
Chapter 1
ILD: Executive Summary

The International Large Detector (ILD) is a concept for a detector at the International Linear Collider,
ILC [198]. In a slightly modified version, it has also been proposed for the CLIC linear collider [199].

The ILD detector concept has been optimised with a clear view on precision. In recent years
the concept of particle flow has been shown to deliver the best possible overall event reconstruction.
Particle flow implies that all particles in an event, charged and neutral, are individually reconstructed.
This requirement has a large impact on the design of the detector, and has played a central role in
the optimisation of the system. Superb tracking capabilities and outstanding detection of secondary
vertices are other important aspects. Care has been taken to design a hermetic detector, both in
terms of solid-angle coverage, but also in terms of avoiding cracks and non-uniformities in response.
The overall detector system has undergone a vigorous optimisation procedure based on extensive
simulation studies both of the performance of the subsystems, and on studies of the physics reach
of the detector. Simulations are accompanied by an extensive testing program of components and
prototypes in laboratory and test-beam experiments.

Figure III-1.1
View of the ILD detec-
tor concept.

The ILD detector concept has been described in a number of documents in the past. Most
recently the letter of intent [198] gave a fairly in depth description of the ILD concept. The ILD
concept is based on the earlier GLD and LDC detector concepts [200, 201, 202]. Since the publication
of the letter of intent, major progress has been made in the maturity of the technologies proposed for
ILD, and their integration into a coherent detector concept.
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Chapter 3
The International Linear Collider
Accelerator

3.1 The ILC Technical Design
3.1.1 Overview

The International Linear Collider (ILC) is a high-luminosity linear electron-positron collider based on
1.3 GHz superconducting radio-frequency (SCRF) accelerating technology. Its centre-of-mass-energy
range is 200–500 GeV (extendable to 1 TeV). A schematic view of the accelerator complex, indicating
the location of the major sub-systems, is shown in Fig. 3.1:
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Figure 3.1. Schematic layout of the ILC, indicating all the major subsystems (not to scale).

• a polarised electron source based on a photocathode DC gun;

• a polarised positron source in which positrons are obtained from electron-positron pairs by
converting high-energy photons produced by passing the high-energy main electron beam
through an undulator;

• 5 GeV electron and positron damping rings (DR) with a circumference of 3.2 km, housed in a
common tunnel;

• beam transport from the damping rings to the main linacs, followed by a two-stage bunch-
compressor system prior to injection into the main linac;

• two 11 km main linacs, utilising 1.3 GHz SCRF cavities operating at an average gradient of
31.5 MV/m, with a pulse length of 1.6 ms;
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Figure III-1.2
Quadrant view of the
ILD detector concept.
The interaction point
is in the lower right
corner of the picture.
Dimensions are in mm.

1.1 ILD philosophy and challenges

The particle flow paradigm translates into a detector design which stresses the topological recon-
struction of events. A direct consequence of this is the need for a detector system which can separate
e�ciently charged and neutral particles, even inside jets. This emphazises the spatial resolution for
all detector systems. A highly granular calorimeter system is combined with a central tracker which
stresses redundancy and e�ciency. The whole system is immersed in a strong magnetic field of
3.5 T. In addition, e�cient reconstruction of secondary vertices and very good momentum resolution
for charged particles are essential for an ILC detector. An artistic view of the detector is shown in
Figure III-1.1, a vew of a quarter of the detector is seen in Figure III-1.2.

The interaction region of the ILC is designed to host two detectors, which can be moved in and
out of the beam position with a “push-pull” scheme. The mechanical design of ILD and the overall
integration of subdetectors takes these operational constraints into account.

The ILC is designed to investigate the mechanism of electroweak symmetry breaking. It will
allow the study of the newly found higgs-like particle at 126 GeV. It will search for and explore new
physics at energy scales up to 1 TeV. In addition, the collider will provide a wealth of information on
standard model (SM) physics, for example top physics, heavy flavour physics, and physics of the Z
and W bosons, as discussed earlier in this document. A typical event (tt̄ at 500 GeV) is shown in
Figure III-1.3. The requirements for a detector are, therefore, that multi-jet final states, typical for
many physics channels, can be reconstructed with high accuracy. The jet energy resolution should be
su�ciently good that the hadronic decays of the W and Z can be separated. This translates into a
jet energy resolution of ‡E/E ≥ 3 ≠ 4% (equivalent to 30%/

Ô
E at 100 GeV). Secondary vertices

which are relevant for many studies involving heavy flavours should be reconstructable with good
e�ciency and purity. Highly e�cient tracking is needed with large solid-angle coverage.
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図3 ILDの断面図とFcalの位置 

第3章 ペアモニタ

ILC 実験のビームは衝突点において非常に小さく絞られる (表 3.1)。その大きさはいままでの加
速器実験と比べてはるかに小さいため、これまでの加速器実験で用いられてきたビームサイズ測
定方法 [付録A] では ILC 実験のビームサイズを測定することができない。そこで、ビーム・ビー
ム相互作用によって生成される電子・陽電子ペアを利用する方法が考案され [2]、その原理を利用
したビームプロファイルモニタである「ペアモニタ」 の研究・開発を行った。ペアモニタが利用
する電子・陽電子ペアはペアバックグランドと呼ばれているもので、ILC 実験の主なビームバッ
クグランドである。ペアモニタは ILC 実験のバックグランドである電子・陽電子ペアからビーム
情報を得るという、いままでのビームプロファイルモニタとは全く異なる新しい検出器である。ペ
アモニタは ILC 実験のナノメータレベルのビームサイズの情報を得られることはもちろん、ペア
モニタの測定がビームの状態に全く影響を与えない非破壊型1のビームモニタであるので実験を行
いながらビーム測定を行うことができること、少ないバンチ衝突で十分な測定データ量が得られ
るため次のビームトレインに対してフィードバックをかけることができることなどの特徴がある。
本章では、ILC 実験の衝突点付近でのビーム反応、ペアモニタの測定原理、、ペアモニタのデザ

イン、本研究の目的について述べる。

表 3.1: 加速器実験の衝突点でのビームサイズ
�

x

�
y

�
z

ILC 639 nm 5.7 nm 300 µm
LHC 16.7 µm 16.7 µm 7.55 cm
SLC 1.65 µm 1.65 µm 500 µm

KEKB 　 77 µm 1.9 µm 4 mm
LEP 250 µm 10 µm 2 cm

3.1 ILC 実験の衝突点付近でのビーム反応
ILC 実験では 1 度しかない粒子の衝突機会で、精密な物理測定に必要な十分高いルミノシティ

を得ることが要求されている。ルミノシティL は
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(3.1)

1ビームモニタには観測がビームの状態を大きく変えてしまう破壊型ビームモニタと、観測がビームの状態に影響を
与えない非破壊型ビームモニタがある。
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図5　ルミノシティとσxσy�

図６ Beam size測定の為の
２つの仮定 
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図4 読み出しチップ 

図7  IPでのPairの位置分布 
(250GeV : nominal) 
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図9 PM上でのPairの分布(nominal) 
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・半径：10cm　　　�
・厚さ：200μm　　�
・衝突点からの距離約4m�

・Pixelサイズ：400μm×400μm�
・Pixelの数　：190,000�
・1bunch毎に記録。�
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Beam sizeとIPでのPair数は
比例関係を持っている。 
仮定１が示された。 

αy 

IPで生じたPairはPair Monitorに
図9の様にHitした。中心部でHit 
数が多いのは、IPで生じたPair
の多くが、Z軸方向にほぼ平行
に運動量を持っていた為だと考
えられる。 
Beam sizeとPair数の関係を示す
Plotは以下の通りである。 

xd_hole=2.5 [cm] 
Rd_hole=1.8 [cm] 

Θ = 7mrad 

IP B = 3.5[T] 
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図8 Pairの螺旋運動とPair Monitor 

y 

x 

z 

Pair数とBeam size(on PM) 
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Beam sizeとPMでのPair数は
比例関係を持っている。 
仮定２が示された。 
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For the first estimation, we simulated head-on 
collisions  since they are very similar to collisions 
at 14 mr with the anti-DID  with respect to the 
incoherent pair backgrounds in forward 
detectors.

ANTI-DID 
While the normal polarity of DID allows to compensate 

locally the effect of crossing the solenoid field for the 
incoming beam, the anti-DID (reversed polarity) allows to 
effectively zero the crossing angle for the outgoing beam 
(and pairs) – the U shaped distortion of the field lines is 
adjusted to guide the low energy pairs to the extraction 
aperture as shown in Fig.4.   

  
Figure 4: Field lines in LDC detector with anti-DID. The 
anti-DID field shape has flattened central region, to ease 

TPC calibration. The total crossing angle is 14mrad. 

 
Figure 5: Fraction of pairs directed into extraction 
aperture in SiD versus anti-DID maximum field. 

Figs.5-7 give quantitative results of tracking of 
beamstrahlung pairs in realistic solenoid field of SiD 
detector taking into account the anti-DID field. The shape 
of anti-DID field was obtained earlier, in simulations with 
2D and 3D magnetic models [1]. The pairs were obtained 
from beam-beam simulations by Guinea-Pig program [3].  

Fig.5 shows the fraction of pairs entering the extraction 
aperture versus maximum field of anti-DID. Fig.6 and 
Fig.7 corresponds to the optimal strength of anti-DID and 
show distribution of pairs 3.5m from the IP and 
trajectories of the pairs along the SiD detector. One can 
see that more than 60% of the pairs can be directed into 
the extraction aperture.  

Similar optimization, as for SiD, can be done for other 
two detectors, GLD and LDC. In this optimization, we 

used real solenoid field maps, and the shape of anti-DID 
field used for GLD and LDC was specifically optimized 
for these larger detectors with TPC (see below). We used 
ILC final focus optics with different L* (distance between 
IP and first quadrupole of FD): L*=3.51m for SiD and 
L*=4.51m for GLD and LDC. The Final Doublet was 
properly overlapped with the solenoid field. 

 
Figure 6: Distribution of pairs at 3.5m from IP in SiD 

detector when anti-DID is adjusted to direct pairs to the 
extraction hole. The incoming and outgoing apertures are 

shown by magenta and green colors. 

 
Figure 7: Trajectories of pairs in SiD with anti-DID.   

 Bt ,Gs TIP , Pr 'Vsr , nm L , % Pex, % 
SiD 205 -102 0.32 99.8 63 
GLD 236 -96 0.65 >99 51 
LDC 235 -122 1.01 98 49 
LDC 354 -138 1.67 95 62 

Table 1: Maximum field of anti-DID Bt, angle of the 
incoming beam at the IP TIP, SR beam size growth 'Vsr (to 
be added to Vy0=5nm in quadratures), luminosity L taking 
into account  SR effects, fraction of pairs Pex directed to 

extraction aperture. Total crossing angle is 14mrad. 

The results of these optimizations are summarized in 
the Table 1 in terms of the optimal field of anti-DID, 

anti-DID
with anti-DID

図10　anti-DiD磁場 

Pair Monitorの主なパラメータ 


