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FIG. 1: Schematic layout of the ILC in the 250GeV staged configuration.

(million hours) of labour in participating institutes [15,
Sec. 15.8.4]. Costs were expressed in ILC Currency Units
ILCU, where 1 ILCU corresponds to 1US$ at 2012 prices.

In the wake of the Higgs discovery, and the proposal
by the Japan Association of High Energy Physicists (JA-
HEP) to host the ILC in Japan[11] with its recommen-
dation to start with a 250GeV machine [12], plans were
made for a less expensive machine configuration with
a centre–of–mass energy of

p
s = 250GeV, around the

maximum of the Zh production cross section, half the
TDR value. Various options were studied in the TDR [15,
Sect. 12.5] and later [17]. This resulted in a revised pro-
posal [2] for an accelerator with an energy of 250GeV
and a luminosity of L = 1.35 · 1034 cm�2 s�1, capable
of delivering about 200 fb�1 per year, or 400 fb�1 within
the first four years of operation, taking into account the
ramp-up.

Several other changes of the accelerator design have
been approved by the ILC Change Management Board
since 2013, in particular:

• The free space between the interaction point and
the edge of the final focus quadrupoles (L⇤) was
unified between the ILD and SiD detectors [18],
facilitating a machine layout with the best possible
luminosity for both detectors.

• A vertical access shaft to the experimental cav-
ern was foreseen [19], allowing a CMS-style assem-
bly concept for the detectors, where large detector
parts are built in an above-ground hall while the
underground cavern is still being prepared.

• The shield wall thickness in the Main Linac tunnel
was reduced from 3.5 to 1.5m [20], leading to a
significant cost reduction. This was made possible

by dropping the requirement for personnel access
during beam operation of the main linac.

• Power ratings for the main beam dumps, and inter-
mediate beam dumps for beam aborts and machine
tuning, were reduced to save costs [21].

• A revision of the expected horizontal beam emit-
tance at the interaction point at 125GeV beam en-
ergy, based on improved performance expectations
for the damping rings and a more thorough scrutiny
of beam transport e↵ects at lower beam energies,
lead to an increase of the luminosity expectation
from 0.82 to 1.35 · 1034 cm�2 s�1 [22].

• The active length of the positron source undulator
has been increased from 147 to 231m to provide
su�cient intensity at 125GeV beam energy [23].

These changes contributed to an overall cost reduction,
risk mitigation, and improved performance expectation.
Several possibilities were evaluated for the length of the

initial tunnel. Options that include building tunnels with
the length required for a machine with

p
s = 350GeV or

500GeV, were considered. In these scenarios, an energy
upgrade would require the installation of additional cry-
omodules (with RF and cryogenic supplies), but little
or no civil engineering activities. In order to be as cost
e↵ective as possible, the final proposal (see Figure 1), en-
dorsed by ICFA [24], does not include these empty tunnel
options.
While the length of the main linac tunnel was reduced,

the beam delivery system and the main dumps are still
designed to allow for an energy upgrade up to

p
s =

1TeV.
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Push-pull System
ILC Baseline
• one interaction region for two detectors
• push-pull system allows for lumi-lumi transition within 

O(1d)

Constraints
• Set of rules for the friendly co-existence of two 

detectors
• one taking data, one being maintained

• Functional requirements laid down in 2009
• SLAC-PUB-13657
• geometric boundary conditions
• magnetic and radiation environment
• vacuum
• alignment and vibration limits
• etc.
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Chapter 2. Description of Common Tasks and Common Issues

Figure I-2.9
Platform support con-
cept for the push-pull
system. Left - ILD;
right - SiD

K. Buesser ILD MDI

Reducing ILD Beam Height

• Beam height difference between SiD and ILD: 1.6m
• This results in different floor levels in the underground hall

5MDI/Integration meeting M. Joré – ILD beam height studies

How it looks like ?

18 m18 m

3.8 m2.2 m

From M. Oriunno @ SiD workshop 2010 after CERN workshop

� It seems interesting to reduce the difference as much as possible
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2.3.3 Shielding
2.3.3.1 Radiation

The ILC detectors are self-shielding with respect to ionising radiation that stems from maximum
credible beam loss scenarios [50]. Additional shielding in the hall is necessary to fill the gap between
the detector and the wall in the beam position. The design of this beam line shielding needs to
accommodate both detectors, SiD and ILD, that are of significant size di�erences.

A common ‘pac-man’ design has been developed, where the movable shielding parts are attached
to the wall of the detector hall - respectively to the tunnel stubs of the collider - and match to
interface pieces that are borne by the experiments (c.f. Figure I-2.10).

Figure I-2.10
Design of the beam line
shielding compatible
with two detectors of
di�erent sizes.

Pacman Door Pacman Door

Adapter Piece Adapter Piece

ILD SiD

40 ILC Technical Design Report: Volume 4, Part I
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Push-pull
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Original design

4

18m

QD0 pillar
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ILD Detector Concept
Multi-purpose Detector
• optimised for electron-positron collisions at 

the Higgs threshold and beyond
• Inner tracking system: Si
• Central tracking system: TPC
• Highly granular calorimeter systems inside 

of the detector solenoid
• Forward instrumentation
• Instrumented iron yoke

Main Solenoid
• will be presented by Y. Makida
• 3.5T (max 4T) central field
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Magnetic Fields
Magnetic stray fields
• are of concern in an environment shared by two detectors
• „on-beam“ detector should be able to operate while 

maintenance work in „off-beam“ detector, 10m away, is 
required

Limits drive thickness of iron yokes
• and this defines the radius of the central access shaft
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Detector Integrated Dipole DID
Paper from B. Parker and A. Seryi: PR ST 8, 041001 (2005)
• At this time ILC had still 20 mrad crossing angle

Conclusion:

10

edges, schematically shown in Fig. 1. In the case without
compensation, the vertical deflection is caused by the edge
kick ! ! !cB0L="2B"#, which occurs when the beam
enters the solenoid off axis at !cL, and also by the kick
linearly distributed in the body of the solenoid. Here !c is
half of the crossing angle, L is the half-length of the
detector solenoid, B0 is the solenoid field, and B" !
pc=e is the magnetic rigidity of the beam. The body kick
integrated from the solenoid entrance to the IP is equal
to $2!, which is twice the edge kick, and since the
body kick has half the lever arm, the resulting vertical
offset at the IP cancels exactly (see also Refs. [1,2] for a
rigorous proof). The remaining vertical angle at the IP is
nonzero and equals $!. The maximal deviation of the
vertical orbit before the collision is !L=4. The vertical
angle of the extracted beam, which passes through the
entire solenoid, is $2! and the vertical offset at the exit
is $3!L.

Let us first discuss the impact of the vertical orbit on
luminosity. In the case of e%e$ collisions, which is ex-
pected to be the primary mode of operation of the Future
Linear Collider, the vertical angles of the opposite beams
are antisymmetric, so the beams collide head on and do not
experience any loss of luminosity. In the e$e$ option, the

trajectories are symmetric and the vertical crossing angle
must be compensated to preserve the luminosity. Such
compensation can be done either with rf cavities to provide
vertical crab-crossing, or with the DID corrector method
discussed below. In both cases, the vertical deflection will
cause growth of the beam size due to synchrotron radiation.
The detector integrated dipole can be used to minimize this
beam size growth as well.

In addition to luminosity considerations, it may be de-
sirable that the IR optics preserve the beam polarization
(the e$ or possibly both beams will be longitudinally
polarized), as discussed in Ref. [3]. A change of the
beam orbit by an angle ! causes the orientation of the
polarization vector to rotate by #!"g=2$ 1# due to the
anomalous magnetic moment of the electron. In the ex-
ample shown in Fig. 1, with ! & 45 $rad, the polarization
vector rotates by about 1.5', producing a difference be-
tween the polarization at the IP and that measured at an
upstream polarimeter. Although this spin rotation could be
predicted rather accurately, in practice for certain precise
physics measurements with either e%e$ or e$e$, one
would benefit if the vertical angle at the IP were compen-
sated to ensure accurate knowledge of the beam polariza-
tion. Crab-crossing compensation is not adequate in this

X
 (

ar
b.

un
.)

e−
e+,e−

−50

0

50

Y
 (

m
ic

ro
n)

e+e−
e−

−6 −4 −2 0 2 4 6

−50

0

50

Y
 (

m
ic

ro
n)

z (m)

e− e+
e−

FIG. 1. (Color) Illustration of e%e$ and e$e$ collisions in a detector solenoid field with sharp edges (schematically shown in the top
plot) without (middle) and with (bottom) compensation of the IP angle by the detector integrated dipole and two external correctors.
The model parameters are L ! 3 m, !c ! 10 mrad, B0 ! 5 T, beam energy 250 GeV. The uncompensated vertical angle at the IP is
approximately 45 $rad. The compensation kicks are shown on the top plot by the blue arrows; they are located at z ! (2 m and
z ! (5 m and their magnitudes are 75 and 30 $rad. The IP is at z ! 0 m. Outgoing beams are shown by thick dashed curves.

BRETT PARKER AND ANDREI SERYI Phys. Rev. ST Accel. Beams 8, 041001 (2005)
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Compensation of the effects of a detector solenoid on the vertical beam orbit in a linear collider

Brett Parker*
Brookhaven National Laboratory, P.O. Box 5000, Upton, New York 11973, USA

Andrei Seryi†

Stanford Linear Accelerator Center, P.O. Box 20450, Stanford, California 94309, USA
(Received 19 January 2005; published 1 April 2005)

This paper presents a method for compensating the vertical orbit change through the interaction region
that arises when the beam enters the linear collider detector solenoid at a crossing angle. Such
compensation is required because any deviation of the vertical orbit causes degradation of the beam
size due to synchrotron radiation, and also because the nonzero total vertical angle causes rotation of the
polarization vector of the bunch. Compensation is necessary to preserve the luminosity or to guarantee
knowledge of the polarization at the interaction point. The most effective compensation is done locally
with a special dipole coil arrangement incorporated into the detector (detector integrated dipole). The
compensation is effective for both e!e"and e"e"beams, and the technique is compatible with transverse-
coupling compensation either by the standard method, using skew quadrupoles, or by a more effective
method using weak antisolenoids.

DOI: 10.1103/PhysRevSTAB.8.041001 PACS numbers: 29.17.+w, 41.85.–p, 41.75.Ht, 29.27.–a

I. INTRODUCTION

The future electron-positron International Linear
Collider (ILC) requires high luminosity which can only
be achieved by colliding very small nanometer scale
beams. In the earlier linear collider (LC) projects, Next
Linear Collider/Global Linear Collider (NLC/GLC) and
TESLA, the beam sizes at the interaction point (IP) were
!x;y # 243; 3 nm and !z # 110 "m for NLC/GLC, and
!x;y # 554; 5 nm and !z # 300 "m for TESLA .

The design of the ILC interaction region (IR) is con-
strained by the often conflicting requirements of providing
strong focusing for the incoming beam, acceptable back-
ground environment for the experimental detector, and
clean extraction of the outgoing beams. The ILC is speci-
fied to have two IRs, at least one of which will likely use a
small (up to about 20 mrad) crossing angle in the horizon-
tal plane to facilitate extraction of the outgoing disrupted
beams. The crossing angle allows separate incoming and
outgoing beam lines, which can be optimized indepen-
dently. The second IR must additionally be able to accom-
modate ## collisions, which require a slightly larger
crossing angle, up to 20–35 mrad.

When the horizontal half crossing angle $c is larger than
!x=!z, a crab-crossing technique is required in order to
preserve the overlap of the beams in collision at the IP. Two
rf cavities located several meters upstream of the IP on
both beam lines introduce a kick correlated with longitu-
dinal position within the bunch, so that the bunches rotate
and fully overlap at the IP.

The horizontal crossing angle means that the beam
traverses the magnetic field of the detector at an angle
and thus will be deflected into the vertical plane. The
change in the vertical orbit causes degradation of the
beam size due to synchrotron radiation (SR), and also
causes rotation of the polarization vector if the total verti-
cal angle is nonzero.

This paper discusses both these effects in the context of
the NLC design with $c # 10 mrad and presents possible
methods for compensating the vertical angle at the IP and
minimizing synchrotron radiation effects. Local compen-
sation using a novel dipole coil integrated with the detector
solenoid represents an optimal solution, and is effective for
both e!e"and e"e" beams. The results will scale with
crossing angle for the ILC.

The paper is organized as follows. In Sec. II we discuss
the effects on the vertical orbit using the approximation of
a detector solenoid with sharp edges. Synchrotron radiation
effects due to the vertical deflection and the resulting beam
size growth are considered in Sec. III. For a realistic case
with the silicon detector, a technique for compensating the
vertical IP angle and minimizing SR effects using a detec-
tor integrated dipole (DID) corrector is presented in
Sec. IV, where the compatibility of the vertical orbit com-
pensation method with the beam size compensation by
means of the weak antisolenoids suggested in Ref. [1] is
also discussed. Finally, design considerations for the de-
tector integrated dipole are given in Sec. V.

II. VERTICAL ORBIT IN THE SHARP-EDGED
SOLENOID APPROXIMATION

To illustrate the magnitude of the vertical orbit devia-
tion, one can consider a detector solenoid field with sharp

*Electronic address: parker@bnl.gov
†Electronic address: seryi@slac.stanford.edu

PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS 8, 041001 (2005)

1098-4402=05=8(4)=041001(10) 041001-1  2005 The American Physical Society
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 From DID to Anti-DID
Parker/Seryi reacted quickly to the Snowmass 
discussions on detector backgrounds: SLAC-
PUB-11662

Crossing angle was reduced to 14mrad
• SR effects were strongly reduced
• beam angle could be corrected with other magnets in 

the final focus

Changing the polarity of the DID to Anti-DID turns 
the device from a „machine requirement“ to a „nice-
to have for the detectors“

Significant reduction 
of energy deposited 
on BeamCal
• Interesting for 

searches for BSM 
physics
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IR OPTIMIZATION, DID AND ANTI-DID* 

Andrei Seryi, Takashi Maruyama, SLAC, Stanford, CA, USA 
Brett Parker, BNL, Upton, NY 11973, USA.

Abstract 
In this paper, we discuss optimization of the larger 

crossing angle Interaction Region of the Linear Collider, 
where specially shaped transverse field of the Detector 
Integrated Dipole can be reversed and adjusted to 
optimize trajectories of the low energy pairs, so that their 
majority would be directed into the extraction exit hole. 
This decreases the backscattering and makes background 
in 14mrad IR to be similar to background in 2mrad IR. 

INTRODUCTION 
In the machines with crossing angle, the detector 

solenoid field results in a deviation of the vertical 
trajectory and in a small vertical angle at the IP (about 
100 µrad for crossing angle of 20mrad). This angle is anti-
symmetrical for e+e- machines and does not affect the 
luminosity. The vertical angle at the IP also causes 
rotation of the spin by about a degree resulting in a 
misalignment of the spin orientation at the IP with respect 
to the upstream polarimeter.  The Detector Integrated 
Dipole (DID) is a pair of coils wound on the detector 
solenoid which creates sine-like transverse field, giving 
the possibility to adjust the beam trajectories near the 
interaction region [1]. The DID was originally suggested 
as a way to compensate the vertical angle at the IP, as 
illustrated in Fig.1, and avoid spin misalignment.  

 
Figure 1: Compensation of the incoming beam vertical 

angle at the IP with DID and dipole corrector of the QD0 
quadrupole. Field acting in Y (top) and vertical trajectory 
(bottom). SiD detector, crossing angle 20mrad, IP at z=0. 

The DID field creates U-like distortion of the central 
field line of the detector solenoid, and compensation of 
the vertical angle of the incoming beam is in fact 
equivalent to aligning the field line, effectively, with the 
incoming beam. This increases the transverse field seen 
by the outgoing beam, in particular the beamstrahlung 
pairs. The high energy pairs continue along the initial 
direction of the beam, while the low energy pairs spiral 
around the field line and disperse, as shown in Figs.2-3. 

 
Figure 2: Distribution of pairs at 3.5m from IP in SiD 

detector when DID is used to compensate the vertical IP 
angle of the incoming beam. The incoming and outgoing 

apertures are shown by magenta and green colors.  

 
Figure 3: Trajectories of pairs coming from the IP in SiD 
detector when DID is used to compensate the vertical IP 

angle of the incoming beam. The high energy pairs follow 
the beam axis (green dashed line) while the low energy 

pairs spiral around the field line (red dashed line). 

Large spread of the pairs on the face of BEAMCAL 
resulted in backscattering and increase of background 
photon hits in TPC (Time Projection Chamber). The 
number of photon hits in TPC increased several times and 
the effect was especially dramatic when the outgoing 
aperture was not optimized [2]. 

The technology of compact direct wind SC magnets 
allows reducing the crossing angle to 14mrad [3]. With 
reduced crossing angle, the synchrotron radiation (SR) 
effects significantly decreased (∆σsr~θc

5/2), simplifying 
use of reversed DID (anti-DID) described below. ____________________________________________ 

*Work supported by US DOE, contract number DE-AC02-76SF00515 

January 2006
SLAC-PUB-11662

Contributed to 36th ICFA Advanced Beam Dynamics Workshop (NANOBEAM 2005) , 
17-21 Oct 2005, Kyoto, Japan

IR OPTIMIZATION, DID AND ANTI-DID* 

Andrei Seryi, Takashi Maruyama, SLAC, Stanford, CA, USA 
Brett Parker, BNL, Upton, NY 11973, USA.

Abstract 
In this paper, we discuss optimization of the larger 

crossing angle Interaction Region of the Linear Collider, 
where specially shaped transverse field of the Detector 
Integrated Dipole can be reversed and adjusted to 
optimize trajectories of the low energy pairs, so that their 
majority would be directed into the extraction exit hole. 
This decreases the backscattering and makes background 
in 14mrad IR to be similar to background in 2mrad IR. 

INTRODUCTION 
In the machines with crossing angle, the detector 

solenoid field results in a deviation of the vertical 
trajectory and in a small vertical angle at the IP (about 
100 µrad for crossing angle of 20mrad). This angle is anti-
symmetrical for e+e- machines and does not affect the 
luminosity. The vertical angle at the IP also causes 
rotation of the spin by about a degree resulting in a 
misalignment of the spin orientation at the IP with respect 
to the upstream polarimeter.  The Detector Integrated 
Dipole (DID) is a pair of coils wound on the detector 
solenoid which creates sine-like transverse field, giving 
the possibility to adjust the beam trajectories near the 
interaction region [1]. The DID was originally suggested 
as a way to compensate the vertical angle at the IP, as 
illustrated in Fig.1, and avoid spin misalignment.  

 
Figure 1: Compensation of the incoming beam vertical 

angle at the IP with DID and dipole corrector of the QD0 
quadrupole. Field acting in Y (top) and vertical trajectory 
(bottom). SiD detector, crossing angle 20mrad, IP at z=0. 

The DID field creates U-like distortion of the central 
field line of the detector solenoid, and compensation of 
the vertical angle of the incoming beam is in fact 
equivalent to aligning the field line, effectively, with the 
incoming beam. This increases the transverse field seen 
by the outgoing beam, in particular the beamstrahlung 
pairs. The high energy pairs continue along the initial 
direction of the beam, while the low energy pairs spiral 
around the field line and disperse, as shown in Figs.2-3. 

 
Figure 2: Distribution of pairs at 3.5m from IP in SiD 

detector when DID is used to compensate the vertical IP 
angle of the incoming beam. The incoming and outgoing 

apertures are shown by magenta and green colors.  

 
Figure 3: Trajectories of pairs coming from the IP in SiD 
detector when DID is used to compensate the vertical IP 

angle of the incoming beam. The high energy pairs follow 
the beam axis (green dashed line) while the low energy 

pairs spiral around the field line (red dashed line). 

Large spread of the pairs on the face of BEAMCAL 
resulted in backscattering and increase of background 
photon hits in TPC (Time Projection Chamber). The 
number of photon hits in TPC increased several times and 
the effect was especially dramatic when the outgoing 
aperture was not optimized [2]. 

The technology of compact direct wind SC magnets 
allows reducing the crossing angle to 14mrad [3]. With 
reduced crossing angle, the synchrotron radiation (SR) 
effects significantly decreased (∆σsr~θc

5/2), simplifying 
use of reversed DID (anti-DID) described below. ____________________________________________ 

*Work supported by US DOE, contract number DE-AC02-76SF00515 

January 2006
SLAC-PUB-11662

Contributed to 36th ICFA Advanced Beam Dynamics Workshop (NANOBEAM 2005) , 
17-21 Oct 2005, Kyoto, Japan

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 θIP , µr ∆σsr , 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 θIP, SR beam size growth ∆σsr (to 
be added to σy0=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, 
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angle of the incoming beam. The incoming and outgoing 

apertures are shown by magenta and green colors.  

 
Figure 3: Trajectories of pairs coming from the IP in SiD 
detector when DID is used to compensate the vertical IP 

angle of the incoming beam. The high energy pairs follow 
the beam axis (green dashed line) while the low energy 

pairs spiral around the field line (red dashed line). 

Large spread of the pairs on the face of BEAMCAL 
resulted in backscattering and increase of background 
photon hits in TPC (Time Projection Chamber). The 
number of photon hits in TPC increased several times and 
the effect was especially dramatic when the outgoing 
aperture was not optimized [2]. 

The technology of compact direct wind SC magnets 
allows reducing the crossing angle to 14mrad [3]. With 
reduced crossing angle, the synchrotron radiation (SR) 
effects significantly decreased (∆σsr~θc

5/2), simplifying 
use of reversed DID (anti-DID) described below. ____________________________________________ 

*Work supported by US DOE, contract number DE-AC02-76SF00515 

January 2006
SLAC-PUB-11662

Contributed to 36th ICFA Advanced Beam Dynamics Workshop (NANOBEAM 2005) , 
17-21 Oct 2005, Kyoto, Japan

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 θIP , µr ∆σsr , 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 θIP, SR beam size growth ∆σsr (to 
be added to σy0=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, 
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ILD Mechanical Structure
Main structure
• 5 Yoke rings
• central ring carries solenoid  

and inner detectors
• 2 endcaps with endcap calorimeters

Designed for push-pull
• on platform for rapid beam-beam 

transition
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Chapter 6. ILD Global Integration

Chapter 5
The ILD Detector System

A central part of the activities of the ILD group has been the integration of the di�erent sub-systems
into a coherent detector, and the coordination between the detector and the machine. In this section
a coherent integration scheme is presented, with a first realistic estimate about space and extra
material this requires. Also described are systems which concern the complete detector as overall
calibration scenarios, data acquisition, and central software and tools. The chapter closes with a
description of the assembly procedure which is planned for ILD, and a discussion of the impact the
di�erent sites discussed for ILC will have on this procedure.

5.1 ILD integration

The integration of the di�erent sub-detectors into a coherent and functioning ILD detector concept is
an important aspect of the ILD work. Not only the mechanical integration, but also the coordination
of the services, cabling, cooling strategies, thermal stabilisation and alignment of the various sub-
detectors is an on-going task, which evolves with the better knowledge about the respective detector
technologies. Moreover, the envisaged push-pull scenario at the ILC imposes additional requirements.

5.1.1 Mechanical concept

Figure III-5.1

The mechanical design
of ILD.

The mechanical design of the ILD detector is shown in figures III-5.1 and III-1.1. The major
components are the five parts of the iron return yoke: three barrel rings and two endcaps. The central
barrel ring carries the cryostat with the solenoid coil in which the barrel calorimeters are installed. The
TPC and the outer silicon envelope detectors are also suspended from the cryostat using tie rods. The

255

Figure 6.11. Mechanical structure of the ILD detector [2].

2. The services of the endcap detectors (ECAL, HCAL, Muon) leave the detector along the endcap
yoke ring.

3. The services for the forward calorimeter systems (FCAL, ECAL ring) pass parallel to the beamline,
outside of the QD0 magnet.

This scheme allows for the opening of the yoke endcaps as well as for moving the barrel yoke rings
independently from each other. The front-end electronic systems of the subdetectors can often drive
only a limited cable length. Therefore, space for additional patch panels, drivers, data concentrators
needs to be provided inside the ILD detector. While the exact requirements for those are not known in
each case, conceptual locations have been defined. Figure 6.12 shows the general service paths and
proposed locations for the patch panels in ILD.

6.2.3 Inner Detector Integration

At the heart of ILD, directly at the interaction point, is the inner detector that comprises the beam pipe
as well as the vertex detector and the inner silicon tracking devices, SIT and FTD (c.f. Figure 6.13).

6.2.3.1 Mechanical Integration

The vertex detector is suspended from the beam pipe that itself is carried together with the Forward
Tracking Disks and the Si Intermediate Tracker from the Inner Detector Support Structure (ISS). The
ISS is a support tube made out of carbon-fibre reinforced plastic and is suspended from the end flanges
of the TPC. A piezo-based active alignment system (see Figure 6.14) allows for the positioning of the
ISS with a precision better than 0.01 mm [108], independently of the main ILD detector structure.
This is required to adjust the beam pipe and the inner tracking devices with respect to the beam axis,
to better precision than what can be achieved with the complete ILD detector, e.g. after push-pull
operations.

60 ILD Interim Design Report
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Surface Assembly - CMS Style

13

Handling
• Gantry crane (temp)

• 4000t
• 250t cranes in assembly hall
• 40t cranes in underground 

area
• air pads
• platform system
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Chapter 6. ILD Global Integration

9

154kV receive

66kV co-generation

LNG 
for co-generation

He 
compressor & tanks

154kV to 66kV Trans

Water chiller & pumps
Air intake/exhaust

IP detector assembly building

ILD&SiD detector preparation building 

computing building 

research building 

Figure 6.1. Conceptual design (artist’s view) of the surface facilities (”IP Campus”) above the ILC interaction
point [100].

Main Shaft Utility Shaft 

ĸ�DH Access Tunnel

Beam Tunnel (BDS)

Utility Hall

Service Tunnel

SiD Alcove ILD Alcove

Detector Hall and two Vertical Shafts

18.0m 10.0m

Current Design of Detector Hall 

Connected 
Tunnel to DR

Mini-Workshop on ILC Infrastructure and CFS 6
Figure 6.2. Underground facilities with the detector hall, ILD and SiD in push-pull configuration, access tunnels and
shafts [101].

6.1.2.1 Service Locations

There are several possible locations for detector services: on the detector platform, on service galleries
on the wall of the detector hall, in dedicated utility/service caverns (shown as ”Utility Hall” / ”UT Hall”
in Figures 6.2, 6.3), and on surface. A possible configuration is shown in Figure 6.4. It is assumed that
large or noisy apparatus such as transformers (6.6 kVæ400/200/100 V), heat exchangers and pumps
for cooling water, sub-detector cooling plants, etc. should be located in the utility/service cavern.
Cryogenic plant for the QF1 magnet is also supposed to be located in the utility/service cavern.

The utility/service cavern should be relatively close to the detector, but well isolated from the
detector hall regarding the noise, vibration, and radiation. Design of the facilities including caverns

52 ILD Interim Design Report

IP Campus - Artist’s View
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Underground Detector Hall

15
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← DH Access Tunnel
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Detector Hall and two Vertical Shafts
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Current Design of Detector Hall 
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Mini-Workshop on ILC Infrastructure and CFS 6



 ILC and ILD - Part 1 | Karsten Buesser, 12.09.2022

Conclusions
ILC is a proposed Linear Collider as a future Higgs Factory

ILD is a detector concept for ILD
• also being studied for other future collider concepts: CEPC, FCC-ee
• main solenoid with 4T max. central field
• integrated dipole-coils („Anti-DID“) under study

ILC requirements are special
• two detectors in close vicinity
• implications on magnetic stray fields, radiation protection, etc.

Technical design of ILD solenoid will be presented by Y. Makida now

16
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Technical Detector Construction/Assembly Time Line
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Sub-detector installation schedule

5

2016/2/16

Thomas

Land develop.
AH
DH
Yoke
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Barrel ECAL
Tracker
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Assembly on site
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Assembly on site
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Underground Areas
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CFS@KEK.ilc 3

Underground Structure
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