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assumed to be more stringent. These instabilities arise
from electrons and ions being attracted by the circulating
beam towards the beam axis. A low base vacuum pres-
sure of 10�7 Pa is required to limit these e↵ects to the
required level. In addition, gaps between bunch trains of
around 50 bunches are required in the DR filling pattern,
which permits the use of clearing electrodes to mitigate
EC formation. These techniques have been developed
and tested at the CESR-TA facility [81]

In the damping rings, the bunch separation is only
6.4 ns (3.2 ns for a luminosity upgrade to 2625 bunches).
Extracting individual bunches without a↵ecting their
emittance requires kickers with rise/fall times of 3 ns or
less. Such systems have been tested at ATF [82].

The damping ring RF system will employ supercon-
ducting cavities operating at half the Main Linac fre-
quency (650MHz). Klystrons and accelerator modules
can be scaled from existing 500MHz units in operation
at CESR and KEK [15, Sec. 6.6].

2.3.3. Low emittance beam transport: ring to Main

Linac (RTML)

The Ring to Main Linac (RTML) system [15, Chap. 7] is
responsible for transporting and matching the beam from
the Damping Ring to the entrance of the Main Linac. Its
main objectives are

• transport of the beams from the Damping Rings
at the center of the accelerator complex to the up-
stream ends of the Main Linacs,

• collimation of the beam halo generated in the
Damping Rings,

• rotation of the spin polarisation vector from the
vertical to the desired angle at the IP (typically, in
longitudinal direction).

The RTML consists of two arms for the positrons and
the electrons. Each arm comprises a damping ring ex-
traction line transferring the beams from the damping
ring extraction into the main linac tunnel, a long low
emittance transfer line (LTL), the turnaround section at
the upstream end of each accelerator arm, and a spin
rotation and diagnostics section.

The long transport line is the largest, most costly part
of the RTML. The main challenge is to transport the
low emittance beam at 5GeV with minimal emittance
increase, and in a cost-e↵ective manner, considering that
its total length is about 14 km for the 250GeV machine.

In order to preserve the polarisation of the particles
generated in the sources, their spins are rotated into a
vertical direction (perpendicular to the Damping Ring
plane) before injection into the Damping Rings. A set
of two rotators [83] employing superconducting solenoids
allows to rotate the spin into any direction required.

At the end of the RTML, after the spin rotation sec-
tion and before injection into the bunch compressors

(which are considered part of the Main Linac, not the
RTML [84]), a diagnostics section allows measurement of
the emittance and the coupling between the horizontal
and vertical plane. A skew quadrupole system is included
to correct for any such coupling.
A number of circular fixed-aperture and rectangular

variable-aperture collimators in the RTML provide beta-
tron collimation at the beginning of the LTL, in the turn
around and before the bunch compressors.

2.3.4. Bunch compressors and Main Linac

FIG. 12: Artist’s rendition of the ILC Main Linac tunnel.
The shield wall in the middle has been removed.
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The heart of the ILC are the two Main Linacs, which
accelerate the beams from 5 to 125GeV. The linac tun-
nel, as depicted in Figs. 12 and 13, has two parts, sepa-
rated by a shield wall. One side (on the right in Fig. 12)
houses the beamline with the accelerating cryomodules
as well as the RTML beamline hanging on the ceiling.
The other side contains power supplies, control electron-
ics, and the modulators and klystrons of the High-Level
RF system. The concrete shield wall (indicated as a dark-
grey strip in in Fig. 12) has a thickness of 1.5m [20]. The
shield wall allows access to the electronics, klystrons and
modulators during operation of the klystrons with cold
cryomodules, protecting personnel from X-ray radiation
emanating from the cavities caused by dark currents. Ac-
cess during beam operation, which would require a wall
thickness of 3.5m, is not possible.
The first part of the Main Linac is a two-stage bunch

compressor system [15, Sec. 7.3.3.5], each consisting of
an accelerating section followed by a wiggler. The first
stage operates at 5GeV, with no net acceleration, the
second stage accelerates the beam to 15GeV. The bunch
compressors reduce the bunch length from 6 to 0.3mm.
After the bunch compressors, the Main Linac continues

for about 6 km with a long section consisting entirely of
cryomodules, bringing the beam to 125GeV.
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FIG. 1. Left: Single quadrant view of the ILD detector. Right: Event display of a simulated hadronic decay of a tt̄ event in
ILD. The coloring of the tracks show the results of the reconstruction, each color corresponding to a reconstructed particle.

The design drivers of the ILD detector can be summarized by the following requirements:

• Impact parameter resolution: An impact parameter resolution of 5 µm � 10 µm/[p (GeV/c) sin3/2 ✓] has
been defined as a goal, where ✓ is the angle between the particle and the beamline.

• Momentum resolution: An inverse momentum resolution of �(1/p) = 2⇥ 10�5 (GeV/c�1
/) asymptotically

at high momenta should be reached with the combined silicon - TPC tracker. Maintaining excellent tracking
e�ciency and very good momentum resolution at lower momenta will be achieved by an aggressive design to
minimise the detector’s material budget.

• Jet energy resolution: Using the paradigm of particle flow a jet energy resolution �E/E = 3% for light
flavour jets should be reached. The resolution is defined in reference to light-quark jets, as the R.M.S. of the
inner 90% of the energy distribution.

• Readout: The detector readout will not use a hardware trigger, ensuring full e�ciency for all possible event
topologies.

• Powering To allow a continuous readout, and, at the same time, minimize the amount of dead material in the
detector, the power of major systems will be cycled between bunch trains.

In addition to fulfilling the science requirements, ILD has also to be able to cope with the ILC environment. Due
to the extreme focusing of the two beams at the interaction region, so-called beamstrahlung is generated, which
produces significant background in the detector. The magnetic field focuses the majority of the charged component
of the beamstrahlung background into the forward region, but some fraction will still hit sensitive detector parts.

III. IMPLEMENTATION OF THE ILD DETECTOR

The ambitious requirements of the ILC detectors sparked a world-wide R&D program to develop and demonstrate
the di↵erent technologies needed [7]. The R&D was mostly coordinated and executed within so-called R&D collabora-
tions, which concentrated on particular technologies and sub-detector systems. These collaborations operated outside
the detector concept groups, and, in many cases, served several detector concept groups, sometimes even at more
than one collider proposal. The ILD concept group from its beginning has collaborated very closely with these R&D
groups, and has organized the needed R&D work through and with the R&D collaborations.

The ILD detector is a multi-purpose detector in which the di↵erent requirements are addressed by a combination of
di↵erent sub-detector systems. The optimization for ultimate precision in the reconstruction of charged and neutral
particles requires that all major systems are contained within a strong solenoidal magnetic field, of 3.5T strength.
This field allows the measurement of the momentum of charged particles and removes low-energy background from
the main part of the detector. Ultimate precision also requires that as little material as possible is introduced into
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What’s happening in Japan
• IDT published its proposal for ILC Pre-Lab in June 

• Japanese HEP community submitted a report on remaining challenges of ILC to MEXT in June

• MEXT now: 

• resumed the expert panel to examine the progress on the remaining challenges 
based on the community’s report and the IDT proposal 

• started exchanging views and discussion on the ILC project with the US and 
European counterparts

*MEXT = Ministry of Education, Culture, Sports, Science and Technology

Pre-lab

Views beyond those of MEXT are necessary
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ILC fits well in the Global Timeline

2020 2030 ……
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Future: 

Advancing both lepton and hadron colliders 
in the future

If it starts in a timely manner



We are very much looking forward 
to exploiting all exciting 

opportunities ahead together!
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