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ILC accelerator
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* Electron and positron beams are Beam power 26 MW

*Converted into parallel beams (low emittance) by a damping ring (DR).
*Accelerated to 125 GeV in the main accelerator, which is about 7.5
km long.
*Tuned to be narrowed by the beam delivery system (BDS), which is
about 2.3 km long, and narrowed down to nanometer size by an . . .
electromagnet just before the collision point. 14 g : . o
*Absorbed by beam dumps.

* To obtain a given luminosity, each area is designed to meet the

specifications.

ILC Luminosity Scenario (ECM=250GeV)

12 ; ; ; ; .

Peak Luminosity [x10"34 /cm?2/s]

*Sources: 4.8 nC electron and positron production to obtain 3.2 nC at > 5 5 . 5 E
the collision point e r .
*Superconducting rf acceleration: 31.5 MV/m on average to 125 GeV 04 - : : . : : ]
reliably 02 | . | | =
*Nano beam technology: narrowing down to about 7.7nm at the 0L i i : i i i
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collision point to a given luminosity
* It is assumed that the accelerator will be adjusted over a period of
about 5 years to reach the target luminosity. 2

Operation Year



IDT-WG2

The Accelerator Division (WG2) of the International Development Team (IDT) has about 50 accelerator
researchers from 19 research institutes in 9 countries around the world participating in discussions on ILC

accelerator development research.
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® “Pre—lab Proposal”

ILC Technology Network

proposed 18 work packages.

® Important issues were selected from among them. (WPP)
® The cost will be shared internationally as in—kind contribution.
— ILC Technology Network

Time-critical WPs
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I E-driven positron scheme
WP-prime 8
Rotating target

WP-prime 9
Magnetic focusing

WP-prime 10
Capture cavity

WP-prime 11
‘ Target replacement

MI’%SR{&: BDS
SupgrgéZdZ,gt,?ng RF) Sources (Damping ring) (Beam Delivery System) Dum p

WP-prime 1 WP-prime 4 WP-prime 12 prime 15 WP-prime 17
Supergag\n yuctlng —I EIectrgn source I -I Systel?n design I Flnar ocus Main dump

I ri I ,

Cryom ogulmg ésign | Undulator positron scheme - Fln a ém%fét -

WP-prime 3 T | WP-prime 14

Crab cavity | Injectlon/extractlon

WP-prime 6 |
Rotating target
I I https://agenda.linearcollider.org/event/9735/contributions/50816/
Ma\é\r/f:a-tﬁ)g ' Ocusmg I attachments/38190/59968/Time-Critical_WPsV8b.pdf



ILC Technology Network
 [Topis | Candidates (exceptkek)

SRF

WPP-1 Superconducting cavity
WPP-2 Cryomodule

WPP-3 Crab cavity

Sources

WPP-4 Electron source

WPP-6 Und: target

WPP-7 Und: magnetic focusing
WPP-8 E-Dr: target

WPP-9 E-Dr: magnetic focusing
WPP-10 E-Dr: capture cavity
WPP-11 Target replacement
Nano beam

WPP-12 DR system design
WPP-14 DR injection/extraction
WPP-15 Final focus

WPP-16 Final focusing magnet
WPP-17 Main dump

So far, explanations about ITN have been done at SLAC, FNAL, and JLAB. In Europe, it was explained at the Lab Directors' meeting (November).

CEA, CERN, Cornell, DESY, FNAL, INFN, JLAB, SLAC, STFC,...

CERN, DESY, JLAB, Hamburg Uni., Hiroshima Uni., SLAC,...

BNL, Cornell, ESS-Bilbao, 1JCLab, INFN, UOXF,...
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Example of topics (1)

SRF ]
BIZESERMEHEMIE. BIRILTF—YEZOERICKWVIIEBL TEELz, BN TIE., 80~90F X D TRISTANEHE ., 90~2000%F X
(MKEKB-Factoryiti#l. ZL TIRTEILSuperKEKBETEINER LG, B4} TlE. LEP, LEP-II, LHC, HERA, CESR, BEPC-II, £ IZALVG
TEFELIL ILCTI=ZATHMZAVE-EHEDBEEZEFZ KREICHAWVSETE T, ZOMELGEZ TEOHAZANHRPTITHOATE
FL-, EARMICIX. BREDEREE, EEMEZICKIREANE, ELFICKIEEHINIE, HaeREBRATICERT HIEEHNIE, O
WRTY, CCTlE, Bl A EICEDERMEREERP IV ZTDORINEDIEEITSICEITHE-THY ., ChEER I BICIEERREATED
FOLYBIEEHARKELTVNIDOIFHIKEBTIENHETT, RKELEBEORKRELIZNZ ., =4 TH QM. 4B DO RELOZE
RZEFARDBEBRARLELSENET,

WPP-1 Optimization of mass production cavity manufacturing KEK
WPP-1 Automation of cavity inner surface inspection + local polishing KEK
WPP-1 Automation of pre-tuning KEK
WPP-1 Optimization of cavity performance measurement KEK
WPP-1 Nb material fundamentals, FG/MG/LG, optimization KEK
WPP-1 Nb3Sn, MgB2 for higher Q and thermal efficiency at higher temperatures KEK
WPP-1 Thin film (including multilayer film) for high electric field KEK
WPP-1 Cavity shape (optimization of Ep, Bp, etc. by low surface field cavities) Remote (if the university has someone available to
teach)
Development of magnetic shielding materials, reduction of environmental
WPP-1 magnetic field, improvement of efficiency of demagnetization method ofKEK
modules
WPP-2 Tuner design, manufacturing and testing (for larger LFD) KEK
WPP-2 (for higher power) Coupler design, manufacturing, and testing KEK
WPP—2 Design, manufacturing, and testing of SC electromagnets + cold BPM (for KEK

higher radiation tolerance)
WPP-2 Establishment of multi-point simultaneous alignment method KEK

WPP-2 Module design (optimization of thermal balance), manufacturing, and testing KEK

WPP-2 Establishment of module transportation and storage methods (1nclud1ngKEK

vacuum system and moisture control)

Development of beam loss monitor in STF-2 accelerator module Remote (if the university has someone available to
teach)

WPP-2 Development of high-power RF equipment by resonant ring KEK

WPP-2



WPP-1: Superconducting cavity

SRF technology has matured during the operation of the European XFEL, which uses the same type of cavity. Japan-U.S.,
Japan-Europe cooperation have been working on cavity performance improvement and cost reduction.

€@ Demonstration of mass production technology: 36 cavities
(0.4% of 9,000 cavities) manufactured worldwide (20

cavities/Japan)

(Goal)
@ Cavity performance (35MV/m), success yield 90%

(Final confirmation items)
@ Consistency with Japan’s High Pressure Gas Safety Law

@ Performance/cost—effective manufacturing method

demonstration (results after TDR)
@ Superconducting material (Nb) production: no impurities (direct

slicing) + cost reduction
@ New surface treatment method: performance improvement due to

high electric field and low loss in cavities
€ Confirmation of optimal surface treatment recipe

WPP-1

Cavity fabrication

NG

Surface treatment

NG

Performance test

N2
(WPP-2:cryomodule)

6 cavities are used for module integration and 10 are
used for cost reduction evaluation.

Cavity design based on TESLA/LCLS-II

1 Conventional vs cold EP  [Gilast
Horizontal vs Vertical

FG vs MG

Optimal mass production method confirmed for ILC

120°C vs mid-T baking

Europe Japan Americas

Cavities from Janan, U.S. and European
regions are tested in a one module.




WPP-2: Cryomodule

Assembly and testing of the cryomodule that house the cavities will be performed. Some of the cavities from
overseas will also be installed.

WPP-2 € 1 cryomodule (CM) manufactured in Japan
@ 8 cavities manufactured at WPP—1 are installed (including cavities brought in

Cavity string from overseas)

N _ @ Consistent with Japan’s High Pressure Gas Safety Law

Nileeltl FjliOdUCt'on (Final confirmation items)

Module test @ Mounting of accessory parts (input coupler, tuner, superconducting

N electromagnet, magnetic shielding material)

Finalize module design @ Consideration of design changes (change requests)
Magnet
Cavity Input coupler
Tuner

Complete the first ILC CM with a common design

Design changes after TDR will be determined after seeing the results of this module test.
(1) Tuner
(2) Current read port 9




ILC related facilities at KEK

In Europe and the U.S,, infrastructure for evaluating SRF accelerators at European XFEL

and LCLS-II is already in place, but additional infrastructure is needed in Japan.
We will promote the development of infrastructure mainly in the COI building.
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A)
B)
C)
D)
E)

SRF infrastructure

Current status

Heat treatment

Electro polishing (EP)

Clean room

Cryomodule (CM) Assembly (partly done)
Cryogenic system (partly done)

SOl & Lol =

Infrastructure at COI

Cryogenic system upgrade

High power rf system for module test
Vertical test (VT) stand

CM assembly

Clean room working environment
(cavity fabrication equipment at CFF)

< 80m
— P
Module test 2
TCIass—10 Clean room
Class—1000 C 5 | CM.assembly.,
EP Iturna};A

Cryogenic sytem

Cryog,Lnic

Future:VT @FNAL

Future :CM assembly at XFEL
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Example of topics (2)
B ——

Infra Construction of high-frequency system + monitor system for VT KEK
Infra Development of X-ray/neutron mapping for VI' and module testing KEK
Infra Optimization of cooling and test evaluation methods for VT and module testing KEK
Infra Infrastructure design for VT (cryostat, radiation shield) + refrigerator control KEK
Infra Infrastructure design (radiation shielding, installation) for module testing KEK
Infra Dark current measurement (including energy) in module testing KEK
Infra Cryogenic system control (thermal efficiency optimization) for module testing KEK
Infra RF system in module testing (LLRF) KEK
Infra RF system in module testing (modulators) KEK
Infra RF system in module testing (high-efficiency high-frequency sources) KEK
Infra RF system for module testing (distribution system) KEK
Infra Establishment of clean room work methods using robots (including tool KEK
development)
Infra Optimization of surface treatment (electropolishing, heat treatment) KEK
Simulation (RF calculations, thermal calculations) related to RF devices and Remote (if the university has someone available to
Infra modules teach)
Infra Database construction Remote (if the university has someone available to

teach)

W
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Example of topics (3)
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BEFRIEZ. SIRIILF—aSMF—ZFFIDIT FTEFTRKEEENBERINDISIZHEO>TLET  BEITELTIE. SLC,
SuperKEKB, DAFNE, CESR7%E TEHNTHY . FFK(Z47=>TH. ILC, CLIC, CCCTHE N EBEASA A —(XELIBERH =Y D
BGBEFHIAEL-oELEVTT , FCCee, CEPCHEMAMATAF —TEHLLURIKYITERIEN EN->THNET , SHICIESa—HFa
FA4H —(LEMMA) ZEIZE W TERDEIZHRDAREENHYET , CEBAFD KSIZ, AT/ — LN TELRERDIEEFREADIMHON
TWEY,

NEDEEFROEMCIEIEBRNAZLICHADGEFRORAKIEIZOEEHFDEEFRICDOEN>TINET,

WPP-8 Target KEK

WPP-9 Flux Concentrator KEK

WPP-9 Flux Concentrator Power Supply KEK

WPP-10 APS Cavity KEK

WPP-10 RF Source KEK

WPP-10 Beam loading compensation Remote (if the university has someone available to teach)

WPP-11 Target Replacement KEK
L-band SW NC
capture cavity Damping Ring
_— == =m =m Cchicane

3GeV S-band NC | S— 5GeV L+S band

NC e+ linac

drive linac
_l . — —:
1 energy e+ dump

— r'l ¥ compressor
(%e‘ | vand e dump
. |[AMD (FC) |

solenoid
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Example of topics (4)

Damping Ring
ARMRFBOFITDOSEILIL. RELOBGFHREEHR P THENEDONTNVET . AATEDORRIL. ILCADEHEIZREST .
REMDSHEEEMRF[OFTICZLDMRAERBETEHILITHYET,

WPP-12 Damping ring design Remote (if the university has someone available to teach)
WPP-12 Investigation of fringe field and dynamic aperture KEK (beam test at ATF-DR)
WPP-14 Injection/extraction system KEK (test at ATF extraction line)

|

DS

E, EHEEGEEFRALEMRRDOEEREAD=—ANEF > TVET . REBERLAANDE—LTIV DI RT LFRETIEIE—
LENZDRAIMDAREEDDET ILCADEIMICROTFHEDFT /E—LDEICERICZLDHMREFGIENTEET,
WPP-15 Development of online beam diagnostic system KEK (test at ATF2)

WPP-15 Fast feedback tests KEK (test at ATF2)
WPP-15 System design of BDS beamlines Remote (if the university has someone available to teach)
Dump

FEDRAEMRFCIIRFRFEOE—LEBELTHEZDHMWOE —LERYRIGE | REMDE — LA U THEMARDLNT
WET E—LFUTEELLTIE, ZOMTFER . HEAL AT LOEFREERIEOREITMNA . E—LFVTERALFHHF
FREBROCVINIS—MEHA D= D2RMFREFIALGE ., EinRBREXHELTORMRZEDMENLG AT LEREHERE
BAREDTOMATHRETEVET,

WPP-17 Main Dump design KEK
WPP-17 Radiation calculation Remote (if the university has someone available to teach)
WPP-17 Window remote hndling KEK
‘ IS ——— v
e R e | ' 70m

T : Radiation
4 - Shleld/

22m Cooling

system
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