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What is MDI ?
MDI  is Machine Detector Interface

Detector : Interaction Region

Machine : Beam Delivery System (BDS)
                from LINAC-end to  beam dump                     

collimation, energy/polarization, final focus,        
extraction (energy/polarization) and beam dump                     

luminosity, background and minimum veto-angle

experiment (physics; Higgs, Top, W/Z, SUSY, extra-D ...)
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国際リニアコライダー (ILC)
超伝導加速空洞による全長約31kmの線形加速器

2004年8月、COLD選択 ( ICFA )
2005年3月、ILC GDE (Global Design Effort)結成, 
                   Barry BarishがGDE directorに就任
2006年3月、BCD (Baseline Configuration Document)

2007年8月、RDR(Reference Design Report), コスト評価
　　　　　　TDR作成へのR&Ds, 試験加速器提案など

2007年10月、山田作衛氏がResearch　Director (RD) 就任, call for LOI
2007年12月、Black December
2009年夏、二つのLOI（測定器グループ）承認
2011年6月、ILC TDR-R＆Dの中間報告書完成 (GDE Interim report)
2012年12月、TDR（物理・測定器のDBD, Detailed Baseline Design Reportの含む）の最終原稿の完成
2013年2月、新しいLinear Collider Collaboration結成,  Lyn Evansが そのdirectorに就任
2013年6月、TDR完成
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BDS in general

Collimator
Bypass

Main Linac

Final Focus System
Beam Dump

IP1

IP2

7 mrad

30 mrad

Switchyard
& diagnostics

Crossing angle (headon, V-0.3mrad, 2mrad, 7mrad, 20mrad, >30mrad@γγ)

2 IP’s for 2 “identical experiments”
Precise energy and polarization measurements
Backgrounds (muons and synchrotron radiations)

0-

20-

→ 14 mrad, single IP
push-pull
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Two main Linac’s alignment issue is beyond MDI.
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Horizontal Crossing AngleIR: Crossing Angle Issue
K.Yokoya

50 vs 16 fs 1.8 vs 0.6
at L*=3.5m
(Δyo=0.5σy)

7 mrad                 vs                  20 mrad

300μm
474nm

Small angle : Φ < 2σx/σz > Φ : Large angle
~ 3 mrad

Small angle : Φ < 2σx/σz > Φ : Large angle
~ 3 mrad

timing of two crab cavities
16(50) fsec at Φ=20(7) mrad

easy extraction line

smaller dead cone (θ) smaller back scattering ?

radiation/bend in solenoid multi-bunch instability
irrelevant in “cold” 

Δσ
y
2  ∝ (BΦL*)5, Δy’=BΦ/(2Bρ)

 Δ(spin)=3.25o/100μrad (E/250GeV)

Crab Crossing
by Bob Palmer, 

1988
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Part II - The ILC Baseline Reference 10.9. Accelerator Components

Figure 10.17. Tentative spoiler candidate design [171, 195].

Figure 10.18. Field distribution for the operating mode of the 3.9GHz crab cavity
[155].

⇠ 3 kW per cavity for about 10msec, with a Qext of ⇠ 106 [154, 155, 180, 181].
The crab cavity is placed in a cryostat with tuner, x-y and roll adjustment which
provides proper mechanical stability and microphonic rejection. The cryostat also
accommodates the beampipe of the extraction line which passes about 19 cm from
the center of the cavity axis.

10.9 Accelerator Components

The total counts of the BDS accelerator components are summarized in Table 10.3.

—DRAFT for EC— Last built: September 19, 2012 193

Crab Cavities

ILC : 2 cavities at 13.4m from IP,  2~3m long, the phase jitter < 61fsec

CLIC :  ~3m long, the phase jitter < 0.02o(4.6fsec) and amplitude<2% at 12GHz
2% luminosity loss

wakefield dampers

9cell SC cavities
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205cm

22 mrad50 mrad

CDC

CH2 Mask
QC1

LUM
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100cm

100 mrad Compensation Mag.

200cm

205cm155cm
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W-Si CAL

CDC
155 cm

Endcap CAL 390 cm
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200 mrad

430cm
CH2 Mask

Model (c)

Model (d)

QC1

Interaction Region (IR)

L*  : Distance of QD0(QC1) from IP
Vertex R ( the innermost radius )
Minimum veto-angle  (very forward calorimeter)
Backgrounds (pairs, mini-jets, backscattered γ and n)
Instrumentations (pair monitor, feedback, Shintake monitor ...) 

L*=4.3m

L*=2m
IP 

IP 

L*  =    2    →    4.3m
by the local chromaticity correction

(P.Raimondi, A.Seryi, 2001)
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LC Parameters
parameter symbol unit ILC (TDR) “ILC-γγ”

V.Telnov’s idea CLIC (CDR)

energy E GeV 250 250 1,500(250)

emittance γεx/γεy μm 10/0.035 2.5/0.03 0.66/0.02

IP beta 
function β*x/β*y mm 11/0.48 1.5/0.3 6.9/0.068

(8/0.1)

IP beam size σ* x/σ* y nm 474/5.9 88/4.3 45/0.9
(202/2.3)

<Upsilon>
γBbeam/Bcritical

 Υave 0.063 0.33 5 (0.2)

 max. 
deflection
angle

θd
(θ0, θ0/x)

mrad 0.5 10 (e-)
10 (coh.pair)

Ecoh.pair/E > 0.05/Υ

crossing angle
FD distance, 
aperture

Φ
>θd+RQ/L*
L*,  RQ

mrad

m, cm

14
L*=3.5- 4.5 
RQ=2.8

25

L*=4, RQ=6

20 (18.6)
L*=3.5-4.3, 
RQ=3.7

other γ dump
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Chapter 4. Accelerator Systems R&D

impregnation that is then fibre-compression wrapped and cured. The resulting structure handles
large magnetic Lorentz forces on the coil without the need for external clamping collars. Warm
field-harmonic measurements that are used to control harmonic errors are made between winding
di�erent coil layers.

Initially, short prototype quadrupole and sextupole test coils were wound and tested. These
coils exceeded ILC operational requirements by reaching the conductor short-sample limit in the
presence of deliberately enhanced solenoidal background fields. Subsequently an opposite-polarity
outer-quadrupole coil was added outside the main quadrupole so as to demonstrate active shielding
via external field cancellation. Studies showed that it is important to rotationally align the main and
cancellation coils in order to achieve the best performance; with proper adjustment the external field
was dramatically reduced, with only a small impact on the overall QD0 operating margin.

In parallel, prototype full-length coils suitable for FF operation were produced. A major challenge
in winding the full-length coil is that the aspect ratio (20 mm ID, 3.5 m length) of the coil support
tube results in droop in the middle under a combination of its own weight and pressure applied to the
tube during winding. This droop causes systematic conductor mis-positioning and modulation of the
coil pattern, which lead to the generation of unwanted field harmonics. However, based on earlier
work, small, consistent, support-tube o�set modulations can be compensated via software-based
corrections during coil winding. Rolling tube supports, that move along with the coil-winding head
and reduce local support-tube deflection, were hence implemented.

Despite these measurers, field harmonic variations symptomatic of significant residual tube-o�set
motion were observed. Unfortunately sti�ening the rolling support structure increased the risk of
damaging a coil already wound and, more problematically, was found to increase positioning hysteresis
that in turn made software compensation even more challenging. The moving support scheme was
hence abandoned in favour of a simple fixed central-tube support that was precisely aligned via a
laser system with the rest of the coil-winding mechanical structure.

The above approach requires that the quadrupole coil must be split into two parts. This has the
advantage that it is possible to energise the coil closer to the IP more strongly at low beam energy,
while reducing the gradient in the subcoil further from the IP. This causes the e�ective focusing
centre to be closer to the IP at low energy, and can be used to improve the FF optical performance.

Figure 4.25
QD0 cryostat

QD0 Non-IP End

QD0 IP End

Heat Shield Supports  
to Outer Cryostat

Cold Mass Supports  
to Heat Shield

Cold Mass  
Support Post

G-10 Support  
Insulator

Injection  
Line QD0
And Shield  
Quad

Geophone

Coil Platform

Another fundamental component of the R&D programme was to develop practical solutions
for installing and operating FF magnets located inside two di�erent particle detectors. The MDI
issues are especially challenging in light of the requirement for rapid push-pull swapping of the
detectors. The conclusion is that each experiment should carry its own customised pair of QD0 and

144 ILC Technical Design Report: Volume 3, Part I

ILC QD0 : SCQ

20mmφ beam pipe 

FD
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5.12 MACHINE DETECTOR INTERFACE

Fig. 5.289: Hybrid QD0 short prototype

2. In the longer structure, the coils are supported independently of the magnet core. This simplifies
the active stabilization since the coils are the heaviest part of the magnet assembly and the cooling
water flow does not directly affect the magnet core, which requires active stabilization.

Fig. 5.290: QD0 with thermalization coils

The fundamental mechanical characteristics of the structure (fundamental resonance frequencies,
intrinsic structure stiffness, etc.) must be characterized for the design of proper stabilization. As an

543

5.12 MACHINE DETECTOR INTERFACE

Fig. 5.289: Hybrid QD0 short prototype

2. In the longer structure, the coils are supported independently of the magnet core. This simplifies
the active stabilization since the coils are the heaviest part of the magnet assembly and the cooling
water flow does not directly affect the magnet core, which requires active stabilization.

Fig. 5.290: QD0 with thermalization coils

The fundamental mechanical characteristics of the structure (fundamental resonance frequencies,
intrinsic structure stiffness, etc.) must be characterized for the design of proper stabilization. As an

543

0L/L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4

 >
 x

 a
xi

s 
va

lu
e

0
%

 m
ac

hi
ne

s 
w

ith
 L

/L

0

10
20
30
40

50
60
70

80
90

100
110

lumi optimization
 iterndlumi opt. + H&V knobs 2

BBA + H&V knobs 

Mean     1587
RMS     441.6

iterations
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 200000

2

4

6

8

10

12
Mean     1587
RMS     441.6

Mean   1.575e+04
RMS     799.2
Mean   1.575e+04
RMS     799.2

Mean   1.511e+04
RMS     799.2
Mean   1.511e+04
RMS     799.2

lumi optimization
 iterndlumi opt. + H&V knobs 2

BBA + H&V knobs 

Fig. 6: Top: Luminosity performance for 100 statistical realizations of the CLIC FFS after tuning using 3 different
approaches. Bottom: Required number of luminosity measurements for the 3 different approaches.

Table 4: Specifications of the FD QD0 quadrupole for the different L∗ cases.

L∗ m 3.5 4.3 6.0 8.0
Gradient T/m 575 382 200 211
Length m 2.7 3.3 4.7 4.2
Beam aperture mm 3.8 6.7 8 8.5
Jitter tolerance nm 0.15 0.15 0.2 0.18
Gradient tol 10−6 5 5 - 3
Octupolar error 10−4@1mm 7 7 - 3
Prealignment µm 10 10 8 2

9

with the same cross section but 
shorter length, which performs 
close to the specifications

permanent 
magnets

CLIC QD0  : Hybrid magnet
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Figure 13: 3D view of the anti-DID (version 1). 

 

 

 

 
 

Figure 14: Dipolar field Bx = f(z) generated by the anti-DID (version 1).  

(Numbers on the vertical axis for Bx given are in T, labels on the horizontal axis for z 

are in mm). 

 

 

For integration reasons, the anti-DID is located within the same cryostat as the main 

solenoid, and benefits from the cryogenics of the main coil. It is located on the outside 

radius of the main solenoid, in the lower field region, which is favorable for the 

temperature margin of the superconductor. The anti-DID coils will be fixed on the 

mandrel of the solenoid. Details of the design are shown in Fig.15a and Fig. 15b. 

 

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
DID off anti-DID

max. 0.035T  at 3m from IP
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International Large Detector ( ILD )

Part II 1.2. ILD Layout and Performance

Figure 1.1.1: Left: View of the ILD detector concept. Right: Quadrant
view of the ILD detector concept.

is optimised. The ILD concept group has tried to develop a detector which strives
for optimal performance within a sensible budget envelope. ILD has tried to develop
novel technologies which promise to deliver better performance. In many cases, like
for example the highly granular calorimeters, new technologies were needed to make
the proposed detector at all feasible.

1.2 ILD Layout and Performance

The ILD concept is designed as a multi-purpose detector. Key characteristics are a
central detector, including tracking and calorimetry, which is fully contained within
a magentic field, hermetic coverage down to very small angles, and minimised cracks
and dead zones. ILD is a big detector to fully utilize the potential of the particle
flow approach, and to allow extension of the detector to higher energies as part of
an upgrade program of the collider. ILD has the following main components:

• A multi-layer pixel-vertex detector (VTX), with three super-layers each com-
prising two layers. To minimise the occupancy from background hits, the first
super-layer is only half as long as the outer two. Whilst the underlying detec-
tor technology has not yet been decided, the VTX is optimised for excellent
point resolution and minimum material thickness. A five layer geometry, VTX-

—DRAFT— Last built: November 30, 2012 3

Detector solenoid : 3.5T
ILD is on purpose a large detector.  At large radii particles within a jet are more separated, thus 
making it easier to measure them precisely. Having a large inner radius of the calorimeter does open 
the possibility to use a technology like the TPC as a central tracker. Last but not the least a large 
detector adapts more easily to higher energies of the collider than originally designed for.

QD0 
support
relative 
vertical 
jitter < 
50nm
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e+

e- IPδL/L=0.1%

 for beam tuning

Forward Calorimeter System for MDI

Pair Monitor
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Silicon Detector ( SID )
Detector solenoid : 5T
a powerful silicon pixel vertex detector, silicon tracking, 
silicon-tungsten electromagnetic calorimetry and highly 
segmented hadronic calorimetry. 

QD0 
support
relative 
vertical 
jitter < 
50nm
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Baseline Review, Oct/2011 A. Seryi, 

detector
B

accessible 
during run

accessible 
during run

Platform (option) for 
electronic and services. 
Moves with detector. 
Isolate vibrations.

Concept of single IR with two detectors

detector
A

modified as ILC-TDR (July/2013,T.Tauchi)
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5

ILD and SID moving on platforms
Agreed at ALCPG11, March 19-23,2011, Eugene, OR, USA, 

2.2m

3.8m
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Part II- Chapter 10. Beam Delivery System and Machine Detector Interface

10.2 Lattice description

The BDS lattice [166] hast its starting point 2254m away from the Interaction Point;
on the electron side, the BDS follows the target bypass section of the positron source’s
undulatory section, on the positron side it starts after the Machine Protection and
Collimation section of the Main Linac [167].

10.2.1 Diagnostics, Tune-up dump, Machine Protection

The initial part of the BDS, from the end of the main linac to the start of the
collimation system, is responsible for measuring and correcting the properties of
the beam before it enters the Collimation and Final Focus systems. In addition,
errant beams must be detected here and safely extracted in order to protect the
downstream systems. Starting at the exit of the main linac, the system includes
the skew correction section, emittance diagnostic section, polarimeter with energy
diagnostics, fast extraction/tuning system and beta matching section.

-2200 -2100 -2000 -1900 -1800 -1700 -1600 -1500 -1400 -1300 -1200
-2

-1

0

1

2

Z (m)

X
 (m

)

ILC e- BDS (500 GeV cm)

-1000 -800 -600 -400 -200 0 200
-2

-1

0

1

2

Z (m)

X
 (m

)

MPS
coll

skew correction /
emittance diagnostics

polarimeter
fast

kickers

betatron
collimation

fast
sweepers

tuneup
dump

energy
collimation

energy
spectrometer

beta
match

final 
transformer

final 
doublet

IP

polarimeter

energy
spectrometer

fast
sweepers

primary
dump

Figure 10.1. BDS layout showing functional subsystems, starting from the linac exit;
X – horizontal position of elements, Z – distance measured from the IP.
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ILC BDS, Ecm =500GeV

ΔE/E=10-4 ΔPol/Pol=0.25%

σx=474nm
σy=5.9nm
Horizontal crossing 
angle =14mr

5m-long magnetized 
muon shield(1.5T)

Diagnostics Collimation Matching Final Focus
EXT&
Dump

ΔE/E=10-4

to accommodate the upgrade to 1TeV center-of-mass energy 

IR

 beam halo of 1-2 x 10-5 hit the 
collimators a few μ / 150 bunches  
at IP

4 skew Qs
4 LWs

< 2(1) bunches

Δεx<1%  at chicanes of 
polarimeter and energy 
spectrometer

Δεx<0.5(1)%  in bends 
at Ecm=0.5 (1) TeV

electron beam

extend
 to 19

m long

collimation depth = 9σx x 65σy, 
Δεx/y/εx/y=0.08%/4.4%

 ΔPol/Pol=0.25%
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MECHANICAL DESIGN OF COLLIMATORS FOR THE ILC�

B.D. Fell† , D.Angal-Kalinin, S.C. Appleton, N. Bliss, , J-L.Fernandez-Hernando,
F. Jackson, O.B. Malyshev, STFC, Daresbury Lab., UK

N.K.Watson, Birmingham Univ., UK
J.D.A. Smith, Lancaster Univ., UK

G.E. Ellwood, R.J.S. Greenhalgh, STFC, Rutherford-Appleton Lab., UK

Abstract

Much attention has been paid to the optimisation of the
geometry and material of collimators in the ILC to mitigate
the effects of both short-range transverse wakefields and
errant beam impacts. We discuss the competing demands
imposed by realistic engineering constraints and present a
preliminary engineering design for adjustable jaw spoilers
for the ILC.

INTRODUCTION

Collimators are essential to remove beam halo and avoid
beam losses in the vicinity of the interaction point that
could lead to unacceptable backgrounds for particle detec-
tors. In the case of the International Linear Collider (ILC),
the collimation system consists of a series of adjustable jaw
spoilers and absorbers, and fixed aperture protection colli-
mators.
Of the 14 types of absorber, spoiler or protection colli-

mator included in the ILC Beam Delivery System (BDS),
six distinct devices with adjustable apertures are identified.
These are shown in Table 1, together with representative
values for their key parameters.

Table 1: ILC BDS adjustable jaw collimators
Device Absorber (cm) Power Full gap (mm)

material (kW) min, max
SPEX 3.6, Ti 0.01 1, 10
SP1–5 2.1, Ti 0.01 1, 10
AB2–5 42.9, Cu 1–20 0, 10
ABE 10.5, W 0.1 0, 10
MSK1 10.5, W 0.01 NA
MSK2 10.5, W 0.01 NA

The spoilers present a particular problem having the
largest sensitivity to wakefields and we therefore concen-
trate on developing a preliminary design that, although hav-
ing many features which are applicable to other adjustable
jaw collimators, is specific to devices SP1–5.
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REQUIREMENTS FOR ILC SPOILERS
The jaws of the spoilers must be able to withstand two

(one) bunch impacts at 250 (500)GeV beam energy follow-
ing asynchronous beam aborts without causing excessive
increases in emittance due primarily to short range trans-
verse wakefields. The optimisation of spoiler jaws is on-
going with simulations [1] and recently completed exper-
imental tests for wakefields [2], complemented by initial
experimental tests of material damage [3].
The baseline design for the SP2 spoiler jaws in the

ILC Reference Design Report (RDR) [4] is a Ti spoiler
block 21mm in longitudinal extent, with Be tapers up- and
downstream to reduce wakefield effects and prevent signifi-
cant electromagnetic showering owing to its large radiation
length. In this design, we assume that:

• spoiler jaws will be rectangular in transverse section,
hence transition flare from circular beam pipe;

• spoilers will be peripherally cooled;
• occasional access will be necessary to replace jaws af-
ter beam damage;

• spoilers will be required to open to a full gap of 20mm;
• overall design will be parametric to allow for both
evolution in jaw design and extension to devices other
than SP2.

KNOWN CONSTRAINTS
The location of the spoilers close to sensitive machine

elements limits their maximum length, therefore designs of
the jaws which are shorter than that achieved by a single,
constant angle taper are desirable. It is essential that inte-
gration of the jaws into the vessel does not lead to an radio
frequency (RF) cavity-like geometry, and this is the subject
of a related study [5].
Although the design goal is to have passive survival of

spoilers up to two full charge bunch impacts at 250 GeV
beam energy, the integrity of both the surface and bulk of
the jaws would have to be validated after potentially dam-
aging incidents. The current design does not include any
scheme for such in situ study, leaving this as an option to
be studied in the future.

DESIGN APPROACH
There are aspects of the design which are not fully speci-

fied, most notably the final structure of the jaws. A baseline
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21mm long Ti spoiler block with 
Be tapers up- and downstream

 passive survival of spoilers up to 
two full charge bunch impacts at 
250 GeV beam energy

side walls with pumping 
slots (1:1 aspect ratio, 
about 40% transparency)

Figure 2: Detailed isometric view of baseline spoiler can-
didate design.

B

B

C

C

Figure 3: Plan view of transition flare between beam pipe
and tapered collimator jaws, showing cross-section planes
B-B and C-C

Option 2: Minimal Taper Angle
This differs from the baseline in that the two-step taper is

replaced by a constant 19mrad tapered longitudinal profile
(as in the ILC RDR). This reduces the widest opening at
the entrance of the collimator jaws to 23.5mm, only 3.5mm
larger than the incoming beam pipe diameter. This may
be useful in reducing further the possibility of disruptive
“cavity modes” occuring due to the diverging/converging
section between the entrance flare and the collimator jaws.
If the maximum collimator aperture could be reduced

from the assumed 20mm full gap to 16.5mm, an extension
of this optionwould be to dispense with the divergingflared
section altogether, at least in the collimating plane.

Option 3: onstant onverging aper
In this, the tapered sections leading to the Ti spoiler are

replaced by flexible pieces alone. This has advantages in
that RF cavity-like modes are unlikely, and the overall col-
limator length is a simple parameter of the taper angle that

XXX-XXXXX

SECTION B-B

O 20

SECTION C-C

2
0

30
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Figure 4: Along beam elevations: (Section B-B) at circular
entrance to flared transition, and (Section C-C) at rectangu-
lar exit from flared transition; see also Figure 3.

can be tolerated by beam dynamics considerations, but has
a taper angle which increases as the aperture of the colli-
mators is reduced. There are also concerns about radiation
load which could be tolerated by the flexible pieces.

Option 4: Wide Aperture
The final option increases significantly the non-

collimating transverse dimenion of the jaws, from a full
width of 40mm to 120mm, if such were beneficial from
considerations of RF design.

OUTPUT
The preliminary designs in their current stages of devel-

opment are made available to collaborators [6].

CONCLUSIONS
A preliminary, conceptual design for the adjustable jaw

spoilers for the ILC BDS is presented, to serve as a starting
point towards a complete engineering design which can be
achieved when design of the jaws themselves has been fi-
nalised. Generic features of this design can be extended to
other collimators in the ILC BDS.
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Part II 2.4. Beam Instrumentation
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Figure 2.4.3: Schematic of the upstream polarimeter chicane.

trains (4 seconds). The average over two entire trains with opposite helicity will
have a statistical error of �P/P = 0.1%.

2.4.2.2 Downstream Polarimeter

The downstream polarimeter, shown in Figure 2.4.2, is located 150 m downstream
of the IP in the extraction line and on axis with the IP and IR magnets. It can
measure the beam polarization both with and without collisions, thereby testing the
calculated depolarization due to collisions and the spin tracking. The downstream
polarimeter chicane further accommodates a detector for the downstream energy
spectrometer and provides magnetic elements for the GAMCAL system.

In order for the downstream Cherenkov detector to avoid the synchrotron radia-
tion fan from the e+e� IP (extending about 15 cm from the beam pipe, see Fig.2.4.2),
the downstream dipole magnets are larger and have much higher fields. In addition,
magnets 3P and 4P are operated at higher fields (compared to magnets 1P and 2P)
in order to bend the scattered electrons further from the main beam axis. Therefore,
two additional magnets (1G and 2G) are needed to bring the main beam back to its
original trajectory.

The laser for the downstream polarimeter requires high pulse energies to over-
come the substantially larger backgrounds in the extraction line. Three 5-Hz laser
systems will be used to generate Compton collisions for three out of 2800 bunches in
a train. Each laser is an all solid-state diode-pumped Nd:YAG, with a fundamental
wavelength of 1064 nm that will be frequency-doubled to 532 nm. Each laser will
sample one particular bunch in a train for a time interval of a few seconds to a minute,
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Upstream Energy Spectrometer
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2.4 Beam Instrumentation

2.4.1 Beam Energy Measurements

The ILC TDR design foresees redundant beam-based measurements of the incoming
beam energy, capable of achieving 10�4 accuracy, and of the energy spectrum of
the disrupted beam after collisions. The measurements will be available in real
time as a diagnostic tool to machine operators and will provide the basis for the
determination of the luminosity-weighted center-of-mass energy for physics analyses.
Physics reference channels, such as a final state muon pair resonant with the known
Z0 mass, are then foreseen to provide valuable cross checks of the collision scale, but
only long after the data has been recorded.

2.4.1.1 Upstream Energy Spectrometer

A BPM-based energy spectrometer is located about 700 m upstream of the interac-
tion point, just after the energy collimation system. The spectrometer consists of
four dipoles which introduce a fixed dispersion of ⌘ = 5 mm at the centre. Before,
after and at the centre the beam line is instrumented with 2 or more cavity BPMs
mounted on translation systems (so that the cavities can always be operated at their
electromagnetic centre), shown in Figure 2.4.1. With the four magnet chicane sys-

x ~ 500 nmδ
needed at least

δE / E ~ 10
η~ 5 mm at center

BPM

BPM

BPM

Figure 2.4.1: Schematic for the upstream energy spectrometer using BPMs.

tem, systematics associated to the magnets can be investigated, such as hysteresis
and residual fields. The four magnet chicane also allows the spectrometer to be
operated at di↵erent field strengths without disturbing the rest of the machine. It
is important that the energy spectrometer be able to make precision energy mea-
surements between 45.6 GeV (Z-pole) and the highest ILC energy of 500 GeV. A
precise measurement at Z-pole energies is of special importance since it defines the
absolute energy scale. When operating the spectrometer with a fixed dispersion over
the whole energy range, a BPM resolution of 0.5 µm is required.

A prototype test setup for such an energy spectrometer was commissioned in
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with opposite helicity1800m upstream from IP
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Polarimeter principle
The opposite sign helicity configuration ( Pλ=-1), 
which has parallel spins ( mj=3/2) , dominates at 
the Compton edge over the other helicity and 
spin orientation ( Pλ=+1 and mj=1/2 ).

V. Gharibyan, N. Meyners and P. Schuler, “The TESLA Compton polarimeter,” LC-DET-2001-047
2013年 7月 22日 月曜日
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Figure 2.4.2: Schematic of the ILC extraction line diagnostics for the energy
spectrometer and the Compton polarimeter.

With a total bend angle of 4 mrad, and a flight distance of nearly 100 m, the
synchrotron stripes will have a vertical separation of 400 mm, which must be mea-
sured to a precision of 40 µm to achieve the target accuracy of 10�4. In addition
to the transverse separation of the synchrotron stripes, the integrated bending field
of the analyzing dipole also needs to be measured and monitored to a comparable
precision of 10�4. The distance from the analyzing chicane to the detectors needs to
only be known to a modest accuracy of 1 cm. For the XLS spectrometer, it has been
proposed to use an array of radiation-hard 100 µm quartz fibers. These fibers do
not detect the synchrotron light directly, but rather detect Cherenkov radiation from
secondary electrons produced when the hard photons interact with material near the
detector. At ILC beam energies, the critical energy for the synchrotron radiation
produced in the XLS wigglers is several tens of MeV, well above the pair-production
threshold, and copious numbers of relativistic electrons can be produced with a thin
radiator in front of the fiber array. The leading candidates for reading out these
fibers are multi-anode PMs from Hamamatsu, similar in design to those used in
scintillating fiber calorimeters. The advantage of this scheme over wires (as used
in the SLC energy spectrometer) is to produce a reliable, passive, radiation-hard
detector which does not su↵er from cross talk or RF pickup, and still allows for easy
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Figure 5.6: Laser-Compton beam size measurement performed in May
of 1994. The measured size is 77+7 nanometers.

the background-subtracted scan has a fitted size of 75 nm.

It is worth noting that while the same PMT is used for both signal and background

detection, the two inputs reach the computer through different GADC’S. A systematic

difference between the two is possible.

Result of Laser-Compton BSM ~ning

Figure 5.6 shows a 77 nm beam spot measured in the KEK BSM in May of 1994.

Figure 5.7 shows a histogram of the size measurements made over the course of several

hours during that run. The average measurement is 77 nm, with an RMS width of

7 nm. For the laser intensity available at the time, the 10% width is consistent with

the measurement uncertainty of the individual measurements.

The 77 nm beam size is known to be enlarged by 10% over the actual beam size
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Figure 5.7: Histogram of measurements made during the last 3 hours
of the May, 1994 FFTB run. Average size measured was 77 nm, with
an RMS of 7 nm.

by a systematic error related to the longitudinal size of the laser pattern. The RMS

size of the laser beam at the FP was known to be 50-60 pm from scans similar to

Figure 5.2. Because the electron beam has a ~~ of 100 pm, the laser interference.
pattern is long enough in space to sample the beam at locations where the beam is

not in focus. These tend to systematically enlarge the measured size, and the 60 pm

laser measurement was found to correspond to a 10% enlargement. The beam size

in May of 1994 is therefore believed to have been reduced to 70 nm. This systematic

was another motivating factor in retuning the laser to a smaller cross-section at the

FP, since the current 25 pm pattern causes an enlargement of less than 1%.

The 70 nm vertical size was reacquired in September of 1994; however, at no time

did any measurement show any sign that the beam had been reduced to a significantly

smaller size. At the time, the emittance was averaging approximately 2 x 10–llm . rad,

and the RMS energy spread was 5 x 10– 4; the linear beam size ~ expected for

rms of laser size = 50um -> M reduction of 10%
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SLC has never achieved the design luminosity, e.g. finally half of design luminosity 
after 10 years operations 
with smaller beam sizes, 
  i.e. 1.5(x), 0.65(y)μm  v.s. 1.65(x), 1.65(y) μm of the design
    by careful emittance preservation and improvements in the final focus optics
with less beam intensities,
  i.e. 4 - 4.5 x1010/bunch v.s. 7.2 x 1010/bunch of the design
and the repetition rate of 120Hz instead of 180Hz. 

Learns from SLC experiences

ILC and CLIC have been designed with these SLC experiences.
1.  Less beam intensity and smaller beam sizes, control of emittance growth
2.  Final focus systems are based on the local chromaticity correction scheme
     which has better performance than the separated function chromaticity 
     correction scheme at SLC.
3.  ATF2 is very important  to verify the expected performances 
     as a  ILC/CLIC FF test facility 
4.  Additional skew sextupoles, octupoles and decapoles should be included in 
     the baseline designs to minimize the residual higher-order aberrations.

2013年 7月 22日 月曜日



Figure 2.7-11  in  RDR

IR arrangements

first quadrupole at EXT
5.5m from IP

second quadrupole 
at EXT
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IP beam feedback concept
Last line of defence 

against relative 
beam misalignment

Measure vertical 
position of outgoing 
beam and hence 
beam-beam kick 
angle

Use fast amplifier and 
kicker to correct 
vertical position of 
beam incoming to IR

FONT – Feedback On Nanosecond Timescales
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ILC IR: SiD for illustration

Door

SiD

Cavern wall 

Oriunno

P. Burrows,  ATF2 Technical Review, 3-4 April, 2013, KEK
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Final Doublet Region (SiD)

OriunnoBPM

P. Burrows,  ATF2 Technical Review, 3-4 April, 2013, KEK

Feedback kicker

Beam pipes
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ILC-BDS/EXT Optics

Beam with energy of greater 
than 40% to the dump

No net bending , i.e. the same 
dump for Beamstrahlung 
photons (< 0.75mr)

Energy 
spectrometer

Polarimeter

electron beam 3cm radius circle by raster kickers

Part II – The ILC Baseline Design 8.3. Lattice description

focus includes: an energy spectrometer (see Section 8.7.2.1); additional absorbers for
the small number of halo particles that escape the collimation section; tail-folding
octupoles (see Section 8.3.2); the crab cavities (see Section 8.9); and additional
collimators for machine protection or synchrotron-radiation masking of the detector.

8.3.4 Extraction line

The ILC extraction line [173, 174] has to transport the beams from the IP to the
dump with acceptable beam losses, while providing dedicated optics for beam diag-
nostics. After collision, the beam has a large angular divergence and a huge energy
spread with very low-energy tails. It is also accompanied by a high-power beam-
strahlung photon beam and other secondary particles. The extraction line must
therefore have a very large geometric and energy acceptance to minimise beam loss.

The optics of the ILC extraction line is shown in Fig. 8.4. The extraction line
can transport particles with momentum o↵sets of up to 60% to the dump. There
is no net bending in the extraction line, which allows the charged-particle dump to
also act as a dump for beamstrahlung photons with angles of up to 0.75 mrad.
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Disrupted beta and dispersion in the extraction line.

0.0

200.

400.

600.

800.

1000.

1200.

1400.

1600.

1800.

2000.

β1/
2
(m

1/
2
)

0.0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.10

D
y
(m

)βx1 / 2 βy1 / 2 Dy

Figure 8.4. Disrupted �-functions and dispersion in the extraction line for the nominal
250GeV beam.

The first quadrupole is a superconducting magnet 5.5 m from the IP, as shown
in Fig. 8.7. The second quadrupole is also superconducting, with a warm section be-
tween their cryostats. The downstream magnets are normal conducting, with a drift
space to accommodate the crab cavity in the adjacent beamline. The quadrupoles
are followed by two diagnostic vertical chicanes for the energy spectrometer and
Compton polarimeter, with a secondary focal point in the centre of the latter. The
horizontal angular amplification (R22) from the IP to the Compton IP is set to �0.5
so that the measured Compton polarisation is close to the luminosity weighted polar-
isation at the IP. The lowest-energy particles are removed by a vertical collimator in
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in a 15cm radius dump window

3.5m separation from 
incoming beam

100m
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Chapter 8. Beam Delivery System and Machine Detector Interface

the middle of the energy chicane. A large chromatic acceptance is achieved through
the soft D-F-D-F quadruplet system and careful optimization of the quadrupole
strengths and apertures. The two SC quadrupoles are compatible with up to 250 GeV
beam energy, and the warm quadrupoles and the chicane bends with up to 500GeV.

The diagnostic section is followed by a 100 m-long drift to allow adequate trans-
verse separation (> 3.5 m) between the dump and the incoming line. It also allows
the beam size to expand enough to protect the dump window from the small undis-
rupted beam. A set of rastering kickers sweep the beam in a 3 cm circle on the
window to avoid boiling the water in the dump vessel. They are protected by three
collimators in the 100 m drift that remove particles that would hit outside the 15 cm-
radius dump window.

Figure 8.5. Power loss density in the magnet region for disrupted beam at 250GeV,
for high-luminosity operation.

Extraction beam loss has been simulated for realistic 250 GeV GUINEA-PIG
beam distributions [175], with and without beam o↵set at the IP. No primary par-
ticles are lost in the SC quadrupoles, and all particles above 40 % of the nominal
beam energy are transmitted cleanly through the extraction magnets. The total
primary loss on the warm quadrupoles and bends is a few Watts, while the loss on
the protection collimators is a few kW for the nominal beam parameters. Figure 8.5
shows that even for an extreme set of parameters, with very high beamstrahlung
energy loss, the radiation deposition in the magnet region is manageable.

8.3.5 Beam dynamics and emittance growth

Wakefield calculations for the BDS spoilers and absorbers give IP jitter amplification
factors [176] of Ax = 0.14 and Ay = 1.05 for an assumed collimation depth of 9�

x

and 65�
y

in the horizontal and vertical planes respectively. Estimated as �"/" =

178 —DRAFT— Last built: November 16, 2012

The total primary loss on the warm 
quadrupoles and bends is a few Watts,
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T.Sanami, IRENG 09/14/2007

Radiation Rules at KEK 
• Normal operation

–  0.2 µSv/h for Non-designated area (K1)

–  1.5 µSv/h for Supervised area (K2)  experimental hall

–  20 µSv/h for Simple controlled area (K3)
–  100mSv/h for access restricted 

• Shielding  100 µSv/event(K2)
• Mis-steering beam loss

–1 hour integration of dose rate should not exceed 1.5 
µSv/h using radiation monitor. 

 (Terminate injection and wait 1 hour)
SiD and ILD : Shielding capability of 250 mSv/h / 18 MW = 0.014 mSv/h/kW is required everywhere 
to meet SLAC requirement

In the KEK regulation, there is no explicit description 
of ambient dose limit for beam operation conditions 
and beam loss classification such as SLAC-RSS

1mSv/event (K3)
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T.Sanami, IRENG 09/14/2007

Area classification : SLAC rule

• Normal operation (S1)
–0.5 µSv/h for GERT (General Employ Radiation Training)

–5 µSv/h for Radiation Worker (RW)

• Mis-steering (S2)
–4 mSv/h

• Annual dose should be less than 10mSv/year (S1,S2).
• System failure (S3)

–250 mSv/h and 30 mSv/event

(from SLAC-I-720-0A05Z-002-R001 Radiation Safety Systems 
(Technical Basis Document, April 2006) )

including screen, wire-scanners

hardware failures, operator errors,..

beam stopper failure and/or electric power failure of 
important bending magnet
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T.Sanami, IRENG 09/14/2007

Area classification : LHC design

• Normal operation
–0.1 µSv/h for Non-designated area
–1 µSv/h for Supervised area
–3 µSv/h for Simple controlled area

• Total beam loss
–0.3 mSv/h for Non-designated area
–2.5 mSv/h for Supervised area
–50 mSv/h for Simple controlled area

(from http://indico.cern.ch/conferenceDisplay.py?confId=1561 talk of D. 
Forkel-Wirth)
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Fig 3-14-2 Revised ILD0 iron yoke design with chimney for liquid helium feed. 

Unit: mSv/hr/kW

Shielding capability of 250 mSv/h/18MW 
= 0.014mSv/h/kW is required 
everywhere to meet SLAC requirement 
(S3 - system failure). 
Because of detector design, total beam 
loss in the IR hall must be below 1 W 
from the requirement to reduce detector 
background.
To meet KEK guideline for integral dose 
under accidental beam loss, beam should 
be tuned off within 0.1 mSv / 250mSv/h 
= 1.4 seconds.

0.014mSv/h/kW

Self-shielding of the detector (ILD0) at IR
chimney

PACMAN

PACMAN

18MW 500GeV beam loss 
at beam calorimeter
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Part II – The ILC Baseline Design 8.8. Beam dumps and Collimators

8.8 Beam dumps and Collimators

8.8.1 Main Dumps

The beam-delivery system contains two tune-up dumps and two main beam dumps.
These four dumps are all designed for a peak beam power at nominal parameters of
18 MW at 500 GeV per beam, which is also adequate for the 14 MW beam power of
the 1 TeV upgrade. The dumps consist of 1.8 m-diameter cylindrical stainless-steel
high-pressure (10 bar) water vessels with a 30 cm diameter, 1 mm-thick Ti window
and also include their shielding and associated water systems (Fig. 8.15). The de-
sign [196] is based on the SLAC 2.2 MW water dump [197, 198].

Figure 8.15. Left: Schematic of the 18MW water dump. Right: Temperature dis-
tribution at the shower maximum of the beam in the dump just after passage of the
beam train. The colour bar shows temperature in Kelvin; the maximum temperature
is 155 �C. The water inlets and sink are shown by white areas [199].

The dumps absorb the energy of the electromagnetic shower cascade in 11 m
(30 X0) of water. Each dump incorporates a beam-sweeping magnet system to move
the charged beam spot in a circular arc of 6 cm radius during the passage of the 1 ms-
long bunch train. Each dump operates at 10 bar pressure and also incorporates a
vortex-flow system to keep the water moving across the beam. In normal operation
with 500 GeV beam energy, the combination of the water velocity and the beam
sweepers limits the water temperature rise during a bunch train to 155 �C [199].
The pressurisation raises the boiling temperature of the dump water; in the event
of a failure of the sweeper, the dump can absorb up to 250 bunches without boiling
the dump water.

The integrity of the dump window, the processing of the radiolytically evolved
hydrogen and oxygen, and containment of the activated water are important is-
sues for the full-power dumps. The dump service caverns include three-loop pump-
driven 145 L/ s heat-exchanger systems, devices to remotely exchange dump windows
during periodic maintenance, catalytic H2-O2 recombiners, mixed-bed ion-exchange
columns for filtering of 7Be, and su�cient storage to house the volume of tritiated
water during maintenance operations.
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Beam dump

18MW/500GeV per beam

1.8 m-diameter cylindrical stainless-steel high-pressure (10 bar) water 
vessels with a 30 cm diameter, 11m(30X0) length, 1 mm-thick Ti window.

temp in K

Maximum temperature = 155℃ 
with the beam train passage
and beam sweep radius 6cm

The pressurisation raises the boiling 
temperature of the dump water; in the 
event of a failure of the sweeper, the 
dump can absorb up to 250 bunches 
without boiling the dump water

50℃

~73℃

z=2.8m (8.1X0)
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Fig. 29. Power depositions in the entire dump region (average of y=-342.5 cm and +342.5 cm). 

50cm

200cmconcrete + 5% boron

Shielding and protection of site ground water
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LCC : Common paths for ILC and CLIC BDS
towards the same design lattice designs of some sub-system 

Possible issues :
1. Lattice repository
2. Parameters; staging energies at 250GeV@ILC, 350GeV@CLIC, 
                       crossing angles of 14mrad@ILC and 20mrad@CLIC
3. Crab cavity tolerances; 61fs@ILC and 4.6fs@CLIC
4. Lattice design options; changes with accommodation of octupoles (tail folding)
                                       alternative lattices
5. QD0 technology; superconducting and hybrid
6. Polarimetry; post-IP polarimetry is needed ?
7. Collimation ; active protection@ILC and passive@CLIC
8. Final Focus System (FFS) tuning; lessons from ATF2
9. Beam dumps
10. Energy spectrometry
11. Instrumentation (LW, OTR, BPM) and feedback
12. MDI issues; push-pull, QD0/QF1 alignment ...
13. Commissioning strategy

to be discussed at LCWS 2013, Tokyo
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