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1. Introduction

The Technical Design Report (TDR) of the ILC mainly concentrates on a baseline
machine of 500 GeV centre-of-mass with detailed cost and manpower estimates consistent
with this option. However, the discovery of a Higgs Boson with a mass of 125 GeV opens up
the possibility of reducing cost by starting at a centre-of-mass energy of 250 GeV with the
possibility of future upgrades to 500 GeV or even 1 TeV+. The rest of this paper outlines the
options for the design of a 250 GeV “Higgs factory”. The scientific programme that the
machine would offer is the subject of a separate report!!l.

A first stage 250 GeV machine would imply the installation of approximately half of
the linac of the 500 GeV baseline machine. There are several possible scenarios for the civil
construction and conventional facilities of which three are considered in this report.

Option A

Only the tunnel for the 250 GeV machine is constructed and equipped. Increasing the
machine energy by extending the tunnel length would then require extensive additional civil
engineering at a later date.

Option B

The tunnel length is extended to allow the energy to be increased to 350 GeV (the top quark
threshold) at a later date by adding more acceleration structure. Only the downstream part
is filled with linac. The remaining tunnel will be left in a bare state (no dividing wall, cooling
or ventilation) in order to save money in the first stage. Upgrading the energy to 350 GeV
then requires finishing the tunnel and installing extra cavities.

Option C

The complete tunnel and access shafts for the 500 GeV machine is constructed in the
beginning and only the downstream part is filled with linac. The remaining tunnel will be left
in a bare state (no dividing wall, cooling or ventilation), the same as Option B, in order to save
money in the first stage. Upgrading the energy to 500 GeV then requires finishing the tunnel
and installing extra cavities.

The first scenario (Option A) represents the lowest cost for the initial phase. The
second and third obviously require extra investment in the initial stage but open up a simple
possibility of increasing the centre-of-mass energy without major tunneling work.

The main parameters, including luminosity, are initially assumed to be the same as
those specified for the 500 GeV baseline scaled to 250 GeV (Table 12.1 of the TDR). This means
that the electron and positron sources, damping rings and bunch compressors remain
unchanged from the baseline. However, an improved luminosity performance has been
worked out and is described in Section 5 of this report.

The beam delivery systems could, in principle, be further optimized for low energy but
the overall geometry is still assumed to be consistent with an eventual 1 TeV upgrade.

For positron production, a 5 Hz is still assumed but the lower energy of the electron
beam (125 GeV instead of 150 GeV in the baseline) makes it more difficult to produce the
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required polarized positron flux. To compensate for the lower energy, the undulator length
must be increased by about 60% in order to preserve the photon flux to the convertor target.
A more straightforward way of preserving the positron flux would be to use a conventional
positron source which would require an additional 3 GeV linac. This option would mean that
partial polarization of the positrons would not be possible. The impact on the scientific
potential of the machine must be addressed. First indications are that the costs of the two
options are very similar.

This addendum to the TDR published in 2013 provides a brief summary of the ILC
staging study focusing on the staging energy of 250 GeV with varieties of energy extendability
up to 500 GeV.



2. Positron production options
2.1 Undulator: baseline design

The TDR baseline design produces positrons by transporting the primary electron
beam through a superconducting helical undulator. The overall layout of the positron source
is shown schematically shown in Figure 2-1. In this TDR configuration we expect the minimal
electron energy to be 150 GeV and positrons with 30% polarization to be generated.

to Damping Ring

Photon /
( °|°"‘mat°('; ) Pre-accelerator
pol. upgrade (125-400 MeV)
- <——Ener
aux. source (500 MeV) Target | SCRF booster com;?.yRF
[ 3 @ = Flux concentrator (0.4-5 GeV)
\‘-\ l «——spin rotation

150-250 GeV. — solenoid
e, =

photon
dump

SC helical undulator

Capture RF

|
(125 MeV) o dump
. 150-250 GeV
"% e-beam to BDS

Figure 2-1 Overall layout of the undulator source of positrons.

In the case of a 125 GeV electron beam, the required positron flux can be generated
by increasing the undulator length from 147 m to 231 m. This longer undulator positron
source is the new baseline for the ILC250GeV staging. Electrons lose ~3 GeV in the undulator
and this is compensated by the main electron linac. Owing to this, the number of RF units in
the main electron linac is higher than that in the positron linac (already in TDR). The collision
timing constraint (described later) should be satisfied in this undulator scheme.

2.2 Conventional: alternative design

An electron-driven (e-driven; conventional source of positrons) design is an
alternative to the TDR undulator concept for positron production. Although polarized
positrons are not available in this scheme, positron beam commissioning is possible without
a 125 GeV electron source.

The e-driven source of positrons consists of a normal conducting (NC) 3 GeV linac, a
positron target, and a normal conducting 5 GeV linac. The energy of the driving linac was re-
designed to be suitable for operation of 1,312 bunches, leading to a reduction in the linac
energy from 4.8 GeV to 3 GeV/Z, The system is shown schematically in Figure 2-2.
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Figure 2-2 Layout of the e-Driven source of positrons.

In this e-driven scheme, different electron bunch patterns will be used, as shown in
Figure 2-3. Beam pulses with ~480 ns duration (including ~66 bunches) will be accelerated in
the normal conducting linacs. The linacs will operate at 20 pulses every 200 ms, with inter-
pulse intervals of 3.3 ms. The remaining 137 ms will be reserved for damping of positrons in

the damping ring.
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Fig.2-3 Schematic of the beam injection bunches (a) and beam bunch structure (b).




2.3 Luminosity upgrade schemes

Following several years of successful operation of the initial ILC250 a luminosity
upgrade is possible. The basic change in the luminosity upgrade is the increase in the number
of bunches from 1,312 to 2,625. Since the margin of the electron cloud instability for the
positron damping ring is ~3, the number of bunches can probably be doubled without the
second positron damping ring in the undulator scheme. We will obtain sufficient information
on the necessity of the second ring from superKEKB and first stage ILC.

In the case of the e-driven source of positrons, one more positron damping ring is
required because beam-loading compensation is difficult to realize with a 3-ns-wide bunch
spacing. In addition, the driving beam linac should be extended from 3 GeV to 4.8 GeV and
the modulators of the driving linac and booster should be reinforced owing to longer beam
pulse durations.

2.4 Cost comparison

We found that there is no cost difference between accelerator components for the
undulator and e-driven source of positrons. Some cost reduction (of the order of a few ten’s
of MILCU*) associated with the e-driven system is expected, if the space for the timing
constraint in the undulator scheme is omitted.

The undulator source will still be considered as the baseline source of positrons.
However, an e-driven source of positrons could be adopted initially for ILC250 GeV and be
replaced by the undulator source in future upgrades, depending on the technical maturity,
because the e-driven source is safer for achieving design luminosity at low electron energies
(~125 GeV) and has the big advantage that positron beam commissioning can be done
without needing the full electron linac and damping ring. However, it has the disadvantage of
no positron polarization.

*The reference currency (the “ILCU”) is the United States dollar (USD) as of January, 2012.



3 Variants of the baseline (Options A/B/C)

3.1 Accelerator configuration

The accelerator configuration is shown schematically in Figure 3-1. The change
requests post-TDR are included in the baseline design (TDR update).

- Areduced ML tunnel cross-section is adopted and the central shield wall is changed
from3.5mto1.5m.

- Avertical shaft access to the detector hall is adopted.

- Acollision timing constraint (required for the undulator source of positrons) is satisfied.

A TDR-undulator-based positron source is used. This has a collision timing constraint.
The length of the undulator is changed from 147 m to 231 m to produce positrons using a
125-GeV-energy beam.

Only the operation of a 5Hz linac (not a 10 Hz one as envisaged in the TDR) is
considered, for maximal cost reduction. The maximal individual cryoline length is 2.5 km *
10%, the same as for TDR. The non-staging areas are kept untouched (i.e., the e  source, DR,
turn-around, bunch compressor, BDS, and IR).

Option A is a minimal configuration for the ILC250GeV. Option B has a 350-GeV-energy
tunnel, and the accelerators are located downstream. A simple tunnel is extended upstream
in Option B. Normal wall finish, air-conditioning, lighting, and water drainage will be installed
but the central shield wall, AC power line, and cooling water line will not be installed. Option
C has a 500-GeV-energy tunnel and accelerators are located at the downstream side.

The average accelerating gradient 31.5MV/m is assumed for each of these options as
in TDR. The cases where 35MV/m is assumed after successful R&D are named Option A’, B/,
and C'.

Turnaround &

Bunch compressors Damping Rings
GeV et
TOR update: N /BQ’)
125Gev e. 125Gev e

Options A, A’: 250 GeV tunnel N ”

Options B, B’: 350 GeV tunnel
Options C, C’: 500 GeV tunnel

125Gey e. 125(59\[ et
(no center wall, no facilities) no center wall, no faci iti

Figure 3-1 Staging options.

3.2 Collision timing constraint
To collide e’/e* at the IP, the collision timing constraint in the case of the undulator e
source has to be satisfied. This constraint is schematically shown in Figure 3-2. The following
relationship should be satisfied:
(L1+L2+L3)-L4=nXCDR
We assume that the damping ring circumference remains unchanged (Cpgr = 3,238.68
m),though there is still a possibility to change it.

+



The TDR (after the change request) has n = 10. In this case, 1,473 meters of space for
the e* ML (and the e ML for the energy symmetric upgrade in the future) are added for this
adjustment. In the case of Option A, n = 6 is adopted. There is an adjustment space of 583 m
in each ML. In the case of Option B, n = 6 (for the energy of 250 GeV) and n = 8 (for the energy
of 350 GeV) are adopted. This corresponds to an additional simple tunnel of 3,238 m in each
ML. In the case of Option C, n = 6 (for the energy of 250 GeV) and n = 10 (for the energy of
500 GeV) are adopted. This corresponds to an additional simple tunnel of 6,477 m in each ML.

Collision condition

(L1+L2o+L3)—Lsa=nxCpr

n = integer

L
- o* L, (e* ML/RTML) has to
- 1 Ls be adjusted.
( e
e L4
Figure 3-2 Collision timing constraint.
3.3Energy margin

The energy reach margin for sufficient generation of positrons and safe energy reach
of Higgs physics at 250 GeV must be included.

(1) Module margin: We introduced a 2.5% margin (corresponding to the energy of 3.1 GeV in
each linac) to reach the target energy of the target experiment (no margin was included
in the TDR).

(2) Availability margin: Three RF units were expected to compensate for a cryomodule trip in
the TDR (1.5%). The same three RF units (117 Cavities, 13.5 cryomodules) are counted as
the availability margin corresponding to 3% in ILC250GeV.

(3) Space margin: This is the cryomodule space to allow for more cryomodules to be installed
in the future. The vacant space (to satisfy the collision timing constraint) can be filled with
cryomodules in later stages (by introducing additional cryogenics and RF systems)

At all times, 0.5% is required to compensate for cavity phase offset. Therefore, the
total energy balance is 2% (=1.5%+0.5%) for ILC500GeV and 6% (=2.5%+3%+0.5%) for
ILC250GeV.

3.4 Effect of cost-reducing R&D

An average cavity gradient of 31.5 MV/m is assumed in the TDR. The staged ILC250
design considers both the cavity gradient of 31.5 MV/m (TDR) and 35 MV/m (in the case of
successful cost-reducing R&D). Nevertheless, the overall tunnel length is the same, owing to
the collision timing constraint (n = 6). The space of 1,049 m in each ML in the 35 MV/m
configuration will be used for the “space margin”. We will not change the RF configuration
system even in the case of the 35 MV/m scheme. These baseline configurations are
summarized in Table 3-1. Figures 3-3~3-7 show the configurations of the TDR and Options A,
B, C, A’. The configurations of options B’ and C’ are the combinations of Option A’ and the
simple tunnel in Options B and C.



Table 3-1: Summary of baseline configurations.

) Gradient Ecm Total Space Reserved Total
Options [MV/m] | [GeV] Ecm : margin tunnel tunnel
Margin (each end)

TDR update 500 2% 10 1,473 m Om 33.5 km
Option A 315 6 Om 20.5 km
Option B ' 6&8 583 m 3,238 m 27 km
Option C o 6&10 6,477 m 33.5km
Option A’ 250 6% 6 Om 20.5 km
Option B’ 35 6&8 1,049 m 3,238 m 27 km
Option C’ 6&10 6,477 m | 33.5km
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4. SRF R&D and resulting cost reduction

The main fraction of the accelerator construction cost is attributed to the main linac
(ML) with superconducting RF (SRF) technology. Thus, our main focus for cost reduction is
associated with the SRF technology. We consider the following four areas in R&D:

4.1 Preparation of niobium materials (processing for sheet fabrication and
piping)®

The cost of niobium materials for fabrication of SRF cavity cells and end groups is
relatively high, owing to the use of a rare material and an elaborated preparation process.
R&D aims to reduce the cost of materials by optimizing the production of Nb ingots and by
optimizing the disk/sheet and pipe forming process, to prepare for cavity fabrication. The
TDR (and also XFEL, LCLS-II) specified the residual resistivity ratio (RRR) to be >300. Low RRR
material limits the maximum cavity gradients, and we propose to optimize the purity of ingots
with a lower RRR (> 200 and 250 on average) with acceptable specific residual content such
as Ta, and to simplify the fabrication of Nb sheets/disk using direct slicing from Nb ingots, to
maintain clean surfaces, by eliminating forging, rolling, and mechanical polishing/grinding
processes. We expect a major cost reduction related to the fabrication of Nb sheets for SRF
cavities, as shown in Figures 4-1 and 4-2.

s>
Figure 4-1 Large-grain Nb sheet. Figure 4-2 Direct slicing from the Nb ingot.

4.2 SRF cavity fabrication to ensure a high gradient and high Q (with a new

surface process demonstrated by Fermilab)

Recent SRF cavity R&D results reported by Fermilab have shown that improvements
in the accelerating gradients by 10% and above, and Q by a factor of 2, with respect to
standard ILC cavity treatment may be possible. Performance characteristics of cavities are
shown in Figure 4-3. Improvement is achieved by modified 120°C vacuum baking of cavities
with nitrogen infusion at 120 °C, directly after a heat treatment process at ~ 800°C. The new
treatment should make it possible to operate cavities at higher gradients, thus reducing the
SRF linac length. Because the new process can eliminate the second round of electro-polishing
(EP), reduction in the chemical surface treatment cost is also expected. Higher Q and a flatter
Q versus Eacc curve could lower the cost of cryogenics and ensure more cost-effective
operation.

15



We expect an average 35
MV/m cavity gradient (up from
TDR’s 31.5 MV/m at the TDR),
where Qo~ 1.6 x 10% (0.8 x 10%° at
35 MV/m in the TDR) leading to a
smaller number of cavities and
cryogenic systems.

The same RF distribution
system (shown in Figure 4-4) can
be used in the 35 MV/m operation.
However, we are planning to
develop a higher efficiency
klystron (with a maximal power of
11 MW and efficiency of 71%). The
development of such high-
efficiency klystrons is anticipated
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Flgure 4-4 RF distribution system at the main linac.

4.3 Power input coupler fabrication®!

R&D aims to optimize the material (for the ceramic windows) and the Cu-plating
procedure, as well as the mechanical design for cost effective assembly with the SRF cavity
string. New ceramic window material, with low secondary electron emission yield, developed
in Japan, is promising for the fabrication cost reduction, because the coupler can be fabricated

without an anti-multipactor coating (TiN).

4.4 Cavity chemical treatment!®”!

The change in the SC-cavity chemical treatment from using Horizontal electropolishing
(EP) and Sulphur-acid+HF as proposed in the TDR, to Vertical EP + non-HF solution + Bipolar
EP, will lead to substantial process cost reduction. This involves development of cathode
electrodes and non-HF with a bipolar voltage power supply for smooth surfaces. The effects
are: simpler infrastructure, shorter processing time, cheaper solution, cheaper solution waste

process, and a safer process without HF.
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If the R&D will be successful, we expect a ~10% reduction compared with the TDR
accelerator cost at ILC500GeV. In the case of ILC250GeV, the reduction would be ~6%
(compared with the ILC500 TDR cost), because the number of SRF systems at the main linac
would be halved and the cryogenics design would be further optimized.
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5. Improvement of Luminosity

The accelerator described in the TDR is based on the best optimization for Ecm = 500
GeV. The machine parameters at lower energies are given in Table 2.1 (vol.3.Il) but they are
basically obtained by scaling from 500 GeV. Some improvement of the machine design
parameters may be achieved through re-optimization for Ecm = 250 GeV for the first stage.

We consider re-optimization of luminosity at 250 GeV. The luminosity is proportional
to Pg/Ex (8ps / &ny) 172 where Py is the beam power, 85 the loss of energy associated with
beamstrahlung, and &,,, the normalized vertical emittance. To increase Ppg is costly and to
decrease &, requires tighter alignment tolerance of the main linac. Therefore, we choose to
accept a larger gg, which is still small (~1%) at 250 GeV. The best way to increase dgg is to
reduce the horizontal beam size at the IP by reducing the horizontal normalized emittance
&nx (On the other hand, reducing the horizontal beam size by reducing 5, would cause
synchrotron radiation background). This is achieved by slightly changing the design of the
damping rings (using longer dipole magnets in the arcs). This will not cause a significant cost
increase (B*L, magnetic field times length, is the same).

The new set of parameters is listed in Table 5-1 together with the TDR sets of
parameters for 250 GeV and 500 GeV. The resulting luminosity is 1.35 x 103* /cm?/s at 250
GeV, a factor 1.65 higher than that for the TDR (note: the values for the TDR have been
corrected by the Change Request 5).

Several issues are under study:

The vertical disruption parameter Dy is now ~35, higher than ~25 in the TDR. This will
require a more accurate beam position feedback at the IP.

The background owing to the larger §gs and the increase in the number of incoherent
pairs may significantly affect the detector’s performance.

The change of &, will not increase the luminosity at 500 GeV, because 65 is already
large (4.5%), but tuning the final focusing system will become somewhat easier because £,
can be relaxed.
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Table 5-1: New beam parameters optimized for ILC250GeV.

TDR New
Center—of—-mass energy Ecm GeV 250 500 | 250
Bunch population N el0 2 2 2
Bunch separation ns 554 | 554 | 554
Beam current mA 578 |5.78 |5.78
Number of bunches per pulse Nb 1312 | 1312 | 1312
Collision frequency Hz 5 5 5
Electron linac rep rate Hz 10 5 5
Beam power (2 beams) Ps MW 526 | 105 |5.26
r.m.s. bunch length at IP o, mm 0.3 0.3 0.3
relative energy spread at IP (e-) oe/E | % 0.188 | 0.124 | 0.188
relative energy spread at IP (e+) oe/E | % 0.15 |0.07 |0.15
Normalized horizontal emittance at
IP Enx um 10 10 5
Normalized vertical emittance at IP | g, nm 35 35 35
Beam polarization (e—) % 80 80 80
Beam polarization (e+) % 30 30 30
Beta function at IP (x) By mm 13 11 13
Beta function at IP (y) B, mm 041 |0.48 | 041
r.m.s. beam size at IP (x) oy nm 729 | 474 |516
r.m.s. beam size at IP (y) o, nm 7.66 |5.86 |7.66
r.m.s. beam angle spread at IP (x) 0, ur 56.1 |43.1 |39.7
r.m.s. beam angle spread at IP (y) 0, ur 18.7 | 122 |18.7
Disruption parameter (x) Dx 0.26 |0.26 |0.51
Disruption parameter (y) Dy 245 | 246 |345
Upsilon (average) Y 0.020 | 0.062 | 0.028
Number of beamstrahlung photons Ny 1.21 1.82 | 1.91
Energy loss by beamstrahlung Ogs % 0.97 |450 |262
Geometric luminosity Lgeo | €34/cm?s | 0.374 | 0.751 | 0.529
Luminosity L e34/cm’s [ 082 |1.79 |1.35
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6. Cost estimate for ILC 250 GeV

6.1 The cost of accelerator construction

The cost estimate is carried out with the ILCU. The TDR defined the “ILCU” as the
United States dollar (USD) as of January, 2012. RF unit cost and other unit cost is calculated
from TDR. The staging cost is obtained by subtracting the decreased number of units. Reduced
volume production effect and price fluctuation from 2012 are ignored because these depend
on the different components.

The construction cost for Option A is lower by ~34% compared with ILC 500GeV. In
this estimate, 6% of total energy margin from having additional cryomodules is included (2%
for the ILC 500 GeV case) for sufficient generation of positrons and safe energy reach for Higgs
physics at 250 GeV, as mentioned in Section 3.3. In addition, the “space margin” is reserved
owing to the timing constraint shown in Table 3.1. If we add the cost reduction in the SRF
system resulting from the R&D effort, the expected cost reduction for Option A’ becomes
~40%. It should be noted that the length of the tunnel is kept the same as Option A.

As for the human resources, Option A (A’) requires 75% of those needed for the TDR
500 GeV baseline.

For Options B (B’) and C (C’), the expected construction cost reductions are ~33%
(~39%) and ~31.5% (~37.5%), respectively, with a similar level of reduction in human
resources requirement to that obtained for Option A.

Table 6-1: Summary of the staging cost

csl-:-ié(iec_)n S:J-::;?cl)r Value Total Redt:ction
[GeV] [GeV] (MiLCu) (%]
TDR 250/250 500 7,980 0

TDR update 250/250 500 7,950 -0.4
Option A 125/125 250 5,260 -34
Option B 125/125 350 5,350 -33
Option C 125/125 500 5,470 -31.5
Option A’ 125/125 250 4,780 -40
Option B’ 125/125 350 4,870 -39
Option C’ 125/125 500 4,990 -37.5

The Value estimates broken down by the following system, i.e. Main Linac (ML), the
electron and positron Ring to Main Linac (RTML), Common, Damping Ring (DR), Beam Delivery
System (BDS), Positron source, Electron source and Interaction Region (IR), are shown in
Figure 6-1. The cost reduction from the TDR is mainly coming from the main linac owing to
the smaller SRF system and shorter tunnel length. The difference from Option A to A’ (B to
B’, and C to C’) results from the cost reduction R&D. Simple and empty tunnels are added to
the upstream side in the case of Options B and C (B’ and C’), resulting in the cost difference
between Options A, B, and C. “Common” consists of common parts in the ILC laboratory, such
as the main campus, the main AC power station, general computing system (laboratory
networking, e-mail system, business computers etc.), accelerator installation and control
systems. The main campus and computing system costs are saved according to the reduction
in human resources. The installation and control system costs are saved due to the reduction
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of the main linac energy. Some slight cost reduction at the electron and positron sources
between A and A’ (or B and B’, C and C’) results from the SRF system used in these sources.

8,000
7,000
6,000
5,000

4,000

TDR
3,000
B (A
2,000
1,000
o .... CE IO B [ [ T R e e ———
ML

RTML Common DR BDS e+ source e- source IR

2012 MILCU

Figure 6-1 Distribution of the ILC value estimate by area system. The numbers
give the estimate for each system in MILCU.

6.2 Operational cost

Electric power for the ILC 500 GeV operation was ~164 MW. The electric power in
Options A and A’ will be ~129 MW and ~ 125 MW or less, respectively. The operational cost
may then be reduced by ~23%, and by even more than 25% if the SRF cost-reduction R&D will
be successful.
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BHOD) B R NAR=ZTE, BEADAT—VIZBWT (V74 4TV ==7 AL RF &
AT LEBINEALT) 2744 2—VEANDLI LENTED,

F7o. BIRONIEA Ty ML D= g VX —BEEZMIET D720, FIZ 0.5%NNET
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D, o T, TRILF—DFEMILILC500GeV DA 2%
BB 6%  (=2.5%43%+0.5%) L7035,

(=1.5%+0.5%) . ILC250GeV D

3.4 2 X MHED 7= DIF LR D

TDR CIEFEHOZERMER % 31.5 MV/m & L T2, ILC250GeV D AT — V> 7 3% EF Tl
31.5MV/m  (TDR) HBXU35MV/m (= X MAITROBIZERFE SRS LI26) O %
BETT %, LinL, BEX A I T2 5HIRNG, S A2 VOREEIEFR—THD (0
=6) ., 35MV/mZEICBIT D4 ML ND 1,049 m OZEfI% [ZEM~—T v ) L LTHEAS
N5, Fxlx35 MVmIZBWTH RF DY AT AEREZEFE LRV, ZhHERN—2AF A
O EFR3-1ICE LD DX 3-3~3-TIZ.TDRB LA 7> 2> A B, C,ADOHERKER~T,
FFvary BBIOCOERIZ, A7 var Atd 7 arBBLOCITBITA##EL
Fox b DMBEDLETH L,
F3-1: R—=AT A UERDOY~ U —

. N Y% [
PR ER Ecm &7t Ecm 2 [H] P 5
; n _
[MV/m] | [GeV] | ~— T~ =V »
(1Y) oo
TDR 7 v 75—k 500 2% 10 1,473 m 0Om 33.5km
T a A 313 6 0Om 20.5 km
+7v a2 B ' 6&8 583 m 3,238 m 27 km
F 7 aC 6& 10 6,477 m 33.5km
- 250 6%
AV IV 6 0m 20.5 km
T a B 35 6&8 1,049 m 3,238 m 27 km
FFarC 6& 10 6,477 m 33.5km




TDR 7 T A z“%\‘/“:_—/vﬁﬁfz

FrrY YA =3
TOR )l i Eom=500GeV 777 s | SRF 3L5MV/m |
129.3m 2509.7m  4907.8m 4911.6m 3413 8m 23349m  4795.2m 4907.8m 2509 7m 129.3m
PM-13  PM-12 PM-10 PM-8 PM+8 PM+10 PM+12  PM+13
§ - i - A_\_—.Tg\_._;__ i i i L
1264m 1375m 1375m 1264m
ot oo o IR e o oTo
RTML 1282.5m 2446.2m 2446.2m 2446.2m 2446.2m coll sect @ sOuce BOS coll sect 2329.9m 2446.2m 2446.2m 2446.2m 1282.5m ATML
BC esinj ECM=500GeV, BC
51 99 189 189 189 189 oy cryomodules § 24 180 189 189 189 99 51
17 22 42 42 a2 42 8 RFunit 8 2 a8 42 2 17
100 281 536 536 536 536 90 CEgain(Gev)50 510 536 536 53.6 281 100

h R =15,872.2m+ 14,676.9m+1,473m+1473m=33,495m

(F: 1ML *=v b =2RF ==> F =9CM (TDRIZK\T) )
3-3TDR (ILC 500GeV) &5k
+Favh || ECM=250GeV || SRF 31.5MV/m
2437.58m 4950.26m 3489.0m 2361.46m  4795.2m 2516m
PM-10 PM-8 T PMes PM+10
. i i Lo A i
583m space [l [ ] [c € [c]e] 583m space
B O e R T T O
Ecm=250GeV
BC einj e-inj B ivave
AT arC, 51 90 189 189 24 module space 24 180 189 90 51 31.5MV/m D7D
31.5MV/m D7z E o —/LZEf]
DEY 2 —L7E 51 45 189 189 54 cryomodules 54 180 189 45 51 -y
Add 17 10 42 42 8 RF unit 8 40 42 10 17
e 134.8Gev= 100 12.8 535 535 50 Egain(GeV) 50 51.0 535 128 100 =e132.3GeV
+5.8%margin
bRV R =20,549.5m  (20.5km)

3-4 S ar A R
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- SRF 31.5MV/m |
*7varB
Ecm = 250GeV b2 JL=350GeV & TFHEICHNERS
3233m 2437.58m  4950.26m 3489.0m 2361.46m  4795.2m 2516m  3238m
PM-}Z 24907.8m PM-10 PM-8 PM+8 PMJ:ID 24907.8m pr\:q+12
e G \ i
583m Z2[H] ¢ c] [c
ECHl I
ity [ec v v | v Jono Lecer TITY .,Ds W
A 4 =2
BC .. Ecm=250GeV
e+inj e-inj GTeavC
F7vavc, 51 90 189 189 24 modulespace 24 180 189 90 51 31.5MV/m D7
31.5MV/m D7 DE D 22
O — e 51 45 189 189 24 cryomodules 24 180 189 45 51 oIl
R 17 10 42 2 8 RFunit 8 40 42 10 17
e 134.8Gev= 10.0 12.8 53.5 53.5 50 Egain(GeV) 5.0 51.0 535 12.8 10.0 =e*132.3GeV
+5.8%margin
kR A4R =14,114.8m+12,910.7m=27,025.5m  (27.0km)
BFE b RE =3,238m+3,238m=6,476m  (6.5km)

3-5 7 a > B Rk

(n=2 Wit CHER)

P SRF 31.5MV/m |
vay . PN
Ecm = 250GeV k2 RJL=500GeV E THRICHNiESS
6477m 2437.58m  4950.26m 3489.0m 2361.46m  4795.2m 2516m 6477m
PM-13  PM-12 PM-10 PM-8 PM+8 PM+10 PM+12  PM+13
4307.8m . _ - ) 4307.8m N
. i i ;D i b
4006.8m 2470.22m - — 2391.8m 4085.2m
P Py [ < clc 2 - N
c|c [c] le] [c] i -
figlkroxr EAEE R mm: IR g O f%lkhin
583
BC e+inj e-inj BC
F7vavc, 51 50 189 189 24 modulespace 24 180 189 90 51 ATvarcC
iz 31.5MV/m D7D
SMYm T 51 45 189 189 24 cyomodules 24 180 189 45 51 xooaw
e 17 10 42 42 8 RF unit 8 40 42 10 17 TV
e 134.8GeV= 10.0 12.8 53.5 535 50 Egain(GeV) 50 510 535 128 10.0 =e*132.3GeV
+5.8%margin
b4 =17,353.8m+16,149.7m=33,503.5m  (33.5km)
H# bRV E =6,47Tm+6,477m=12,954m  (12.9km)

3-6 A7 a2 CHERR

(n=4 Wi CHEE)
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AT N ] ECM=250GeV | | SRF 35MV/m

2437.58m 4950.26m

- -

3489.0m 2361.46m  4795.2m 2516m
e > > > >

PM-10 PM-8 PM+8 PM+10
i 2

' i I3
1049m space | éé I ) : [ !MX 1049m space
- (o i | o =

(o Lecer TR,

Ecm=250GeV ‘
8C e+inj e-inj BC AT arC,

*F7varC, 51 90 189 189 31.5MV/m D728
31L.5MV/im D790 24 module space 24 180 189 90 51 V)fc-‘/‘::wwfﬁa‘ﬁ
Y2 — VAR 51 45 189 189 54 cryomodules 54 180 189 45 51 M

R 17 1 a2 2 8 RFunit 8 40 42 1 17

e 135.6GeV= 100 14 59.6 59.6 5.0 E gain (GeV) 5.0 56.7 596 14 10.0 =e*132.7GeV
+6.2%margin

kR =20,549.5m  (20.5km)

3-7 S ar N KRR
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4. SRF OIFZERRZE & ZDFER L LToa X MR

IEHEREFR 2 A Db KEWERITHEIzE RF (SRF) &l k2 A0 - V=T v
7 (ML) 25 bDThd, LIEN-T, A MBS 723 x O Ee 7 4+ — I A%
SRF #4ificBT 5 b D LD, Fxld, BLTFD 4 DOEIROIEFAFEIZ OV THRETT 2,

41 = THEO®R (2 — FREE XA BV Y) [3]

SRF OZEHENVE IR R« V=T 28ET 570 O=4TMEOax ML, L7
AL NVOERB L OEMERINT. 7 e A &2RD 5%, MAIZE W, R, =47 -
A3y hofEERELT L2, BXOT A7 /v — FBLORAS T v R
DFEGEIZ LY . MEra X FOHIE A BHfE 9, TDR (B XV XFEL, LCLS-II) 1%, 8K
ikt (RRR) %>300 4% Z & A&FEL TS, RRR IMEWABH IR K Z2 iR E 5 o i R
PR &L 725720, Faxld Ta 72 EORFEDIKREMITTFAE L, HHFE RRR BMEDODA Ty
b CEHT >200 BE 250) &7 5 K HMEARET 22 & 2RET D, £72. Nb A
YAy FINLDEHEATA AL T HTET, il ELE, BEITE 22228 & Nb D
V=N T 4R ORET e AR MFT D E L BITIHEERER AR T L2 L AR
T %, AL, SRE 24T Nb & — FOEEIZOWT, K&EZRa A MElEAZ B L Tnd
(X 4-1 BLV4-2),

Nb ingot

X 4-1 59— 271 A 2 Nb ¥— k 42 Nb A>Ty DL DEEAT A A

42 BERABLOE Q EEZMEEICT 5 SRF ZEiREE
(Fermilab TEFEIN=HREAE) [4]

Fermilab 7350 L 72 fz il @ SRF ZE{AMFFEBRFE DOFE R, FRYERY ILC ZHRMLEIZ- D>V T, i
W2 10%2L EL QA 2 fFITHE R T & 5 ATREMED & D, 22 OPERERAME 2 (X 4-3 1R T,
Hrm 800°C DR TORMH 7' v ADERE, EIEINTC 120°0C DEZESA F 2 T HO%E
FEANCELVHENRAETH D, ZOFHLWVHEIZL Y | iz EmER CEIZTHZ &N
TE, MRELTSRF V=T v/ ORIZFAMTHIENAREE 2D, ZOH LWLET
ILITEMIE (BP) O2EBADOTnt 228 ZENTELHI LD, {LFLAE A O
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HI b HRF S b, L@y Q
B X0V ~77 v M2 Q vs. Eacc

10" [ —

Eljﬂ;‘%;%q%‘l‘%@: &9 A 774 j-“/l = : &:):d?ﬁrggis;g;? baking (N2 included)
JAOAAANEERL, L0 [ —
A 72 B & fE AR C X D AT EEME DS h‘b S s -\

Hb, Freid, Q ~ 1.6 x 10" . h“““hii
o 107 .

(TDR Tl% 35 MV/m T 0.8 x

10°) 0¥ % OTHOERE ; 5o [T~

Z 35 MV/m & THI L TW5 I e L L)

(TDR @ 31.5 MV/m 76 EH), , . -

:ﬂ&i%}“{lﬁ]}si()\7i4’ﬁ“‘/l 101}I5I10.15I2UI25I30.35I40I45I5(]
E,_ (Mv/m)

=TV AT AOEEREHED
Z Lo Nn B,

[7 U RF 55341 & AT A (X 4-4)
% 35 MV/m OERICHEH T 25 Z
ENTED, L, Fxid, LOPERRENZ T4 A brr (KT 11 MW B O
RRENE T1%) OBRRFEFE L TS, 29 LIe@mzh® 7 74 2 ka7 indE+s
MR THREFEESNTEBY, EZXNAF—DORT v LEHFL TN D,

K 4-3. BEAS L T7—Va L BiBEE
IR ZER O EMERE (EER. & Qi) 1k

VIO

VIO Klystron Modulator
WINDOW

0]
o]
@ I1S0LATOR
o

PHASE SHIFTER WR770

Prassurized PDS

it o i

| 9 cavities ” 4 cavities quad 4 cavities ” 9 cavities | | 9 cavities || 4 cavities

B 4-4 ILC AA v« TAFT v 7@K 7 74 A ba r BXOWESE Y AT L

4.3 RU— AN 7T —DRKE5)

ZOWERZEIL, (BET7 I v 7 BOTDD) MELEHA v F DT mt A% SRF 24D A
FU LS GELAE) & DRRBEEPED BV T D72 80 OHEEMIIERGT & A b, KibT 5 =
EEAMNET D, ZIRETFHRHEMED, BARROF LWNET I v 7 BhE (Z8AT5
Zh) m, BEa X NOHIBICALE TH D, ZUL, 7T —DREERFIC Y VTR Z B
h=a—7 127 (TiIN) ZHEL LRWZHDTHD
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4.4 ZEH OLFAH6,7]
FBAREZEH OAL PP DWW T O I, TDR TRE S ALK (REC) ERE
(EP) B LU+~ v g (HF) #7200 56, §/E EP + JF HF ¥k+ ik EP

EHEHTHLHRA~OERTHL, ZhICkY ((EEERREICH EL) A ax hoXR

BB D72 2N %, FIRARRE 2155 7-0I1C1F., B0 BRI L OBAERIEEIR O B

VETH D, TORRIT, (7 T OfF ., IMLERH O/, (MM, a7 L

ROBEFEALER 35 L OVHF 2 L 72 W27 0BT J 5,

TR 3 % L7856, Fx 1X TDR ICREHEk S 417 ILC500GeV CTOMERRD T A k&
EART~10%D 22 2 MEIEE JGAA TV D, ILC250GeV DA, 2 A h OHIEIEIZ~6% &
2% TéhAHH (ILC500 TDR = A & DKL), Zhid, AA >+ V=7 v 27 DSRF v AT
OB L IR 72D GIRPERT D), BEOI TA AV 2=7 ADFRFNI 5
(L END Z L12 kD CRBE D I3 THIEG RS %),
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5. VI ) VT 4 DML

TDR |Z7R S A7 MEER X ECM = 500 GeV (2 /b - fgiifb 2 X— A &L LTW5b, K=
FNX—IZBIT DMEIRO/NT A—2 %K 2.1 12T (vol3ID), AL, ZHDHIEHEARN
12500 GeV DA — U U ZIZ L 0ozt O THDH, &1 A7 —VI2IL ECM = 250
GeV [ZHDOE T {bE LIET Z EICR Y, —MOMERRREH T A —F OUED FIHE
Hb,

Fex 13250 GeV ITHDETN R /) T 4 OFFECEZRETT 2, VI 2T 1%

PR/E X (8s/eny) '?

WD, T2 TPelIE— A T), Spsldv 7 v b u UdER (beamstrahlung) (2 J 5T
FIF— DL, snyziﬁﬁﬁjirﬁjwﬁ*%{ti\ VR UAREEWT D, Pp ERELTHI LT
A RNBPINY | ey BINESLTDHEDITIFIAAL L - V=T v 71200 T XDk LV EF
FEZELEET D, LTeRn->T, ﬁiﬁbiﬁ%b\é‘gs’i’*” FAND Z &2 mIRT 5, T 250
GeV IZBWTITEL/NEVMETH D (~1%) . Sbs %k%@“é%*ﬁ“@ﬁ&i IPIZH1F D
AKFEFME =LA X%, KEFABBIETZI v ¥ Aen B WHT 2 EI2E D, hELlT
5:&T&a)PﬁT\m%ﬁ%?:kmiD*ﬁE—A#4f%mé<#ék\VV&
B e CHEHIC R DB RFRESISEZ ), i, Forver s - ) T oG DTN
WL EED (T—7 T RV #AaEHEHT2) Ik ERJETHDL, 2
MITKE a2 MEIZIZ S22 B2y (BAL J 722 b bighoT 5 & S1EFE—),

HLWRT A—H—K %, TDR ® 250 GeV B LT 500 GeV D/XT A —H L L H1TFk 5-1
R, BENDLI T 413250 GeV T 1.35x 10 fem® /s £ 720 . TDR @ 1.65 {5 <
7% (JE:TDR OfEIFF =2 - VI T A KSEZITTEESNLTWNS),

LU OB ORI DN T, BUEMENED b T 5,

- EHFBOT A AT T ar c XT A—H Dy [F~3512720, ZHIXTDR @ ~25 kD
B, ZOZENLIPIZETD LD EMERE—MMIET — KXy 75%@?3@5

— R&EWEps BLUSHIEAE L= AT OO X % 52 HEROPEREIC K& < 8-
5 AREMENR B D

ExDEFHINZ L > T500GeV DIV )3T 4% BT 52 &k, 2L, S 3T
WCREWEZDTHD  4.5%), LnL, xS T v 7 ATELZ 0D, wENKY AT
LOFHREIL, DRV EBEGITRDHEEZEZ LD,

7% 5-1: ILC250GeV D728 BLENZH LN E—LbT A —4

TDR New
LT RLF— Ecm GeV 250 | 500 | 250
N F TR N el0 2 2 2
T [EbR ns 554 | 554 | 554
B — LT mA 578 |5.78 |5.78
PV A BT DN F Nb 1312 | 1312 | 1312
B J2 A Hz 5 5 5
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B =T v 7R L Hz 10 5 5
v—2ArmES QE—24) Py MW 526 |10.5 |5.26
IPIZBITD rms T &K o, mm 0.3 0.3 0.3
IP 2B AR VF—IERD () og/E | % 0.188 | 0.124 | 0.188
IP (BT D =R VX —ILN Y (&) oe/E | % 0.15 ]0.07 |0.15
IPIZBT HKFEHF MBI I v F R | e ©m 10 10 5
IPICRT DEES MBI v Z R | ey nm 35 35 35
bE— Ak () % 80 80 80
E—AREiR (e") % 30 30 30
IPIZBITH—FE  (x) B x mm 13 11 13
IPICBITH_—2% (y) By mm 041 |048 |0.41
IP [ZBIT5 rms. E—AY A X (x) Oy nm 729 | 474 | 516
IP 1285 rms. E—L% A X (y) oy nm 7.66 |5.86 |7.66
IP 1T rms. E—LAEERY  (x) 0 ur 56.1 |43.1 |39.7
IP (Crms. B —DMAELNY  (y) 0y ur 18.7 | 122 |18.7
TAYRT T a v R_RTA—H2 (x) Dx 026 |0.26 |0.51
TAYRT TV a v RTA—4 (y) Dy 245 |246 |345
A7y (E) Y 0.020 | 0.062 | 0.028
Beamstrahlung 7 #+ k & DK n, 121 | 1.82 | 191
beamstrahlung |Z X 5 = /L ¥ —4H% d Bs % 097 |[4.50 |2.62
i FHIV ) T 4 Lgeo e34/cm’s | 0.374 | 0.751 | 0.529
N VT4 L e34/em’s | 0.82 | 1.79 | 1.35
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6. ILC250GeV DX FREAELY
6.1 MERARBFRIZD B2 R I

A MORMES VIXILCU 2 W TEEM L7z, TDR Tix “ILCU” % 2012 4 1 HRFRiodk
RVEFEDTND, RF L=y bRZOfMO=y hd> 3 A NI TDR ZRICH M L TW5,
AT =7 TOaRMNI, HilEhl-a2=y NMyOax  EELFIK 2 ETRDE, &
PERDRC K D5H L 2012 4F02 b O ZEN T, 20 RN—3 0 MEICERR DT DEG L
77

A7 a v ARG A NI ILC 500GeV & bl U C~34%1K< 72 %, Z ORHilZi, 3.3
ficik 7ok oz, BEFSRED Eﬁ%iﬁk’i’ﬁ HZ k. by S AYBERICLE T
L F—250 GeV ICZRIZEIET HZ L DD BINDO Y FAFET a— NV EafHx DI &
THRLIEERDT LT — « ==V 6% G i (ILC 500 GeV TlE2%& L7z), Mx T, £
31 AR LIEZA I 7T 2R G E2 R T 7207 ZEf~— 7 biﬁﬁﬁf%éhfb\
%o WIFEBRRORE & L CHIfF &N D SRF VAT LD A NS M A T-56. A7
3 AL LTHIAEND 7 X MBI ~40%272 5, ZZ2TD b /%/W)Eé 347y =
YA LFRILTHDLZ EEERLT D,

FE, A7 a A (A) TIZTDR 500 GeV R_R—A T A ' THEL ST hD
5% & 725,
F7var B (B) BLOC (C) 2oL, THISNDEH X MIBIZZEN TR
~33% (~39%) PBELU31.5% (~37.5%) L7225, FEIIOHIBIZOWTIX, 7 v a v
A OLE L AEROFER Th 572,

F6-1: AT —I 7 ax sOME

e |00 ew |
TR - (MILCU) [%]
[GeV]
TDR 250/250 500 7,980 0
TDR 7 v 77—k 250/250 500 7,950 -0.4
FFvav A 125/125 250 5,260 -34
F7arB 125/125 350 5,350 -33
F7FvarC 125/125 500 5,470 -31.5
FFa N 125/125 250 4,780 -40
FFarB 125/125 350 4,870 -39
FFarC 125/125 500 4,990 -37.5

Ble6-112, RIZ|IT DL AT LT EDfitsE w3 FV=7>v7 (ML), BFBLUKE
FR T VTN E) =T v I ETOE—=LT 4 (RTML)., HHH, £ v
7+ U7 (DR), =L« FUNY—+ 275 (BDS), BEFIR., B, L0
ZEpisEik (IR), TDR 225D 3 A MOHRFIZEICEY =7 v ZIZHKLTEY, SRF A
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T AN E U RVEOEMICEDbOTHDL, A7 a AL A B E B, BX
VCEC) OEZ 2AMMBOLDOMEREIZHKRT 2D THDL, 72 B
BLOC BBLOC) IZBWTIEHEMARZED b ERANCERESND, 2t
Tvar A B, COIRNEELZLLTWS, [HEHE L%, ILC BFZERTICR T 34
D END, BARINZIE, ALV« v oA, EZEAT—var, FEarEa
— X e VAT A (FEFTNFR Yy hU—2 e A—JL, EVFRRA s arEa—F7pL), E
WORBEEEB IR AT 252 5T, AAV - ¥ U RABINI U Ea—H - R
T LD A MILERNBEOHIBUZIENINZ 5 TS, IIEHERORE R L OHIEO =
ANME, FEV=T v 7OV F—PN/hSL o2 I THE A6 TW5, &
BFREEIOHEFFICKETABIRN A (F4E B BLUB, C BLOC) HobTH
A MHRIEL, 26O E—AJIZEEH S D SRF VAT AMZHKRT LD TH D,

8,000
7,000

6,000

w
=]
=}
=}

4,000

2012 MILCU

3,000

2,000
1,000

RTML A BDS eHE iR IR

X 6-1 JHEFT AT AT LD ILC O RAED U, 2P MILCU TR LZA T AT L0
RAEED VLY RS,

6.2 Hiiza X |

ILC 500 GeV DJEHRIZ D EREIT~164 MW Thoto, 7 ar ABI AT
TLBNIENLEN~129 MW, ~ 125 MW £ 72132 LT EHEHI 25, Z D= biEliz=a A b
13~23%H S 41, & 512 SRF D = 2 M OMIFERRFE 3D L 72 5551213 25% L0 B D Bl
L%,
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