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ILC Acc. Design Overview (in TDR)

Damping Ring
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LCC international structure

New 3-year mandate from 2017

(LCC organizedin 2013)

ILCHERFE

Planning Office for ——— LCC

the ILC (KEK) Linear Collider Collaboration LCCTsLI5— BlF4L 95—
Y=7as44—a5RL—ay Lyn Evans Hitoshi Murayama
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Photo of new LCC managements

press conference at Morioka Dec 2016




15t survey of technological
spin-offs and Research trends (FY2014)
2"d survey of technology issues

(FY2015)

ILC Advisory Panel in MEXT

MEXT Under ILC TF headed by

Research contract

ILC Advisory Panel

State Minister of MEXT

Established in May 2014

Particle and N

lear TDR Validation

Human Resources

Physics Working Group Working Group Working Group
Established Established Established
in June 2014 in June 2014 in Nov. 2015
4 On July 7,2016 N

o

-Feasibility study with current technology

J
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Organization and
management Working
Group

Established
in Feb 2017

-Cost reduction study with new technology > cost-reduction R&D




Important Energies in ILC

125 GeV Higgs discovery reinforcing the ILC importance

Integrated Luminosity (ab?)

ysics confident:
- Higgs and Top Quark

New Physics beyond SM:

% Learn “everything” about H (125)
** Probe dynamics of EWSB

Direct or indirect DM searches

» Evidence for BSM physics
Hints of a new mass scale

7/
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ILC Site Candldate Locatlon in Japan Kltakaml

Preferred 5|te selected by JHEP communlty,

L Endorsed by LCc, in 2013
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ILC Time Line: Progress and Prospect

Internat’l| Negotiation

/ Joint Site Project Approval
AEEEEENENEN | Site Decision

Project Proposal

\ 4
ICFA
ILGC (Pre—Prepa.ration) and ILC Organization
Work Sharing Preparation Phase (ILC Lab.)

RDR/DBD Activities Construction  Operation

Assuming (~2+) 4 year 9 year
Site-dependent 8 )4y (9 year)
design ﬁ We are here,
2012 2017
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ATF/ATF2: Accelerator Test Facility

e+ bunch

Damping Rings IR & detectors compressor Deve I 0 p th e
f nanometer beam
_technologies for ILC

—

Layout of ILC

e+ source
e- bunch

compressor po_sitlron 2
main linac ° .
1 km B Key of the luminosity
, maintenance
central region
R B 6 nm beam at IP (ILC)

electron
main linac
44

loumn

ATF2: Final Focus Test Beamline

Goal 1:Establish the technique for
small beam
Goal 2: Stabilize beam position

Damping Ring (~140m)
Low emittance electron beam

sth Her-kek sk 3oGeViS-band Electran LINAC (~70m) 0



Progress in FF Beam Size and Stability at ATF2

Goal 1: Establish the ILC final focus
method with same optics and comparable
beamline tolerances

® ATF2 Goal:37 nm =2 ILC6 nm

® Achieved 41 nm (2016)

Goal 2: Develop a few nm position
stabilization for the ILC collision

® FB latency 133 nsec achieved
(target: < 300 nsec)

® positon jitter at IP: 410 > 67 nm
(2015) (limited by the BPM resolution)
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Construction of STF cryomodules

STF-1 Cryomodule S1- Global Cryomodule STF tunnel
Four 9 ceII cawtles (2008 ) Four (+4) 9-ce|| cavutles (201 0’ ) (2011°)

STF-2 - Capture Cryomodule STF-2 - CM1+CM2a Cryomodule
Two 9- ceII cawtles (2012 ) Eight + Four 9-cell cavities (2014 ) |

)
T _l_dﬁ‘

b e e

Beam operation

HPG regulation
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8 Cavities Operation by Vector-Sum @31MV/m

Preliminary result
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Main equipments in CFF

Cléan room 19m ); 14m x 5m (Height)
Cleanness ISO 5

: 3 | l [ | el |
Chemical polishiing S il | d 8 . !

Completed in July 2011
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Present status of production

July 2011 Construction of Cavity Fabrication Facility (CFF) is finished.
Feb. 2012 The first cavity named KEK-0 was fabricated in CFF, and its acceleration
gradient attained 29 MV/m.
Mar. 2014 The second cavity named KEK-1 was finished, and its acceleration gradient attained 36 MV/m.
April 2014 5 R&D cavities (1-cell & 3-cell) were fabricated,
to June 2015

Feb. 2016 The third cavity named KEK-2 was finished, and its acceleration gradient attained 38 MV/m.
April 2016 Fabrication of new R&D cavities and the fourth cavity named KEK-3 are ongoing.

KEK-0 J"""""""i’h'\\.&

Wwal:r\:

— —

KEK-1 i VA BB R RS *«‘w._

f’mo:covo-c/
|
1 !
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ILC cost reduction R&D

Cavity ~16,000
g
Coupler ~16,000
m Conventional Facilities: 2,055 MILCU
- Components: 5,725 MILCU
{ | Klystron ~400
o 3500 -——
3
¥ ol
R ol
a0 L] 4108
MARX modulator ~400 180011
1000
154
s00-H— —_— 152 -
- f27 173 72
' woowm T W % mm
Manlns:) ~ RTML  DamgingRings  Commen  EDS  Postron Souns R Electron Source.

Figure 15.8. Distribution of the ILC value estimate by system and common infrastructure, in ILC Units. The num-
bers give the TDR estimate for each system in MILCU.

The main fraction of the construction cost is coming from main linac (ML).
Thus we focused our cost reduction R&D into ML (superconducting RF technology)
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A-1. Niobium material preparation (with new processing for sheeting and piping)

Motivation

Niobium material cost for fabricating SRF cavity cell and end-groups is relatively high.

There are 20 kinds of mechanical parts in 9-cell cavity, which shape and the requirement of
performance are different, respectively. If the ingot purity and manufacturing method for
each part is optimized precisely as well as satisfying the ILC specification shown in the TDR,
the cost will be reduced significantly.

Approach

- Optimize the ingot purity with a lower residual resistivity ratio (RRR) with accepting specific
residual content.

- Simplify the manufacturing method such as forging, rolling, slicing and tube forming with
small loss.

Manufacturin
Ingot (forging, rolling, slicing, tube forming)
Total, 50% off — i

Ingot Manufacturing

Niobium ingot

| .a. L L
o LA A A A A | b 2

bting (July 15,




Fabrication of test cavity

@®High Ta & Medium or High RRR sheet

@High Ta & Low RRR sheet | @High Ta & Low RRR tube

e 3-cell cavity

* TESLA-like shape

* Both ends are end-cell shape
(All center-cell shape in R3)

* Beam tube ID: 80 mm

Start material : Nb ingot from CBMM, Commercial Grade (Ta: 2000 ppm Max., RRR: not specified

@®High Ta & Medium or High RRR sheet: for cells

@®High Ta & Low RRR sheet: for stiffener
Forging and rolling to sheet from the start material

@ High Ta & Low RRR tube: for beam tube
Forging and manufacture of seamless tube with good formability for burring from
the start material




A-2. SRF cavity fabrication for high gradient and high Q

(with a new surface process provided by Fermilab)

- High Q cavity enables the decrease in number of cryogenics leading to the cost reduction.

- FNAL researcher (A. Grassellino) found the new cavity preparation recipe having high Q
and high gradient.

- Demonstrate N2-infusion (High-gradient and High-Q) technology with 9-cell-cavities.

By A. Grassellino (FNAL)

Preparation of (1B Ak T iy 1
= . = a = Modif
vclean vacuumEi ' | — High-gradient, High-Q
»- ‘+.N2dope ' iy ?"\::‘ - .
- el | LT

e ) - o3T

QE.WE‘ .Im-—h‘\

=2

example of Cornell 10*
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Design optimization for High Q and High Gradient op.

High QJ|High Gradient (31.5 MV/m—->35 MV/m)

\ / Optimization of rf distribution

. . . Bl =y
S Higher efficiency kly ’"‘f

ampl. —

accelerating voltage
- ~—>
e \

Z(QL)opt \ |
Tf = CU—O In2 \

Longer filling time, i Tuning control (for higher Q)
_V__ higher power per cav. |

—
I/Cﬂl)

(QL)optz(r (Li+Le+Ls)—Li=nx Cor¢

5) Iyo cos ¢y

Smaller number of ¢ - o :
Timing optimization from positron
> generator tq DR and positron line

/
1 L3
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Fermilab  LCLS-II N,-infusion (HQ-HG) Coupler
JLab LCLS-II Nb-LG/FG (Ingot-sliced/rolled) , LSF
cavity, N,-infusion
DESY EXFEL N,-infusion High-
Nano-Lab study performance CM
INFN- ESS Nb-LG/FG systematic study for ESS
LASA
CEA/ IFMIF Vertical EP (VEP), Magnetic shield Assembly
CNRS- ESS, N,-Infusion Coupler robotizing
LAL SARAF
KEK STF Nb-LG/FG Coupler, Tuner Marx M.
N,-infusion Crab. C.
IHEP ADS N,-infusion, Industrialization Industrialization Marx M.
h.e.
Klystron
CERN HL-LHC Thin-film (Nb on Cu) Coupler h.e.
Hi-Isolde Klystron
TRIUMF  ISAS-II, VEP, muSR
ARIEL
Cornell N,-infusion, VEP

R&D Plans at worldwide Labs
I e e e

6th IHEP-KEK SCRF Collaboration Meeting (July 15, IHEP)
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Exploring Phase Space of Nitrogen Treatment
“2/6” Nitrogen “Doping”

gooc UHV, | 272 | [800CUHV, || UHV
3 hours P 2_ e | 6 minutes ' cooling

—s HumEP

120 C Nitrogen “Infusion”

S. Posen (FNAL)
at AWLC17

800C UHYV, ‘ 120C N, . UHV
3 hours p = 25 mTorr 48 hours | cooling
1 T T | T mg _' T T T T T ]
5e10 3 .««1«4 dq E
Can tailor treatment 4e10 £ " :,,;....»m
« e 3 * . ‘""”?‘b.t" E
to application 3e10 | ,#
(optimize forQ, at a = "'"'4'-.1. "o
. 2e10 | : .m 3
givenE, ) —— | "ﬂingua. :
g ]
e AES015C: +120C 48 hrs
Before axidation

AES015E: 160C 48 hrs with N2
AES011: 180C 48 hrs with N2 + 160C 48 hrs no N2
AESO11: 170C 48 hrs with N2 + 170C 48 hrs no N2
PAVOQT7-2016-12-05: 1680C 48 hrs N2 + 160C 96 hrs no N2
AES015: 160C 48 hrs with N2 +160C 96 hrs no N2

NS v ASd

22 6/29/2017 Sam Posen

PAVO10G: 200C 48 hrs with N2 T=2K
AESO16: large grain, 170C 48 hrs with N2 + 170C 48 hrs no N2
| ] 1 1 N 1 1 . 1 1 1
0 5 10 15 20 25 30 35 40

E,.o (MV/m)

A. Grasselllino et al.
arXiv:1701.06077

Z= Fermilab



9-cell cavity results, 120C infusion

10” [ T T y T T T ' T T T T y T —] @
[ 2K, 1.3 GHz ]
FE Limited |
[ }
[ J
o W0 :
- @ cav0017
i tb9aes017
A cav0018
109 ; | i I . l i l . I i ] . ] ;
0 5 10 15 20 25 30 35 40
E... [MV/m]

1.3 GHz cavities, tested at 2K
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11 6/27/117 S. Aderhold | N-Infusion and Cost Reduction R&D @ Fermilab

S. Aderhold (FNAL)
at AWLC17

Same extraodinarily
high Q as single
cells

Highly reproducible

CAVO0018 limited by
FE -> might have
gone even higher in
gradient

2= Fer2r7nilab



Nitrogen role in N-infusion

]01 % I kK I % I L I i I ¥ I U T

Reference, not infused
NbN-

Nb,O5
N-infused at 120 C
NbN-

Nb,O;
N-infused at 160 C

10°

10

107

1073

Intensity [counts]

JH MWMM I Jln '. il W-‘f

data courtesy of Y. Trenikhina

10-6 i | : | i | i | ; ] ; | |
0 50 100 150 200 250 300 350 400

Sputtering time [s]

No nitride formation
at the RF surface

S. Aderhold (FNAL)

Higher N, background
compared to non-
iInfused samples

N, enriched layer below
native oxide

SIMS data suggests that
performance is related
to the first nm from the
RF surface

A. Grassellino et al., arXiv:1701.06077 (accepted for publication by SUST)

15 6/2717  S.Aderhold | N-Infusion and Cost Reduction R&D @ Fe

¥)15 IHEP)

2 Fermilab



Cornell Laboratory for
Accelerator-based Sciences
and Education (CLASSE)

N-infusion at Cornell, 9-cell

F. Furuta (Cornell)

KEK 9-cell post low temp. bake at AWLC17
1.00E+11 .. ‘ ’
YT R ETR Y
" . W Y
A.“;;o‘o?xwxxx&; %3 |
XXZA A AAA AAAA A, 7§ Ky |
AAA‘.'. o9 00 O O.'.'A Xim
e = | LIS
*
Anti- @-slope é ™ 158K
& 1.00E+10 j L 17K
| X 1.8K
A 191K
® 2K
* Q-slope and quench limited ~23MV/m.
* FE free.
1.00E+09
0 5 10 15 20 25
Eacc [MV/m]

ffo7@cornell.edu, pnk9@cornell.edu
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AWLC2017, SLAC, 27June2017

Will be analyzed,,,



RECENT WORK AT JLAB

1.5 GHz, 2.0K

46.5MV/m 1

m Baseline
® Baseline+120C/48hrs
A Baseline+120/48hrs+800/3hrs+120C/48hrs @ 25 mtorr N2

1 og T T T T T T T T T T
0 10 20 30 40 50

E._(MV/m)

P. Dhakal (JLAB)
at AWLC17

.}efferson Lab




Comparison of tests before/after treatment LA =T(33)

at AWLC17

-»-1DE17 - Before|
-=-1DE17 - After |
--1DE18 - Before|
-=-1DE18 - After |
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VT results for N-infusion

at AWLC17

* Transfer to KEK
HPR (No EP applied)
Assembly

E.Kako (KEK)

* Magnetic field canceled. (< 1mG)
* Cooled down with thermal gradient
R-2(Tokyo-Denaki FG, single-cell) VT12 ~N-infusion™
Q-slope above Eacc > 5 MV/m
LEFIL | eded My
* "!.-‘ o Ry
”..“ |"‘ TEOK W R # 1.5K(N-infusion)
I FACKE R S S L ® 1.8K(N-infusion)
"'""i..*.,-‘!-:..r . k¥ r ® 2.0K(N-infusion)
S s oo s, . ¥ | + L4K(Nominal EP)
1.E+10 "0..; “ | % 1.6K(Nominal EP)
'.o. ¥ 1.8K(Nominal EP)
.'. ¥ 2.0K[Nominal EP)
..
]
1.E+09
0 10 20 30 40 50

Eacc [MV/m]

Rs[Dhm]

1.0e-006 T T - T
Data R2 WVT12({h-infusion)

FitWwT12
5 Cata B2 VT 11ireference)
R Fit WT11

1.0e-007 S

1.0e-008 L T

VT12: 2.9 nQ

VT11: 2.9 nf, |

1.0e-008 .
0.5 08

T VK]

0z 03 0.4

[0 Degradation was

0.7

observed for > 5 MV/m

O Eacc was limited at

33MV/m by quench at

225 degree equator
I No field emission
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staging option name

Turnaround &
Bunch compressors Damping Rings

sy w0 Tmm—e O ==

125Gey . D Jp—
250GeV  Option C: % ? :>
s W-@ D 22T @)
tunne

Simple tunne| —“‘————_____ Simple

350GeV Option D’: (10 center wail ng facie (o center wall, N facilties)

125GeVy o \ et
350GeV Option E’:
125GeVe_ s . .
Parse linac sparse \inac Q
GeV et

TDR staged: Option F:
350GeV Option F’:
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Example of staging plan

L@. LINEAR COLLIDER COLLABORATION U pgrade Paths .'F
P
250 GeV 4 years ramp-up
nom. lumi 1-5 years of running at design lumi

Lumi upgrade nergy upgrade
Benno LIST(DESY)
250 GeV 350 GeV at AWLCLY
2x nom. lumi nom. lumi
g Energy upgrade
500GeV
nom. lumi
a Lumi upgrade

6/20r7e Benno List

Lumi upgrade

Depending on the initial configuration,
not all configurations and paths will
be availablel
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Example of luminosity and energy evolution

new scenarios: H-20-CD (-Ogs)
Option C: q,rfjh c ) _lz(b_\_&:_ e

Y - — e I—
L B— ] ol e

(same scenario for option D)

4000 e Soomario 12000 ]

St | lumi upgrade after
3000 E—-.._Ecm;waazv E ,[I_dt N 500 fb_1
2000 - : (double bunches)

- 2 B ]
10003 ?g ; /

AR / energy upgrade after

4000 F JLdt ~ 2 ab1at 250

[ —— ECM=250GeV
3000 .- ECM =350 GeV

F IILIC,IS(I:elImIrioII-II-2ID-|;:[I}-dIBIS S . IE Gev Il'l ~15 (..I ..I )y

2000 - / ILC500 starts with x2
S Y ] bunches directly
1000 {2 =
A / B / : | Junpin Tian (U.Tokyo)
I TR T save ~4y with 6ss at AWLC17
years
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ILC SRF Global Manufacture/Integration Model

DESY, INFN
CERN
O IHEP, PKU FNAL/ANL
TRIUMF O~ O cornell
CEA-Saclay; LAL- Orsay CO™ O Kek Q Ojias
SLAC, LCLS-II
IUAC RRCAT
Host/Hub Lab Hub-lab:
Industry: regionally
: hosting
manufacturing indust - intearation
components naustry \ g
wiworldwide el & Test
RI, EZ, MHI, Hitachi,

contracts NW, PAVAC, ROARK, v..

Fﬁ)m AAARNRNE
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Thank you for your attention

Meeting (July 15, IHEP)



