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Local Planning: ILC Alignment
IP has just been moved north by a few km
• optimisation of surface area arrangements
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Re-examination of facility layout

“Tohoku ILC Civil Engineering Plan”
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T. Sanuki, ILCX
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Push-pull

5

Original design

4

18m

QD0 pillar
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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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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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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

8

T. Sanuki, ILCX
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IP campus
In real site

Electrical

Mechanical

Assembly hall

Pre-assembly area

Office

Computer/ 
Workshop

Parking /  
reserve area

Space for future 2nd IP campus 
(Test accelerator ?)

16

Newly designed halls can also be built.

T. Sanuki, ILCX
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Surface Assembly - CMS Style

11

Handling
• Gantry crane (temp)

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

area
• air pads
• platform system
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Underground Areas

12

CFS@KEK.ilc 3

Underground Structure

D/H

D/H Access tunnel

D/R Access tunnel

Evacuation tunnel

D/R UT tunnel

UT Shaft

Main Shaft

UT Hall
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Underground Detector Hall

13

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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Access Shafts

14
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Assembly Hall Design
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CFS Timeline - ALCW2018

16

CFS timeline on “Pre- and Preparation Phase”

CFS Timeline, Nobuhiro Terunuma (KEK), 29 May 2018, ALCW2018, Fukuoka.

(A) Basic Design linked to CFS should be 
fixed.

Exception: Positron Source
 Prepare designs for all possible schemes by (A) 
 Scheme choice should be done by (B)?

Our possible contribution minor correction only

(B) Selection of 
Positron Source
Scheme Accelerator layout

 beamline
 Requirement of Utilities

 specification and route

power supplies Note: 
This timeline has been 
discussed and reached a 
consensus by the KEK LC-CFS 
members.

• M. Miyahara,
• H. Hayano,
• N. Terunuma,
• S. Michizono,
• K. Yokoya N. Terunuma
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IP Campus Development (Draft 03/2016)

17

T. Onuki
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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
Muon
Solenoid
Endcap HCAL
Endcap ECAL
Barrel HCAL
Barrel ECAL
Tracker
QD0
Commissioning
Beam tuning

Assembly on site
Installation

Assembly on site
Ins.

Ins.

Ins.

Q1 Q2 Q3 Q4Q3 Q4 Q1 Q2 Q3 Q4Q1 Q2 Q3 Q4 Q1

Phase-1 -2

Lo
w

er
in

g

Civil construction Utility

Ins.

Ins.

M

Ins.

Q2Q3 Q4 Q1 Q2 Q3 Q4Q2Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1
Y7 Y8 Y9 Y10

Q1 Q2 Q3 Q4 Q1 Q2
Y1 Y2 Y3 Y4 Y5 Y6

AH ready

DH ready

SiD 
 lowering

AH: Assembly Hall

DH: Detector Hall

M: Field Mapping

Ins.: Installation
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ILC Detector Timeline?
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4. CONCLUSIONS 
ILD and SiD construction and assembly are involved and complicated procedures that have to 
respect numerous boundary conditions. Since, however, there is currently no formal ILC project 
defined, all assembly plans presented here have to be considered as preliminary.  
 
Figures 16 and 17 give two different views of the current understanding of the assembly 
procedures. While Fig. 16 focuses on the ILD detector components, Fig. 17 includes the time 
from today over the green light (in year -5) over preparation to the construction.  
 
The important message is, however, that we today have a consistent and concise view of ILD 
and SiD construction and assembly. E-JADE significantly supported this result through the 
numerous secondments in work package 3.  
 

 
Figure 16: High-level view of the detector assembly timeline, embedded in the development of the 

interaction region campus.  
 

 
Figure 17: High-level timeline of the overall ILC project, including the R&D, preparation, and 

construction phases.  
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Solenoid Manufacturing
Solenoid production
• Assumed module production in industry, assembly on site
• Transportation is an issue
• New idea: wind coil modules on-site also

• needs to be studied in more details
• should fit into time lines
• space in on-site assembly area is required

20

From Factory

From Factory

From 
Factory

Outline of ILD Coil manufacturing process (1)

From Factory

In Assembly Hall

Cold Mass 
(Solenoid & Aint-DID)

Inner & Outer Themal Shield

Inner & Outer Vacuums Vessel

From 
Factory

Passing Through Tunnels

Yasegawa Tunnel Sajikigamori Tunnel

� Transportation of coil modules is physically possible.
± Cost reduction by smaller package size is necessary.

� Discussion with magnet products about solenoid 
fabrication in AH has been started, too.
± Not only cost but also risk of transportation which needs 

permissions and public approval.
± Contract by Pre-Lab has been rejected in AWLC2020. Contract 

will be made 2 year after ILC-Lab starts. So AH will be completed 
when coil winding starts.

Summary & Consideration

2020/10/23

Organization
Status
Due process
On-site
(Surface)
On-site
(Underground)

R&D

TDR

Bidding

Assembly off-site

Assembly on-site 

Installation

Full current test

Prep. M1 M2 M3

6-6 -5 -4 -3 -2 -1 1 2 3 4 5 7 8 9 10 11

Solenoid/DID

ILC Lab.

Sub-det. TDRDet. Proposal
Pre-preparation Preparation Construction/Commissioning

IDT Pre-Lab.

Land
devel.

Detector Hall, Access tunnel construction

Assembly hall
construction

Coil Module assembled in AH

Coil winding in AH is possible

Y. Makida, ILCX
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Assembly and Transportation
Transportation
• next sea ports are O(30km) away from site
• rural, hilly landscape, winding roads
• max. truck size in Japan: 30t
• heavy-load transports are possible only in 

very exceptional circumstances
• requires reinforcements of roads and 

bridges

Assembly
• transportation limits require heavy assembly 

work at or close by the IP site
• assembly hall at IP campus
• additional work space in close-by 

temporary areas

21
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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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IP Campus Access

22

Ichinoseki (Old NEC factory)

Mizusawa-Esashi

Ohfunato
(port)

Kesennuma
(port)

ILC250

Factory Location

30km 40min-drive to IP

IP
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ILC Main Campus Development (Draft 03/2016)

23

T. Onuki
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NEC Facility at Ichinoseki
Recently given up facility
• O(20.000 m2) of floor space
• Used for electronics assembly

Directly next to Ichinoseki 
Shinkansen station

Under discussion (2019) to be 
made available for preparatory 
ILC project works

24
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Conclusions
Detector Assembly has been studied in quite some detail in the past
• Check E-JADE Deliverable Report #22: https://www.e-jade.eu/publications/deliverable_reports/
• Technical schedule assumes 9 years of construction, 1 year of commissioning

• Solenoid construction is on the critical path for the detectors
• R&D, preparation, and construction in industry requires significant funds very early
• to some extent already in preparatory phase

CFS and site schedules have been estimated by LCC and local experts
• Need a significant „preparatory phase“ after green light and before construction start

• legal procedures, environmental assessment, land acquisition, etc.
• requires already significant project funding
• takes 4 (-6) years

• On-site assembly of detector parts can only start after Assembly Hall is ready
• 3-4 years after construction start, 8-10 years after green light

Caveats
• Need to update knowledge about status of local planning

• Ball has been dropped 2019
• Large uncertainties in all schedules

26
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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.

28

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

13

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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Trailer access around Assembly hall
ILD Platform Side Entrance accessILD End Side Entrance access

SiD End Side Entrance accessSiD Platform Side Entrance access
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ILD Cabling Scheme
General exits:
• Barrel detector: gap between barrel yoke 

rings
• Endcap detector: gap between endcap 

and  
barrel yoke

• FCAL: along QD0

The occupation of the available cable 
paths needs to be reviewed

The location and size of the patch panels 
is critical

30

6.2. Internal ILD integration

ECAL Ring 
LumiCal 
LHCAL 
BeamCal

Endcap Calorimeters 
Endcap Muon Chambers

Inner Detectors (VTX, SIT, FTD) 
TPC 
Barrel Calorimeters 
Barrel Muon Chambers

Patchpanel 
positions

12

3

Figure 6.12. Service paths in the ILD detector and suggested positions for patch panels.Detail of the Inner detector region 

 
 
 
  

3D model of the Inner detector region Figure 6.13. Schematic of the inner tracking detector system [108].

6.2.3.2 Electrical Services and Cooling

A concept has been developed for the power scheme of the vertex detector (CMOS version), see
Figure 6.15. Copper based power and control cables as well as optical fibres for the data readout
connect the vertex detector with patch panels at either ends of the ISS. From here, the cables are
routed as described in section 6.2.2 to the outside of the detector. An engineering design for the details
of the cabling and patch panels inside the ISS is still pending. Figure 6.16 shows the place holders for
the cables in the current model. The vertex detector is planned to be cooled using air flow, where the
cooling pipes also need to follow the general services paths.
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1.3.2 Fixing and roller design 
 

The ISS, which is made of carbon fiber, is equipped with flanges such that is 
can be fixed on inner diameter of the TPC. The Inner Support Structure (ISS) 
features a specific tool with rollers during the integration procedure. These rollers are 
guided by the inner TPC diameter and removed at the end. 

The preliminary adjustment is expected to be better than 1mm. The positioning 
will be made with a geometrical survey (photogrammetry). The translation in Z 
direction will be limited by a stopper. 
 

1.3.3 Active alignment device: 
 

During the data taking the inner part will be adjusted continuously. According 
to a first study a precision of better than 0.01 mm can be obtained with a piezo 
technology. 
 
This apparatus is composed by 2 x 3 (or 3 x 3) lower points for the alignment in X 
and Y direction. And 2 x 1 points upper points to limit the translation in z- in X and Y 
direction. And 2 x 1 points upper points to limit the translation in z-direction. The latter 
constitutes a protection against serious shocks as e.g. provoked by an earthquake.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Active alignement apparatus Piezo 

Z Y 

X 

Figure 6.14. Engineering design of the inner detector [108].
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Figure 6.15. Diagram of a power scheme for the vertex detector (CMOS option) [109].

6.2.4 TPC Integration

6.2.4.1 Mechanical integration

The mechanical integration of the TPC is still under study, with two possible concepts being followed
up: the TPC will be suspended either directly from the solenoid cryostat with the help of carbon
ribbons or support struts, or from the absorber structure of the hadronic calorimeter. In the first case,
the TPC would be decoupled from the mechanical properties of the calorimeters, at the price of having
larger lever arms that might amplify vibrations. A longitudinal damping system would probably be
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Figure 6.18. Sketch of a TPC cooling system with tube routing on the TPC end plate. Figure courtesy of Bart
Verlaat, Nikhef.
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CO2 cooling system should be able to extract the remaining kW.  
 
Power will also be dissipated in the cables bringing the low voltage (32 A copper cables, with 6 
mm² section). If it turns out to be the case, a solution might be studied by bringing the current at 
higher voltage and making use of DC-DC converters to obtain the operational voltage. The low-
voltage racks will be as close as possible to the detector, thus the power supplies will have to be 
cooled without producing vibrations.  Available cooling from the detector can be used for this.  
 

 
 

5.7 Other electrical interfaces 
 
For the moment we use this section to describe what is inside the electronic trailer. 

x HV power supplies 
x 16 LV power supplies (type Lambda devices) 

 
x Computer Farm (typically 16 DELL Poweredge),  
x Connected to central storage of Central DAQ system for event building? 

Figure 6.19. Gas and HV interfaces of the TPC [111].

64 ILD Interim Design Report

6.2. Internal ILD integration

15ILD Integration Feb. 2019

Cabling inner detectors – State of the art

“Review” by A. Besson, H. Videau, A. Gonnin and R.P. Yesterday evening

● Cables (or their place holders) are equally distributed around beam pipe
● For connection with patch panel regrouping into two strands around 3h and 9h positions

A. Gonnin

Figure 6.16. Cable placeholders for the inner SI detectors (VTX, SIT, FTD) [110].

required. In the second case, the lever arms would be much shorter, but the dynamic behaviour of the
full system of the cryostat, hadronic and electomagnetic calorimeter as well as the TPC itself needs to
be understood.

6.2.4.2 Electrical Services and Cooling

The electrical services and the cooling pipes of the TPC start on both end plates and will be
routed through gaps in the front-faces of the calorimeters, between the end-cap and barrel detectors
(c.f. Figure 6.17). A cooling system based on 2-phase CO2 has been tested in 2014 and 2018 on a
system of 7 Micromegas modules. Figure 6.18 shows a solution with a 6-loop geometry. The external
supplies of the TPC need to be accommodated in the detector environment: while a gas mixing and
supply system will most probably be placed on the surface area, distribution sub-systems need to be
closer to the detector, e.g. on the detector platform. The high-voltage power supplies will be placed in
the detector hall at reasonable cable-length distances. Figure 6.19 shows a schematic drawing of the
TPC connections to the outer world.  
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Figure 3. The TPC is shown hanging from the HCal. The ECal barrel is also represented with its rails. 

 
6. FLUID INTERFACE  
 
To avoid inhomogeneity of its properties, the temperature gradient has to be kept at a minimum, 
which implies taking the heat generated by the readout electronics while keeping the endplate at 
room temperature. For this, a 2-phase CO2 cooling solution has been studied. The cooling fluid 
composed of co-existing gas and liquid CO2 will be circulated in 2.5 mm diameter pipes in the 
modules (or the PCB will be equipped with microchannels), under a pressure of 50 to 100 bars. For 
instance, each endplate can be equipped by 6 loops, each 8 m long, with a 3.0 g/s mass flow of the 
2-phase fluid. This allows 170 W to be removed per such loop. The diphasic fluid can be supplied 
by a 5 mm circular pipe around the endplate. The gaseous CO2 can be collected from the 6 sextants 
by an 8-mm diameter circular pipe around the endplate. 

 
6.1 Gas system Interface 

Figure 6.17. Sketch of the cable paths on the front-end of the TPC [111].
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Figure 6.4. Schematic drawing of the possible locations for detector services. The Utility/Service cavern (USC) for
the detector is proposed but not yet implemented into the ILC baseline design [103].

Figure 6.5.

3

Figure 6.5. A possible design of Utility/Service caverns.
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6.1. External ILD integration

Table 6.1. Breakdown of the power consumption estimates for the ILD detector and appended ILC components (in
kW) [104]. Power-pulsing operations are assumed for the ILD subdetectors.

Item Power

QD0/QF1/Crab Cavity
Power Supply 150
Cold Box 150
He Compressor 300 on surface

Detector Solenoid
Power Supply 250
Cold Box 50
He Compressor 500 on surface

Subdetectors

Total 161 Front-end Electr. Back-end Electr. Cooling

Muon 12 5 5 2
HCAL 45.5 27.5 8 10
ECAL 40 20 12 8
VFS 9 2 5 2
SET 9 2 5 2
TPC 16.2 15 - 1.2
SIT 8 1 5 2
FTD 8 1 5 2
VTX 13.5 2 1.5 10

Computer Farm 1000 on surface
Water Pump 25
HVAC 600 on surface
Lighting 25
Air Compressor 50 on surface
Platform Mover 100

Cranes 3x5t 21
40t 50

TOTAL 3432

Underground 982
Underground Power Consumption

� Total underground power ~ 1MW

10

Detector Solenoid
30%

QD0/QF1/CC
31%

FEE
8%

BEE
5%

Sub-det. cooling
6%

DH utility
20%

Underground Power Consumption

Sub-detectors

Figure 6.6. Distribution of the underground power consumption for ILD [104]. While the detector solenoid, the
machine elements (magnets QD0/QF1 and the crab cavity system CC) use the major part of the power, the detector
hall (DH) utilities and the sub-detectors cooling, back- and front-end electronics (BEE, FEE) contribute less. The
total power consumption sums up to about 1 MW.

ILD Interim Design Report 55

Power consumption distribution


