
ILD Integration
(From ILC to FCC-ee)
Karsten Buesser

15.09.2026



 ILD Infrastructure | Karsten Buesser, 14.09.2026

The ILD Detector
International Large Detector
• The ILD concept was developed in the 

framework of the International Linear Collider
• A multi-purpose detector for e+e- collisions 

from the Z to the TeV range
• Many engineering design decisions were 

done with the specific boundary conditions of 
a Linear Collider built on a green-field 
mountain site in Japan

• Adaptation to FCC-ee is to some extent 
straight-forward, but details have not been 
considered in all points yet
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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.

5

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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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

• For ILC we agreed on a limit of 50G (5 mT) at a position 
of 15m off the detector beam axis

Limits drive thickness of iron yokes
• and this defines the radius of the central access shaft
• Studies showed that a weaker stray field limit of 100G 

could reduce the yoke radius by 60cm, saving ~500t of 
iron

6
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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

7

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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Technical Detector Construction/Assembly Time Line
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Sub-detector installation schedule
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Q1 Q2 Q3 Q4 Q1 Q2
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AH ready

DH ready

SiD 
 lowering

AH: Assembly Hall

DH: Detector Hall

M: Field Mapping

Ins.: Installation

Main reason to go for CMS-style surface installation process is time
• Underground areas (detector hall DH) only available 7 years after ground breaking, ~11 years after project start
• ATLAS-style underground assembly would delay detector by several years, well after the machine would be ready

• It worked for ATLAS because the detector cavern was started to be constructed while LEP was still running….
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Chapter 6. ILD Global Integration
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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

9

T. Sanuki, ILCX
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Underground Detector Hall

10

Main Shaft Utility Shaft 

← 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
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Surface Assembly - CMS Style

11

Handling
• Gantry crane (temp)

• 4000t, driven by SiD, not 
ILD!

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

area
• air pads
• platform system
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Question by FCC-ee: what is the largest piece of ILD?
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 24 

 
 

 
 

Figure 19: The yoke barrel design: general view of one barrel ring (top) and detailed 
view of a sector with one supporting foot (bottom). 

 
 

The 10 plates of an inner segment and the three outer plates are welded together 
with 30 x 40 mm spacers between the plates along the segment edges. Segments are then 
bolted together on all sides using M36 bolts (bigger on outside). Shear keys between the 
segments prevent radial displacement, whereas shear pins on the inner and outer edges 
are used to prevent movements along the z-direction.  

 

Is this (right) the largest piece to be lowered? Yes, nearly…
• Cryogenic ancillaries might be missing
• Possible design changes from different boundary conditions (stray fields)
• Depends on assembly scenario, calorimeters might be installed 

underground

Dimensions
• Yoke outer radius 7755 mm
• Magnet cryostat length 7810 mm

Masses
• Central yoke ring: 2300 t
• Barrel calorimeters: 700 t
• Magnet (cold mass, cryostat): 250 t
• Other (yoke feet, ancillaries): 50 t (estimate)
• Total: 3300 t

Main shaft diameter
• Was chosen at 18m for ILC
• Could maybe be reduced to ~17m, depending on ancillaries
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ILD Assembly
Limitations on transportation in Japan
• Heavy load transports are very difficult
• No realistic way to transport O(200t) yoke segments
• Plan therefore foresees yoke segment construction on site

This could be very different for FCC!

13
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on the granularity of the detector planning, individual parts as heavy as more than 200 t 
need to be transported and integrated into yoke ring structures.  

• Solenoid: both experiments feature large (ILD: ~8 m length, ~3.4 m radius), high-field 
(4 T) solenoids that could either be built at one of the Japanese heavy industries and 
then transported (in a few large rings) or could be wound on site, requiring large 
installations. Note that estimates from coil manufacturers assume a solenoid production 
time of nine years or more, thus, in some scenarios, defining the critical path of the 
detector assembly. 

Figure 11 shows an artist’s view of the assembled ILD detector. 
 
 

 
 

Figure 12: Various possibilities for assembling the ILD yoke. See text for more details. 
 
The yoke assembly and the solenoid production nicely demonstrate the significant problems the 
experiments will face (see also Fig. 12 where individual assembly paths from the individual 
iron slab to the final yoke block are discussed):   

• Size: Transporting large parts – like a third of the ILD solenoid – over rural Kitakami 
roads might be a challenge due to tunnels, bridges etc. There is also significant risk of 
damage during transportation. On the other, the effort to produce the solenoids on site 
is very significant and probably rather expensive.  

• Weight: Transportation on Japanese roads is typically limited to 25 t, including the truck 
itself. This practically precludes the transportation of large yoke parts – which easily 
reach 90-200 t, depending on the granularity. On the other hand, any production of yoke 
blocks on site or near the interaction region campus requires large storage space for the 
iron slabs, the basic elements of the yoke.  
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• (Storage and assembly) space: Construction or assembly of components on site requires 
facilities and storage space, and it ties the construction schedule to the availability of 
these facilities.  

 
Based on these and many similar considerations, assembly plans especially for ILD have been 
worked out that give a clear picture of the assembly management concerning space (see Fig. 
12), time (figs. 13 and 14), and facilities (cranes etc.). These have plans have been discussed at 
numerous workshops and working meetings, and they will be further scrutinised and refined 
once green light for ILC construction is given and the detector collaborations have been asked 
to proceed with their planning3. 
 
The space in the assembly hall is limited and scarce, and therefore the precise timing of all 
assembly steps of especially calorimeters, solenoids and yoke need to be carefully planned. 
Figure 13 shows, as an example, a snapshot of the yoke assembly (green elements) in the ILD 
half of the AH. The square with two arrows at the top of the figure is is the cover of the main 
shaft through which the detector portions will have to be lowered.  
 

 
Figure 13: Snapshot of ILD yoke assembly procedure in the AH. 

 
 

3 Presumably once green light is given letters of intent for experiments at the ILC will be asked for from 
the community, and ILD and SiD are not necessarily the only proposals to be made, nor will their designs 
remain unchanged until construction begins. 
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ILD Assembly Space Requirements
ILD requirements based on Japanese site
• ~3500m2 in Detector Hall (similar as for CMS)
• ~3000m2 in Assembly Building nearby

• To avoid heavy load transports
• Assembly of yoke elements
• Subdetector assembly (HCAL!)

If heavy load transportation is easier at FCC, pre-
assembly could be done offsite

14
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Such a massive project poses numerous challenges (beyond the political and funding ones): 
logistics, transportation, construction, assembly, safety (mechanics, electricity, gas, radiation, 
…), services, infrastructures – to name just a few. For the accelerator – which is not the topic 
of this report – the largest challenge will be construction of the tunnel itself and the 
industrialised mass production of the modules and their timely transportation to and installation 
in the tunnel. This latter task requires a well-understood transportation system that connects 
manufacturers of components via sea, rail and road with the Kitakami site, taking into account 
issues like the maximum allowed load on trucks, the capacity of local harbours, the availability 
of storage space nearby the tunnel area, etc. These issues have also been discussed extensively 
– but not finally solved – at the numerous ILC infrastructure workshops in which European 
researchers could participate in the past few years thanks to the E-JADE funding [1], c.f. section 
5. The issue of accelerator component production is also discussed in the European preparation 
plan [2], as is reported briefly in another recent E-JADE deliverable report [3].  
Also, the construction and assembly of the detectors – according to today’s view ILD and SiD 
in a push-pull configuration – is a difficult task, which in addition has to fit into the tight 
accelerator construction schedule. This issue will be discussed in greater detail in the next 
section.  

 
Figure 3: ILD assembly space survey.  

2. ILC EXPERIMENTS CONSTRUCTION AND INSTALLATION 
CONSIDERATIONS 
The construction and assembly of the ILC experiments ILD and SiD requires a well-prepared 
construction site (i.e. the later interaction region site with technical and laboratory 
infrastructure) and, later in the process, the finalised experimental cavern. Central to the 
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Figure 5: Functional layout of the interaction region campus shown in Fig. 4 [4]. 

 
The time required to accomplish, finally, such a campus is considerable, as can be seen from 
the Gantt-like chart in Fig. 6. The current assumption is that a preparatory phase of about five 
to six years will follow a possible ‘green light” from the Japanese government to settle the legal 
procedures, to finalise the land acquisition and to develop the site so that construction work can 
start. It is assumed that work on the detectors on the site can only start after up to two more 
years of land development and building construction. Note that in parallel, tunnel construction 
and the construction of the experimental cavern (DH) is ongoing. These tasks will take 
considerably longer, so that detector parts cannot be moved underground for a significant time. 
Figure 7 gives another artistic impression of the overall campus design with all underground 
tunnels and caverns indicated. 
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Access Shafts

15
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Push-pull

16

Original design

4

18m

QD0 pillar

Cryo infrastructure on detector
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FCC-ee Detectors Envelope Definition Document
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2. Proposed FCC-ee detector concepts designs 
Each detector concept has a single coil magnet in the design. Five detector concepts are under 
consideration as seen in Figure 1: CLD (nominal radius 6 m), ILD (nominal radius 7.83 m), 
ALLEGRO (nominal radius 5 m), ALFA (nominal radius 6 m), and IDEA (5.6m). 
 

CLD (nominal radius 6 m) 

 

ALLEGRO (nominal radius 5 m) 

 

ILD (nominal radius 7.83 m): 

 

ALFA (nominal radius 6 m): 

 

IDEA (nominal radius 5.6 m) 

 
Figure 1 Current FCC-ee detector concepts 
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Because the exact technical solutions are not yet defined by the detector team, an uncertainty 
factor of 10 % is added to the radial dimensions. This uncertainty factor is supposed to cover 
for any possible differences in technology used Sin this detector design compared to CMS. 
 

3.1.2 ILD 
According to documentation describing the ILD, the presented model is already taking into 
account services, interfaces and support structures space. These spaces are mostly referred to 
by “dead spaces” and are described in more detail in chapter 5.1.3[2]. It should be verified 
with the author if given values are still up to date. 
 

 
Figure 7 Visualization of cabling in ILD[2] 

Thus, the individual external envelope radius for ILD can be estimated to be at 7.833m. This 
is more than the CLD estimation which can be correct as the main difference between the two 
is the difference in magnet dimensions. 
 

 

Figure 8 Available dimensions used for estimation of ILD layers dimensions[2] 
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FCC-ee Detector Envelopes and Masses
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6. Final remarks  
The summary of estimations from previous chapters are presented in tables below. To obtain 
Global Envelopes based on Individual Envelopes, integration allowance value of 250mm is 
added. This value is added to account for uncertainties associated with detector positioning, 
construction/assembly tolerances, support structures, deformations, survey references and 
integration of services. This is intentionally much larger than the positioning accuracy of 
existing CERN detectors of around 5-10mm[9], and is therefore considered a conservative 
preliminary-design allowance. 
 

Table 4 FCC-ee detectors radial external envelope estimation w/ services and support structures 

Detector 
Nominal radial 
envelope [mm] 

Individual external radial envelope 
[mm] 

Global external radial envelope w/ 
integration allowance(250mm) 

[mm] 

CLD 6000 6646 6896 

ILD 7833 7833 8083 

IDEA 5600 6190 6440 

ALLEGRO 5000 6750 7000 

ALFA 6000 7250 7500 

 
It is safe to assume 8.1m global radial envelope for future dimensional considerations. All 
external envelopes exceed the radius initially considered during the feasibility phase (6m 
radius). 
 

Table 5 FCC-ee detectors longitudinal external envelope estimation w/ services and support 
structures 

Detector 
Nominal longitudinal 

envelope (half-
length) [mm] 

Individual external longitudinal 
envelope (half-length) [mm] 

Global external longitudinal 
envelope (half-length) w/ 

integration allowance (250mm) 
[mm] 

CLD 5300 5950 6200 

ILD 6620 6620 6870 

IDEA 5700 6290 6540 

ALLEGRO 6000 6750 7000 

ALFA 6000 6750 7000 

 
In case of longitudinal envelope, to the largest value with movement tolerance included is 
7.0m. 
It is therefore safe to assume 7.0m of half-length global longitudinal envelope for future 
dimensional considerations. 
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Table 6 FCC-ee detectors largest component for CMS style assembly, estimated dimensions 

 Detector 
Largest component dimensions 

Diameter 
[m] Length [m] Weight [t] 

FC
C

- e
e 

CLD 13.3 7.4 3500 
ILD 15.6 7.8 3300 

IDEA 12.4 5.0 <3500 
ALLEGRO 13.5 7.8 <3500 

ALFA ≈14.5* - <3500 
 
With preassembly on the surface similar to CMS, it can be assumed that all the largest 
components exceed the weight of 2000t, thus may require a special high load gantry. With 
assembly piece by piece (ATLAS style), the largest FCC-ee detector (ILD) would require 
lowering the cold mass of 168 down the shaft.  
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Selected Open Questions
Physics requirements
• ILD magnet and yoke were designed for 4 T maximum field
• FCC-ee has lower energy range than Linear Colliders, so is 4 T still required?
• Smaller magnetic field would probably change magnet and yoke geometries

Detector Assembly Strategy
• On-surface assembly (CMS-style) was chosen at ILC because of integrated timeline studies together with the machine experts
• ATLAS-type assembly is also possible for ILD, would come with relaxed constrains for the shaft size

• Biggest element probably the magnet, not the yoke
• Surface and underground facility layouts depend on assembly strategy and detector infrastructure requirements

Cryogenics
• The detector magnet will be assembled on-site and it has to be tested
• Lowering can be done before or after testing
• Testing before requires cryogenic on surface to be ready in time
• Testing after requires cryogenic infrastructure in the hall to be ready in time

Stray field requirements
• Yoke size and mass depends on this, any guidelines available?
• Relaxing requirement from 5 mT to 10 mT reduces yoke radius by 60 cm and mass by ~500 t

Radiation shielding
• ILD@ILC is designed to be fully self-shielding, access to the hall is possible during machine operations
• How is this at FCC-ee? Might also have an impact on yoke thickness…

19

No personpower!


