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ILC250 accelerator facility e

i,

e- Main Linac C.M. Energy 250 GeV
Length 20km
e+ Source
Luminosity 1.35 x1034 cm2s?
Repetition 5 Hz
Physics Detectors _
Beam Pulse Period 0.73 ms
e- Source Beam Current 5.8 mA (in pulse)

Beam size (y) at FF 7.7 nm@250GeV

e+ Main Liinac

SRF Cavity G. 31.5 MV/m
(35 MV/m)
Q, Q, = 1x10 1°

Nano-beam Technology

: AANPPRRNIE

8,000 SRF cavities will be used.

few  SRF Accelerating Technology

R\ |_ =

main linac . .
compressor collimation

final focus




Main advantages

e

A linear accelerator is more advantageous for accelerating
electron and/or positron beams to higher energies.

The spin of the electron and/or positron beam can be
maintained during the acceleration and collision. This can help
significantly improve measurement precision.

The small surface resistance of the SRF accelerating structure
(cavity) made of Nb enables the efficient power transfer from
the AC power source to the beam.

Further energy efficiency improvements are considered as part
of the of Green ILC concept, which aims to establish a
sustainable laboratory.

Cost

Ho

fernfional develupment leam

Circulating beam loses energy by
synchrotron radiation.

Linear collider can extend its
collision energy by longer tunnel/
higher gradient.

circular
| inear

beam energy
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Technical Maturity ip
o

infernafianal development team

e |LC based on superconducting radiofrequency (SRF) technology started its R&D from 2005 (GDE).
Reference Design Report (RDR) was published in 2007 and TDR was published in 2013.
* More than 2,400 researchers contributed to the TDR.

 The SRF technology’s maturity was proven by the operation of the European X-ray Free Electron Laser
(X-FEL) in Hamburg, where 800 superconducting cavities (1/10 of ILC SRF cavities) were installed.
* In addition to European XFEL, LCLS-Il at SLAC, SHINE in Shanghai are under construction.

* Nano-beam technology has been demonstrated at ATF hosted in KEK under international collaboration
and almost satisfied the requirements of the ILC.

* Remaining technical preparation (such as mass-production of SRF cavities, positron source, beam

dump) can be carried out during the preparation phase at Pre-lab before ILC construction. These are
listed in “Recommendations on ILC Project Implementation”.

—




ILC machine parameters /s

ILC ILC Luminosity Scenario (ECM=2SOGe{/)".;
Beam Energy GeV 125 (e-) and 125 (e+) Q tar - . i
Peak Luminosity (10734) cm-2 s-1 1.35 § 1':2 . T
Int. Luminosity ab-1/yr 0.24* ¥ 5,000-hour operation at peak luminosity % o8| g . ]
Beam dE/E at IP 0.188% (e-), 0.150% (e+) 2 ool 2 - |
Transv. Beam sizes at IP x/y nm 515/7.66 é 041 § | ' | ]
Rms bunch length / cm 0.03 (o,) & ozf 0 | |
beta* mm bx*=13mm, by*=0.41mm T 0 1Operatiin Yeara 408
Crossing angle mrad 14 ‘ —

Rep./Rev. frequency Hz 5 0.7340.96) ms

Bunch spacing ns 554 I I I
# of bunches 1,312 % L
Length/Circumference km 20.5

Facility site power MW 111 " ssazees »

Cost (value) range SB US ~5 (tunnel and accelerator) I I I I
Timescale till operations years (~1) + 4(prep.) + 9(construction)

G, =0.3mm = 1ps




Potential for upgrades ip
o

The ILC can be upgraded to higher energy and luminosity. infemafiond dvelopment fem

| | | 7Poels 500GeV [1*

Baseline Lum. Up Baseline | Lum. Up L Un.10Hz Baseline Lum. Up case B

Senter—of—Mass Energy E- GeV 91.2 91.2 25 250 250 500 500 1000 Energy
Beam Energy E... GeV 45.6 45.6 125 125 125 250 250 500
Collision rate f. Hz 3.7 3.7 9 5 10 ) 5 4
Pluse interval in electron main linac ms 135 135 20 200 100 200 200 200
Number of bunches Nb 1312 2625 1312 2625 2625 1312 2625 2450
Bunch population N 101 2 2 2 2 2 2 2 1.737
Bunch separation Aty ns 554 254 59 366 366 554 366 366
Beam current mA 5.79 5.79 5.79 8.75 8.75 5.79 8.75 7.60
Average beam power at IP (2 beams) Ps MW 1.42 2.84 5.26 10.5 21.0 10.5 21.0 273
RMS bunch length at ML & IP Oz mm 0.41 0.41 0.3 0.30 0.30 0.30 0.30 0.225
Emittance at IP (x) ve', Hm 6.2 6.2 5. 50 5.0 10.0 10.0 10.0
Emittance at IP (y) e’y nm 485 485 35. 35.0 35.0 35.0 35.0 30.0
Beam size at IP (x) G Um 1.118 1.118 0.515 0.515 0.515 0474 0474 0.335
Beam size at IP (v) ol nm 14.56 14.56 7.66 7.66 7.66 5.86 5.86 2.66

uminosity L 10°4/cm?/s 0.205 0.410 1 .35| 2.70 5.40 1.79 3.60 5.11
Luminosity enhancement factor Ho 2.16 2.16 2.55 2.55 2.55 2.38 239 1.93
Luminosity at top 1% Looi /L % 99.0 99.0 7 74 74 58 58 45
Number of beamstrahlung photons Ng 0.841 0.841 1.91 1.91 1.82 1.82 2.05
Beamstrahlung energy loss OBs % 0.157 0.157 2.62 2.62 45 45 105
AC power [6] Psite MW 138 198 173 215 300
Site length Lsite  km 20.5 205 20.5 20.5 31 31 40




Construction cost

ILC accelerator (including tunnel) construction cost is ~5 BS.

TDR: ILC500 ILC250 Conversion to:
[B ILCU] [B ILCU]™* [B JPY]

(Estimated by GDE) (Estimated by LCC) (Reported to MEXT/SCJ)
Accelerator Construction: sum n/a nia 635.0~7028
Value: sub-sum 7.98 4.78 ~ 5.26 515.2 ~583.0
Tunnel & building 1.46 1.01 111.0~129.0
Accelerator & utility 6.52 3.77~424 404.2 ~454.0
Labor: Human Resource 22.9 M person-hours 17.2 M person-hours 1198

(13.5 K person-years) (10.1 K person-years)

Detector Construction: sum n/a nia 100.5
Value: Detectors (SiD+ILD) 0.315+0.392 0.315+0.392 766
Labor: Human Resource (SID + ILD) | 74841400 person-years | 748+1,400 person-years 239
Operation/year (Acc.) : sum nla nia 36.6-39.2
Value: UtilitiesMaintenance 0.390 0.290 ~0.316 290~316
Labor: Human Resource 850 FTE 638 FTE 76
Others (Acc. Preparation) n/a nia 23.3
Uncertainty 25% 25% 25%
Contingency 10% 10% 10%
Decommission nla nia Equiv. to 2-year op. cost

I
11"

infernafianal development team

*1 ILCU= 1 USS in 2012 prices
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Area systems of the ILC H/ &
o

Interaction intemalional develnment feam

2
, e- Source

e- Main Linac

} /S eam dump
I~ e+ Main Liinac
bunch, consisting of 10710 e+/e-
*Creating particles Sources
epolarized elections/positrons L0 +~ Qo
: P : e . ‘2’0—._, ?.“‘
*High quality beams Damping ring 08> o <_“:8
*Low emittance beams o— @

*Small beam size (small beam spread)

*Parallel beam (small momentum spread)

*Acceleration Main linac ' i
ssuperconducting radio frequency (SRF) q | “‘it
\ . X

""2"' -4

*Getting them collided Final focus
*nano-meter beams

*Go to Beam dumps




World record QE for high-polarization SSL GaAs photocathode '-”E

. intemafisnl development leam
W. Liu, S. Zhang, M. Stutzman, M. Poelker, Y. Chen, W. Lu,

and A. Moy, Appl. Phys. Lett. 109, 252104 (2016)

14 100 » DBR strained-superlattice
AAlA * QE = 6.4%

8 .’,..:g.'.'-t'"""'":‘_.__'--. 80 » Polarization = 84%
X 10 ‘ A » Standard strained-superlatfice
g i : 605; c QE ~1%
= £ * Polarization ~90 %
et N
_s__ 6 40 ‘—3
c o
L + The highestf reported QE of any high

polarization photocathode
« Candidate for EIC, polarized positrons

700 720 740 760 780 800 .
Wavelength (nm) « U.S. DOE SBIR partnership




ILC and JLab GaAs photogun

parameters

Parameter ¥ Machine => CEBAF SLC JLab/FEL C];)lgnf . LHeC eRHIC CLIC ILC JLEIC(e+)
Polarization Yes Yes No No Yes Yes Yes Yes Yes Yes
Number electrons/microbunch 2.5x 108 1x10! 8.3 x 108 4.8 x 10% 1x10° 2.2x 1010 6 x10° 3x 101 1.2 x 10%° 2.5x 108
Number of microbunches CW 2 CW CW CW CW 312 3000 900 CW
Width of microbunch 50 ps 2 ns 35 ps 2 ps 100 ps ~ 100 ps ~ 100 ps
Time between microbunches 2 ns 61.6 ns 13 ns 0.77 ns 25 ns 71.4 ns 0.5002 ns 337 ns 1.33 ns 4 ns
Microbunch rep rate 499 MHz 16 MHz 75 MHz 1300 MHz 40MHz 14MHz 1999 MHz 3 MHz 750 MHz 250 MHz
Width of macropulse - 64 ns - - - - 156 ns 1 ms 1.1 ms -
Macropulse repetition rate - 120 Hz - - - - 50 Hz 5Hz 50 Hz
Charge per micropulse 0.4 pC 16 nC 133 pC 77 pC 500 pC 3.6 nC 0.96 nC 2nC
Charge per macropulse - 32 nC - = - = 300 nC
Average current from gun 200 uA 2uA | 10mA | 100mA | 20mA 50 mA 15 uA
Average current in macropulse - 0.064 A - - - - 19A 0.0144 A 0.034 A -
Duty Factor 25x10% | 28x107 | 2.6x 107 2.6x 1073 4x103 1.4x103 0.2 3x10°3 2.6x 1073 1.2x102
Peak current of micropulse 8 mA 8A 38A 385 A 5A 35.7A 96A 418 A 20 A 0.8 A
Current density* 4 A/em? 10 A/em? | 19 A/em? | 500 A/em? | 100 A/em? | 182 A/em? 12 A/cm?
Laser Spot Size* 0.05 cm I cm 0.5 cm 0.3 cm 0.5 cm 0.5 cm I cm I cm I cm 0.10 cm
* Loose estimates 1 )\ |
1 | 1
Demonstrated Proposed (excuse outdated values)

For highest polarization

ai October 28 — November 1
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Positron Source (Undulator)

e

125 GeV electrons are injected to the helical undulator. The photons produced at the undulator is used for
the electron/positron pair creation at the rotating target. Polarized positrons can be generated.

Quench Current (A)

50

300

250

200
150
100 H

A0+

Ho

intemafisnl development leam
to Damping Ring

-

Photon Ener
collimator Pre-accelerator SCRF booster compg yRF
(pol. upgrade) (125-400 MeV) (0.4-5 GeV) ’
Targe* | ‘ < spin rotation
Il QWT v solenoid

i

125GeV s "
oy EE— -
electron hoton
SC helical undulator pdump

Capture RF
(125 MeV) e- dump
—
*
“l‘ Y * #
A .’o* *
* .’0.9
*
e . L
s * o +
* . +
*
o Magnet test at Daresbury
& Magnet 2
—— Nominal Current
T T T T
[+] 10 20 30 40

Quench Number

PHYSICAL REVIEW LETTERS 107 (2011) 174803
ST T

Two undulators in one cryomodule were tested. Both achieved nominal magnetic fields.
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Positron Source (e-Driven)

Extra 3GeV linac is used for the positron generation. High energy electrons are not necessary. (Electron
independent commissioning is possible. However, polarization is not available.)

L-band SW NC

I
11"

infernafianal development team

3GeV S-band NC

drive linac

capture cavity

chicane

Damping Ring

5GeV L+S band
NC e+ linac

A

energy e+ dump
compressor
ot ' yand e dump
@ AMD (FC) :
solenoid
) 200 ms (5 Hz) R
) ' Damping Ring
63 20 pul
TR, Total 20x5 beam pulses per spc.
3.3 ms (300Hz)
—
I 137 ms (rest)
I I I 'Y . eoe
80 y
480 . =
33x2 bunches Positron Booster —— HIIT"" T, =615 nsee
Q  Each beam pulse includes 33x2 bunches. ||||||" 33 bunches
A pulse in drive- and booster-linacs 81.6ns 197ns
) 480 ns .
) 197 ns 197 ns
81.6 ns
—
33 bunches 33 bunches

Tp_to_p=6.15 nsec

Tp_to_p=6.15 nsec
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Positron rotating target /s
o
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Aperture D=16 mm l %— Strip line
Phzson bear LT

’_| FC | Acc. tube(L=1.1 m, Airis 60 mm)

Gap 5 mm
Central part of the target

Target
vacuum Ferrofluid Seal Unit
chamb

Gap 5 mm
—

Target disk

bbbbbb

Fadiation coaled target wheel +
FC (functional skelch)

iemarnn

Cooling/Seal Radiation/ water/magnetic fluid  water/magnetic fluid
magnetic levitation
radius (mm) 500 250 160
weight (kg) 50* 65* 17
Tangential velocity (m/s) 100 5 160
rotation (rpm) 2,000 200 10,000

Beam heat load(kW) 2 20 90
Vacuum pressure (Pa) 10 10° 104

*The weight depends on the design of the disk part and the material
- Reliable rotating target
- Replacement of rotating target

14




Nano- beam R&D at ATFZ

S
Wi 1 A oA UNIVERSITY OF '
3R k ? =29 ACCELERATOR ROYAL PP
. [’ 2 , THE UNIVERSITY OF TOKVO PR AN | 15ORATORY ‘ i HOLLOWAY _ OX FORD d D :
. F -I b ' 2 P oo Faicon
Institute of High Energy Physics # erml a

Chinese Academy of Sciences

Goal 1: Establish the ILC final focus method with same optics Goal 2: Develop the position stabilization for the ILC collision
and comparable beamline tolerances ® FBlatency 133 nsec achieved  (target: < 366 nsec)

ATF2 Goal : 37 nm = ILC 7.7 nm (ILC250); achieved 41 nm (2016) ® positon jitter at IP: 106 = 41 nm (2018) (limited by the BPM resolution)

IP Final Foeus Matching Extraction Line
l I . ety ek Nano-meter stabilization at IP
Pulsed Laserwire (OTRs _
D Final Dioubbet ! ! 'L_{_l_'l‘ (2018)
—+—H4HH-AH—
Wire-scanmers —
™~ Laser Interference Monitor 10 _]
(IPBSM)
. Quadrupole . Sextupole . Dripeale Skew (madrupole . Corrector D't“llpi“f-‘, RI-I]-:-—P_, b} FB Off FB On
[ =R g
c . T |
<. 50} History of ATF2 small beam Z 6
ﬁ 300 | L LE
E o50 | 1 Skew SE‘N!’UFDIE installed Orbit Stabilization 1
(1}
@ 200} -4 L 5 FF sextupole
] 4 Skew Sextupole Installed Skew Sextupole Mnd:frmrmn 2
£ 130} . ,U, 4 FF Sextupoles
L 100} O |
e 9 43nm N 0
50 Sag oo -2 -1 0 1
44nm 41nm Bunch Positi /
0 | | £ L - unch Position (um)
2012 = 2013 2014 201 “1rao16
Sextupole Swapped F 15




Beam tuning experience at ATF2 I
LY

It takes ~20 hours (recovery time) after 3 weeks shutdown (magnet off). P —
1000 Beam size history after 3 weeks shutdown

— T I T I T . .

E-ggg - ' se' | 2-8 degree mode :

8700 : : : 30 degree mode

’:'-25:}:} s : H 20 hours 174 degree mode

o 500 i . |

| 400 + i L I . —

E 300 | | 1 [ ] p" . "

2200 - b i 1 “

}193' | : | .’lﬂll“ o ° | m
47 4/8 4/9 4/10 4/11

It takes "8 hours (recovery time) after 3 days shutdown (magnet on).

Beam size history after 3 days shutdown

1000 — |

E900 | Lo g h 4 oo mode

£.800 | : ours 2-8 deg

mBDD A 30 degree mode

N 700 e 1 174 degree mode |

@ 600 | - g -

§5DD ' . ! :
R 1.°* . -

94[}[} _ vl s .

5 300 = 5 B

£ 200 [t ! & :

G -

D100} _— .‘.....,., ]

0 4/14 415 4/16 417 4/18
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UNIVERSITY OF

OXFORD

FONT?* Bunch train feedback at final focus

*Feedback On Nanosecond Timescales by Oxford University

CAIN simulation

I
11"

intemafisnl development leam
https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.21.122802 +0.4 S N=2e10 )
= e BTN N=1e10 | Depending on the
g +0.2 . e
ILC bunch structure E \ relative position of
CIl_ . & ° \ the beam, beams
4 \
Bunch Trﬂ - 554ns  E -02 Zretﬁrezﬂy Sczttered
. &S : == e beam-beam
The "ﬂ r " -0.4 - y
. L IHHM effect.
Bunch Spacing x1312 -300 -200 -100 0 +100 +200 +300
: UUUUUU : Vertical Offset [nml
"~ 0726ms Kicker
The position of the beam between pulses shifts due =
to ground vibrations and equipment noise.
On the other hand, the position of the beam does
not change significantly inside the bunch train.
Efficient beam collision can be achieved with high- = OO

speed feedback that measures the initial beam
position of the bunch train and corrects the position
of subsequent bunches in the train.

Feedback latency should be less than bunch space.

Kicker

The first bunch does not collide, but the
second and subsequent bunches will collide.
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Matured SRF technologies '.,l't:

infernafianal development team

L-band SRF Linear Accelerator Technology R. Geng (JLAB)
Impact to Nuclear, Elementary Particle, and Photon Sciences and Medical Applications
E'D M " M M [ M M M M [ " M M 2 [ M M M M [ ] M M M M [ M M 2 M ]
LCW SRF Linacs: .
L SCA: Stanford Superconducting Accelerator
_MUSL: llinois Microtron Using a Supersoducting Linac
CEBAF: Continuous Electron Beam Accelerator Facility ILC 1TeV ILC 1 TeV upgrade
FJLAB FEL: Jefferson Lab Free Electron Laser R&D Goal High Gradient R&D
B0 FELBE: HZDR Electron Linear accelerator with high Brillance and Low Emitlance -—----gf g == drmresmeme e
B ALICE: STFC Accelerators and Lasers In Combined Experiments
LARIEL: TRIUMF Advanced Rare IsotopE Laboratory 3
| LCLS-II Linac Coherence Light Source extension A 2 ILC:
SHINE: Shanghai High Brightness Photon Facility o
- £s é g2 Accept:35 MV/m +/-20%
40 [Pulsed SRF Linacs: e E R . o
— LFAST: Fermilab Accelerator Science and Technology Fag 2 2 % 5 Operate . 3 1-5 MV/m +/'20A’
E | STF: KEK Superconducting RF Test Facility § g ] i .
ey _E—}(F EL. European A-Ray Fres Electuon Las=i R - B3I 5 ILC construction
= ILC: International Linear Collider ILC Goal m O & ¥ FAS 2X 125 GeV linac
s I ( 0 mx Hn !-* i
R [ i e e
0 - / s EXFEL oonsructon _ | European XFEL
O Sinale-Cell Cavit TESLA GV E  TTF SASE FEL run 17.5 GeV linac  E-XFEL photon science
ngle-Le avi RrLe
hy g o= - I 800 cavities
Multi-Cell Cavity CEBAF TZT58V upgrace 1
20 1.1 GeV |
20 T = ] (10% of ILC ML)
SF 12 GeV Upgrade Goal LCLS—H%}DE] h
SHINE construction “Srne |
B GeVlinac photon o
e __...Science _J
10 [ — .
g [ o cdici
coren I "
[ & £ & s5ca ics and FEL run (200 MeV) SCA FEL run (55 Me\/) for physics, chemistry, biclogy, medicine Tﬂda}f
n [ MUSL-l  BUSL-Il nuclear ics rum (80 e\ I
—-—-—-—-—.—F*—"Er — T — 17— T

1970 1980 1990 2000 2010 2020 2030

RLGENG28DEC2018
Year
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Worldwide large scale SRF accelerators /s

_-I—W%H{—epﬂaﬁﬁﬁal—l:mea% itermationgl develspment feam

| “Collider (ILC) (Plan)
i
> f“'f . ﬁ)\;\/’ e j \‘-;T_Q-”‘\w'
" < g *\\r&:?\b_, N EUFO XFEL
o <”L¥" . n}:ﬁ’ a\w Qperation started from 2017
LCLS Il 4+ HE (under construct|on) ;gg cyrotmodules gfu
s -800 cavities .. ‘ /
_,x-f/ 35% 20 cyromodules -+~ 55 Scoy (Pulsed) é«X -900 cyromodules
- -280 + 160 cavities - j’ : -8.000 cavities -
avaGev(@w) AL s 250 GV (Puleed)
— ~® o |
OSLAC R % el — ﬁ{fNEW“ “{%7 ‘ R &KEK
LCLS-II [ L el ' CSINAP.@
LCLS-Il Layout s"it:;“ i “:N\\"(Ha- 'nf‘ % Qd‘:/‘r}-——«r .
I A \\ 2 SHINE (under co_nstructlon)
e 1\ N -75 cyromodules
ﬂ“ﬂ;\ Fo -~600 cavities - | -
i s . ) i o
e (L5 )
| e VA
1.3GHz 9 cell cavity




ILC cost reduction R&D

Input coupler ~8,000

-

» \

& |
W |

'\i

Klystron ~240

Cavity ~9,000

Waveguide system ~240

(including ~10% margin)

e+source €-source IR
6% 4%

BDS

6%

Klystron Marx Modulator ~240

ML
53%

Common
7%

RTML
12%

The half of the construction cost is coming from main linac (ML).
Thus we focused our cost reduction R&D into ML (superconducting RF technology)

I
1o

infernafianal development team
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ILC Cost-Reduction R&D in US-Japan Cooperation

e

Based on recent advances in technologies;
* Nb material/sheet preparation

- w/ optimum Nb purity and clean surface

<

= f{ L]
\\'

: \

* Surface treatments for high-Q and high-G

A 3

HHMN

P"-_') ‘
B E
/|

5
3 0 A
J A <
s N

Ho

infernafianal development team

||||||||||

16, Packing

1nll

* 757120

_ N dopin * thDopes
] wﬁr*** : llu?ll:l".fused
M B E0O0C HT
1 "'" E"'Irnn-...
| VLA o TR P r £5/120C
e LT ®8gn &
- q- ..-.. %
o 10 L L
o N Infusion
. 120Cbake
EP .
\ Anna Grassellino
TTC2019 Vancouver
, . , : !
Eacc(MV/m)

-
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Civil Engineering related Schedule for ILC-250GeV '-’l'l:

N.Terunuma . AWLC2020 ideveigpment team

Pre-preparatory | IMain Preparatory
Phase Phase

International
Development Team

Civil Engineering  Detailed
and Infrastructure Design

BaSiC DESign ( construction ready

documents )

Construction / Operation Phase

ILC Pre-lab ILC Laboratory

I Y Y 3 B ) )

Utility Installation

Accelerator
EDR

Design Update Accelerator Preparation

Accelerator Commissioning/
Installation Operation
Strategic Environment Assessment  Environmental

Project planning stage assessment Impact Follow-u p Assessment
(Natural, Social, Economic,...) Assessment

Approval of ILC construction

References; (1) TDR, (2) Recommendations on ILC Project Implementation, 2019.
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Geological Surveys for ILC: Kitakami Mountains e
o

infernafianal development team

ILC-250 (20.5 km)

2ar N | = WAL TS IR X B Continuous granite region
‘_ Geolog'lcal Map ; — ‘ YV P \ ¢ '-i:;:;_»' Boring survey © &

= v RN ",/'—&i"\r':‘)\_c:_; HITOKABE, SENMAYA and ORIKABE
- Seismic survey "/ bedrock

- ;',,'.T°"ABE SENMAYA < B Have capability to extend the
4 27 ILC up to 50 km in future

H22( ﬁ!&ﬂi (B

600 “_1 !
e | i im - Direct sampling down to

§ EIectromagnetlc prospectmg iawTan
400 '
. @'m the accelerator depth
LSelsmlc prospecting R : V=i . .
800 1 2 |

N Sy - B Boring geological survey [@]
200
B Electromagnetic prospecting

600 _H24(AE I ? H24 (RHEL H24 (F R/ e s) g .
w Ly g e An\;m I —> Cracks in the rock
O 1 L L L]
O = == — wo M Seismic prospecting s
l)\flﬁ — R BAKER
FRL
800 ¢ ABFEREE mzm i ’ L o —ri L
600 pa e ;;Ai\?& i —4 z& ) RS B ‘ —> Rock hardness
Ly 8 w2 E

N.Terunuma, AWLC2020




Scale of the ILC-250GeV :In
Hu

infor==" e feafm

0.7 km ) \

10.9 km (e- ML side)

T @
/ /'
20.5 km in total

9.6 km (e+ ML side) /

Here, the access tunnel of the model route
assuming the Kitakami Mountains is shown.
The average length of access tunnels is about

1 km.

Access Tunnel
0.9 km

N.Terunuma, AWLC2020
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Laser Straight Section TPt
o

® BDS: “laser straight” in vertical ematal devlgne i
® ML: Cryomodule will be aligned to the geoid.

® |LC optics DECK has been
updated to incorporate
corrections for geoid and
straight sections around the IP.

® Asymmetric straight sections

® The e- side is longer to include
undulator and dog-leg.

Rey:Hori'/.KEK ® If e+ and e- MLs are at the same
altitude, the IP is tilted by 0.1 mrad.

® If e- MLis placed 0.6 m higher than e+,
the IP has no tilt and BDSs are
symmetrically sloped to the IP.

3knf 3.2km

“Straight in
vertical”

Between access points

(PM-8 and PM+8)
N.Terunuma, AWLC2020

27




Main Linac (ML) tunnel

© mentheam

* 66 kV distribution cables

* Colling water pipes

* Fan Coil Units

* Low power and signal cables
RF klystrons and modulators

Example of

Al

15 km in (e+e-) total
follow the geoid in vertical

Kamaboko 9.5m X 5.5m

1.5m central radiation shield
Further optimization will be done.

* ML Cryomodules
« RTML

A

L oz |1 * Low power and signal cables

\ 4

N.Terunuma, AWLC2020

Qlons
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Arc Section
T e—— 6.5 m

o
>
2

\

2,000

a‘jm B

1 (Pod;

—_— 300

on)

\

Electron ring
1500 | |

Positron ring

400

2,000 _I |

000

|
.1_
|

1

Damping Ring

e

Ho

infernafianal development team

B Circumference: 3.2km N.Terunuma, AWLC2020

B Start with two rings

B Arc section: single tunnel, no central shield.
B Straight section: Kamaboko with a central
shield (3.5m in TDR).

- 13 m >
SR 4.000 3:500 2200 Straight Section
J— S
Y— & 2l Y . 5 fnE 2518
R : 3
o . v
< Power \ N - RF Cavity
supplies | .\ ~~J §
| \\ e o] N, -
= = 7 7 o
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Interaction Point (IP) /s
—

intarnafinnal dovolenmant feam

N.Terunuma, AWLC2020

AC Power distribution
IP surface area 154 kV Main Power Station at IP
about 78,500 m?

1savrecsive | 2 66 KV > tunnel > Access points
Layout will be optimized.

PM-10

66kV co-generation

Water chiller & pumps > 4
Air intake/exhaust " b - P M - 8 GOO?:t C
-~ a7 ' antry Crane

Research
building

- Detector
assembling o
building

Detector
preparing
building

Computing building

A vertical shaft of 100 m is possible

in the case of the Kitakami Mountain.
(Change Request #003)
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%

SiD, 8,000 t

Detector Hall |

‘Bm\b

ILD, 15,000 t

I intemational ﬁEFBfﬂﬂﬂ?Eﬂf feam
£ Vertical Shaft
o for Detector Utility Shaft
(diam. 18m) (diam. 10m)
l 25 m
/
o)
iue©
‘ ; . & -~ ol ?:\(\%
£ ' «\Q‘\(‘%
S -~ O°
xS
\ 20° &

Rey.Hori / KEK

Layout of the detector hall and around will
be optimized with detector groups.
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Access Points x 5 (other than IP) | "IE

Aong! develapment feam

Surface Station
about 16,600 m?

The ground layout is optimized

by the station. PM-8

Underground Hall
about 3,800 m?
&§§,500 m?3

Surface Station




Underground Access/utility Halls

- TDR s Hall

I

-

7.5m|
13.0m| "

=
:lp
intemational development leam
Water drain, : (\e\
Rl drain, »\\)“
local maintenance station Cryo System >’
| |5 o
§ HELIUM ELECTRIC .".'J.‘}L‘.'.‘”E CRYOGENIC [ Lower COId‘BOX
=~ COMPRESSOR  FACILITIES SYSTEM Fi ‘—
180.0m l | [
=l 1 Electric Station
Sk ————__ " Module transportation

Main Linac Cryomodules

Updated Design
® Separated halls by function

® Optimized cross section according to the equipment
® advantage on civil engineering and installation work

System

28
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Cavern for Main Beam Dump '.'IE

infernafianal development team

B Three big caverns

* Two main beam dumps
* e- dump for undulator, low energy collision (5 x 5 Hz)

/V

70 ™ B The main beam dump has been designed
for 1 TeV collisions.

Sy 5 m thick concrete shield in all directions

£ Radiation P * 17 MW power cooling (wider utility hall)

Shiel / Seamidump * % volume of detector hall

Cooling

system |
past '

- W
[
| | >
e = .
i e
|
< E -
*
A b 5 < S
< ' p et
e N 4 e ¢ \ 3
> : . \ >
- . -~ . Rab
Lo 3 e _‘ =
v N - o N
. b ¥ ; -
e - B 'y X
= {3 % \ r > . 2
> !
o E |
N !

B The civil engineering design is updating with experts

from Industry (AAA).

€Rey .Hori/KEK

7

N.Terunuma, AWLC2020
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Civil Engineering Design for Positron Source ip
"o

infernafianal development team

Since civil engineering (CE) work will start immediately after the preparation period, a lot
of detailed design work is expected during the preparation period, so the CFS Group will

proceed with the basic design of the CE for theljjoo.sitron source in advance.
B Have the CE design to include the esign study for e-driven positron source

* Figure shows the length of the linac, taking into account the size and

H H placement of devices.
undUIator SCheme n any Scenarios. * Positron injection into the DR uses RTL.
® TDR based Iayout * Joint angle to the BDS tunnel will be optimized for local conditions.

® and have Photon dump line in the BDS tunnel

B E-driven source will be in separated
dedicated tunnel.

® add on to the TDR based design

® From the CE view, sharing of BDS tunnel is not
realistic.

® e-driven study group is developing this design.

Access tunnel should be considered.

e+ BDS
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ILC status e

Ho

infernafianal development team

Shin MICHIZONO

International Development Team (IDT) WG2/ KEK

ILC250 accelerator overview
ILC area systems

e Sources
e  Nano-beam
e SRF

Civil engineering
International Development Team (IDT)
Summary

36



Brief History of ILC Collaboration ip

Ho
2006

infernafianal development team
COLLIDER TECHNOLOGY ¢

CHEP SONRERENZE 2004 BEIJING

MR v 9.
M Bl ¥

‘07 ‘08 09 “10 ‘MM “12 13

“14 ‘15

‘16

17 18 19 20

SC Technology
selected

International
Development
Team

TDR (21 :

49 countries
392 institutions
>2400 researchers

Recommendations on ILC
Project Implementation B!

Barry Barish Lyn Evans

GDE director LCC director
(the Nobel Prize winner for (former LHC project manager)
physics in 2017)
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From IDT to Pre-Lab, ILC construction phase

IDT is formed under ICFA. KEK serves as its host.

ILC Pre-Lab. is established by MOU’s among the laboratories.

[Stage 2 ILC Pre-Laboratory (4 years)

ILC Lab. is established by governmental agreement.

kStage 3 ILC Laboratory (10 years for construction)

[Stage 4 Experiment at ILC!

aaaaaaa

infernafianal development team
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International Development Team (IDT) e
LY

Pre-preparatory Phase Main Preparatory Phase Construction Phase e i

2020.8 (2022) About 4 years (2026) About 9 years (2035)
‘ International \

ICFA J

IDT: to prepare for smooth transition to the ILC Pre-lab
* Prepare a proposal for the organization and governance
of the ILC Pre-Lab
* Prepare the work and deliverables of the ILC Pre-
Americas Liaison Andrew Lankford (UC Irvine) ; ; ; ;
Working Group 2 Chair Shinichiro Michizoro (KEK) laboratory and workout a scenario for contributions with

Working Group 3 Chair Hitoshi Murayama (UC Berkeley/U. Tokyo) national and regional partners
Executive Board Chair and Working Group 1 Chair Tatsuya Nakada (EPFL)
KEK Liaison Yasuhiro Okada (KEK)
Europe Liaison Steinar Stapnes (CERN)
Asia-Pacific Liaison Geoffrey Taylor (U. Melbourne)

ILC International Development Team

Executive Board

y

Pre-Lab Setup Accelerator Physics & Detectors

Working Group 1 J Working Group 2 J Working Group 3 J

e,y "



KEK’s role at IDT and beyond ip

Ho

infernafianal development team

The next focus will be when ILC Pre-Lab can be started following the IDT.

The function of the ILC Pre-lab is to do the remaining works in four years.
* Solve remaining technical issues of the accelerator.
* Design of the organization and functions of the ILC laboratory
e and launch the ILC laboratory

Since the start of the ILC Laboratory is the official start of the ILC project, it is necessary to
reach an international agreement including cost sharing before its start. The ILC Pre-Lab also
plays an important role in supporting such international negotiations

KEK is making every possible effort to start the ILC Pre-Lab soon after the IDT completes its
mandate, and to realize the ILC together with the Japanese physics community and
supporting groups in the political sector, industrial sector and Tohoku region.

M. Yamauchi, AWLC2020
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Accelerator activities at ILC Pre-lab phase ip

1L
Technical preparations & SRF R&D for cost reduction [shared across regions]
* SRF performance R&D, quality testing of a large number of cavities (~100), fabrication and shipping of cryomodules from North America and Europe (for

validating shipping)

e Positron source final design and verification
* Nanobeams (ATF3 and related): Interaction region: beam focus, control; and Damping ring: fast kicker, feedback
*  Beam dump: system design, beam window, cooling water circulation
* Other technical developments considered performance critical

Technical preparation

Final technical design and documentation [central office in Japan with a support from other labs]

* Engineering design and documentation, WBS

* Cost confirmation/estimates, tender and purchase preparation, transport planning, mass-production planning and QA plans, schedule follow up and
construction schedule preparation

* Site planning including environmental studies, CE, safety and infrastructure (see below for details) Engineering Design Report (EDR)

* Review office

* Resource follow up and planning (including human resources)

Preparation and planning of deliverables [distributed across regions coordinated by the central office]

* Prototyping and qualification in local industries and laboratories, from SRF production lines to individual WBS items

* Local infrastructure development including preparation for the construction phase (including Hub.Lab) PIanning and preparation of Hub lab.
* Financial follow up, planning and strategies for these activities

Civil engineering, local infrastructure and site [mainly by the Japanese institutions]

* Engineering design including cost confirmation/estimate

* Environmental impact assessment and land access Civil engineering
* Specification update of the underground areas including the experimental hall

. * Specification update for the surface building for technical scientific and administrative needs

‘ a1



ILC construction human resources :p
o

KEK ILC action plan https://www.kek.jp/en/newsroom/KEK-ILC_ActionPlan_Addendum-EN%20%281%29.pdf intemafonal develgpmen

Overview of Human Resources during the ILC Construction
Preparation stage ( 4 years ) ~ Construction stage (9 years ) ILC-500 -> I1LC-250

unit: person

1 2 3 4 1 2 3 4 5 6 T 8 9
Prep. 118 161 222 282
TDR TDR, ILC-500 Ann. average: ~ 1,100 persons
Constr. 410 922 1208 1350 1589 1480 1374 1106 679 10,118
Install. 80 80 80 768 1140 683 522 3,363
Total 410 922 1288 1430 1669 2248 2514 1789 1201 13,471
ILC-250 ILC-250: Ann. average: ~ 830 persons
Constr. 385 610 890 1050 1210 1100 1000 770 450 7,465
Install. 60 60 60 655 960 500 350 2,645
Total 385 610 950 1110 1270 1755 1960 1270 800 10,110

1500

B Preparation

1000 B Construction
B Installation
i h
8 9 10 11 12 13

3 4 5 & 7
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ILC status e

Ho
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Shin MICHIZONO
International Development Team (IDT) WG2/ KEK

e |LC250 accelerator overview
* ILC area systems

e Sources
e  Nano-beam
e SRF

e Civil engineering
* International Development Team (IDT)
= .  Summary
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summary ip

Ho

ILC250 accelerator is 20 km long e-/e+ collider for the Higgs factory. P —
The ILC is upgradable in energy and luminosity.

Key technologies at the ILC are superconducting rf (SRF) and nano-beam.
SRF technology has been widely adopted at XFELs such as European XFEL.
Nano-beam technology has been demonstrated at ATF hosted by KEK

Tunnel design and civil overview are shown.

We assume 4-year preparation and 9-year construction.(now we are at pre-preparation
phase (IDT))

Preparation phase activities are
 Technical preparation

Final engineering design

* Planning and preparation of Hub lab.
Human resources for ILC construction ...
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Thank you for your attention
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