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Q0	  –	  Detector	  interface	  
q  Question:	  

◆  What	  is	  an	  acceptable	  position	  for	  the	  last	  quadrupole	  Q0	  ?	  
●  To	  minimize	  interference	  with	  the	  detector	  performance	  

➨  Interference	  with	  tracking	  
➨  Interference	  with	  calorimetry	  

q  Disclaimer	  
◆  All	  slides,	  statements	  and	  conclusions	  are,	  at	  best,	  very	  preliminary	  
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Interference	  with	  tracking	  ?	  
q  Typical	  tracker	  volumes	  for	  an	  e+e-	  detector	  (here	  SiD)	  

◆  Angular	  coverage	  all	  the	  way	  to	  10	  degrees	  from	  the	  beam	  axis	  
●  15	  degrees	  would	  still	  be	  acceptable	  (most	  of	  the	  physics	  is	  central	  in	  e+e-	  collisions)	  

q  A	  priori,	  the	  final	  quadrupole	  Q0	  could	  fit	  in	  here,	  	  
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Chapter 3
SiD Main Tracker

3.1 Introduction

The ILC physics goals impose performance requirements on the tracking system that exceed those met
by any previous system. These are summarised in Table II-3.2. In particular, the need for excellent
momentum resolution over a broad p

T

spectrum creates significant design challenges. For high-p
T

tracks superior position resolution and mechanical stability are required while for low- p
T

tracks, an
aggressive material budget is critical. Meanwhile, the need for high e�ciency over a wide range of
momenta and large solid angle motivates an integrated approach to tracking: the vertex detector,
main tracker and calorimeter are designed to work in concert to achieve these goals robustly but with
a narrow margin of extra layers that result in unnecessary material.

3.2 Baseline Design

The main tracker is a large all-silicon detector filling the space between the vertex detector and the
electromagnetic calorimeter. It comprises five cylindrical barrel layers, with the four outer layers closed
at the ends by conical, annular disks, as shown in Figure II-3.1.

Figure II-3.1
r ≠ z view of the vertex
detector and outer
tracker.

In the baseline design the barrels are tiled with modules hosting a single silicon micro-strip sensor
for axial-only measurement, while the disks are tiled with modules having a stereo pair of silicon
micro-strip sensors. These cylinders are nested, connected by annular rings at the ends of each, to
create a single unit supported from the ends of the electromagnetic calorimeter (ECAL). The design
of the outer tracker is summarised in Table II-3.1 and more details of the design may be found in [63].

The coverage of the complete tracking system is shown in Figure II-3.2 as a function of the polar
angle. At least six hits are measured for all tracks with a polar angle down to about 8¶. For polar
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Table II-3.1
The layout of the main tracker. Barrel R Length of sensor Number of Number of

Region (cm) coverage (cm) modules in „ modules in z

Barrel 1 21.95 111.6 20 13
Barrel 2 46.95 147.3 38 17
Barrel 3 71.95 200.1 58 23
Barrel 4 96.95 251.8 80 29
Barrel 5 121.95 304.5 102 35

Disk z
inner

R
inner

R
outer

Number of
Region (cm) (cm) (cm) modules per end

Disk 1 78.89 20.89 49.80 96
Disk 2 107.50 20.89 75.14 238
Disk 3 135.55 20.89 100.31 438
Disk 4 164.09 20.89 125.36 662

angles above 13¶ ten layers or more are traversed. The goals of the ILC physics program impose
performance requirements on the tracking that exceed those met by any previous system and are
summarised in Table II-3.2.
Figure II-3.2
The coverage of the
SiD tracking system as
a function of the polar
angle ◊.
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3.3 Baseline Design

The baseline design uses relatively conventional technologies to achieve the performance goals with
low risk and minimal cost. The sensors are single-sided micro-strips. The barrel and disk supports, as
well as the module supports, are composites of carbon fibre and low-density Rohacell 31 [86] foam.
Low-mass hardware is fabricated in polyether ether ketone (PEEK).

There are, however, some key elements where novel solutions are required. The sensors, like
those for the ECAL, employ a double-metal layer to route signals to bump-bonding arrays for readout
by the KPiX ASIC [87, 88, 89]. As with the ECAL, traces on the second metal layer of the sensor
connect power and signal lines on the KPiX chip to a readout cable that is also bump bonded to
the face of the sensor. This arrangement eliminates the material and assembly complexity of hybrid
circuit boards to host the readout electronics. The low power dissipation of KPiX makes gas cooling
feasible, reducing further the required material. However, since KPiX achieves low power consumption
through power pulsing with a duty cycle of approximately 1%, the instantaneous currents required to
power the tracker are still large and requires a significant mass of conductor.
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Typical	  dimensions	  
(for	  the	  momentum	  precision)	  

R	  =	  1.20	  m,	  z	  =	  1.65m	  
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Interference	  with	  tracking	  
q  Constraints	  on	  the	  dimensions	  (here	  for	  a	  blind	  cone	  of	  10	  degrees)	  

◆  …	  and	  with	  a	  vacuum	  chamber	  radius	  of	  2cm	  	  

◆  For	  a	  blind	  angle	  of	  15	  degrees,	  these	  numbers	  become	  
●  90	  cm,	  50	  cm,	  and	  14	  cm	  

q  Quid	  of	  synchrotron	  radiation	  induced	  by	  Q0,	  Q1	  ?	  
◆  Needs	  to	  be	  studied	  carefully	  
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Chapter 2. SiD Vertex Detector

2.2 Baseline Design

Given the significantly extended physics reach that can be achieved with superb vertex reconstruction
– primary, secondary and tertiary – the vertex detector for SiD is proposed to be an all-silicon structure
in a barrel-disk geometry. Side views of the vertex detector are shown in Figures II-2.1 and II-2.2.

Figure II-2.1
Layout of the vertex
and forward track-
ing region, including
carbon-fibre support
and forward cone. Di-
mensions are in mm

The geometry parameters of the vertex detectors are summarised in Table II-2.1. The five barrel
sensor layers are arranged at radii ranging from 14 to 60 mm. The vertex detector also has four disk
layers supported by carbon-fibre support disks at z positions ranging from about 72 to 172 mm. The
innermost disk covers radii from 14 mm out to 71 mm. Forward tracking continues beyond the vertex
detector proper with three additional small pixel disks, extending in z from about 207 to 832 mm.
The vertex barrel and inner endcaps have ¥ 20 ◊ 20 µm pixels. The pixel size increases to ¥ 50 ◊ 50
µm2 for the forward tracker disks. The total area of the vertex barrels is 1.63 ◊ 105 mm2 and is
0.59 ◊ 105 mm2 for each set of 4 inner pixel disks and 1.96 ◊ 105 mm2 for each set of 3 forward pixel
disks. The simulation described in the following chapters assumes 0.1% radiation length per layer
excluding cables and 20 ◊ 20 µm pixels for the forward tracker disks.

Table II-2.1
The geometry parameters of the SiD vertex detector (Barrel,
Disks and Forward Disks). Units are mm.

Barrel R z
max

Layer 1 14 63
Layer 2 22 63
Layer 3 35 63
Layer 4 48 63
Layer 5 60 63

Disk R
inner

R
outer

z
center

Disk 1 14 71 72
Disk 2 16 71 92
Disk 3 18 71 123
Disk 4 20 71 172

Forward Disk R
inner

R
outer

z
center

Disk 1 28 166 207
Disk 2 76 166 541
Disk 3 117 166 832

2.2.1 Sensor Technology

There are a number of possible choices of sensor technology for the vertex detector, including 3D
integrated sensors and readout chips [66], Silicon-on-insulator (SOI) [67], Monolithic Active Pixels
(MAPS) [68, 69], hybrid pixels [70, 71], and DEPFETs [72].

All of these technologies have the capability of delivering sensors less than 75 µm thick with
5 µm hit resolution and low power consumption. They are also changing rapidly with advances in
microelectronics. The vertex detector is physically small and SiD is designed to make insertion and
removal of the vertex detector straightforward. These factors motivate postponing a decision on
the details of sensor technology for the SiD vertex detector to a date as late as possible in the final
design process. In this document we have chosen 3D technology to provide a definite reference for the
detector design. Other choices would di�er in details of the mechanical and electronic design of the
vertex detector but would not a�ect the overall design philosophy. To achieve minimum mass in the
barrel ladders we are exploring an all-silicon assembly as the baseline. Alternatives include foam-based
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z=1.65m	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  90	  cm	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  20cm	  	  	  	  

L=	  60	  cm	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  35	  cm	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  11cm	  	  	  	  

For	  the	  record:	  dimensions	  of	  the	  vertex	  detector	  in	  SiD	  
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Interference	  with	  calorimetry	  
q  Forward	  calorimetry	  principally	  needed	  for	  luminosity	  measurement	  

◆  As	  well	  as	  to	  cover	  the	  acceptance	  missed	  by	  tracking	  
●  In	  ALEPH,	  SiCal	  extended	  from	  24	  to	  58	  mrad	  (i.e.,	  from	  1.4	  to	  3.3	  degrees)	  

➨  Ensures	  large	  enough	  Bhabha	  cross	  section	  for	  Z	  pole	  measurements	  
●  Plus	  LCAL	  coverage	  to	  about	  10	  degrees	  

➨  Ensures	  detector	  hermeticity.	  	  
◆  Lumi	  Calo	  Geometry	  more	  complicated	  due	  to	  the	  possible	  beam	  crossing	  angle	  

●  Outgoing	  e±	  will	  have	  similar	  angles	  too.	  
➨  Probably	  requires	  the	  Lumi	  calorimeter	  to	  be	  placed	  in	  front	  of	  Q0	  	  

●  Typical	  dimensions	  of	  the	  Lumi	  calorimeter	  
➨  Length	  ~	  20	  cm	  

Excludes	  a	  Q0	  placed	  at	  20	  cm	  from	  the	  IP	  
➨  Radius	  (or	  transverse	  size)	  

from	  2.4	  cm	  to	  5.8	  cm	  at	  1	  m	  from	  the	  IP	  
from	  4.8	  cm	  to	  11.6	  cm	  at	  2	  m	  from	  the	  IP	  
(ALEPH	  SiCAL	  :	  from	  6	  to	  15	  cm)	  

●  Question	  (not	  solved):	  can	  we	  measure	  EM	  shower	  position	  with	  precision	  with	  
such	  small	  size	  for	  the	  lumi	  calorimeter	  ?	  
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Preliminary	  conclusion	  on	  the	  Q0	  position	  

q  The	  size	  of	  the	  lumi	  calorimeter	  is	  the	  limiting	  factor	  
◆  Together	  with	  the	  size	  of	  the	  Q0	  system	  istself	  

●  Putting	  the	  Q0	  system	  at	  2m	  from	  the	  IP	  looks	  reasonable	  
➨  	  Outside	  the	  tracker	  would	  help	  tremendously	  anyway	  

●  1	  m	  would	  be	  (very)	  challenging	  	  
➨  but	  may	  not	  be	  totally	  impossible	  from	  the	  detector	  point-‐of-‐view	  

●  Closer	  than	  1	  m	  is	  not	  practical.	  	  
q  More	  studies	  are,	  of	  course,	  needed.	  

◆  Interference	  with	  tracking	  if	  Q0	  is	  inside	  the	  tracker	  
◆  Effect	  of	  synchrotron	  radiation	  
◆  Geometry	  of	  the	  luminosity	  calorimeter	  in	  case	  of	  large	  crossing	  angle	  –	  may	  it	  help	  ?	  
◆  Etc.	  
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 In case we operate with a large crossing angle, 2  10-50 mrad, the 
crossing of the beams requires an extra margin. 


