of this
study is to quantify the efficiency of the collimator in the
reduction of photons that can reach the gamma detector of
the IPBSM. The background generated by the collimator
itself has also been studied in order to verify that the EM
shower produced by the collimator does not generate addi-
tional background photons in the IP region. No additional
background is expected at the IP and this is in agreement
with the observations. More details can be found in [2] .
For the BDSIM simulations the ATF2 FFS line has been
considered with (10β∗

x × 1β∗

y ) optics. A gaussian transverse
beam halo distribution (x, x′, y, y′) with 106 electrons of 1.3
GeV has been generated from ±3σcore

x,y (only the beam halo

tails are considered in these studies) with σhalo
x = 5σcore

x

and σhalo
y = 10σcore

y . No coupling between x-y planes has
been taken into account. For the longitudinal distribution
a gaussian model has been used with an energy spread of
0.08%. Multipoles and misalignments have not been taken
into account. In Fig. 5 is shown the relative reduction of
background photons generated in the BDUMP for different
collimator half apertures at the BDUMP window for photons
simulated and compared with the measurements performed
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Muons from the collimation section
The beam halo can be collimated by the collimators, where electromagnetic 
showers are generated in the absorbers.   At the same time, muon pairs (μ+,μ-) 
are produced in the showers because the incident electron ( positron) energy is 
large compared with the muon mass. 

Roughly estimated production rate is

So the total number of muons are estimated to be produced 
for 0.1% beam halo as follows;

Nµ(W )

Nµ(Cu)
⇡ 0.55 for Nµ / Z2L(30X0)/A

The major production by the Bethe-Heitler process e± ! e±µ+µ�N

Nµ = 3.9(2.3)⇥ 10

�4

✓
Ebeam(GeV)

250

◆
for Eµ > 2(5)GeV

7.8(4.6)⇥ 10

3/bunch crossing for Eµ > 2(5)GeV

Muon production by the direct positron annihilation : For beam on the 0.6 rl spoilers the 
μ/bunch is about 3% of BH but they still contribute significantly because the average 
muon energy is larger from direct annihilation of positrons on atomic electrons and also 
because 100% of the beam halo hits either SP2 or SP4. ( Lew Keller )



Muon Shielding - Wall

Study just before the TDR

MARS15 for muon generation, 
STRUCT for tracking in the ILC BDS 
, which agree with MUCARLO + 
TURTLE within a factor of 2

Work supported in part by US Department of Energy contract DE-AC02-76SF00515

SUPPRESSION OF MUON BACKGROUNDS GENERATED
IN THE ILC BEAM DELIVERY SYSTEM ∗

A.I. Drozhdin, N.V. Mokhov, N. Nakao† , S.I. Striganov, Fermilab, Bavia, IL 60510, USA
L. Keller, SLAC, Stanford, CA 94025, USA

Abstract
Muon background suppression at the ILC collider detec-

tors was studied by MARS15 Monte Carlo simulation with
a detailed description of the ILC BDS beam line and tunnel
of 1.6-km length. Muon suppressions of about 1/5 and 1/50
were obtained for the donut- and wall-shape muon-spoilers,
respectively.

INTRODUCTION
Particle fluxes generated in the interactions of a beam

halo with the collimators in the ILC Beam Delivery Sys-
tem (BDS) can exceed tolerable levels for the collider de-
tectors and create hostile radiation environment in the in-
teraction region (IR hall). Thorough analysis of the BDS
model, beam loss patterns, driving geometry factors and
physics processes along with verification of the simulation
codes were performed for the current ILC BDS layout with
250-GeV electron and positron beams crossing at 14 mrad
with a push-pull detector option.

Suppression of muon background at the IR hall is one
of the most important issues for the collider detector
performance[1]. Since ILC provides 11 MW electron and
position beams, 0.1% beam loss at BDS causes serious
problems for detector background and radiation safety. Us-
ing MARS15 code, muon flux at the IR hall was simulated,
and muon background suppression were studied with two
types of muon-spoiler.

MARS15 MONTE CARLO SIMULATION
Simulations by the electro-magnetic hadron-cascade

transport code, MARS15[2] were performed to obtain spa-
tial distributions of primary and secondary particles in the
BDS beam line, tunnel, and IR hall.

Source Term
For the source term of MARS15 simulation beam halo

of 250 GeV positron beam in the ILC BDS was simulated
by the STRUCT code[3]. The beam cleaning philosophy
is to use large-aperture magnets and collimate the beam
at largest possible amplitudes to avoid excessive produc-
tion of muons. From other side, the synchrotron radiation
photons should pass freely through the aperture of IP el-
ements to eliminate photon backgrounds. This requires
to collimate halo at 8σx and 65σy in the 8.6-mm thick
copper primary-collimators SP2 at s=-1483m and SP4 at

∗Work supported by Fermi Research Alliance, LLC, under contract
No. DE-AC02-07CH11359 with the U.S. Department of Energy.

† nakao@fnal.gov

s=-1286m, and in the 35.6-mm thick titanium momentum
primary-collimator SPEX at ∆p/p = 0.0067 at s=-990m.

Fig.1 shows beam halo particle hits at the three primary
collimators SP2, SP4 and SPEX with intensity fractions of
35.7%, 42.4% and 21.9%, respectively. The scraping rate
is 0.1% of total beam intensity, i.e. 2.82×1011 sec−1.

Beam Loss Distribution
Beam loss distributions for the above source term along

the BDS are shown in Fig.2. Beam loss by secondary γ and
e+ by STRUCT and MARS15 are compared. Agreement is
within a factor of 2. Total energy deposition distribution by
MARS15 is compared with that prepared as a source term
for the MUCARLO[4] + TURTLE[5] Monte Carlo codes
with an approximated method since this combination does
not treat photons. The two results agree also within a factor
of 2.
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[e /cm /sec]
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Figure 1: Profiles of the positron beam halo at the three
primary collimators by STRUCT.
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Figure 2: Halo beam loss along the BDS beam line.
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Figure 3: A top view of the BDS tunnel with the entire beam line described in MARS15 simulation. Three beam-
loss locations at primary collimators(SP2, SP4, SPEX) are shown. The locations of protection collimators(PC) and
absorbers(AB) are also shown.

Geometry

The BDS beam line from 1.663 km upstream of the inter-
action point(IP) was described using MAD-MARS Beam
Line Builder (MMBLB)[6]. Fig.3 shows a top view of the
BDS tunnel with an entire region of the positron beam line
in MARS simulation. The IR hall and electron beam dump
line are described at -10m and -320m upstream from the
IP. Generally, the tunnel cross section is a cylindrical shape
with an inner radius of 2 m. Concrete tunnel is 30-cm thick.

Beam line details are shown in Fig.3. The beam line
consists of beam pipes, bending magnets, quadrupole mag-
nets, primary collimators(SP), copper protection collima-
tors(PC, 214mm thick) and copper absorbers(AB, 105-
429mm thick). The beam-line height is 75 cm from the
floor (57.29 cm below the tunnel-cylinder center) in the en-
tire region. The orbit at -1.663 km is located in the hori-
zontal center of tunnel.

Muon Spoiler

Two types of muon-spoilers (wall type and donut type)
made of iron with magnetic fields are alternatively used to
study suppression of the muon background.

The wall type, as shown in Fig.4, is 5m thick covering
overall tunnel cross section located in a muon-spoiler hall
upstream of electron beam dump line. Muons are effec-
tively swept after all origins. The wall size is rather large
to cover tunnel cross section, that is costly.

Five donut-type muon-spoilers, shown in Fig.5, are lo-
cated in the straight section after several protection colli-
mators(PCs), which are the locations of the dominant muon
origins. Although one muon-spoiler can be smaller in this
case, many muon-spoilers are needed to cover most of lo-
cations of muon origins.

Although each has pros and cons, muon suppression
effectiveness was studied in MARS15 simulation in this
work.
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Figure 4: Top(a) and cross-sectional(b, c) views of the wall
muon-spoiler with its dimension and magnetic field image.
Beam direction is from back to front of the figures in (b)(c).
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Geometry

The BDS beam line from 1.663 km upstream of the inter-
action point(IP) was described using MAD-MARS Beam
Line Builder (MMBLB)[6]. Fig.3 shows a top view of the
BDS tunnel with an entire region of the positron beam line
in MARS simulation. The IR hall and electron beam dump
line are described at -10m and -320m upstream from the
IP. Generally, the tunnel cross section is a cylindrical shape
with an inner radius of 2 m. Concrete tunnel is 30-cm thick.

Beam line details are shown in Fig.3. The beam line
consists of beam pipes, bending magnets, quadrupole mag-
nets, primary collimators(SP), copper protection collima-
tors(PC, 214mm thick) and copper absorbers(AB, 105-
429mm thick). The beam-line height is 75 cm from the
floor (57.29 cm below the tunnel-cylinder center) in the en-
tire region. The orbit at -1.663 km is located in the hori-
zontal center of tunnel.

Muon Spoiler

Two types of muon-spoilers (wall type and donut type)
made of iron with magnetic fields are alternatively used to
study suppression of the muon background.

The wall type, as shown in Fig.4, is 5m thick covering
overall tunnel cross section located in a muon-spoiler hall
upstream of electron beam dump line. Muons are effec-
tively swept after all origins. The wall size is rather large
to cover tunnel cross section, that is costly.

Five donut-type muon-spoilers, shown in Fig.5, are lo-
cated in the straight section after several protection colli-
mators(PCs), which are the locations of the dominant muon
origins. Although one muon-spoiler can be smaller in this
case, many muon-spoilers are needed to cover most of lo-
cations of muon origins.

Although each has pros and cons, muon suppression
effectiveness was studied in MARS15 simulation in this
work.
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RESULTS AND DISCUSSIONS

Muon Distribution
Fig.6 shows two-dimensional distributions of total muon

flux for no, wall and donut muon-spoiler cases. From the
figures, most of muons are generated in thick collimators
such as PCs and ABs, and the muons bent by dipole and
quadrupole magnets are penetrating deeply in soil. From
Fig.6(b), the wall muon-spoiler sweepsmuons into side soil
region quite effectively. From Fig.6(c), on the other hand,
although muons generated before the five donut muon-
spoilers are swept effectively, more donut muon-spoilers
are needed also in the bending magnet section where the
muon-spoiler can hardly be inserted.
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SPEXSP2 SP4
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Figure 6: Two dimensional distributions of total muon flux
for (a)no, (b)wall and (c)donut muon-spoiler cases.

2.0

1.6

1.4

1.2

1.0

0.8

0.6

1.8

M
U

C
A

R
LO

 / 
M

A
R

S
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tion of 250 GeV positrons with individual PCs and ABs.

Table 1: Number of muons per bunch of 2×10 10 positrons
byMARS15 in various radii at IR hall compared among the
muon-spoiler types. Ratio to None (%) is in parenthesis.

Type R=6.5m 2.5m 2.0m
None 14.8 (100) 9.10 (100) 6.51 (100)
Donut 2.54 (17) 1.59 (17) 1.09 (17)
Wall 0.26 (1.8) 0.18 (2.0) 0.14 (2.2)

Muon Background at IR hall
Muon background at various radii from the beam line

at the IR hall by MARS15 are given in Table 1. Com-
pared with muons for no muon-spoiler case, suppressions
are about 1/5 and 1/50 for donut and wall muon-spoiler,
respectively. Muon-background dependence on the muon-
spoiler type at IR hall can clearly be seen also in Fig.6.

Comparisons between MARS15 and MUCARLO
Ratios of the muon backgrounds calculated with

MARS15 and MUCARLO are shown in Fig.7. MU-
CARLO does not take into account energy loss straggling.
MARS15 results with ”turned off” fluctuations become
10% closer to MUCARLO. A difference between the codes
reaches 65% in the momentum collimation section (AB5 to
ABE) where only 20% of the background muons are pro-
duced. For the dominating region (PC1 to PC5), the codes
agree within 10%.

CONCLUSION
Muon background suppression at IR hall was simulated

by MARS15, and suppressions are about 1/5 and 1/50
for the donut and wall muon-spoilers, respectively. MU-
CARLO code is in a agreement with MARS15 within 10
to 60% for 250 GeV positron on protection collimators and
absorbers, and it is expected to give a good agreement with
MARS15 for the entire simulation.
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TDR-3-2, 8.3.2.3 Halo-power handling : The power-handling 
capacity of the collimation system is set by two factors: the ability of the 
collimators to absorb the incident beam power and the ability of the muon-
suppression system to reduce the muon flux through the detector. In the 
baseline design, the muon-suppression system presents the more 
restrictive limitation, setting a tolerance of 1~2×10-5 on the fraction of 
the beam collimated in the BDS. With these losses and the 5m wall, the 
number of muons reaching the collider hall would be a few muons per 150 
bunches (a reduction by more than a factor of 100). Since the actual 
beam-halo conditions are somewhat uncertain, the BDS includes caverns 
large enough to increase the muon shield from 5m to 19m and to add an 
additional 9 m shield downstream. Filling all of these caverns with 
magnetized muon shields would increase the muon suppression capacity 
of the system to 1 × 10-3 of the beam. The primary beam spoilers and 
absorbers are water cooled and capable of absorbing 1 × 10-3 of the 
beam continuously. 

TDR : ~ 0.01 muon / bunch for the 5m wall and a 10-5 beam halo



February 4, 07 Global Design Effort IR&MDI: 

Muon walls

5m muon wall installed initially 

If muon background measured too 
high, the 5m wall can be lengthened to 
19m and additional 9m wall installed 
(Local toroids could be used also) 

•  Purpose: 
– Personnel Protection: Limit 

dose rates in IR when beam 
sent to the tune-up beam 
dump 

– Physics: Reduce the muon 
background in the detectors



An order of magnitude estimation of the beam halo by 
the Mott scattering in residual gas
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Post-TDR	:	Muon	Shielding	–	Toroid	Spoilers

5m

Glen White, SLAC, LCWS2016, Morioka, Iwate, Japan, December 5-9, 2016

Muon wall 
at ~ -349m

for	the	“Kamaboko”	tunnel	and	the	optimization	as	3	spoilers	set	
in	the	bend	section	(ILC500)
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Post-TDR	:	Calculated	Muon	Rates	at	Detector

• Total	muon	rates	(from	e-	and	e+	BDS	sides)	per	bunch	crossing	
• Halo	interception	rate	used	=	0.1	%	of	main	beam	charge	
• MUCARLO	predicts	more	muons	than	GEANT4,	mainly	from	d/s	SPE	source.	MUCARLO	

uses	more	generic	magnet	model,	but	uses	much	higher	statistics	and	semi-analytic	
model	for	muon	production.	
– 60k	MUCARLO	IP	hitting	mu	tracks	for	5	spoiler	case	compared	with	~150	(from	500k	generated)	for	GEANT4	
– Increased	stats	for	GEANT4	model	requires	more	work	on	process	biasing	and	parallelization	of	muon	tracking	code

Tunnel	Condition R	<	6.5	m	(rate/bunch	
crossing)

R	<	2.5	m	(rate/bunch	
crossing)

GEANT4 MUCARLO GEANT4 MUCARLO

No	Spoilers 39.4 130 20.5 40
5	μ	Spoilers	 2.8 4.3 1.4 2.0
5	μ	Spoilers	+	5m	Wall -- 0.68 -- 0.1

Glen White, SLAC, LCWS2016, Morioka, Iwate, Japan, December 5-9, 2016
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Torelable limits for the detectors

In general,  Occupancy < 0.1%*  at the 
calorimeter, tracker and vertex detector

The occupancy depends on the cell size, the integration 
time, depth of data buffer and the readout time for each 
detectors, keeping the resolutions (position especially 
secondary/tertiary verteces, angle, energy, momentum 
etc. ) , tracking efficiency and the pattern recognition for 
the Particle-Flow reconstruction, so that the same physics 
performances are obtained.

* to be verified by the experimental groups



Results Event displays of muons in the SiD detector

WIRED4 event display - 5 Spoilers + Wall
1 train’s worth of muons (≥ 515 muons) from the positron line only:

xy-view zy-view

Together with the muons from the e- line, there will be ≥ 900 muons per
train in the ’5 Spoilers + Wall’ scenario.

Anne Schütz (DESY) ILC & Muons from spoilers 8th December 2016 13 / 38

SiD



(a) Tracker endcap occupancy (b) ECAL endcap occupancy

(c) Dead cells in the tracker endcaps (d) Dead cells in the ECAL endcaps

Figure 7: Figures 7a and 7b show for both shielding scenarios the muon occu-
pancy in the tracker endcaps and the ECAL endcaps, i.e. the fraction of all cells
that are hit a certain number of times. �e plots are normalized by the total num-
ber of cells in this subdetector.
Figures 7c and 7d show in comparison the number of dead cells which is the
result of the occupancy and the bu�er depth of the sensors. For a given bu�er
depth, all cells with hit numbers greater or equal than the bu�er depth are “dead”,
and therefore blind to all following hits. �erefore, in the hypothetical case of a
bu�er depth of 0, all cells are dead.
In all plots, the green dashed line represents the bu�er depth of the current sen-
sor design.

11

Anne Schütz, Lewis Keller, Glen White, proceedings of LCWS2016, airXiv:1703.05738v1,16 Mar 2017

0ccupancy=0.1%0ccupancy=0.1%

no. of dead cells=0.1% no. of dead cells=0.1%



Muons from the muon spoilers Conclusion

Updated analysis framework and new numbers for ILC250 have shown:
Muons penetrate the whole detector horizontally.
At 500 GeV, the 5 spoilers can reduce the number of muons to
≥4/bunch crossing, which results in occupancies of around ≥ 10≠4

(limit of acceptance).
The 5 spoilers + wall scenario reduces this significantly.
In the ILC250 stage, the number of muons/bunch crossing is reduced
by about a factor of 2.
The occupancies are for both shielding scenarios well below ≥ 10≠4.

Conclusion:
High energy muons could be used for tracker alignment.
Spatial distributions quite di�erent in scenarios w/ & w/o the wall.
With the shown evaluation of the muons from the current MUCARLO
simulations, the magnetized wall is not required for limiting the
detector occupancy in the ILC250 stage. However, the wall serves as
a tertiary containment device, and might be mandatory anyway.

Anne Schütz (DESY) ILC backgrounds & SiD Occupancy 23. February 2018 27 / 46

SiD



Neutron	and	photon	flux	estimates	from	SHIELD11

• Analytical estimate from SLAC SHIELD11 program for photon and neutron flux 
order-of-magnitude estimate. 

• NOT ACCURATE (especially for photons) -> need detailed (e.g. FLUKA or GEANT) 
simulation including material interactions 

• Need some shielding for neutrons. Maybe pacman enough for this?

@	Detector

Wall	Condition	
• 5m	iron	
• 2m	concrete	
• No	wall

Glen White, SLAC, LCWS2016, Morioka, Iwate, Japan, December 5-9, 2016

The other radiations 

KEK radiation rules (1 Sv = 100 Rem) 
 0.2 μSv/h for Non-designated area (K1) 
 1.5 μSv/h for Supervised area (K2)  , e.g. experimental hall

Ecm = 500GeV

2μSv/h 
0.14Sv/h 

0.02μSv/h 
64μSv/h 

Photons Neutrons
<<0.2μSv/h <<0.2μSv/h 

which is smaller than that expected from the beamstrahlung

bakground, ⇠ 5.4⇥ 10

12
hit/cm

2
for 3 years

at the innermost vertex detector (NIMA568(2006)233)



M. Oriunno / Nuclear and Particle Physics Proceedings 273‒275 (2016) 1196‒1201 

Self-shielding and the Pacman
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3-2. GLD detector concept with pacman and IR hall 

 In this section, GLD detector concept with pacman and IR hall is modeled to 

simulate dose rate distribution under more realistic beam loss situation. Figure 3-2-1 

shows layout of IR hall model. The hall size is determined to be 30 m × 30 m × 30 m, 

tentatively. The pacman consist of 0.5 m iron and 2 m concrete shielding wall with 2 m 

inner diameter, which is determined from previous studies as show in later. The tunnel 

diameter containing beam delivery system (BDS tunnel) is 4 m with 1 m thick flooring. 

The difference between the centerlines of the pacman and the BDS tunnel is 1 m.  

 Figure 3-2-2 shows implementation of GLD detector. For this calculation, detail 

of beam pipe, silicon trackers magnetic field and small calorimeters around beam line 

should be modeled to simulate beam loss condition. As shown in Fig 3-2-2, forward 

calorimeter (FCAL) has smallest aperture around the beam line. The calorimeter is 

placed at the position that faces to the gap between barrel and forward calorimeters. 

The thickness of the calorimeter is comparable to “worst target” that is used for 

simulation in section 3-1. Thus, beam loss at FCAL should be evaluated to ensure self 

shielding since the condition is one of the possibility to produce worst dose rate outside 

the detector.  

 Figures 3-2-1 and 3-2-2 show the other weak point of shielding structure, the 

connection point of pacman and BDS tunnel. Because of 1 m tunnel offset, the shielding 

wall thickness at connection point of the opposite side of offset direction is only 50 cm. 

Cross section of transverse
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Fig 3-2-1 Layout of IR hall used in this calculation 

T.Sanami, A.Fasso, M.Santana, L.Keller, A.Seryi, S.Rokni, S.Ban, SLAC RADIATION PHYSICS NOTE RP-09-08, March 30, 2009

 The pacman consist of 0.5 m iron and 
2 m concrete shielding wall with 2 m 
inner diameter.

Pacman for radiation shield



Pacmen   for  SLD    at SLAC

Retractable shielding for the triplets. 

Only serious injury during 
construction ‒ contract welder falls 
from ladder into web of rebar.

SLD - A History, Martin Breidenbach, 5 October 2001
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shows an idea to avoid this effect for the case of SLD. 

 

 

 

Fig. 3-2-5 Additional shielding of the connection between pacman and tunnel for the 

case of SLD. 



PreTDR TDR PostTDR CLIC
Beam energy 

(GeV) 250 250 250 125 1500

Beam intensity 2x1010 2x1010 2x1010 2x1010 3.7x109

Program MARS15/STRUCT 
(MUCARLO/TURTLE) MARS15 (?) MUCARLO 

(GEANT4)
HTGEN/PLACET 

BDSIM

tunnel 4mφ round 4mφround 5m x 5m square 4.5mφround(?)

Vacuum(nTorr) - 10* - - 1
Beam Halo 10-3 1~2x10-5* 10-3 10-3 1.5 x 10-5

no. of muons 
(Eμ>2GeV) 7,800x2 for both beams 78~156 x2 7,800x2 3,900x2 87x2 (134.6**)

No spoiler 14.8x2 - 130 - 39.5

Donuts 2.54x2(1/5.8) 
(5 x 4m-donuts) - 4.3(1/30)     1.3      

(5 x 5m-donuts) -

 Wall (1/5)
~0.01 

5m-Wall
25 (1/5.5)  
5m-Wall - -

Donuts + Wall 0.26x2(1/57) 
5x4m-donuts+5m-Wall

- 0.68 (1/191)  0.03 
5x5m-donuts+5m-Wall -

4x10m-donuts - - - - 3.1(1.2T)(1/13) 
 11.4(0.7T)(1/3.5)

8x10m-donuts - - - - 2.3(1.2T)(1/17) 
6.1(0.7T)(1/6.5)

*) 1x10-5 at 10nTorr by HTGEN **) one by CLIC group

Summary of muons/bunch estimations for ILC (R<6.5m) and CLIC
(suppression)

†

†)”No spoiler” = 138
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Figure 3: A top view of the BDS tunnel with the entire beam line described in MARS15 simulation. Three beam-
loss locations at primary collimators(SP2, SP4, SPEX) are shown. The locations of protection collimators(PC) and
absorbers(AB) are also shown.

Geometry

The BDS beam line from 1.663 km upstream of the inter-
action point(IP) was described using MAD-MARS Beam
Line Builder (MMBLB)[6]. Fig.3 shows a top view of the
BDS tunnel with an entire region of the positron beam line
in MARS simulation. The IR hall and electron beam dump
line are described at -10m and -320m upstream from the
IP. Generally, the tunnel cross section is a cylindrical shape
with an inner radius of 2 m. Concrete tunnel is 30-cm thick.

Beam line details are shown in Fig.3. The beam line
consists of beam pipes, bending magnets, quadrupole mag-
nets, primary collimators(SP), copper protection collima-
tors(PC, 214mm thick) and copper absorbers(AB, 105-
429mm thick). The beam-line height is 75 cm from the
floor (57.29 cm below the tunnel-cylinder center) in the en-
tire region. The orbit at -1.663 km is located in the hori-
zontal center of tunnel.

Muon Spoiler

Two types of muon-spoilers (wall type and donut type)
made of iron with magnetic fields are alternatively used to
study suppression of the muon background.

The wall type, as shown in Fig.4, is 5m thick covering
overall tunnel cross section located in a muon-spoiler hall
upstream of electron beam dump line. Muons are effec-
tively swept after all origins. The wall size is rather large
to cover tunnel cross section, that is costly.

Five donut-type muon-spoilers, shown in Fig.5, are lo-
cated in the straight section after several protection colli-
mators(PCs), which are the locations of the dominant muon
origins. Although one muon-spoiler can be smaller in this
case, many muon-spoilers are needed to cover most of lo-
cations of muon origins.

Although each has pros and cons, muon suppression
effectiveness was studied in MARS15 simulation in this
work.

Top view

Cross-sectional view
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spoiler
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spoiler
   hall

 muon
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Figure 4: Top(a) and cross-sectional(b, c) views of the wall
muon-spoiler with its dimension and magnetic field image.
Beam direction is from back to front of the figures in (b)(c).
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Figure 5: Top(a,b,c) and cross-sectional(d) views of five
donut muon-spoilers and their locations on the beam line.
Images of µ+ and µ− trajectories are shown in (c).
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(1) Beam Halo

Summary

SiD : Even with 0.1% beam halo, the occupancy is well below 10-4 for both the 5x5m-donuts 
and the 5x5m-donuts+5m-Wall configulations.  Regarding the experimentation by the SiD, the 
5m-Wall is not needed, i.e. 5x5m-donuts configuration is enough at the ILC250. 
ILD : Under study

Post-TDR 5x5m-donuts whose locations are opimized have a suppression of 1/30 and a 5m-Wall 
addition has a suppresion of 1/191.  A 5m-Wall has a suppression of 1/5.5 .  

Pre-TDR 5x4m-donuts have a suppression of 1/5.8 and a 5m-Wall addition has a suppresion of 
1/57. A 5m-Wall has a suppression of 1/5. TDR 5m-Wall may have a suppression of ~1/10. 
There is also difference in “No spoiler” between Pre- and Post-TDR. 

These numbers vary, since the tunnel geometries and the spoiler positions are different.

(3) Tolerable limit for the detectors

(2) Muon suppression

10-3  from the measured value at the SLD, SLC 
10-5  estimated with 10nTorr in the main LINAC by the HTGEN (Halo and Tail generator)



(5) Further suppression
Vacuum pressure at the main LINAC  : 10nTorr  to 1nTorr     by  1/10 
Material of the absorbers      AB2 - 5 : Copper to Tungsten   by  1/2 
 ,while the ABE is already tungsten

Summary (continued)

Additional donuts : The suppression shall be investigated by optimizing the locations as well 
as the number, which should be  <1/6  to be comparable to the 5x5m-donuts + a 5m-Wall.  
These donuts are not trivial.  They weigh about 60 tons each(Lew Keller).

(4) 5m-Wall as the tunnel filler

It is very efficient to shield any radiations from the upstream beam line during the machine 
operation/tuning as well as the supppression of muons. 

It is not essential for following solutions when necessary and for additional 
radiations to be shielded by the pacman for the personnel protection.

However, the above improvements may be helpless for the 0.1% halo.

In addition, the 5-19m Wall can be installed in the muon spoiler hall if it is kept.


