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Figure 1.2: Schematic view of two different quadrants of GLD Detector. The left figure
shows the rφ view and the right shows the rz view. Dimensions are in meter. The vertex
detector and the silicon inner tracker are not shown here.

The outer radius of the main tracker (TPC) is also large in GLD. Consequently the lever
arm of the tracking is long and the number of sampling can be large. Therefore, we can expect
an excellent momentum resolution for the charged particles (δpt/p2

t ∝ 1/BL2√nsample), and
good particle identification (π/K/p) capability by dE/dx. The relatively low magnetic
field of GLD is advantageous for the track reconstruction of low pt charged particles, and
subsequently for vertex-charge determination, PFA, and so on.

1.1.3 Baseline Design

Figure 1.2 shows a schematic view of two different quadrants of the baseline design of GLD
as of March 2006. The inner and forward detectors are schematically shown in Figure 1.3.
The baseline design has the following sub-detectors:

• a large gaseous central tracker, presumably TPC,

• a large-radius medium/high-granularity ECAL with tungsten-scintillator sandwich struc-
ture,

• a large-radius thick (∼ 6λ) medium/high-granularity HCAL with lead-scintillator sand-
wich structure,

• forward EM calorimeters (FCAL and BCAL) down to 5 mrad,
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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
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Interaction Region (IR) Design
Beam Pipes etc. 



IR region of GLD ; geometris in Jupiter
Position R [cm] Z [cm]

A 1.3 4.5

B 3.4 25

C 3.4 35

D 8.2 110

E 8.2 230

F 9.04 260

G 11.94 285

H 16 320

I 16 400

J 6.0 400

K 0 405

L 0 430

M 0 450

N 13 230

O 17.7 260

P 36 260

Q 20 430

Bean pipe
incident : 20mmΦ
exit : 36mmΦ



Q magnet design and location

magnet Inner radius Outer radius length z position Field gradient

QD0 1.0 3.6 220 451 -121.44

SD0/OC0 1.0 2.8 70 681 0

QF1 1.0 4.2 200 881 75.88

SF1/OC1 1.0 28.0 35 1091 0

magnet Inner radius Outer radius length z position Field gradient

QDEX1A 1.8 4.6 164 600 83.33

QDEX1B 2.4 6.2 164 794 50.00

QFEX2A 3.0 7.2 162 988 40.00

Upstream

Downstream

unit : cm, T/m

unit : cm, T/m

Note :  Sextupole magnetic fields are not installed in Jupiter, yet.

Ecm=500GeV,  Nominal parameter set, 14mrad



VTX R [cm] Half Z [cm]

0 2.0 6.5

1 2.2 6.5

2 3.2 10.0

3 3.4 10.0

4 4.8 10.0

5 5.0 10.0

IP Z

R

VTX   :  Super double layers TPC

R [cm] 45~200

Half Z [cm] 255*

No. of layers 200

*GLC DOD value is 230cm for the fidicial volume.

Vertex detector and TPC



Digitization of exact hits  in TPC   ;  Jupiter

Exact hits are grouped together and digitized in every 50nsec, 
i.e. 2.5mm for the drfift velocity of 5cm/μsec.

No digitization.

Exact hits are digitized at 200 layers.

R direction

Z direction

Φ direction

group together

new group

Simple digitization with no merging  overlapped signals;   conservative estimation 



VTX0 VTX1 VTX2 VTX3 VTX4 VTX5 TPC digi. TPC

9033 9131 2147 1443 320 274 125827 10117

Hits/10bunch

VTX0 VTX1 VTX2 VTX3 VTX4 VTX5 TPC digi. TPC

15601 14337 1507 953 150 124 - 161872

VTX：hits/cm2/train ,  TPC：hits/50μsec

VTX  : 1train=2820 bunch

TPC : 160bunch / 50μsec

Simulation Results   ;  Jupiter
Ecm=500GeV,  Nominal parameter set, 14mrad with no anti-DID



VTX  Hits distribution as a function of Z at each layer

VTX0 VTX1

VTX2 VTX3



VTX4 VTX5



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

1 MACHINE DETECTOR INTERFACE 2

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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Anti-DID filed Andrei optimization in Jupiter  01

Andrei’s 14mrad anti-DID field data

!"#$% Bz[T]  &% z[m]

!'#$% anti-DID[T]  &% z[m]

("#$% Br[T]  &% z[m]

)Andrei*data+beam%"*,

0       2       4        6        8      10      12      14     16 m 0       2       4        6        8      10      12      14     16 m

0       2       4        6        8      10      12      14     16 m

Bz Br

anti-DID : Bx

GLD

on the extracted beam line

Br = linear function of r

anti-DID Bx = no function of r



Pairs directed into extraction beam line (%)

Jupiter

Andrei’s results
at Nanobeam 2005, Oct.2005

Andrei’s

anti-DID max field (T)
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Summary

Digitization of TPC hits in Jupiter

Background hits in VTX, TPC with 14mr crossing, 
no anti-DID

Anti-DID field is under study in order to check a 
consistency to Andrei’s optimized one

Background to be studied including neutrons


