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Figure 4 shows the points of origin of coulomb single-scattered beam particles which hit the FD 
protection collimator.  They all have the beam energy and originate mostly within 300 m from the 
IP. 

 

 
  

Figure 4.  Points of origin of single coulomb-scattered electrons which hit the FD protection 
collimator.   

 
Figure 5 shows the points of origin and the energies of charged particles from bremsstrahlung 
interactions which hit within the drift section +/-3.51 m of the IP.  These are the source of most of 
the detector background.  These are primarily beam particles which have lost at least 40% of their 
energy, are deflected away from the beam axis by the final focus soft bend strings, and over-focused 
by the FD. They originate in within about 200 m from the IP, a region which includes the FD, a 75 m 
drift section, and about 100 m of the soft bend string.  No bremsstrahlung photons or coulomb 
single-scatters hit within this region. 
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Figure 5.  Points of origin (a) and energies (b) of bremsstrahlung interactions for those which hit 
within the drift section +/-3.51 m of the IP. 
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Table 1.  Summary of GEANT3 and TURTLE simulations of BGB and coulomb single-scatters 
resulting in hits on apertures in the IP region for both beams and 10 nTorr.  The upper 
(blue) entries are Hits/bunch; the lower (red) entries have been multiplied by 160. 

 
GEANT3 simulations of electromagnetic showers created by electrons with the full beam energy 
hitting the thick FD protection collimator (1st row of Table 1) and inside the FD (2nd row of Table 1) 
show that they cause little background in the detector, whereas a beam particle hitting the inner 
surface of the upstream Beam Cal, about 3 m upstream from the IP, (see Figures 5 and 6) causes 
thousands of background interactions in the vertex detector (VXD), a condition which is assumed to 
be intolerable.  Similarly, there are very few VXD hits from backscattered particles arising from the 
impact of a full energy electron in the downstream Beam Cal.  To be comparable to the luminosity 
background in the VXD from e+/e- pairs hitting the downstream Beam Cal, ~ one hundred, 250 GeV 
beam particles/bunch would need to hit the FD collimator within 10 microns of the edge. 
 
The bottom row of Table 1 shows that 2-4% of the bunch crossings are accompanied by a BGB hit 
within the IP region for 10 nTorr pressure.  Assuming for now the worst case that every BGB 
produced interaction in the IP region produces enough secondaries to make the VXD useless for 
physics on that bunch crossing, 2-4% corresponds to the luminosity lost to physics.  Using presumed 
luminosity loss as the metric, we therefore recommend, considering the origin of BGB hits on 
apertures in the IP region (Figure 5a), that the pressure specification in the BDS be 1 nTorr out to 
200 m, which would bring the luminosity loss down a corresponding factor of 10 to 0.2-0.4%.  
Similarly the origin of BGB and single coulomb scattered particles hitting the FD protection 
collimator (Figures 2a, 3a and 4a) together with the non-consequence to the VXD stated in the 
paragraph above, implies that a vacuum specification of 10 nTorr is adequate from 200 to 800 m, 
after which it can be relaxed to a value presumably easy to engineer.  We suggest then that 50 nTorr 
be the vacuum specification beyond 800 m from the IP. 
 
This discussion should make it clear that integrated beam loss and detector studies need to be 
performed to solidify the level to which detectors are or are not made inoperable by the secondaries 
from lost beam particles.  Regarding the reconstruction of TPC tracks, it is difficult for the authors of 
this note to estimate the effects of high energy, near-IP hits within the TPC sensitivity time (see the 
red entries in the bottom row of Table 1).  Such a study may indicate the need for an even tighter 
vacuum specification.  

L/Keller, T.Maruyama, 
and T.Markiewicz  

ILC-Note-2007-016LBDS < 200m Ee < 150GeV

Eb = 250GeV

Assuming , 
PBDS = 10nTorr (106Pa)



Update on Conclusion 1

BeamCal

These are most serious.

Track those 0.02-0.04 particles/BX in the SiD detector.

4246 particles

3158

346

7

• NH =   0:  3158/4246  = 74%
• NH < 15:    742/4246  = 17%
• NH > 15:    346/4246  =   8%

No. of Charged Hits

Only 10% of particles would generate
significant number of hits.
→ 10 nTorr is acceptable.

T. Maruyama, LCWA2009, Alburquerque, October 2, 2009



How bad is the beam gas scattering if the IP 
vacuum is 1000 nT?

• Among the three beam gas scattering processes 
considered in the BDS, only Moller scattering off 
atomic electrons is significant.

2.4-cm φ 7-m long gas (H2/CO/CO2)250 GeV e-

19/BX@1000 nT

11

e-

e-e-
0.07/BX pt>9 MeV/c
come out of the beampipe

Pt (GeV/c)

19/BX@1000 nT

T. Maruyama, LCWA2009, Alburquerque, October 2, 2009



Technical Note for ILD beam pipe, Y.Suetsugu, KEK, 1/13/2009

note: Aluminum pipe note: Aluminum pipe

note: Beryllium pipe for mechanical calculation

0.72m3/s
0.12m3/s

/m2 /m2

x 1.5
x 1.8

Also, see “Vacuum update”, M. Sullivan, MDI meeting, Jan. 26, 2012



50L/s

x 1.7

M. Sullivan, MDI meeting, Jan. 26, 2012

90nTorr

150nTorr



total 500L/s total 500L/s
100L/s

QD0 QF1

warm pipecold pipe cold pipe

90nTorr

M. Sullivan, MDI meeting, Jan. 26, 2012



Chapter 2. ILD Subsystems

Figure 2.7
Mechanical support
structure of ILD vertex
detector

Ti cooling tube: 
od:2mm, id:1.5mm

FPC: 9mm width x 10/side + 
        17mm width x 28/side 
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the one used for the STAR-PXL [8] or cool nitrogen gas cooling.
For the FPCCD sensor option, in which more than 30 W is consumed inside the cryostat,

two-phase CO
2

cooling may be used. Because of its large cooling power, typically ≥ 300 J/g, a thin
(OD ≥ 2 mm) cooling tube may be su�cient. It may be attached at the detector end plate. The
increase of the material budget due to the titanium cooling tube on the end plate is only 0.3% X

0

if
averaged over the end plate. The main heat source of a FPCCD based vertex detector (CCD on-chip
amplifier and read-out ASIC) is located near the ladder ends and the end plate, so that the heat
is expected to be rather easily removed. The cooling temperature is ≠40 ¶C. In order to prevent
condensation on the cooling tube, and to avoid occupying space with a heat insulator around the
tube, the inner support tube supporting the vertex detector and the inner silicon tracker should be
filled with dry air.

2.1.5 Detector Mechanics

The vertex detector mechanical design implemented in the full simulation model is shown in figure 2.7.
It is similar to the SLD vertex detector. The ladders are supported by a 2 mm thick beryllium end
plate and a 0.5 mm-thick beryllium outer shell. The strength of this beryllium structure has been
calculated with a finite element analysis, which showed that the largest deformation under 9.8 N
compression along the beam lines is less than 2 µm. The whole detector is contained in a cryostat
made of 1 cm thick styrofoam (though only mandatory for FPCCD sensors). The material budget of
the cryostat including 50 µm CFRP sheets on both sides is only 0.1% X

0

.
The vertex detector is supported by the beam pipe, the latter being supported by the inner

support tube. The vertex detector is thus integrated as a part of the ILD‘inner silicon trackers’ inside
the inner support tube.

The alignment of the vertex detector will be performed in two major steps. In the assembly
phase, micrometrical pre-alignment will be performed by optical survey. After installation, a precise
beam-based alignment will be achieved. The latter may proceed through two phases. The first one will
consist in aligning the ladders composing a layer, using the few hundred micrometers wide overlapping
bands of neighbouring ladders. The second phase will allow making the global detector alignment.

2.1.6 Future Prospects

The vertex detector is relatively easy to upgrade or replace. The evolution of sensor technologies and
performance can therefore be exploited quite e�ciently, in particular to comply with the manyfold
increase of the beam related background expected at a collision of ≥ 1 TeV. It should therefore not
be an issue to introduce new sensors featuring much shorter readout times than those foreseen for
the first years of data taking.

Despite the achievements described above, the detector is still premature in various aspects, and
requires therefore substantial R&D.
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Vertex detector

0.5x2mm Be ,  0.05x6mm Si,  0.2x2mm CFRP + 1cm styrofoam

Chapter 2. ILD Tracking System

Figure III-2.1
Impact parameter reso-
lution of the ILD vertex
detector for two di�er-
ent particle production
angles (20¶ and 85¶),
assuming the baseline
point resolution given
in Table III-2.1 for the
CMOS option (solid
line), and the FPCCD
option (dotted line).
The curves with long
dashes show the perfor-
mance goal.

2.1.1 Baseline design

The baseline design of the ILD vertex detector consists of three, nearly cylindrical, concentric layers
of double-sided ladders. Each ladder is equipped with pixel sensors on both sides, ≥ 2 mm apart,
resulting in six measured impact positions for each charged particle traversing the detector. The radii
covered by the detector range from 16 mm to 60 mm. The material budget of each ladder amounts
to ≥ 0.3% X

0

, equivalent to 0.15% X
0

/layer.
An alternative geometry is also considered, based on five equally spaced single-sided layers, with

radii ranging from 15 to 60 mm.
The current layout of the proposed vertex detector is summarised in Table III-2.1. It is based on

extensive simulation and technical studies. The parameters are considered conservative.

Table III-2.1
Vertex detector pa-
rameters. The spatial
resolution and read-
out times are for the
CMOS option described
in section 2.1.2.1.

R (mm) |z| (mm) | cos ◊| ‡ (µm) Readout time (µs)

Layer 1 16 62.5 0.97 2.8 50
Layer 2 18 62.5 0.96 6 10

Layer 3 37 125 0.96 4 100
Layer 4 39 125 0.95 4 100

Layer 5 58 125 0.91 4 100
Layer 6 60 125 0.9 4 100

The impact parameter resolution following from the single point resolutions provided in the table
is displayed in Figure III-2.1 as a function of the particle momentum, showing that the ambitious
impact parameter resolution is achievable.

2.1.2 Pixel technologies and readout electronics

Currently three sensor technology options are actively developed for the ILD vertex detector. They
have been shown to have the potential of meeting the detector requirements or to come close
to them. Those technological options are CMOS Pixel Sensors (CPS) [203, 204, 205, 206], Fine
Pixel CCD (FPCCD) sensors [207, 208, 209, 210], and Depleted Field E�ect Transistor (DEPFET)
sensors [211, 212, 213]. The development and optimisation of each technology is closely associated
to a specific readout architecture. For CPS and DEPFETs a power pulsed readout is under study and
o�ers attractive advantages. For the FPCCD, the very large number of pixels calls for a slow (low
power) readout, which must be performed in between bunch trains.
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Figure 13: First draft of the cross section for the wall of the inner field
cage of the ILD TPC.

both for the proposed inner and outer field cage wall, need to be quantified by
dedicated calculations and sample piece tests. Also the precise mechanical
accuracy specifications have to be revisited on the basis of further studies,
also taking into account the final detector gas.

Summary

The LP is the first TPC prototype with a size relevant for a TPC of a future
ILC detector. The length of the LP is 61 cm and the inner diameter of the
field cage barrel of 72 cm is similar to the inner field cage for the ILD TPC.

The design of the chamber was optimized for a high electric field homo-
geneity of ∆E/E ! 10−4 and a low material budget of the walls of 1.21%X0.
This is close to the final design value of 1%X0. Further optimizations of the
wall structure are under study and the final design goal of 1%X0 per wall
seems to be in reach.

The LP is part of a test beam infrastructure which is installed at the
6-GeV DESY electron test beam. This infrastructure was realized in the
framework of the EUDET project [9] and became available in November
2008. Since then it is in use by different research groups doing R&D work
for a TPC of detector at a future linear collider [6].

Acknowledgments

This work is supported by the Commission of the European Communities
under the 6th Framework Programme ‘Structuring the European Research
Area’, contract number RII3-026126. We thank the whole LCTPC collab-
oration for sharing their expertise with us in the design phase of the Large
Prototype field cage. The Department of Physics of the University of Ham-
burg provided a valuable technical support, in particular B. Frensche, U.
Pelz and the mechanical workshop. We thank the Technical University of

15

A Lightweight Field Cage for a Large TPC Prototype for the ILC, T. Behnke et al., June 17, 2010, arXiv:1006.3220

TPC inner field cage



X-Ray Attenuation Length

X-Ray Attenuation Length http://henke.lbl.gov/tmp/xray3195.html

1 / 1

X-Ray Attenuation Length

X-Ray Attenuation Length http://henke.lbl.gov/tmp/xray3196.html

1 / 1

X-Ray Attenuation Length

X-Ray Attenuation Length http://henke.lbl.gov/tmp/xray3201.html

1 / 1

X-Ray Attenuation Length http://henke.lbl.gov/optical_constants/atten2.html

X-Ray Attenuation Length

X-Ray Attenuation Length http://henke.lbl.gov/tmp/xray4711.html

1 / 1

1cm/10keV

4mm/10keV

0.17mm/10keV

0.13mm/10keV

http://henke.lbl.gov/optical_constants/atten2.html


dN = Nb⇢ · 4↵Z2
r

2
eF (x)

dk

k

ds

F (x) = (1 + x

2 � 2

3
x) ln(183Z�1/3) +

x

9
F (y) = (y2 � 4

3
y +

4

3
) ln(183Z�1/3) +

1� y

9

x =
Ee

Eb
, y =

k

Eb
, x+ y = 1 Eb = beam energy, Ee = electron energy, k =photon energy
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22.4⇥ 103
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⇢ =
NA

22.4⇥ 103
P (torr)

760
⇥ 106residual gas density:

fine structure constant:   α= 1/137

classical electron radius:

Avogadro constant:

For residual gas,  Z=14  of CO

re = 2.82⇥ 10�15m

NA = 6.02⇥ 1023

[m�3]

Bremsstrahlung in residual gas

s = path length

beam intensity: Nb = 2⇥ 1010

Ref)  J.C.Liu, W.R.Nelson and K.R.Kase, SLAC-PUB-6532, June  1994
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F(x) is factorized as a constant, F(x)=F(y)=4.5 .

(1) Ee <150GeV, LBDS=200m, ILC-Note-2007-016, L/Keller, T.Maruyama, and T.Markiewicz 

N = 2.9 x107・P(Torr) / bunch  = 2.2 x 105・P(Pa) /bunch

dN = 2⇥ 1010 · 4.55⇥ 10�29 · 4.5 · ln(k
max

/k
min

) · ds・P(Torr or Pa)

N = 0.29 / bunch  at 10nTorr    →  0.02 (0.04) by GEANT3 (TURTLE)

(2) IR  within  ± L* =4.5 m   for  Xray background in TPC ?

If  kmin = 10keV   and kmax = 0.26GeV  ( me/kmax = Rex/2L* , Rex=1.75cm)

N = 1.5 x107・P(Torr) / bunch  = 1.1 x 105・P(Pa) /bunch

N = 0.15 / bunch  at 10nTorr

But,  X-rays much go through the beam pipe, so they should be irrelevant .



Conclusion

Most of bremsstrahlung background would 
not come out the beam pipe between the two 
QD0’s.  So, the vacuum pressure could be 
higher than 10nTorr ( 1x10-6Pa). 
!

For ILD,  need a simulation study especially  
by taking account of X ray background in the 
VTX and TPC.


