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Tolerances in Detectors 

Note : 0.005μ/bunch  by  two “tunnel fillers”
0.8μ/150bunches 

1μ/30m2/bunch

The 9 and 15m long spoilers at 660 and 350m from IP reduces muons by 10-4      

1 hit in TPC consists of 5 pads(1mmx6mm) x 5 buckets(50nsec)
A muon creates 1 pad x 2000 buckets in parallel to the beam line.
A neutron creates 10 hits in TPC.

 Sources :             pairs disrupted beams/pairs beam halo
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Table 1: Tolerances for background in VTX, TPC and CAL.

Detector Hits Neutrons Muons
VTX 1 × 104 hits/cm2/train 1 × 1010 n/cm2/year -
TPC 4.92 × 105 hits/50µsec 4 × 104 n*/50µsec 1.2 × 103

µ/50µsec
CAL 1 × 10−4 hits/cm3/100nsec - 0.03 µ/m2/100nsec

* : The neutron conversion efficiency is assumed to be 100% in the TPC.

1.2 Interaction Region (IR) Design

IR geometries, especially the beam pipe and the innermost radius of VTX,
depend on the machine parameters such as beam energy, intensity and sizes
at the interaction point (IP) as well as crossing angle, distance from IP to
the final quadrupole magnet (L*) and the detector solenoid field (B). While
the accelerator can be seamlessly operated in the parameter space[4, 5], the
present designs were optimized with all the parameter sets at Ecm =500GeV
and 1TeV, L*=4.5m and B=3Tesla for physics and background studies. As
explained in the VTX section, the beam pipe inner radius has been de-
termined from the IP to the final focus quadrupole magnet (QD0) by the
envelope of pairs [6]. The configuration of beam pipe is shown in Figure 1.
The detailed geometrical data are listed together with the extreme cases of
the high luminosity parameter sets and the improved one at Ecm =1TeV [5]
in Table 2 . The innermost VTX layer is located to be 0.4 or 0.5cm from
the beam pipe, e.g. its radius is 1.7cm with the beam pipe of 1.3cm radius at
the nominal set. The standard radii of beam pipe and the innermost VTX
layer are 1.5cm and 2.0cm, respectively, for the Jupiter simulation.

1.3 Collimation Aperture

1.3.1 Synchrotron Radiation

Since the beams are accompanied by halos, they should be sharply collimated
at the collimation section at upstream in the beam delivery system. The
halo particles generate synchrotron radiations in magnets and muons at the
collimators. Collimation apertures have been optimized for the radiation
profile to be small at IR region in order to prevent the direct hits at beam



~5mm

z=350mmz=250mm

cos!=0.95

Core of Pair-Background

17mm

15mm
2mm

5mm

~2mm

Si wafer
Beam Pipe

RVTX

ZVTX

RS

RBe Rcore

Figure 2: Model for estimation of radii of the beam pipe and innermost layer of the GLD vertex detector.
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Figure 3: Pair-background track density (/cm2/BX) with the nominal ILC machine parameter at 500 GeV and 2 mrad crossing

angle in 3 T (left), 4 T (center), and 5 T (right) magnetic field.

design criteria:

• The dense core of the pair background should not hit the beam pipe. It should have ∼ 5 mm clearance at

z = 350 mm and ∼ 2 mm clearance at the junction of the central berylium part and the conical part.

• The silicon wafer is 2 mm longer than what is required to cover | cos θ| < 0.95.

• The ladder length is longer than the silicon wafer by 15 mm. The clearance between the ladder and the conical

part of the beam pipe is 2 mm.

The simulation for pair background was done using CAIN for various ILC parameter sets. The track density of the

pair background in z-r plane is shown in Figure 3 with the nominal ILC parameter set [1] and crossing angle of 2 mrad

for 3, 4, and 5 T magnetic field. Figure 4 shows the track density distribution for high luminosity option of ILC

parameters [1]. The distribution of the dense core of the pair-background tracks with the original high luminosity

option is significantly broader than that with the nominal option. Recently, A. Seryi proposed new high-luminosity

parameter sets [2]. These new high luminosity parameter sets give less and narrower pair background as can be

seen from Figure 4. The beam-pipe parameters and RV TX determined by the design criteria and the background

simulation described above are summarized in Table I. We can see that RV TX strongly depends on the machine

parameter option.

3. SUMMARY

In order to see the impact of relatively weak magnetic field of GLD on the vertex detector design, the minimum

radius of the vertex detector RV TX has been estimated for several machine parameter sets and different magnetic
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Interaction Region (IR) Design
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Table 2: IR geometrical data with 2 (20)mrad crossing angle; numbers in
parentheses are those at 20 mrad crossing angle, while the others are common
at the both angles.

Ecm 500GeV 1TeV
para.set Nominal High Luminosity High Luminosity-1
position R in cm Z in cm R in cm Z in cm R in cm Z in cm

A 1.3 4.5 1.9 6.3 1.5 5
B 3(3.2) 25 4.2 25 3.4(3.5) 25
C 3(3.2) 35 4.2 35 3.4(3.5) 35
D 8 110 9(10) 110 8(9) 110
E 8 230 9(10) 230 8(9) 230
F 9.04 260 10.2(11.3) 260 9.04 260
G 11.94 285 12.60(13.26) 285 11.94(12.60) 285
H 16 320 16 320 16 320
I 16 400 16 400 16 400
J 2(2*) 400 2(2*) 400 2(2*) 400
K 2(2*) 405 2(2*) 405 2(2*) 405
L 2(2*) 430 2(2*) 430 2(2*) 430
M 2(2*) 450 2(2*) 450 2(2*) 450
N 13 230 14(15) 230 13(14) 230
O 17.70 260 18.83(19.96) 260 17.70(18.83) 260
P 36 260 36 260 36 260
Q 17.96 430 19.83(21.70) 430 17.96(19.83) 430

* : There are two holes with the same radius for incoming and exit beams
at the 20mrad crossing angle.

Interaction Region (IR) Design

Standard
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Figure 2.66: Leakage field along the beam axis.

to assemble with keeping the rigid structure. The gravitational sag of end-yoke is neglected.
The deformation of the end-yoke due to the magnetic force of 18000 tons is shown in left-
hand side of Figure 2.67. The maximum deformation was calculated to be 75 mm. Becasue
this deformation can not be accepted, a support plate is required to reduce deformation and
stress. The calculation result with 75 mm-thick of support plates are shown in the right-hand
side of Figure 2.67. The support plate is mounted on every 90 degree. The deformation can
be reduced to 1.8 mm. The result of seismic force is 2.8 mm in the horizintal direction.

Configurations

Drawing of the iron yoke is shown in Figure 2.68. The prefered shape of the yoke is a
dodecagon from the viewpoint of the calorimeter design. There is a 50 mm air-gap between
the barrel-yoke and the end-yoke as calble holes. So the barrel-yoke structure is constructed
from twelve Muon modules. Each barrel Muon module consists of 9 layers with 50 mm thick
instrumental gaps. Thicknesses of steel plates are 50 cm in outer two layers and 25cm in other
layers, respectively. Few millimeters of flatness of steel plate should be taken into account
on the Muon detector design. Each end-yoke is planned to separate into four quadrants
containing eleven iron plates. Plate thickness of each layer is same as the corresponding
plate of the barrel yoke. The end-yoke can slide out in order to provide an access to the
inner detector. The iron yoke is sitting on an end-yoke transportation system.

Assembling

Assembling procedure for the barrel-yoke is shown in Figure 2.69. Each Iron plates are bolted
on the support frame. There are support jigs at each corners. Assembling will be done from
the bottom side and the outer layer. At end-yoke assembling, each pieces divided to eight
are assembled by welding. Because the end-yoke must withstand the huge magnetic force,
each piece should be fixed rigidly. After completing each segment, end-yoke is assembled by
bolting joints as shown in Figure 2.70.

M
ag

ne
ti
c 

Fi
el

d 
 (
 T

es
la

 )

Distance from IP  (m)

on the beam line

50 Gauss



1 MACHINE DETECTOR INTERFACE 5

Table 3: Major collimators’ location from IP, aperture, length and material
(ILCFF9).

name Location Thickness Material Aperture
m Xo x(mm) y(mm) x(σx) y(σy)

SP2 1483.27 0.6 Copper 0.9 0.5 8 65
SP4 1286.02 0.6 Copper 0.9 0.5 8 65

SPEX 990.42 1 Titanium 0.5 0.8 10 62
MSK1 49.81 30 Tungsten 7.8 4.0 16 178
MSK2 13.02 30 Tungsten 7.4 4.5 12 151

been estimated to be 0.8 muons/150 bunches in detectors with the beam halo
of 10−3[10].

The alternative approach of muon attenuators has been investigated in the
ACFA-LC working group[11] . Since the beam delivery system in the previous
study[12] is very similar to the ILC one, the major results can be borrowed
in this report. All the empty beam line is covered by the attenuators which
is consisted of two coaxial iron pipes of 8cm and 78cm diameters around
the beam pipe of 2cm diameter. The iron pipes of 244m toal length are
magnetized at 1 Tesla. As shown in Fig.3, the reduction factor of muon flux
is close to that with the muon spoilers.

We are investigating the muon background by using LCBDS.

1.4 Crossing Angle and Final Quadrupole Magnet

Two crossing angles have been set to be 2 and 20 mrad as the baseline
configuration in the Baseline Configuration Document[9]. Also the baseline
designs of final focus quadrupole magnet have been chosen to be a large bore
super-conducting (SC) and a compact SC magnets at the 2 and 20 mrad
angles, respectively, while permanent magnets are the alternative ones for
the both angles. Their major geometries are listed in Table 4 which are
used in the simulation studies.

With small angle crossing, the most crucial issue is an energy deposit at
the SC-QD0 in the extraction beam line. Sources of the energy deposit are
pairs, disrupted beam and radiative Bhabha events. The pairs hit uniformly

Collimation: Spoilers and Masks

Apertures have been optimized by A. Drozhdin for higher 
B field.  (BDIR05)



Synchrotron Radiations  at IP,  by LCBDS

GLD standard : 
     beam pipe radius of 1.5cm

Collimation aperture can be larger.
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crossing angle DID anti-DID

2mrad no no

20mrad yes no

14mrad yes yes

Crossing Angle and DID, anti-DID 

DID : polarization, synchrotron radiations 
anti- DID : back-scattered photons 
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Table 5: Energy deposits in unit of mW, at QD0, 2mrad crossing angle, where
values in parentheses are those for two beams to collide with horizontal offset
of 200σx.

Ecm Nominal Low Q Large Y Low P High Lum High Lum-1
500GeV 93(112) 80(76) 107(103) 158(146) 435(398) -
1 TeV 464(513) 464(437) 769(687) 928(828) 2180(2260) 1170(1090)

energy more than the tolerance with all the parameter sets.
The permanent magnet must be very robust against radiations and the

energy deposit. The typical demagnification is 0.3% with 1×1013n/cm2 [13].
In addition, it does not generate artificial vibration for no cooling water and
neither electricity. Therefore, it must be a good alternative option for the
QD0 [14] . Since the permanent QD0 is compact, the disrupted beam can be
extracted outside of it as similar to the compact SC one at 20 mrad crossing
angle, where the extraction line has the same configuration as the baseline.
In case of 2 mrad crossing angle, the energy deposit is expected to be greater
than the large SC because of smaller aperture for pairs and disrupted beam.
However, the radiation damage must be irrelevant. Such performances will
be investigated by the full simulation together with the hardware R&D.

In the case of 20 mrad crossing angle, the Detector Integrated Dipole
(DID) has been proposed in order to tune the beam orbits with level colli-
sions, i.e. zero vertical angles, at IP [15] as well as to reduce the synchrotron
radiation effects on the beam sizes. After SNOWMASS 2005 the interme-
diate crossing angle of 14mrad has been investigated as the alternative one
for less effects on the orbits and the radiations. Taking account of these
improvements, anti-DID, which has opposite sign of the DID magnetic field,
was proposed at the 14mrad crossing angle. An optimization of interaction
region was presented at the NANOBEAM 2005[16].

In next section, we evaluate the DID and anti-DID in terms of back-
grounds by simulations.

1 MACHINE DETECTOR INTERFACE 6

the both angles. Their major geometries are listed in Table 4 which are
used in the simulation studies.

Table 4: Various types of QD0 and the first quadrupole magnets at the
extraction line, which are relevant in IR region: properties used in the sim-
ulation, where L* is the distance from IP and QX1A and QDEX1A at the
extraction line.

type Crossing angle L* Length Aperture Outer diameter
mrad m m cm cm

Large SC 2 4.5 2.5 7 42
Permanent 2 4.5 2.5 2 18

Compact SC 20 4.5 2.2 2 6.1
Permanent 20 4.5 2.2 2 10

QX1A 20 4.5 2.2 2.6 4.78
Compact SC 14 4.5 2.2 2 7.2

QDEX1A 14 6 1.64 3.6 9.2

With small angle crossing, the most crucial issue is an energy deposit at
the SC-QD0 in the extraction beam line. Sources of the energy deposit are
pairs, disrupted beam and radiative Bhabha events. The pairs hit uniformly
inside of the QD0 for their low energies, , while the disrupted beam hit more
at the downstream for higher energies. Table 5 lists energy deposits due to
the pairs at QD0 with 2mrad crossing angle for the parameter sets, which
were calculated by LCBDS. There should be no problem in the cryogenic
power with these heat losses at any parameter sets.

Tolerance of the energy deposit in the SC magnets can be expressed in
a unit weight, that is 0.5mW/g to break the superconducting state. Since
this tolerance has been estimated for the DC deposit, the ILC bunch-train
structure may have more tolerable one. The simulation shows that pairs
deposit energies of less than the tolerance for all the parameter sets even at
Ecm=1TeV while the disrupted beam exceeds it in cases of the High Lum a
Ecm=500GeV and the Low P, High Lum at Ecm=1 TeV. The High Lum-1 has
the marginal deposit energy at High Lum at Ecm=1 TeV. This issue requires
further study to optimize the configuration of SC-QD0 with 2mrad crossing
angle.

With 20 mrad crossing angle, energy deposits were calculated to be 43mW

Energy Deposit (mW) of Pairs in QD0
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Abstract 

A superstrong permanent magnet quadrupole (PMQ) is 

one of the candidates for the final focus lens for the 

International Linear Collider (ILC). Our prototype PMQ 

can produce variable strengths from 3.5T to 24.2T in 1.4T 

steps. The magnetic center of the PMQ must not move 

more than a few microns during a 20% strength change of 

final quad in ILC. Measured tens of microns of center 

movements are effectively suppressed by shimming 

magnet rings with thin films. 

 Outgoing beam line goes very nearby the incoming 

beam line around final quad in some crossing angles.  

We suggest designs of PMQ not to interrupt the outgoing 

beam line for each crossing angles.  

 Renewal plan of our prototype PMQ and rotating coil 

system is also shown. 

INTRODUCTION 

Strength variable permanent magnet quadrupole 

(iPMQ) is one of the candidate for final quad of ILC. Its 

good for its small size and light weight (our PMQ weighs 

about 100kg with 40cm x 40cm x 23cm), Less power 

consumption, No vibration source (power cable, cooling 

water, or He pipe, etc…), Edge of effective length equals 

to L* (Super-conducting quadrupole needs 20cm more 

space for thermal shield).  

We achieved a 120T/m iPMQ, its strength is adjusted 

by 7T/m step.  

PERMANENT MAGNET QUADRUPOLE 

We fabricated a strength-variable permanent magnet 

quadrupole as a candidate for the final quad in a linear 

collider. The PMQ is composed of an inner ring and four 

outer rings [1]. (see Fig. 1 and table 1 for its dimensions 

and parameters.)  

Only the outer rings are rotated in order to change the 

integrated gradient. The fixed inner ring suppresses any 

errors caused by rotation of outer rings. Outer rings are 

rotated just 90! to switch the phase of that section’s 

quadrupole (from focus to defocus and vice versa). 

Therefore, this PMQ with four outer rings can produce a 

series of 16 integrated gradients from 3.7T to 24.2 T in 

1.4 T steps. Integrated gradient is proportional to 

“Switched on” length (SWL), the summation of outer 

rings lengths which are at the “strong” phase[2].    

The inner ring is directly supported by stainless steel 

(SS) end plates that are fixed on the magnet base block. 

Each outer ring is supported in a ball bearing that is fitted 

into a SS ring support plate. Each outer ring has a spur 

gear that is rotated (4 DC motors with worm gears move 

the spur gears). These four plates are secured on the SS 

base block.  

Table 1: scale and performance of the PMQ 

Bore radius 1cm 

Inner ring radii In 1cm out 3cm 

Outer ring radii In 3.3cm out 5cm 

Outer ring section lengths 1cm, 2cm, 4cm, 8cm 

Physical length 23cm 

Pole material Permendur 

Magnet material(inner ring) NEOMAX38AH 

Magnet material(outer ring) NEOMAX44H 

Integrated gradient(strongest) 24.2T (120T/m) 

Integrated gradient(weakest)  3.7T (1.8T) 

Int. gradient step size 1.4T 

 

 
Figure 1: Fabricated Adjustable PMQ. 

 
Figure 2: Fabricated adjustable PMQ. 

SS endplate 
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and shift the center in any direction. 

Lifting the 8cm outer ring up by 51µm reduced the 

center movement from 30µm to 10µm when the strength 

was changed by about 45% (see Fig.6 left). Fig. 6 right 

shows a example of shimming by lifting and horizontal 

displacement. The 8cm outer ring is lifted up by 76µm 

and 4cm outer ring is moved to –x direction by 51µm. 

Then the Y-magnetic center shift when 8cm is rotated 

becomes < 5µm and the X-shift of 4cm outer ring 

becomes < 1µm. 

 

PMQ FOR CROSSING ANGLES 

Outgoing beam line goes nearby (several centimetres) 

the incoming beam line if crossing angle is 2mrad of 

20mrad (not zero). Thus PMQ must be designed not to 

interrupt the outgoing beam line L* is about 3~5m. IF 

2mrad and L*=5, outgoing beam pipe exist 10mm from 

incoming beam pipe. 

We suggest designs of PMQ for each crossing angles 

(see Fig. 7). Arrowed block shows the magnet block 

magnetization direction. Not arrowed shows magnetic 

pole. A designed Field strength is shown on Table 2. 

  

 
 

Figure 7.  Varieties of PMQ for crossing angles 

 

Table 2  Field gradient of PMQs with 20mm bore. 
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Figure 7. renewal plan of PMQ 

SUMMARY AND FUTURE PLAN 

The PMQ’s field quality is moderately good and it was 

not affected by changing integrated strength or shimming.   

The magnetic center axes of the outer rings are adjusted 

by using 25.4 µm shims. The center movement caused by 

rotation of the 8 cm outer ring was successfully reduced 

from some tens of microns to 5µm in Y coord by lifting it 

up by 76µm. The effect of the 4cm outer ring on the X 

coord could also be reduced by moving it in the –X 

direction by 51µm. 

Because the shimming worked very well in some cases, 

an automated shimming mechanism should be 

incorporated in a future design. Particularly, fine 

adjustments in both polarities are important. 

We are also preparing a rotating coil with !13mm 

quarts rod (see figure 8). Quarts rod has small thermal 

expansion rate, thus the thermal instability of 

measurement by coil expansion is small. 

 

 
Figure 8.  Rotating coil system with a quarts rod. 
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Permanent Q-magnets,  Kyoto univ.
Radiation hard : -0.3% with 1x1013n/cm2

No artificial vibration : no cooling, electric-current
Compact : no warm-to-cold transition  
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Simulation Study

• Pair background hit
rate on the 1st layer of
the Vertex Detector
(R=24mm)

• Simulation using CAIN
and JUPITER

• Hit rate of the Low Q
option is ~1/3 of the
nominal option, as
expected
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Neutrons
typically,  130 n/TeV : 109 n/J

GEANT3, 50 n/TeV in water(dump)
backscattering rate at 1.67x10-4

Tolerance of Energy loss at EXT line
E = 0.13 L2

( as a Guide Line )
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Table 6: Energy deposits due to the pairs in BCAL with the 2mrad crossing
angle, where the unit is Watt (W) and values in parenthesis are those at the
20 mrad crossing angle. The tolerance is also listed at BCAL, L=4.3m from
IP, which is calculated by E= 0.13L2 .

Ecm Nominal Low Q High Lum High Lum-1
500GeV 0.05(0.10) 0.03(0.07) 0.27(0.42) -
1000GeV 0.12(0.22) 0.07(0.16) 0.68(0.94) 0.32
tolerance 2.4

from the VTX damage. For examples, it has been shown that neutrons were
backscattered from the nearest quadrupole magnet in JLC detector with
rates of 8.1n/TeV and 36n/TeV by simulations of GEANT3 and FLUKA,
respectively [11]. In this case, the fractions are 0.06 and 0.28, respectively.
Also the fraction from the water beam dump was estimated to be 1.67×10−4.

At ILC, total energy deposit is 23MW at the beam dump. Since the dump
is located at 650m and 300m from IP at the 2mrad and 20mrad crossing
angles, respectively, the tolerances are estimated to be 330MW and 70MW,
respectively, with the fraction of the water dump. Therefore, the beam dumps
should not be relevant in the VTX radiation damage. Energy deposits will
be investigated at the extraction line.
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Solenoid at installation

Solenoid

Iron yokes are open at installation.

New proposal for smaller experimental hall

shortened



GLD Detector Position at beam line and at the end of assembling
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Opening operation of the end iron yoke

Normal position

The yoke is opened by rotation.

GLD is moved along the beam line
for access inside it. Two yokes are opened.


