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For more information, see the more detailed talks:
BDS muon study:
https://agenda.linearcollider.org/event/7371/contributions/
38190/attachments/30975/46399/MuonSpoilerStudy_ASchuetz.pdf

Beam dump study:
https://agenda.linearcollider.org/event/7507/contributions/
39283/attachments/31735/47826/BeamDump_ASchuetz.pdf

Pair background study for ILC250 schemes:
See LCWS2017 in Strasbourg in October
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Muons from the muon spoilers

Muons from the BDS system
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Muons from the muon spoilers

BDS tunnel layout
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Muons from the muon spoilers Muon spoiler scenarios

Muon spoiler scenarios
There are TWO SPOILER SCENARIOS under discussion:

5 Spoilers
5 Spoilers + Wall

e- beam line
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Muons from the muon spoilers Muon spoiler scenarios

5 donut spoilers
The donut spoilers are designed as follows:

70 cm radius
5m long
Magnetized iron with a field of ∼10-19 kG
5 locations (before IP):

802.5m
975.5m
1145.5m
1234.5m
1358.5m
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Muons from the muon spoilers Muon spoiler scenarios

5 donut spoilers + wall
The iron wall would completely fill up the tunnel:

5m x 5m, 5m long
Magnetized with a field of ∼16 kG
Located ∼400m away from the IP
Would cost ∼ $3 million
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Muons from the muon spoilers MUCARLO simulation
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Muons from the muon spoilers MUCARLO simulation

MUCARLO simulation overview

BDS backgrounds with muon collimation
system modelled with MUCARLO [Lewis
Keller, SLAC] and Geant4 [Glen White, SLAC]
Using TDR baseline machine parameters for
the ILC500
Muon production processes:

Predominantly: Bethe-Heitler process:
γ+ Z → Z’ + μ+

μ
−

Few % level: direct annihilation of positrons
with atomic electrons: e+e− → μ+

μ
−

Halo particle tracking:
Turtle with MUCARLO
Lucretia with a built-in Geant4 model interface
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Muons from the muon spoilers MUCARLO simulation

Muons in the detector

4-vectors of the muons are given to SiD and ILD for studying the effect of
the muons on the detector performance.
Scenario Number of muons in a detector with 6.5m radius
No Spoilers 130 muons/bunch crossing
5 Spoilers 4.3 muons/bunch crossing
5 Spoilers + Wall 0.6 muons/bunch crossing
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Muons from the muon spoilers MUCARLO simulation

Question to SiD and ILD: Do we need the muon wall at all?! MID people
would be happy to get rid of it because of safety issues, and the costs for
such a iron wall.

On the other hand:
Removing the wall would mean NO access to IR when the beam is on!
And expecting considerably higher rates when going to 1TeV → maybe
wall then neccessary anyway!
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Muons from the muon spoilers Results of the Geant4 simulation
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Event displays of muons in the SiD detector
Analysis - Total number of hits
Analysis - Occupancies
Analysis - Dead cells

Conclusion
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3 Pair background studies for the new ILC250 schemes
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Muons from the muon spoilers Results of the Geant4 simulation

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.
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Muons from the muon spoilers Results of the Geant4 simulation

WIRED4 event display - 5 Spoilers
1 train’s worth of muons (∼ 2961 muons) from the positron line only:

xy-view zy-view

Together with the muons from the e- line, there will be ∼ 5600 muons
per train in the ’5 Spoilers’ scenario.
The spatial distribution is due to the tunnel shape and its shielding effects.
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Muons from the muon spoilers Results of the Geant4 simulation

Total number of hits

Comparison of the
total number of
hits in the
different SiD
subdetectors in
the ’5 Spoilers’
and the ’5 Spoilers
+ Wall’ case:

EcalBarrel

EcalEndcap

HcalBarrel

HcalEndcap

MuonBarrel

MuonEndcap

LumiCal
BeamCal

SiVertexBarrel

SiVertexEndcap

SiTrackerBarrel

SiTrackerEndcap

N
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its
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510

Number of hits in SiD per train - 5 Spoilers vs. 5 Spoilers+Wall Number of hits in SiD per train - 5 Spoilers vs. 5 Spoilers+Wall 

Vertex detectors < ECAL, HCAL < MuonEndcaps
Smallest effective detector area Particle showers Biggest effective detector area
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Muons from the muon spoilers Results of the Geant4 simulation

Occupancy plots - EcalEndcap

Comparison of the
muon occupancy in
the ’5 Spoilers and
the ’5 Spoilers +
Wall’ case.
The buffer depth of
the current sensor
design is 4.

The following
occupancy plots are
normalized by the
first bin.
’5 Spoilers + Wall’ seems to do better by an order of magnitude, when looking at
a buffer depth of 4. The occupancy is still at a level of only ∼10−6.
The ’5 Spoiler’ case shows up to 27 hits per cell.→ Constant occupancy for all
buffer depths.
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Muons from the muon spoilers Results of the Geant4 simulation

Dead cells - EcalEndcap

For an assumed buffer depth of 4, the total number of dead cells is different by
about two orders of magnitude. → In the ’5 Spoiler’ case, 10−3 cells would have
reached the buffer limit.
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Muons from the muon spoilers Conclusion
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Muons from the muon spoilers Conclusion

Conclusion:
Low energy muons are stopped/deflected by the magnetized wall.
High energy muons could be used for tracker alignment.
Spatial distributions quite different in the ’5 Spoiler’ and ’5
Spoiler+Wall’ scenarios.
Number of hits in subdetectors are explained by different geometries.
With the shown evaluation of the muons from the current MUCARLO
simulations, SiD would prefer to keep the wall. Additional studies
with a comparison to other background sources will be done.
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FLUKA simulation of the ILC Beam Dump Project Overview
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FLUKA simulation of the ILC Beam Dump Project Overview

Neutron Background and Beam Dump Irradiation
The 17MW1 beam is dumped into a water tank after collision.
The activation of the dump surrounding will permit access to the dump
area. Neutrons (.1010 cm−2 yr−1) are emitted that irradiate the
surroundings, and travel back towards the detectors. [9]
Goal: Simulating the energy deposition, irradiation, and background
particles:

1 Simulating the activation, and the neutrons from the beam dump
with FLUKA, using the design drawings by B. Smith [7] to model the
dump and the surrounding.

2 Neutrons through the EXT line: With Benno List (DESY): Python
program to plug the real extraction line lattice into FLUKA. Realistic
simulation of the interaction between the neutrons and the lattice.

3 Simulating the neutrons reaching the interaction point in a full
detector simulation.

113.7MW average beam power + 20% margin
Anne Schütz (DESY) ILC backgrounds & SiD Occupancy 28. September 2017 22 / 53



FLUKA simulation of the ILC Beam Dump The Beam Dump Designs
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FLUKA simulation of the ILC Beam Dump The Beam Dump Designs

Shielding walls: 0-TB-0067-404-00-A

Design drawings by B. Smith, 2006-2007 [7]
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FLUKA simulation of the ILC Beam Dump The Beam Dump Designs

Shielding walls: 0-TB-0067-404-00-A
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FLUKA simulation of the ILC Beam Dump The Beam Dump Designs

Design 1: 0-TB-0067-210-00-A
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FLUKA simulation of the ILC Beam Dump The Beam Dump Designs

Design 1: 0-TB-0067-210-00-A

Vessel:
Diameter: 1.5m
Length: 6.5m
316L Stainless Steel
Water pressure: 10 bar

Window:
Diameter: 300mm
Thickness: 1mm
Titanium alloy: Ti-6Al-4V

27X0 needed to stop a 500GeV
beam:

Water: 18X0

Water cooled copper plates:
9 X0 = 126mm
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FLUKA simulation of the ILC Beam Dump The Beam Dump Designs

Design 2: 0-TB-0067-300-00-A
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FLUKA simulation of the ILC Beam Dump The Beam Dump Designs

Design 2: 0-TB-0067-210-00-A

Vessel:
Diameter: 1.5m
Length: 6.5m
316L Stainless Steel
Water pressure: 10 bar

Window:
Diameter: 300mm
Thickness: 1mm
Titanium alloy: Ti-6Al-4V

27X0 needed to stop a 500GeV
beam:

Water: 18X0

Water cooled copper plates:
9 X0 = 126mm

Additionally high water pressure
section:

Titanium tubes, 4 cm diameter
High pressure water flow
In total 1.98X0
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FLUKA simulation of the ILC Beam Dump The FLUKA simulation
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FLUKA simulation of the ILC Beam Dump The FLUKA simulation

For the simulation, the ILC1000B was chosen as the scenario with the
largest beam power.

ILC1000B:
Beam energy: 500GeV
Bunch population: 1.74e10
Bunch size: σx = 2.4mm, σy = 0.22mm
Bunches per train: 2450
Bunch train duration: 896.7μs

Beams are considered un-collided and un-disrupted.
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FLUKA simulation of the ILC Beam Dump The FLUKA simulation

Deposited Energy per bunch

Design 1 Design 2
Energy	deposition	density	in	the	ILC	main	beam	dump
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Shielding walls seem to stop particles fluxes well, but large scattering in
Design 2 at high water pressure sections leads to energy deposition outside
the walls.
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FLUKA simulation of the ILC Beam Dump The FLUKA simulation

Maximum Deposited Energy over Z per bunch

Design 1 Design 2

Maximum deposited energy within the water tank up to
108-109 GeV/cm3 (= 0.016 - 0.16 J/cm3) per bunch.
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FLUKA simulation of the ILC Beam Dump The FLUKA simulation

Instantaneous Dose Equivalent per bunch

Design 1 Design 2
Dose equivalent in the ILC main beam dump
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The two designs show comparable distributions of the dose equivalent.
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FLUKA simulation of the ILC Beam Dump The FLUKA simulation

Maximum Instantaneous Dose Equivalent over Z

Design 1 Design 2

Maximum dose equivalent within the water tank up to 100 Sv per
bunch. Peaks in distributions at locations with lots of material.
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FLUKA simulation of the ILC Beam Dump The FLUKA simulation

Dose equivalent after cooling times - Design 1
After one month of beam operation, the beam is turned off.
Different cooling times are considered:
1 minute, 1 hour, 1 day, 1 month, and 1 year

Instantaneous After 1 minute After 1 hour
Dose equivalent in the ILC main beam dump
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Dose equivalent in the ILC main beam dump - after 1 minute
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Dose equivalent in the ILC main beam dump - after 1 hour
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After 1 day After 1 month After 1 year
Dose equivalent in the ILC main beam dump - after 1 day
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Dose equivalent in the ILC main beam dump - after 1 month
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Dose equivalent in the ILC main beam dump - after 1 year

-800
-600

-400
-200 0 200 400

z [cm]

-500

-400

-300

-200

-100

0

100

200

x 
[c

m
]

10-10

10-8

10-6

10-4

10-2

100

102

104

m
Sv

/s

Anne Schütz (DESY) ILC backgrounds & SiD Occupancy 28. September 2017 35 / 53



FLUKA simulation of the ILC Beam Dump The FLUKA simulation

Dose equivalent after cooling times - Design 2

Instantaneous After 1 minute After 1 hour
Dose equivalent in the ILC main beam dump
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Dose equivalent in the ILC main beam dump - after 1 minute
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Dose equivalent in the ILC main beam dump - after 1 hour
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After 1 day After 1 month After 1 year
Dose equivalent in the ILC main beam dump - after 1 day
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Dose equivalent in the ILC main beam dump - after 1 month
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Dose equivalent in the ILC main beam dump - after 1 year
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FLUKA simulation of the ILC Beam Dump The FLUKA simulation

Dose Rate over Time

The dose rate measured at the longitudinal shower maximum inside the
vessel over time:

One minute One hour One day One month One year
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Decrease of dose equivalent in the middle of the vessel over time

After one year, the dose rate drops to
∼ 0.1mSv/s for Design 1 and to ∼ 10mSv/s for Design 2.
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FLUKA simulation of the ILC Beam Dump Summary and Outlook

Conclusion
Water beam dump designs:

The simulations of the two water beam dump designs by B. Smith
show comparable results.
The dose rate of the beam dump surrounding is still after one year in
the order of 10-1mSv/s.
Design 2 seems to be more elaborated regarding the water
cooling flow system. This leads to larger spreads in the energy
deposition due to the high water pressure sections.

FOR FUN:
Simulated simplified gas dump filled with Nitrogen
Adopting ideas from dump design studies for TESLA done at DESY.
Copper walls with a thickness of ∼ 60 cm
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FLUKA simulation of the ILC Beam Dump Summary and Outlook

For Fun: Nitrogen Gas Dump
Energy	deposition	in	the	Nitrogen	gas	dump	per	bunch
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Dose	equivalent	-	instantaneous
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Dose	rate	for	a	Nitrogen	Gas	Dump	-	after	1	day
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Dose	rate	for	a	Nitrogen	Gas	Dump	-	after	1	month
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FLUKA simulation of the ILC Beam Dump Summary and Outlook

Summary and outlook

Goals for the next months:
Studying the influence of the water composition (amount of
deuterium),
the influence of the composition of the steel vessel and the concrete
shielding,
simulating the neutron flux through the EXT line,
the number of neutrons reaching the IP,
the neutron occupancy in SiD.
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Pair background studies for the new ILC250 schemes

ILC250 Beam Parameter Sets

Table 1: Possible beam parameter sets for the ILC250 stage.
The table only lists the parameters that are to be changed with respect to the
original ILC250 parameters given in the Technical Design Report (TDR) [13, p.
11].

Set εx [μm] βx [mm] βy [mm]
TDR 10 13.0 0.41
(A) 5 13.0 0.41
(B) 5 9.19 0.41
(C) 5 9.19 0.58

Reduced emittance leads to stronger beam-beam interactions, and
therefore to increased e+ e− pair background.
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2 FLUKA simulation of the ILC Beam Dump

3 Pair background studies for the new ILC250 schemes
Pair background envelopes
SiD Occupancy
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Pair background studies for the new ILC250 schemes Pair background envelopes

Pair background density in a 5T solenoid field

(a) ILC250 set (TDR) (b) ILC250 set (A)

(c) ILC250 set (B) (d) ILC250 set (C)

Figure 1: Pair background density for the different ILC250 beam parameter sets.
The beam pipe is represented by the red solid lines.
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Pair background studies for the new ILC250 schemes Pair background envelopes

Projection of the pair background density along x

The envelopes are in all schemes well contained within the beam pipe.
Less than 10 particles per bunch crossing are to be expected outside the
beam pipe.

Anne Schütz (DESY) ILC backgrounds & SiD Occupancy 28. September 2017 46 / 53



Pair background studies for the new ILC250 schemes SiD Occupancy

1 Muons from the muon spoilers

2 FLUKA simulation of the ILC Beam Dump

3 Pair background studies for the new ILC250 schemes
Pair background envelopes
SiD Occupancy
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Pair background studies for the new ILC250 schemes SiD Occupancy

SiD Vertex Detector Occupancy: All layers

(a) Normalized Occupancy: Number of
cells containing a certain amount of
hits, normalized by the total number of
cells of the vertex detector.

(b) Normalized number of dead cells:
Number of cells with full buffer,
normalized by the total number of cells
of the vertex detector.
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Pair background studies for the new ILC250 schemes SiD Occupancy

SiD Vertex Detector Occupancy: Layer 0

The occupancy in layer 0 for the new sets is significantly increased with
respect to the TDR scheme.
SiD is confident that the occupancy can be accommodated in the design
of the pixel detector.
Studies with smaller original L* of 3.5m are ongoing. → Stay tuned!
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The end

Thanks!
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ILC The ILC beam parameters

ILC baseline parameters
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ILC The ILC beam parameters

ILC parameters for the different upgrade stages
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BDS muons Analysis - Spatial distributions
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BDS muons Analysis - Spatial distributions

Explanation of spatial distributions
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BDS muons Analysis - Energy distributions
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BDS muons Analysis - Energy distributions

Energy distribution of muons

Comparison of the
muon energies in
the ’5 Spoilers’ and
the ’5 Spoilers +
Wall’ case:

Energy (GeV)
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Energy distribution of the muons reaching the detector

5 spoilers
Entries = 5607
5 spoilers + wall

Entries = 866

In the ’Spoiler + Wall’ case, the lower energy muons are either stopped or
deflected by the magnetized wall.
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BDS muons Analysis - SiD hit distribution
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BDS muons Analysis - SiD hit distribution

Explanation of hit number distribution -
Spatial distribution in the MuonEndcaps
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BDS muons Analysis - SiD Occupancy
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BDS muons Analysis - SiD Occupancy

Occupancy plots - SiTrackerEndcap

Comparison of the
muon occupancy in
the ’5 Spoilers and
the ’5 Spoilers +
Wall’ case.
The buffer depth of
the current sensor
design is 4.

The following
occupancy plots are
normalized by the
first bin.

For both scenarios, 5 Spoilers w/ and w/o Wall, 10−9 - 10−7 of all cells
that get hit have 4 hits.
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BDS muons Analysis - Dead cells
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BDS muons Analysis - Dead cells

Dead cells - SiTrackerEndcap

For an assumed buffer depth of 4, the total number of dead cells is different by an
order of magnitude. → In the ’5 Spoiler’ case, 10−7 cells would have reached the
buffer limit.
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BDS muons Analysis - Time distributions
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BDS muons Analysis - Time distributions

Creation time distribution
All of the primary muons are created up to 0.5 ns after the bunch passing
the material.

Creation time [ns]
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The lower energy muons, which have a broader creation time, do not reach
the detector in the ’5 Spoilers + Wall’ case.
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BDS muons Analysis - Time distributions

Hit Time distribution - MuonEndcaps

Hit time [ns]
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Muons are first hitting the MuonEndcaps as the most outer subdetector.
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BDS muons Analysis - Time distributions

Hit Time distribution - EcalEndcaps

Hit time distributions for
the PRIMARY MUONS and the SHOWER PARTICLES:
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The primary muons leave hits between 12 and ∼ 50 ns after the bunch
crossing, whereas the shower particles hit the EcalEndcaps about 60 ns
after the crossing.
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BDS muons Analysis - Time distributions

Hit Time distribution - SiTrackerEndcaps

Hit time distributions for
the PRIMARY MUONS and the SHOWER PARTICLES:
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The primary muons leave hits between 12 and ∼ 40 ns after the bunch
crossing, whereas the shower particles hit the Tracker endcaps about
40-100 ns after the crossing.
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FLUKA simulation Deposited Energy
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FLUKA simulation Deposited Energy

Total Deposited Energy per region per bunch

Dep. Energy [J] Water Vessel Window
Design 1 233.24 5.14 0.0019
Design 2 240.67 4.36 0.0018

Dep. Energy [J] Cu plate 1 Last Cu plate Iron shielding
Design 1 4.44 1.46 5.09
Design 2 1.58 0.13 5.87

Numbers comparable to former FLUKA simulations of beam dump
concepts for the ILC [10] and CLIC [11].

Anne Schütz (DESY) ILC backgrounds & SiD Occupancy 28. September 2017 24 / 60



FLUKA simulation Residual nuclei
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FLUKA simulation Residual nuclei

Residual nuclei after cooling times
After one month of beam operation, the beam is turned off.
Different cooling times are considered:
1 minute, 1 hour, 1 day, 1 month, and 1 year

Design 1 Design 2
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FLUKA simulation Residual nuclei

Residual nuclei after cooling times - Design 1

Instantaneous After 1 minute After 1 hour
Residual nuclei - after 1 minute
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Residual nuclei - after 1 hour
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After 1 day After 1 month After 1 year
Residual nuclei - after 1 day
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Residual nuclei - after 1 month
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FLUKA simulation Residual nuclei

Residual nuclei after cooling times - Design 2

Instantaneous After 1 minute After 1 hour
Residual nuclei - after 1 minute
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Residual nuclei - after 1 hour

0 10 20 30 40 50 60 70
N [Number of neutrons]

0
10
20
30
40
50
60
70
80
90

100

Z 
[N

um
be

r o
f p

ro
to

ns
]

10-10

10-5

100

105

1010

1015

Bq
/c

m
3

After 1 day After 1 month After 1 year
Residual nuclei - after 1 day
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Residual nuclei - after 1 month
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FLUKA simulation Residual nuclei

Number of radio-nuclides

The presence of certain nuclei is dependent on the choice of materials used
for the dump vessel, the shielding2 etc.

Tritium flux: Design 1 Tritium flux: Design 2
Number of Tritium nuclei in the ILC main beam dump
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2Composition of concrete and neutron shielding concrete was taken from [12].
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FLUKA simulation Particle Fluxes
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FLUKA simulation Particle Fluxes

Electron and Photon fluxes from one bunch

Design 1 Electrons Photons
Electron flux in the ILC main beam dump
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Photon flux in the ILC main beam dump
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Design 2 Electrons Photons
Electron flux in the ILC main beam dump
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Photon flux in the ILC main beam dump
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FLUKA simulation Particle Fluxes

Proton fluxes

Design 1 Design 2
Proton flux in the ILC main beam dump
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Proton flux in the ILC main beam dump
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FLUKA simulation Particle Fluxes

Neutron fluxes from one bunch: Design 1
Neutron flux in the ILC main beam dump
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The neutrons spread more in the
positive x and y-direction. Within
the tank, the neutrons are mainly
produced in the water vortex system.
When the beam is stopped by the
copper plates, the neutron
production rate decreases.
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FLUKA simulation Particle Fluxes

Neutron fluxes from one bunch: Design 2
Neutron flux in the ILC main beam dump
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The neutrons again spread more in
the positive x and y-direction.
Within the tank, the point of highest
neutron production is the high
pressure water system. The
production rate again decreases with
the beam being stopped by the
copper plates.
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Zoom Plots

ZOOM PLOTS
Here be dragons
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Dose equivalent in the ILC main beam dump
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Dose equivalent in the ILC main beam dump - after 1 minute
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Dose equivalent in the ILC main beam dump - after 1 hour
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Dose equivalent in the ILC main beam dump - after 1 day
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Dose equivalent in the ILC main beam dump - after 1 month

-800
-600

-400
-200 0 200 400

z [cm]

-500

-400

-300

-200

-100

0

100

200

x 
[c

m
]

10-10

10-8

10-6

10-4

10-2

100

102

104

m
Sv

/s



Dose equivalent in the ILC main beam dump - after 1 year
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Dose equivalent in the ILC main beam dump
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Dose equivalent in the ILC main beam dump - after 1 minute
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Dose equivalent in the ILC main beam dump - after 1 hour
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Dose equivalent in the ILC main beam dump - after 1 day
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Dose equivalent in the ILC main beam dump - after 1 month
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Dose equivalent in the ILC main beam dump - after 1 year
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Residual nuclei - after 1 minute
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Residual nuclei - after 1 hour
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Residual nuclei - after 1 day
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Residual nuclei - after 1 month
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Residual nuclei - after 1 minute
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Residual nuclei - after 1 hour
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Residual nuclei - after 1 day
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Residual nuclei - after 1 month
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