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Intfroduction o the
Detailed Baseline Design report

For the past five years, the global physics and detector community of linear collider physicists has
continued to advance the physics studies and detector developments toward the International Linear
Collider (ILC). This report presents the outcome of this recent large and successful phase in four
individual parts. In Part I, an outline of the physics motivation is presented first, in Chapter 1, drawn
from the detailed physics volume [1] accompanying this volume. With the recent discovery at the
LHC of a boson with Higgs Boson-like properties this physics program initially emphasises studies
of this particle. The physics summary makes a more general note of the open questions in particle
physics and the potential role of the ILC in addressing these questions. Why is Nature asymmetric?
What is the nature of dark matter? Why do baryons dominate anti-baryons in the universe? These
are the questions that define the frontier of particle physics and the TeV scale holds the potential to
provide illumination on each of them, with the Higgs Boson likely playing an essential role.

Following the physics summary, Chapter 1 contains the detector performance requirements and
the main challenges for detectors in realising this level of performance. Each detector capability
has high performance level goals set by physics needs. The vertex sensors provide excellent flavour
tagging. The trackers target precise recoiling mass measurements in the Higgs-strahlung process.
Calorimetry must separate di-jet decays of the W and Z. The precision expected of the ILC detectors
is unprecedented and specific detector benchmark reactions have been defined to demonstrate this
precision can be achieved. Two detectors are planned for the ILC and the motivation for this is
explained. With this in mind, two specific detector concepts with complementary designs have been
developed and studied. While significant progress has been reached in developing these detector
designs and the technical validation through R&D, significant work is still needed to bring the technical
designs to a similar state of maturity and construction readiness as the collider.

Following this overview of physics and detectors, Chapter 1 concludes with a description of the
process that has guided the global effort through Letters of Intent (LOls), to the validation of two
detector concept groups, leading finally to completion of the Detailed Baseline Designs of SiD and
ILD presented later in this report.

The two detector groups have worked together successfully on many common aspects of the
ILC. Chapter 2 presents some details of the common efforts, including detector R&D, software tool
development and generator sample production, machine detector interface, beam instrumentation,

engineering tools, and detector costing.

ILC detector R&D goals have been addressed by many collaborations formed to address the
diverse needs. Many of these collaborations contribute to both detector concepts. The vertex detector
R&D aims to develop the fine pitched, low mass sensor demanded by the ILC physics goals. Several
sensor technologies are under development, applying the monolithic active pixel sensor (MAPS)
approach. Fine Pixel Charge Coupled Devices are also being developed. Mechanical design, a critical

aspect of achieving the performance goals, is also being pursued. Silicon tracking and Time Projection
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Chamber (TPC) R&D have been carried out to support the two complementary approaches for
tracking of SiD and ILD. Many options for calorimetry have received R&D effort. Silicon-tungsten as
well as scintillator strips with silicon photodiodes are the approaches being developed for the ECAL of
the detectors. The Hadron Calorimeter options which have been developed include glass RPCs and

Scintillator pads, as well as a number of other technologies that are described. The development of

particle flow analysis (PFA) has been a central consideration and a guide for the calorimeter R&D.

Forward calorimetry has been a specialised subject with dedicated R&D.

The two detector groups have developed independent software frameworks, but they have
cooperated on many tools and projects. For example, the generator samples for physics studies have
been produced jointly. A common event data model, LCIO, has been adopted. PandoraPFA and
LCFIPlus have been applied by both detector concept groups.

Work on the machine detector interface (MDI) has been an area of close collaboration between
the two detector concept groups, as well as with the GDE machine physicists. This includes work on
push-pull, detector shielding, installation, and collider hall designs.

An effort has been made to develop and apply common engineering tools, including an engineering
data management system. Likewise, common considerations have been made in estimating the costs
of each of the detector designs.

Parts Il and Il present the details of each of the detector concept studies, SiD and ILD. Since
submitting the Letters of Intent in 2009, both detectors designs have been updated. Their subsystem

technologies have benefited from substantial R&D. Some engineering studies have been possible.

The reconstruction software and simulation models have improved and been applied to the specified
benchmark reactions.

SiD is a compact, cost-constrained detector made possible by silicon tracking in a 5 Tesla
magnetic field produced by a superconducting solenoid. Silicon detectors enable time-stamping on
single bunch crossings to provide robust performance. The ILD concept evolved from two similar
concepts: GLD and LDC. The ILD design results in a large detector optimised for resolution and track
separation, with flexibility for operation at energies up to the TeV range. The ILD tracker is a Time
Projection Chamber (TPC) providing continuous tracking for excellent pattern recognition and dE/dx
capability. ILD employs a large, 3.5 Tesla superconducting solenoid. Both detector designs employ
low-mass high-resolution vertex detectors, highly granular calorimeters optimised for particle flow
analysis and operate with a triggerless readout. The designs have been developed in concert with the
design of a push-pull system and adequate experimental hall space, as well as a realistic installation
scheme. Both are self shielding in order to allow occupancy in the collider hall by one detector group
while the other is accumulating collider beam interactions. Results of the simulation studies by each
detector concept group of the benchmark reactions are presented in Parts Il (SiD) and Il (ILD).

Finally, this report ends with a brief concluding statement and a comment on future directions in
Part IV. The detectors presented here are mature concepts, backed by detailed R&D studies, with
very limited engineering considerations so far. It is time for increased emphasis on engineering, further

optimisation, while R&D studies continue to advance the detector technologies.
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Chapter 1
The physics and detector challenges
of the ILC

This initial chapter introduces the background for the ILC physics and detector efforts of the past
five years. First, the physics motivation is outlined, highlighting the precision measurements of the
Higgs Boson candidate that was recently discovered at the LHC. Next, the detector challenges and
performance requirements are described, including machine backgrounds, beam instrumentation, and
the motivation for two detectors, as well as the benchmark processes defined to demonstrate detector
performance. The chapter ends with a description of the process that guided the ILC physics and

detector work to its current state of maturity.

Physics program of the International Linear Collider

In the Physics Volume of this report, we have described the goals of the experimental program of the
ILC in full detail. In this section, we review those goals and the experimental program that they call
for.

1.1.1

Physics goals of the ILC

Among the great mysteries of elementary particle physics, there are three that are likely to be solved
by new information from experiments at the TeV energy scale. These concern the three areas in
which the Standard Model of particle physics is incomplete as the theory of nature: First, though the
Standard Model incorporates a simple phenomenological model of spontaneous symmetry breaking

through its Higgs field, the Standard Model gives no understanding of this symmetry breaking. It

does not provide a mechanism for the phenomenon or even predict the mass scale at which it occurs.

Second, the Standard Model does not provide a particle to describe the "dark matter” that makes
up 80% of the mass in the universe. Third, the Standard Model does not provide a mechanism to
generate the baryon-antibaryon asymmetry of the universe.

The discovery by the ATLAS and CMS experiments of the “Higgs-like particle” near 125 GeV—and

the exclusion of the possibility that the Higgs boson could be at higher mass—gives us a direct path

by which experiments can clarify the origin of the symmetry breaking of the electroweak interactions.

It has long been appreciated that an electron-positron collider operating in the centre-of-mass energy

range of 250 GeV to 1 TeV would be an ideal instrument for the precision study of the Higgs boson.

The discovery of the new particle now allows us to map out a specific program of experiments. This
program accesses all of the Higgs boson production reactions shown in Figure |-1.1.

The Higgs boson program of the ILC begins at the energy of 250 GeV, near the peak of the cross
section for eTe~™ — Zh. The presence of a Z boson at the energy appropriate to recoil tags the
Higgs boson events. This allows direct measurement of the Higgs boson branching ratios. The ILC

detectors can identify and separate the various predicted Higgs decays, including the two-jet hadronic
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decays to bb, ¢, and gg. The Z tag also allows the ILC experiments to measure the branching ratio
to invisible modes, and also to unexpected models with exotic long-lived particles. Measurement of
the peak in the Z recoil energy also gives a precise determination of the Higgs boson mass.

Figure I-1.1 +
Representative Feyn- 5
man diagrams for the
major Higgs produc-
tion processes at the
ILC: (a) eTe™ — Zh;
(b) ete™ — vih;
(c) ete™ — tth; (d)
ete™ — vihh.

<l

+ t
e
C \‘H
) _ Y/Z ;
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At higher energy, the WW fusion process of Higgs production, ete™ — wish, turns on.

Measurement of this process at the full ILC energy of 500 GeV gives a model-independent precision
measurement of the total Higgs boson width. Experiments at 500 GeV also allow first measurements
of the Higgs boson coupling to tf and of the Higgs boson self-coupling. At a centre-of-mass energy
of 1000 GeV, all of the Higgs boson production reactions are fully accessible and the Higgs boson
branching ratios can be studied with even higher precision.

A complete review of the Higgs boson program of the ILC, with numerical estimates of the
experimental capabilities and comparison to the expectations for the LHC, can be found the Physics
Volume of the ILC Technical Design Report [1] (Chapter 2).

Models that repair the incompleteness of the Standard Model and give dynamical explanations

for electroweak symmetry breaking necessarily contain additional particles beyond the Higgs boson.

These might be the particles of an extended Higgs boson sector, or exotic partners of the quarks,
leptons, and gauge bosons. For many of these particles, there are strong arguments that their masses
lie in the ILC energy range. New particles beyond the Standard Model have not yet been discovered
at the LHC, but there is still great opportunity to discover such particles when the LHC operates at
14 TeV. The discovery of new strongly interacting particles with TeV masses by the LHC could well
point to additional new particles with only electroweak interactions that lie in the ILC energy range.

The discussion in the Physics Volume of the ILC Technical Design Report [1] reviews the current
picture of new physics models, incorporating what we have learned from the LHC measurements at 7
and 8 TeV, and surveys the opportunities that these models offer for the ILC experiments. For any
new particle in the ILC energy range, the ILC provides a rich program to clarify its properties. The
ILC experiments will be able to measure the masses with high precision, determine the electroweak
quantum numbers and measure any associated mixing angles, and measure the decay branching ratios
in a model-independent way.

In models in which the Higgs boson is composite or a part of a complex new sector, the
interactions that lead to the light Higgs boson must also leave their imprint on the Standard Model
particles, especially on the top quark and the W and Z bosons that couple to it most strongly. The ILC
experiments offer powerful capabilities to measure the electroweak couplings of the quarks, leptons,

and gauge bosons. The estimates of the precision expected for probes of electroweak couplings and
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Table I-1.1

1.1. Physics program of the International Linear Collider

Major physics processes Energy Reaction Physics Goal Pol.
to be studied at the 91 GeV ete- - Z ultra-precision electroweak A
ILC, togeth ith th
Iowéstofeentreer—gl—masse 160 GeV ete” = WW ultra-precision W mass H
energy at which they 250 GeV ete™ — Zh precision Higgs couplings H
can be studied. Shown = top quark mass and cou-
+ —
are the reaction, the ere it lings A
pling:
process to be studied, . -
and a key indicating 350-400 GeV ete” - WW precision W couplings H
which polarisation ete™ — vich precision Higgs couplings L
scenario would bemost ete” — ff precision search for Z’ A
advantageous. For ete™ — tth Higgs coupling to top H
more information see 500 GeV ete™ — Zhh Higgs self-coupling H
the text. ete™ — XX search for supersymmetry B
ete— AH, H+H- search for extended Higgs B
states
ete™ — vohh Higgs self-coupling L
ete” > vVV composite Higgs sector L
700-1000 GeV ete™ — vintt composite Higgs and top L
ete™ — tt* search for supersymmetry B

discussions of the importance of these measurements to the more general question of the origin of
electroweak symmetry breaking are given in in Ref. [1] (Chapters 3,4 and 5). They will supersede
the precision of the existing data and enable the study of new physics at energy scales beyond the
centre-of-mass energy of the ILC.

Many models of dark matter give as its origin a new stable particle with its mass in the hundred-
GeV range. For such models, it would be ideal to collect experimental measurements of the properties
of the particle and use these to predict the cosmic density, for comparison to astrophysical observations.
A number of examples of models of new physics in which the ILC measurements are sufficiently
detailed to make this comparison possible are also shown in Ref. [1] (Chapters 7 and 8).

Models of baryogenesis based on new physics at the TeV scale require new parameters of CP
violation in a Higgs boson sector that is necessarily extended beyond that of the Standard Model.
Experimental tests of these models require detailed studies of these new Higgs particles. The
capabilities of the ILC experiments of carrying out these measurements is described in Ref. [1]
(Chapters 6 and 8).

The ILC thus offers a rich experimental program that addresses the most important open issues

in elementary particle physics.

1.1.2

Energy and beam polarisation of the ILC

The discussion above of the ILC program on the Higgs boson emphasised the ability of the ILC to
run at any energy within its range that might give the greatest physics potential. This is a unique
advantage of a linear collider. The accelerator can run with only minor modifications at any energy
below its design energy, with instantaneous luminosity roughly proportional to the energy. If higher
energy is needed, it is only necessary to make the main linac longer. There are limits, of course, but
the ILC is designed to run effectively over a very broad range in energy.

The flexibility of the ILC in energy is described in Table I-1.1, which summarizes the most
important reactions that will be studied by the ILC experiments at a range of its possible energy
settings. The Higgs boson reactions described in the previous section come into play in an orderly

way as the energy of the collider is increased.

Detectors: Detectors at the ILC:
Challenges, Coordination and R&D
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The last column of Table I-1.1 describes the importance of polarization in the ILC program.
Another important advantage of a linear collider is that it preserves the polarization of an electron or
positron beam during the acceleration process. Polarization has central importance in electroweak
physics above the Z. At these high energies at which the ILC operates, it becomes obvious that the
left- and right-handed spinning electrons are different elementary particles with distinct electroweak
quantum numbers. In particular, the left- and right-handed electrons couple differently to the SU(2)
and U(1) components of the Standard Model gauge group, so the different polarized reactions access
different slices of the electroweak interaction. This increases the power of the ILC in several different
respects.

In explanations to follow, P(—) and P(+) are the polarizations for the e~ and e beams, with,
for example, P(—) = —1 corresponding to 100% left-handed polarization.

H- At the minimum, polarization can be used to enhance the event rate. In eTe™ annihilation,
an electron annihilates a positron of the opposite helicity. The ILC offers beam polarization
both for electrons and for positrons. Thus, it is possible to tune the electron and positron
polarization to be opposite (e} e}, or epe} ), enhancing the probability of an annihilation. The

increase in the effective luminosity is
L/Ly=1—-P(—)P(+), (I-1.1)

giving L/Ly = 1.24 for ¥80% e~, £30% e polarisation.

A- At the Z resonance, in the precision measurement of the electroweak couplings of the top quark,
and in precision measurement of ee~ — ff, the beam polarisation asymmetry is itself an
observable containing crucial physics information. The effective polarisation for annihilation

reactions is enhanced by the presence of positron polarisation,

P(=) = P(+)

1—P(0)P(H) " (-1.2)

Peyy =

giving P.ss = 89% for 80% e, +30% e* polarisation.

. . . . — +
L- Certain Standard Model processes, especially at high energy, occur dominantly from the e e,

polarisation state. Polarising to this state enhances the rates for such processes by

L)Ly =(1—=P(=))1+P(+)), (-1.3)

or L/Ly=2.34 for —80% e, +30% e™ polarisation.

B- Conversely, new physics searches at high energy benefit from suppression of the e;e}; state to
suppress Standard Model backgrounds from WW production and WW fusion processes.

The flexibility of the ILC in the choice of energy and polarisation is exploited in the physics
analyses described in the Physics Volume and in the benchmarking analyses presented in this volume.
It is a very important advantage of the ILC design that the precise energy and polarisation settings
can be chosen year by year in response to ILC discoveries and complementary information from the

LHC program.
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1.2. Experimentation at the ILC

Experimentation at the ILC

The arguments in the previous sections show that the ILC is highly motivated on theoretical grounds.

But there is another justification for the ILC from a different point of view. The ILC experiments will
be carried out with the most precise detectors ever built for general studies of particle interactions at
high energy. They will give us an unprecedented view of the dynamics of the Standard Model. These
capabilities will drive the detailed study of the Higgs boson and of any other particles that appear in
the ILC energy range.

The ILC detectors will improve on the detectors built for LEP and for LHC in the precision of
their tracking and calorimetry.

The ILC beams provide an environment so benign that it is possible to design detectors with
minimal material in the tracking volume. The angular coverage of the tracking will be enhanced
compared to the LEP experiments. The calorimetry will make use of the strategy of particle flow to
reduce the uncertainty in calorimetric di-jet mass measurements by a factor of two over what has been
achieved at LEP and LHC. These improvements are driven by physics requirements, to obtain the
Higgs boson mass at the highest precision, and to discriminate the W and Z bosons in the hadronic
decays. They will also bring improvements to event reconstruction in many other aspects of QCD
and electroweak measurements.

The ILC detectors will feature pixel vertex detectors that give unprecedented capability to tag
displaced vertices from b, ¢, and 7 decays. At a hadron collider, the large rates of QCD events make
it difficult to exclude light quarks without sacrificing tagging efficiency.

Finally, the set of physical observables available in ete™ annihilation at high energy is intrinsically
richer as cross sections and beam polarisation asymmetries contain independent essential pieces of
information on the electroweak couplings of the particles under study. In addition, particles with
masses above the Z mass have order-1 spin asymmetries in their weak decays. The full structure of
these decays can be studied by the detailed event reconstructions available at the ILC.

All of these capabilities can be brought to bear, in particular, in the precision study of the Higgs
boson. We have argued above the that study of this particle will be the next major exploration
in elementary particle physics, the most direct route that we have now to answering the great
questions of the TeV energy scale. The ILC experiments will reveal the Higgs boson in high-precision,
low-background observations that encompass all of the major couplings of this particle. It is these

experiments that will truly bring the Higgs boson to light.

Detector challenges and performance requirements

The ILC detectors face new challenges that require significant advances in collider detector performance.

The physics goals described in the previous section drive this exceptional performance. The machine
environment is benign by LHC standards, enabling designs and technologies that are unthinkable
at the LHC. However, the ILC environment poses its own set of background issues that must be
overcome. The payoff will be physics studies with unprecedented precision.

The ILC provides a broad spectrum of physics opportunities, which the detector must be prepared
to address. These include Higgs Factory, Giga-Z, Top Yukawa couplings, di-boson production, SUSY,
and other new physics often motivated by alternative models. Each of these creates its own particular
set of requirements. In general, the detectors have been designed to cover the requirements for
all such possibilities, over the full range of energy operations. The initial machine is planned for a
capability of up to 500 GeV, with energy variability down to 200 GeV, and special running at the
Z-pole as well. The upgrade of the energy would bring the operation up to 1 TeV.

The physics opportunities place a premium on high resolution jet energy reconstruction and di-jet
mass performance. Consequently, calorimetry must advance beyond current state of the art, and

Detectors: Detectors at the ILC: ILC Technical Design Report: Volume 4, Part |
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Particle Flow Algorithm (PFA) calorimetry has been developed to meet this challenge. This technique
of energy reconstruction makes use of the fact that many of the energy deposits in the calorimeter (on
average about 65% of jet energies) are generated by charged tracks, which are very well measured by
the tracker. Separation of such deposits from those generated in the calorimeter by neutral particles
(photons and neutral hadrons) results in a much better energy measurement of jets. A calorimeter
that can isolate and measure separately each individual particle contribution results in an optimal
precision when the neutral energy measured in the calorimeter is combined with the charged energy
measured in the tracker. The dominant limit comes from confusion within the calorimeter between
the individual particle contributions. This motivates the high granularity of the electromagnetic and
hadron calorimeters. New detector technologies and new reconstruction algorithms enable the needed
precision of 3 to 4 percent for 100 GeV jets, set by the requirement to separate W and Z di-jet final
states to be reached.

The requirements on charged track momentum resolution are driven by Higgs studies, particularly
through the Higgs-strahlung process, where the recoiling Higgs is reconstructed from the associated
Z boson decaying into a lepton pair. In order to realise this extremely high accuracy, the ILC
R&D program has been developing high field magnets and high precision/low mass trackers. The
requirement set by the recoiling Higgs reconstruction of Ap/p? of 5 x 107° (GeV/c)~! has been
achieved.

Flavour tagging, as well as quark charge tagging, will be available at an unprecedented level of
performance as a result of the development of a new generation of vertex detectors. New sensor
designs have been developed to address the modest, but challenging, ILC backgrounds. The soft
beamstrahlung pairs create high occupancies that demand fast readouts, requiring extra power. These
factors must be accommodated with very low mass detectors and supports. This is a significant
challenge. However, the low duty cycle of the ILC permits power pulsing, which reduces the heat load
and the need for cooling.

Muon systems are required for identification, as the inner tracker provides adequate tracking
precision for muon momentum measurements. The iron flux return for the detector magnetic field

supplies the material needed to identify muons, and also leads to a self-shielded detector.

Significant soft eTe™ pairs are produced at the interaction point from the beam collision induced
beamstrahlung (see machine backgrounds below); the interaction region layout has been designed
to guide these charged background particles out of the detector. Optimally, the direction of the
magnetic field along the beamline must be directed parallel to the outgoing beam, which passes
through the detector off-axis to the main solenoid field direction. This optimal configuration can
be achieved through the superposition of the conventional solenoidal field from the detector with
a dipole field, produced by adding some dedicated dipole windings to the detector solenoid. Such
a so-called Detector Integrated Dipole (DID) becomes effective once the crossing-angle increases
beyond a few mrad. For historical reasons, this configuration with the field aligned with the outgoing

beam is called anti-DID.

The very forward calorimetry must contend with high backgrounds primarily from the soft
eTe™ pairs that are guided through the detector. These high radiation loads with bunch crossings
every few hundred nanoseconds complicate the very forward calorimeter designs. The high energy

singly-produced electrons and positrons buried in the large number of pairs must be detected.

Table I-1.2 summarises several selected benchmark physics processes and fundamental measure-
ments that make particular demands on one subsystem or another, and set the primary requirements
for detector performance.

Time stamping to an individual bunch train is important for reducing the overlap of events.

Two-photon events contribute a particularly strong source of such backgrounds, increasing with
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1.3. Detector challenges and performance requirements

centre-of-mass energy. The ILC time structure with its fraction of a per cent duty cycle (1 millisecond
bunch trains at 5 Hz) makes power pulsing a possible and desirable feature for many of the detector
subsystems, significantly reducing heat load. Nevertheless, powering the readout electronics of each
subsystem, such as the front-end readout chip of the silicon tracker, is a challenge. The readout
chips require high current at low voltage with large conductor mass. In order to reduce this mass,
power delivery based on serial power or capacitive DC-DC conversion is being studied. In addition,

the pulsed power system must deliver quiescent currents.

Table I-1.2. Detector performance needed for key ILC physics measurements.

Physics Measured Critical Physical Required
Process Quantity System Magnitude Performance
Zhh Triple Higgs coupling Tracker Jet Energy
Zh — qgbb Higgs mass and Resolution
Zh — ZWW* B(h —» WW™) Calorimeter AE/E 3% to 4%
voWtw = olete™ mvoWTWw )
Zh — e X Higgs recoil mass 1 detector Charged particle
ptp= () Luminosity weighted Ecm Tracker Momentum Resolution 5 x 10~°(GeV/c) ™t
Zh+hvo — ptp=X  BR(h — ptp) Api/p?
Zh,h — bb, cc, bb, gg Higgs branching fractions Vertex Impact 5ume@
b-quark charge asymmetry parameter 1O,um/p(GeV/c)sin3/29
Tracker Momentum Resolution

Calorimeter
1 detector

SUSY, eg. fi decay [t mass Hermeticity

1.3.1

Machine backgrounds

While benign by LHC standards, for optimal performance of the detectors backgrounds must be
carefully studied. A variety of processes create beam induced backgrounds in the detectors [202].
The main sources are:

Beamstrahlung

The passage of the two tightly focused beams near each other results in

» disrupted beam;
= photons, radiated into a very narrow cone in the forward direction, where those striking

components result in significant backgrounds;
= electron-positron pairs, radiated into the forward direction and steered by the collective field of

the opposing beam and the central magnetic field of the detector solenoid.

Synchrotron Radiation

The non-Gaussian tail of each beam passing through, but off axis, the final focusing elements
of the beam delivery system near the interaction point generates synchrotron radiation entering the
detector.
Muons

The non-Gaussian tail of each beam interacts with collimators defining the aperture of the beam
line, generating muons, which are transported through the tunnel to the detector.
Neutrons

Interactions producing neutrons may arise from:

» Beamstrahlung induced eTe™ pairs which strike beam line components;
» Disrupted beam particles which strike beam line components;
= Backscatter of neutrons from primary beams and beamstrahlung which strike beam dumps.

Hadrons and muon
Electron - Positron pairs created by ~y interactions.
Each source has its own character.

Detectors: Detectors at the ILC:
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Chapter 1. The physics and detector challenges of the ILC

Pair Background

Large numbers of eTe™ pairs created at the interaction point primarily follow the outgoing
beams, with the detector solenoid controlling their motion. Some are produced with large enough
transverse momenta to enter detector components. Also, the pairs create secondary particles by
interacting with detector or collider components. These secondary particles can enter the detector
and are another important background source.
Photon Background

The beam-beam interaction at the IP also produces a large number of photons, mostly radiated
in the forward direction. While carrying a large amount of energy, they mostly leave with the outgoing
beam. However, like the pairs, some generate secondary particles when interacting with forward
components, and represent another important source of background.
Synchrotron Radiation Background

Synchrotron radiation photons produced in wakefield-induced beam scattering in the upstream
machine elements represent another potential source. An optimised collimation system can control
this source.
Beam Halo Muon Background

Muons are produced upstream of the detector when the beam halo interacts with collimators,
generating high energy electromagnetic showers. Many muons can be created, and are then relatively
easily transported to the detector, generating spurious horizontal tracks.
Summary of Backgrounds

The background sources have been investigated in various studies. For example, the beam-beam
interaction and pair generation, radiative Bhabhas, disrupted beams and beamstrahlung photons
for the 500 GeV ILC were studied with GUINEAPIG [333]. Also, the ~+ hadronic cross section was
approximated in the Peskin-Barklow scheme [2]. Based on these studies densities of particles which

will reach the different sun-detectors have been estimated. Table I-1.3 summarises these estimates.

.ézlgll?g:ot-:d sources for Source F#particles per < E > (GeV)
the nominal 500 GeV bunch
beam parameters. Disrupted primary beam 2 x 1010 244
Bremstrahlung photons 2.5 x 1010 244
e+(.e pairs from beam-beam inter- 75K 25
actions
Radiative Bhabhas 320k 195
~~ — hadrons/muons 0.5 events/1.3 events =

1.3.2

Beam Instrumentation

12

Precise knowledge of beam parameters is critical to the ILC physics program. Luminosity, beam
energy, and polarisation are measured by instrumentation close to the main detectors, which are
described in more detail in Chapter 2.

Luminosity measurement: Accurate knowledge of the luminosity is required, both the energy-
integrated luminosity, as well as the luminosity as a function of energy, dL/dE. Low-angle Bhabha
scattering detected by dedicated calorimeters can provide the necessary precision for the integrated
luminosity. Acollinearity and energy measurements of Bhabha events in the polar angle region from
120-400 mrad can be used to extract dL/dE.

Beam energy measurement: Beam energy measurements with an accuracy of (100-200) parts
per million are needed for the determination of particle masses, including Mo, and mpigqs. Energy
measurements both upstream and downstream of the collision point are foreseen by two different

techniques to provide redundancy and reliability of the results.
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1.4. Physics benchmarks studies

Polarisation measurements:. Precise measurements of parity-violating asymmetries require
polarisation measurements with a precision of 0.25% or better. High statistics Giga-Z running requires
polarimetry at the 0.1% level. The primary polarisation measurement comes from dedicated Compton
polarimeters detecting the backscattered electrons and positrons. The best accuracy is achieved by

implementing polarimeters both upstream and downstream of the IR.

1.3.3

Two detectors

The scientific productivity of collider facilities, such as the Tevatron, LEP, HERA, and the LHC, has
benefited from independent operation of multiple experiments. This leads to operation of detectors
with complementary strengths, cross-checking and confirmation of results, reliability, insurance against
mishaps, competition between collaborations, as well as increased numb<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>