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LHC run-ll results and ILC250GeV

Higgs particle was found, but no other particle was found upto 1TeV region.
—> Study of Higgs particle (coupling to other particles) is urgent.
ILC has an ablities of precise measurements of Higgs.
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ILC Accelerator Staging Plan

Step-wise construction and experiment (staging) was proposed,
and plan of the accelerator at the beginning is 250GeV.
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In case success of cost-down R&D, 35MV/m, Q,=1.6x10%° is assumed.



Configulation of ILC Accelerator

e+, e- Main Linac

Beam Energy : 125GeV + 125GeV = 250 GeV
Total accelerator: 20.5km

SRF Accelerator: 5km + 5km

Number of Klystrons: 218

Number of Cryomodules: 906

Number of SC cavities: 7800

Damping Ring (3.2km)

Electron source

e+ Linac (5km g
’ Interaction Point Dete
J .

20.5km
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Kitakami Candidate Site
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Kitakami Candidate Site

Electromagnetic prospecting
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ILC Accelerator: Lattice design and tunnel design

ILC250 Lattice design was fixed, Accelerator tunnel design is on-going /

Total Accelerator tunnel length
= 20,549.5m (20.5km)
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Bird’s eye view of ILC in Kitakami candidate site
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Tunnel esign for Kitakami Candidate Site (ILC250GeV 20.5km)
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Plan of Interaction point

Surface IP canpus Detector Assembly Hall

Positron accelerator tunnel

Underground Detector Hall

5GeV damping ring
Tunnel (3.2km)

Interaction Point

Access tunnel

Access tunnel

©Rey.Hori/KEK

" 5Gev damping ring
Tunnel (3.2km)
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Surface Access Station

Access Tunnel (10% down-slope tunnel, about 1km length)

Underground Access Hall

AcceleratorTunnel
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ILC political Status of Japan



SCJ committee Discussion about ILC250

July, 2018

MEXT

Dec., 2018

I '

half years discussion about ILC250

ILC advisory panel report (in English) is available from

Commissioned Survey
http://www.mext.go.jp/component/b_menu/shingi/tous

by NRI (2014-17)

hin/__icsFiles/afieldfile/2018/09/20/1409220 2_1.pdf
1) WW Research trend (FY14)
2) Technologyissues (FY15) =
3) Large Int’l project (FY16) —1
4) Risk/safety issues (FY17)

ILC Adv. Panel

Organized from 2014 to 2018

4 years discussion about ILC500(TDR)

&
Physics TDR Validation Human Resource Organization &
WG WG WG Manage.WG
Organized Organized Organized Organized
in 2014-15 & 2018 in 2014-15 & 2018 in 2015 -16 in 2017

Review committee for ILC250

Tasks of the committee

* The academic significance of the ILC,
importance of the ILC in the elementary
particle physics

* Importance of the ILC in the whole
academic research

* Significance of the ILC in Japan

* Preparation status for the ILC, budget
and human resources necessary for
construction and operation

Sub-committee

SCJ : Science Council of Japan
AAFME=E
MEXT : Minister of Education, cluture and sports,
Science and Technology Japan

XERMZE

Tasks of the subcommittee
1 Technical feasibility of large facilities
2 Cost evaluation
3 Economic ripple effect
4 Environmental assessment

US-Japan collaboration meeting @FNAL
(Mar.1,2019) Shin MICHIZONO
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SCJ report to MEXT: Executive summary

http://www.scj.go.jp/ja/info/kohyo/pdf/kohyo-24-k273-en.pdf
Dec. 19, 2018
* The SCJ recognizes the importance of the Higgs physics. “It
is agreed upon Japanese high energy physics community
that the precision measurement of the Higgs coupling is an
important one”.

* “Judging from the plan and preparatory status of the
project presented at the moment, the Science Council of
Japan does not reach a consensus to support hosting the

250GeV ILC project in Japan.”
Their main concerns are “Japan’s large share of the overall
cost required for the project implementation”, “matter of
concern for the implementation of the project (for technical
issues)”, and “the uncertainty surrounding proper
international cost-sharing with respect to the long-term
commitment to large budget allocation ”

US-Japan collaboration meeting @FNAL 14 22
(Mar.1,2019) Shin MICHIZONO S. Michizono



ICFA/LCB meeting at Tokyo (Mar. 07,2019)

ICFA/LCB meeting March 7, 2019

S. Komamiya



MEXT’s view in regard to the ILC project

MEXT’s view in regard to the ILC project
Executive Summary

MEXT announcement

at ICFA/LCB meeting | March 7, 2019
Research Promotion Bureau, MEXT

» Following the opinion of the SCdJ, MEXT has not yet
reached declaration for hosting the ILC in Japan at this

* moment. The ILC project requires further discussion in

o, mal a :Aq-u qa:o!u: .g' DIOCEesSSes such as the

SCJ Master Plan, where it has to be clarified whether the SCJ Master Plan
ILC project can gain understanding and support from the

domestic academic community.

» MEXT will pay close attention to the progress of the
discussions at the European Strategy for Particle Physics
Update.

» The ILC project has certain scientific significance in
particle physics particularly in the precision . .
measurements of the Higgs boson, and also has possibility Have interest in
in the technological advancement and in its effect on the the ILC project
I i o local community, although the SCJ pointed out some
This is the f Irst Off icial concerns with the ILC project. Therefore, considering the

announcement of above points, MEXT will continue to discuss the ILC
MEXT about ILC project with other governments while having an interest

in the ILC project.

Continue to discuss
ILC project




KEK create International cost-share WG

ILC International Working Group Established -- First Meeting
Held in Granada

2019/05/21 @ Topics https://www.kek.jp/en/newsroom/2019/5/21/1900/

IBDIEBEI

WG discuss
Cost-share,
organization

will report to
MEXT in
September 2019

KEK established the International Working Group on the International Linear Collider (ILC) project
to discuss issues such as international cost sharing. The First Meeting of the Working Group was
held on Friday, 17 May, in Granada, Spain.
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Schedule

Sep. 2019 : Cost-Share WG will report to KEK, then to MEXT.

Sep. 2019 : SCJ will start hearing of Big-Science-Project
of Master Plan Candidates.

Oct. 28, 2019 : LCWS2019 at Sendai, Japan (close to candidate site)

Jan. 2020 : SCJ will decide Master Plan of Big-Science-Project.
May 2020 : Europe next-5-years strategy will be decided.

Summer 2020 : ILC will be included clearly
in the 6-th Science and Technology Basic Plan
of Japanese goverment.

Then, ILC construction preparation will be started.

18



Superconducting Cavity: High Technology Part

19
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Beam Acceleration in Main Linac

©:Rey.Hori/KEK

Superconducting Accelerator
RF unit (below) is placed repeatedly in a line

Klystron: RF power is generated

Cryomodule

Beam pulse length (1ms, 5Hz)
O<—>OOOO‘/ 1312 Beam bunchs

A

Acceleration gradient
RF pulse length

&
<«

Beam bunch:

Interval of beam bunch

Accelerating field in cavity

itis repeated in 5Hz Cryomodule: 8 cavities are included,

-4 000D 2 40

G008200=




Tunnel layout of ILC Main Linac

Tunnel Layout of ILC Accelerator

Shield wall

(1. 5m thickness)
Concrete shield

Cryomodule

Accelerator Tunnel

ey

MARX Modulator
Multi-beam Klystron

T

Digital LLRF controls

Klystron Tunnel
©Rey.Hori/KEK
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Cryomodule

Type-A (9cavities) 604 Number of Cryomodules: 906
Type-B(8cavities+SC-Q magnet) 302

support posts

\

& PNy

elium gas return pipe
(®300mm SUS pipe)

cRey.Hori/KEK

thermal shield

(Al plate +Super-Insulator) Liquid Helium supply pipe

(®60mm Ti pipe)

Superconducting Cavity

22
Cross-section from D. Kostin



1.3GHz Superconducting Cavity Package

Number of SC cavities: 7800

Helium Jacket

beam
acceleration

Input
coupler

TDR Superconducting Cavity Package

Niobium cavity is cooled by 2K Liquid Helium introduced into the jacket,
Pulse RF power put into input coupler, resonance tuning done by mechanical
Tuner and piezo tuner.

23



Technologies for high performance SRF cavity

s ..

Cavity frequency tuning Cryomodule assembly




ILC SRF accelerator development

Number of SC cavities in ILC: 7800

Euro-XFEL in Germany (800 cavities) LCLS II in US (280 cavities) under fabrication

DESY/FLASH,
Euro-XFEL IHEP/ cavity development FNAL/ILCTA, ANL
OQ PKU/cavity development O _ O Cornell
Saclay O O SLAC ® OJLAB
cryomodule assembly @ KEK/STF, CFF, ATF
O  ('SARI/SHINE) LCLS-II

RRCAT/cavity development

SHINE in China (61 » cavities befabricated)
ILC accelerator/SRF technologies development by International Collaboration  2°



European

XFEL| Test results: USABLE GRADIENT

“As received’ test

100% 60
Reasons of Usable Gradient degradation
o 50
80% 51%
40 Qg degradation
- 60% - (exept firld emission) W 0o oFE)
2 30 3 QO(Field Emssion) ' 80 ¥
40% 20 Field Em1ig’s‘ion % W e
Break- n B o
20% 10
0% 0 * few cases of power limitation, HOM coupler heating etc
0 10 20 0 40 50 ' '
Usable Gradient MV/ml LC
s e b Average loss from max: ~4 MV/m
Tests 375 367 742
Gavg (MV/m) 29.1 26.4 27.8
Grus (MV/m) 7.4 6.6 7.1

yield@20MV/m | 89%  83%  86%
yield @ 26MV/m % 59%  66%
yield @ 28Mvim |(63%) 45%  54%

XFEL cavity results @ ECFA LC 2016 e Santander - Spain e 31-05-2016
Nicholas Walker @ DESY e nicholas.walker@desy.de
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European

XFEL| Test results: Re-treatment

100% [ | accept for modulg leo  “As received” test
80% | EZ (Guw~28 MV/m |20
— - 40 In general, first re-
o PRl & retest 2 3 treatmentis a standard
" o] ° High-Pressure Rinse
20 (HPR)
20% | , |
10 Second (if required) is
o BCP

0

sable Gradient MvV/m ILC

HPR treatment for <20MV/m cavities in XFEL

XFEL cavity results @ ECFA LC 2016 e Santander - Spain e 31-05-2016
Nicholas Walker @ DESY e nicholas.walker@desy.de
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European

XFEL| Extrapolation to ILC - VT

m |[LC TDR assumed VT acceptance > 28MV/m (XFEL >20 MV/m)
= Average of 35 MV/m (XFEL 26 MV/m)

" Assumed first-pass yield: 75% ILC specification : >=90% yield
» 25% cavities retreated to give final yield of 90% >28 MV/m (35 MV/m average)

10% over-production assumed in value estimate

_ ILCTDR XFEL
Rl results only (ILC recipe) (assumed) e enbla

Yield >28 MV/m 75% 85%

Average >28 MV/m 35 MV/m 35.2 MV/m 33 5MV/m ’
CFirst+Second pass) Yield >28 MV/m 90% 94%

Average >28 MV/m 35 MV/m 35.0 MV/m 33 4 M x

b but close!
First+Second+third\ Yield >28 MV/m - ciga
ass Average >28 MV/m - 334 MV/m

More re-treatments - but mostly only HPR
Number of average tests/cavity increases from 1.25 to 1.55 (1st+2nd) o $5$
20% over-production or additional re-treat/test cycles

XFEL cavity results @ ECFA LC 2016 e Santander - Spain e 31-05-2016
Nicholas Walker @ DESY e nicholas.walker@desy.de



FNAL :Test Cryomodule Performance
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¥ Vertical Test

Comparison of CM-2/RFCA002 Cavity _ "~
Gradients " Subsequent Vertical Test
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ILC Milestone
31.5MV/m

~
v

Gradinet (MV/m)

Jury
v

FNAL CM-2 has achieved the average cavity
gradient of 31.5 MV/m

Cavity Location/Serial #




KEK-STF :Superconducting RF Test Facility

Test Accelerator to test ILC cryomodules

Beam

. e . D
Combined 8 cavities in cryomodules with vector-sum LLRF, -

were operated at 30.5 MV/m in 2016, just RF filling.
In March 2019, average 33MV/m beam acceleration was confirmed. 3!
l

#t

ILq.‘-type Cryomodule (CM-1) (12m)
+
Ry half-size Cryomodule (CM-2a) (6m)

Photo-cathode RF-gun



LCLS-1l superconducting accelerator in SLAC tunnel

LCLS-Il linac will occupy 700m of 3 km linac tunnel

D
T T T 17T 1771 T 1 I T T T T I T T I 1 FrrTTh
A-line
LCLS-11 SC Linac \ proposed FACEI-II
(I | | T —
L1 L2 L3 Ste Ine bypass line
Sector-0 Sector-10

0.93m
LH _ BCT BC2 |
| MelLd) i
T |
kicker
The 1,000m “copper” linac in The existing linac in “middle” The LC ‘
Sectors 0-10 will be replaced 1,000m of the tunnel will be left 30 will
by a superconducting linac, Intact (likely use: R&D on with SC
occupying 700m(room to grow) plasma wake field electror
acceleration). Electrons from |
The SC linac will provide SC linac transported past this
electrons to either or both linac in a separate channel 'j
undulators :

“glowing” sections indicate these are not in the vertical ple£
BESAC July 7, 2015 LCLS-I| Status



LCLS-1l Cryomodule production at JLAB, FNAL

LCLS-II (FNAL, JLAB) will fabricate 35 cryomodule (280 cavities)

JLAB
Production
Line

FNAL
Production
Line




Preparation at KEK, XFEL project in Shanghai

KEK/COI
Cryomodule
Production
preparation

Production
Line
preparation

Cryomodule assembly facility is under construction in the SSRL existing building.
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ILC tunnel design and installation plan into Tohoku-area Japan
are presented.

On March 7, MEXT did not say hosting ILC,

but express their interest to ILC.

International cost share discussion WG has been started,
Listing ILC on “master plan of SCJ”, is expected in the next Jan. .

High-tech accelerator part (SRF) mass-production is matured
in Europe, US, and is developing in Asia.

ILC is very close to go.



Thanks for your attention

©Rey.Hori/KEK
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Cost-down of Main Linac

US-Japan cost down R&D

In 2016, MEXT(Japanese government) and US-DOE agreed to have cost-down R&D
by US-Japan collaboration, to make ILC realize

ILC 250GeV Cavity Package 7800 unit 37



US-Japan Cost-down R&D Items

@ (A-1) Nb material cost-down by Ingod-slicing

Manufacturin
Ingot (forging, rolling, slicing, tube forming)

-

Ingot Manufacturing E
‘r-—ﬂ

|

I

¥

Cost down by Mid-RRR-ingod material + slicing to sheet el LG cell-material

Development of gradient performance and ensureing Nb sheet strength
and press-forming availability

@ (A-2) High-Q High-G of cavity by N-infusion

. 10" T T T
10" T T T T T

T . ———— ‘ ' 2 K. 1.3 GHz ILC operation specification
ey, High-gradient High-0 s, eimed | 31.5MV/m 1x1010
/""N-.,.M W \

= ||| -
o 0"k FNAL I 11 P ENAL9-cell :

" 1-cell result =" _ result
L °2:ﬁ-h: \
e — ® cav0017 35MV/m 16X1010
eel__ys | | ©  th9aes017
Eacc A cav0018
] 1 1 1 1 1 1 1 1 1 IO‘) L L 4 . L L .
1Oo 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40
E,.. (MV/m)

E,.. [MV/m]

C

. . o c . 38
Introduction of clean furnace for N-infusion, search of infusion parameter range



N-dope(2013) and N-infusion(2013) were developed

A. Grassellino et al.,2013 Supercond. Sci. Technol. 26 102001 A. Grassellino et al., arXiv:1305.2182, 1701.06077
. . 25mTorr N2
N-dope 2°mTorrN2 N-infusion
o P @800 deg C, 2min @120 deg C, 48hours

"
T T T T T T T T T T T T T T T 10 T T T T
2K

o®oopme o

anhn @
=‘ﬁ.“'~m “%"-ch
2.7x10" AAAAAAARA AL aa

e
Adgas &

g w0°p E H |gh'Q o 10"

High-Q &

| 120 C modified

" 007 7 H
s ma A | High-G
4 TBYAES026 1& E * © aesOl5
v TBYAES027 120C | ﬁﬁ *
TBYAES028 ® aes0l4 |
< TBIACCO15 € 200005 S 08 .
FE limited
R : o : EER
J 1 1 1 1 1 1 ' 1 ' 1 ' 1 L 1 1 IO" L - 1 L -1- L- L L L
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 0 5 10 15 20 25 30 35 40 45 50
A E,_ (MV/m) E,. [MV/m]
TTC meeting (2014/Dec) A. Melnychuk A. Grassellino [High grad/high Q via N
[ Update on N doping at Fermilab | infusion] (LCWS2016)
800C
e o 1e+002 0 ' ' "Temperature(Heater) fer0o1
perature - —LL Fraiairs
800C Pressure 800 }
800 1 1e+000
Ll - ess. o 120d C
After this process, & egree
i i . - i e .
g 600 ~7um EP was applied % N-infusion (3.3Pa = 25mTorr)
S 500 | 2 S 500 | 48 hours
2 : 5 g
8 a0 | g g 400 {1e-003 E
S 1 1e-004 3 g §
S 300 | 8 & 300 | | ioos %
200 | | — 200 }
4 1e-005
100 } 100 |
120C
0 . . . 1e-008 0 . L L . + +—1 1e-006
12.00 00:00 12:00 0000 04112 0413 04114 0415 04116 0417

Time K. Umemori Time K. Umemori



N-infusion was applied both 1-cell and 9-cell cavities

120 C N-infusion: high Qg at high gradients

Single-cell ) 9-cells
|0” LA I (A T T ———TTT— ] 0 77 75 7T T
! 2K, 1.3GHz ] [ 2K, 1.3 GHz ]
2 times i — d:
. imite
higher! AP G, e 0 |
% ILC Spec L l‘\
Oo IOIO :_|20C+N2 . Oo lolO-_ |
r = pav007 1 i
- A pav0l0
T © aesOI5
120 C FE limited
- ® aesOl4 ® cav0017
s ~ - @ th9aes017
o| P  aes005 ; ) - A cav0018
IO i 1 " L i 4 i " L " L " L " L " " 1 " 1 " 1 i 1 " 1 i 1 " 1 i
0 5 10 15 20 25 30 35 40 45 50 0 S 10 15 20 25 30 35 40

EﬂCC [MV/m] Eacc [MV/m]

Higher Q-factor at higher field may allow for higher duty-cycles
and therefore higher luminosity!

A. Grassellino et al., arXiv:1701.06077 (in publication to SUST) .
3¢ Fermilab

52 Martina Martinello | SRF 2017, Lanzhou, China



Surface structure of N-dope and N-infusion

1E+22 A Grassellino et al, Proceedings of SRF 2015

Diffusion of N into Nb surface E H :
B2 poe ]
g )
1E+20 | & L
; E, Diffusion of N
Nb B9 =0 12 into Nb surface
1518 feee ‘g’ 20 - 30 um
1E+17 | i
: E
1E+16 3 8
g =
Nb 1E+15 ' 3
0 10 20 30 40
EAG Depth (um) _
Removal by EP A. Grassellino ALCW2016
T T —:; ]0“’” T T T T T
10" F 5
o 710t
N-mfus:on E 103 5 70 90 Diffusion OfN
g into Nb surface
Q
N» Nb z around 200 nm
120C
00 02 04 06 08 10 12 14 a1

depth [um] A. Grassellino ALCW2016



High-Q/High-G surface only by baking!!

Repeated on second cavity TE1AES009 (fine grain, AES, WC)

11
L o 0 U 7 7 | FNAL new receipe June 2018
75 °%Cbaking +120 °C baking reach to 49MV/m

EP+ 75C 4 hrs+ 120C 48 hours

-

Regular 120C

@ ACCO003: EP+120C - regular
» 1DE3: Modified 120C bake

® 1DE3: Re-calbrate/check
AES009: Modified 120C bake No N-dpe,

@ AES009: cooldown #2
- AESO009: cooldown #3

No N-infusion

109 1 1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50 55

E aee (MV/m)

A. Grassellino et al, https://arxiv.org/abs/186.,09824 .
psi//arxiv.org/abs/LOERE Al

21 Anna Grassellino - highQ/high G R&D @ FNAL 7/3/18



New Furnace for N-infusion R&D at KEK

Completed at the end of FY2017
Cryopump for main pump, oil-free pumping system.

Molybdenum is used for heater, reflector, table etc.

TMP is used during N-injection, can reach ~2e-5Pa.
Clean-booth surround entrance door.

K. Umemori
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Summary of KEK N-infusion

Summary of N-infusion @KEK new furnace

Day (N- | Cavity Treatment Eacc Comment
inf/VT) |name (MV/m)

Jun-6/
Jun-21

2  Jun-13/
Jul-2

3 Jun-207?/
Jul-5

4 Sep-9 /
Oct-5

5 Oct-6/
Oct-18

6 Nov-23 /
Dec-5

7 Dec-21/
Jan-23

8 Jan-31/
Feb-14

R-6

R-9b

R-10

R-2

R-6

R-8

R-9b

AES018

1

FG

LG

FG

FG

FG

FG

FG

800C, 3h + 120C,
48h, 3.3Pa N2

800C, 3h + 120C,

48h, 3.3Pa N2

800C, 3h + 120C,

48h, 3.3Pa N2

No Q-

degradation

No Q- 26
degradation

No Q- 27

degradation

Summer shutdown

800C, 3h + 160C,

48h, 3.3Pa N2

800C, 3h + 120C,

48h (without N2)

800C, 3h + 120C,

48h, 3.3Pa N2

800C, 3h + 160C,

48h, 3.3Pa N2

800C, 3h + 120C,

48h, 3.3Pa N2

mm

Q-degradation 32
(like J-PARC)

o
Q-degradation 24
(like J-PARC)

No Q- 38
degradation

Quench due to
defect

F.E. limited

No defects
found

Quench due to
defect

No reference
data at KEK

K. Umemori
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Overall siting plan to fit Kitakami Candidate Site

Access Tunnels

Site-specific design of

Access tunnels PM-10

AT-10: 1503

electron linac

PM-8 Total Accelerator tunnel length

AT-8: 691m = 20,549.5m (20.5km)

AT+-DR (access point to DR):763m
AT+=DH (branch to detector hall):693m

Interaction Region

AT+8: 283m m> PM+8

positron linac

AT+10: 943m

PM+10

access tunnels 5 Detector shaft 1
total length 4876m @18m depth 75m

Utility shaft 1
@®10m depth 75m

45




Interaction Point Campus at Surface

surface design

Lo 66kV T
IP area 78,500m? rans

Water chiller & pumps
Air intake/exhaust

or

research buildi )
generation

He
compressor
& tanks

IP detector assembly
building

ILD&SiD detector preparation

computing buildite : St = building

©Rey.Hori/KEK




Access-station at Surface

surface design
access stations
16,600m?2 5 area

Water chiller, pumps

He compressor & tanks

Temporary Crane

Water chiller,
tanks & pumps

©Rey.Hori/KEK



Cross-section of ILC Main Linac Tunnel

66kV Cables Klystron Tunnel Accelerator Tunnel

6.6kV Cables
LCW Supply

Waveguide
/

LPDS 4

LCW Return Cryomodule

CHW S,R

5,500

Drain
Shielding Wall

e

Transport Vehicle

Krystron

4,000 4,000

»

9,500
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Beam Acceleration Sequence

Turn around Bunch compressor Beam size of collision point l +5.9nm

b I

+474 nm
/ Small floor Vibration Site

. . is required
Interaction Point (IP)

-

r{a' focus Stiff rock, Deep underground

Electron Linac

v

5GeV positron
damping ring(3.2km) Positorn Linac
Polarised
electron source
1ms bunch train mean: “ Bunch compressor
1312 bunch (220km length) Beam start here rn around

| | | | | | | | | | | | | | | | beam generation (554nsbunchspacing)
l | N (I - | - l

womp ressmn\ In Damping Ring (6ns bunch spacing)

injection with compressed bunch spacing : 2.3km length ©Rey.Hori/KEK

extraction with long bunch spacing

1312 bunch (220km length) 45

Bunch train expansion

beam acceleration in Linac l l l l l l ] ] ]
(554 ns bunch spacing)




