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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
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FCAL inner radius

FCAL inner radius for TPC 
background hits.

Hole radius of extraction to 
decrease backscattering.

Radius of beam pipe @VTX

IR Optimization
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Figure 1.3: Schematic view of the inner and forward detectors of GLD. The horizontal scale
and the vertical scale is not same as indicated in the midle of the figure.

• a precision silicon micro-vertex detector,

• silicon inner (SIT) and endcap(ET) trackers,

• a beam profile monitor in front of BCAL,

• a muon detector interleaved with iron plates of the return yoke, and

• a moderate magnetic field of 3 T.

The iron return yoke and barrel calorimeters have dodecagonal shape (24-sided shape for the
outside of HCAL) rather than octagonal shape in order to reduce unnecessary gaps between
the muon system and the solenoid, between HCAL and the solenoid, and between TPC and
ECAL.

In addition to the baseline configuration, the following options are being considered.
Silicon tracker between TPC and EM calorimeter in the barrel region is proposed to improve
the momentum resolution still more. It is also suggested that a TOF counter in front of the
EM calorimeter can improve the particle identification capability, but this function could be
included in the EM calorimeter.

MDI (Machine Detector Interface) issues, as well as the physics requirements, give impact
on the detector design. Beam background has to be taken into account for the design of
ILC detectors. The beam pipe radius and inner radius of the vertex detector of GLD have
been determined based on the consideration of pair background (see Section 2.1). The
configuration of FCAL and BCAL of GLD has been chosen so that the back-scattered photons
produced by the dense core of pair background at BCAL do not hit the TPC drift volume
directly.

There are three options for the beam crossing angle; 2 mrad, 14 mrad, and 20 mrad.
In case of 20 mrad crossing angle, a dipole magnetic field could be implemented inside the
detector in order to cancel the transverse field component of the solenoid magnet for the
incoming beam and make the electron and positron beams collide vertically head-on. This

VTX inner radius

Hole radius

4.5m2.3m
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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

ALCPG1413

Interaction Region (IR) Design
Beam Pipes etc. 

VTX ( FPCCD, 5μm x 5μm pixels )
    Si wafer length = |cosθ| < 0.95 + 2 mm
    Ladder length = Si wafer length + 15 mm



Pair background

 Simulation by CAIN
 B-dependence

(Track density: 1/cm2/BX)

3T

4T 5T



Results

ECM

(GeV)

Option B 

(T)

Rcore

(mm)

RBe

(mm)

Rs

(mm)

RVTX

(mm)

ZVTX

(mm)

500 Nominal 3 10.5 12.5 30 16.6 52.4

4 9 11 28 14.9 47.4

5 7.5 9.5 25 13.2 42.0

500 High L 3 16.5 18.5 42 24.1 75.4

4 13.5 15.5 36 20.2 63.6

5 12 14 33 18.4 57.9

1000 High L 3 18.5 20.5 42 25.8 80.5

High L’ 3 13 15 34 19.4 61.1

High L’’ 3 11.5 13.5 32 17.8 56.1

RVTX has a weak B dependence ~1/B1/2  , but 
it has strong dependence on machine parameter set
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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 Design
Standard

RBe  = 1.5cm
RVTX= 2.0cm



0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

Nominal plain
Nominal anti-DID
LowP plain

tolerance

Nominal plain:20bunch
Nominal anti-DID:10bunch

Low P plain:1bunch

VTX hit distribution

hits/cm2/train

Layer number
1 2 3 4 5 6



0

50000

100000

150000

200000

250000

300000

350000

400000

450000

500000

TPC tolerance

Nominal plain
Nominal anti-DID
LowP plain tolerance

Nominal plain:20bunch

Nominal anti-DID:10bunch

Low P plain:1bunch

TPC Exact hits

TPC digital hits

TPC hit 



The purpose is to optimize forward calorimeter (FCAL) inner radius to decrease 
TPC background.

Default value of FCAL inner radius was determined by simple head on geometry.

But… we have to verify it by full simulation.

FCAL Inner 
Radius

FCAL CH2Mask BCAL

Support Tube

FCAL Inner Radius Optimization

Z=230cm
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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)

Masks for synchrotron photons
note: last bends at 108m from IP



Synchrotron Radiations  at IP,  by LCBDS

GLD standard : 
     beam pipe radius of 1.5cm

Collimation aperture can be larger.

note: last bends at 108m from IP



e+/e- backscattering

011/0 BBRR =

(Z1=4.3 m)
= 1.6 / 2.0   L*=4.5m
   1.92/2.0   L*=4.1m
   1.99/2.0  L*=3.6m

γ back scattering

GLD : Preference of L* > 4.7m
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Pacman design and FD support

Endcap open on
the beam position

TPC extraction
for inner tracker 
maintenance at
garage position

GLDc,  IRENG07



Summary
1.  GLD will evolve to GLDc for the push-pull scheme, while we 
     need detailed evaluation for optimization with full simulation.

2.  GLD IR region has been optimized with respect to backgrounds
     ( pairs, synchrotron photons, muons ..) at VTX, TPC and 
      minimum veto angle for 2 photon process.

 3.  Relevant parameters for IR optimization are listed below;
Machine parameter sets 1TeV, HiLum-1

L*  (m) 4.5 same at GLDc
B (Tesla) 3 3.5 at GLDc
RBe (cm) 1.5 z < 5cm
RVTX (cm) 2.0 FPCCD

VTX angular acceptance |cos|<0.95 3 super-layers
RFCAL (cm) 8 z=2.3m
RBCAL (cm) 1 and 1.8 z=4.3m

QD0,FCAL,BCAL support canti-lever W-tube
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LDC 14 mrad Interaction Region
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LDC Detector Geometry

14 mrad crossing angle
with anti-DID field (1:10)
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