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AR CIRLREAT SBEEMESS (2)

® EHNFEEAEZEEMAEMESS (S-KEKB, BEPC, LHC, CEPC, FCC)
o fatYLIR A M2 NEEE (DIAMOND, CLS, TPS, SLS, PLS, NSLS-11)
o [RFEHFRERFAEFRMIERR (CEBAF)

e HHEFL—Y—FH{EHMESR (FLASH, E-XFEL, LCLS-II, S-XFEL)
® TH)LX—MEINEERIMZESS (cERL, bERLinPro, CBETA, PERLE)

o hitfFiR -ZIEFAHBGFIZESR (SNS, ESS, CIADS, MIRRHA, J-ADS)
® —a1—K)/EERRAXEEEFIESR (PIP-1I, HIPrDr-KEK)

® ZREMHGEBRAEREFMES (IFMIF-LIPAc, A-FNS, DONES)

® RFIEERFAEAAMESS (ISAC-II, SPIRAL-2, RILAC, FRIB, RAON)
® SIRIILF—EER .Ei%iﬁﬁﬁ]ﬂiziﬁ (STF FAST, ILC)
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IR E S FE B MEZE R S AT L (SRF Cavity)
Cavity

He Tank
Monitor Coupler

HOM Coupler Magnetic |
9-cell Superconducting Cavity Shield

|
Frequency Tuner /
- -
ai . ol

Input Coupler

Stable Beam
Operation
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CNFETIC KEK’CE-FJ%‘&‘*LT*LEE""’

TRISTAN
508MHz 5-cell Cavity

¥ ' .ADS 972MHz |
: - 9-cell Cavity
KEKB 508 MHz 1-cell Cavity (3=0.73)

cERL Injector
1.3GHz 2-cell Cavity
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CERL1.3GHz  CERL 1.3 GHz
Injector Cryomodule ML Cryomodule  STF 1.3GHz Cryomodule
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TRISTAN

1-cell R&D lﬁ}.ﬁg/zmlgy Supercoting Linear Accelerator

DESY/CEA —

9-cell R&D [DESY ] ITRP04; International Technology Recommendation Panel

J-ADS /JAERI 272 MHz, O-cel

STF > ILC 1[I CRE Sl 7 STFOS 7 STEI 7 SEG T OB T STE=2

CERL Injector ! [1.3 GHz, 2-cell/Beam operation ]

KEK low- 3 BZ5MHz, HWR

IFMIF-HWR 175 MHz, HWR]

RIKEN-QWR [73MHz, QWR]

IBS/KU-SSR AWR, HWR[SSRZ]

IC-SRF SPC >

TTC TB chair >
o o T — T v ;Igu@:-mgmggmg 9
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EIRERE

Inspection of
inner surface
EP: EAZOHRE

HPR: BEKFi$

Eiji Kako (KEK, Japan)

D= DIZEE TS

Assembly (Class 10)

*E LI

=0 e
a

Pre-tuning (flatness, f,)

1 Hot bath rinsing
with ultra-sonic

;
iy

Vertical Test

12. Cryomodule
Assembly

Baking (120°C, 48h)

Hanging stand with T-map

(Class 1000)
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BIZEH0— T

D istivi Meissner effect
Type-1, Type-2 C Resistivity | pR93K)
Superconductor Nb: Tee 9.2k P93K) Superconductor
200 - =
Type-1 Type-2 — |
ey M £
; ¢ Normal-conducting . ‘%
o g State A
E > 100
é . eo®® o]
He W T = E Supercondlicting ' H H
State H

Temperature [K]

RF Surface Resistance

Phase diagram 105\ _____ — Flux trapping
g —— R_res
B k Bc (T) § 10 \\ —Rs | F Normal Core  Magnetic Field Lines
normal phase % e \.______
b n Ly
superconducting 4 2
phase — 3 10°
o S Rs = Recg 1) + Rees
002 03 04 05 06 07 Superaoddustor ¢ t
H.,(T) = H,,(0) X (1-(T/T.)?) o2 A —
T<Tc/2 Recs = A? exp (——k TJ Ryes = 0.370.4 [nQ /mG]
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HBEENEZER (1)

] -"rfi | 1 1 | I ]
200 frooeeeneeiiies S Ly P PR L RY (TP PTTPPTPRRE SYPPRR S @ 155 GP
Hgﬂdf‘u{_ un @ 30 GPa 23 ke
150 | TiBaCaCu0 , / ¢ HgTIBaCaCuO - -
BiSrCaCu0 ¥/ s < lig. CF,
e P _ StFFeAs " | <= lig. N,
S 507 : -
; - g ij[h“ ‘IIII.. f ]
= @14 GPa 2 MgB,
e *e o
8 40 - oot N e, -
= LaSrCu( A RbCsCgp Thin film on Nb
- . . ‘ i
= .. |Thin film LaBaCuwO0n o
= 30F . 2K : : -
= on Nh, - =~ NbsGe BKBO YbPd;B,C laullr.h
E ( Nb;Sn \0 : (o} Puftl&lw
O 20 b K o < liq. H,
s K3 L L@ 33 [:]Jao CNT
Va$ 3460 :
3ot : : RhGas A
100 ot p : a
Thin film on Cu ] L diampnd
b,Si, | UBejs UPG b S I, LaOFeP < lig. He
0 — . I — 1 |_.|‘_'\|._'r:-':“‘"-r I 1 1
1900 1940 1980 1985 1990 1095 2000 2005 2010 2015
by P. J. Ray Year --m-
© BCSHBImE(K ¢ AR iemBEER [ BRBEER 92K 0207  40nm
v 951> NbN 16.2 K 0.23T ~350 nm
7L
BLVEFR Nb,Sn 18K 0.54T  ~100nm
MgB, 40 K 0.43T 140 nm
R @S NEPEEA ALRIUT-IESNERRERS
_E_I ~ — '_L"I_"' £ e 1=y
Eiji Kako (KEK, Japan) R s ES £E8Mo 14
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HBEENEZER (2)

Practical Superconducting Cavity Geometries
Spanning the Full Range of Velocities

i
i
i

Spoke : Elliptical
E@j I
Y AN I
_ A i
T |
= :
) I
% 1001 Half-wave :
S i
g .
I I
i
I

Quarter-wave I SRF2013 tutorial
! by M. Kelly (ANL)
Particle Velocity [p=v/c] p=1

@@ ABHEEA BIRIUT— SRS TAREnS
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HBEENEZER (3)

003 0.15 0.3 ﬁ =(0.5 065 1 B
| | | 650 MHz
%;;ter— Half-wave resonator : (700-
I 3000 MHz)

: I

( : ESS B=0.67, 700 MHz 2K
1
B, =0.29 =053 |
ors  Half-Wave Resonators ||
322 MH=z I
|

Al

St bt o wisd
80.5 MHz MYRRHA B=0.37, 352 MHz

=

by D. Longuevergne (IPN-Orsay)
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HBEEMMEZER (4)

What is the advantage of superconducting cavities?

® |ow surface loss =2 higher Q = higher Ws
® high acceleration gradient
- higher energy in smaller space
® better efficiency to beam power
- smaller RF power source
® CW operation at higher fields

@IS 1 EREEA — RSB EERS
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. BIRBEFODMKA(): SRF-Gun Cavity

High current, low emittance and
high brightness CW electron source

‘7|1 f ',"‘ E
HIC ]

HZB: 1.3 GHz 1.4-cell

Cathode

Laser cross Solenoid Shields Stalk

BNL: 113 MHz QWR-type

N b : i " ; .'.'M £ £ ' P
SLAC: 200 MHz QWR-type
N . ot @S AEHEEA BRI IESREHRERS
EIRILF—ILRBHFERNS ‘"’ =1

2018, October, 10 /ﬁ_//gg‘;la&\
£z [ =, P
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HBIEEZROMAH(2) : Deflecting SRF Cavity

HE:
E—LDREEZEAT,

® fTERZTHIT B,

® L/ T4—EBKT S,

An RF cavity provides 3-way beam separation

o->to ERLring

B £ A
e s ek e EE=er e N > decelerated bunches Electric Field

ET it CERN: Crab cavity
OJ S > to RIB production ) ' for LHC’ 400 MHz

TRIUMF: 650 MHz Deflecting caty ~ : N q ~_—
- = - |
T D | J

= . ) i \ |y =
Particle collision in HL-LHC with Crab Cavities _— e o § — ‘.;\
o v .
/ : n S X
| -
| 6% i ! ¥
m—

< e
Many more )
=

B 8, %, collisions!
i =" Beams collisioN®: %3 *ise. |
"o, |
o 9 ‘

Operating T mode: f=3.90304GHz

ER1EE 376 Pho ol 3 1854 Tl cefering crviy e w Tamdih siich aidesl 7 L% =

3.9 GHz 9-cell Crab cavity for ILC

o . . e @@ (EHEEA BIRIUY—ERREARERS
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BEEZEROMA(3) : Harmonic SRF Cavity

B#: 1.5 GHz 3" Harmonic Cavity
Suppression of intra-beam scattering by (500 MHz, Fundamental Cavity for Acceleration)
bunch lengthening in Light Source :

& §1n g In operation Under development
® Reduction of emittance growth Swiss LS ELETTRA S BNL/NSLS-II

1 i‘" ".'

e

APS-U: passive + FPC NSLS-II: passive

Voltage [V]

34 Harmonic 1.5 GHz cavity

ANL/APS: ® Pohang LS
3rd Harmonic 1.5 GHz cavity ® KEK- 3GeV Ring

@RS NHMEEA AIRIVT—ILEBHSARERS
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HEEZRDOIGAH(4) : Nb coatlng on Cu Cavity

HE:
MEERDF PR TERERE
=F 7%3%1—71' 7H' U)ZIZFﬁUJﬁ

m..

l

ELETTRA 1.5 GHz
Cawty (CEA)

@S AEHEEA BRI IESREHRERS
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HBEZZ RO A (5): Nb,Sn coating on Nb Cavity

BiY:
4. 2KENMEBEEMEZE RO FHE

R DR \Nb, Sn# =7 T 2 ;

1y i5) Annealing

Temperature { C)
. :
]

g

{2) Mucfeation

EESHICL 2BEEZR AT A
4. 2K/ B0 o

" 10K —IL F
SETBOKB S — L F
HZEWAARE

10 & Comell 1.3 GHz 1-cal cavity ERLY -4, 4.2 K
00 & Comell 1.3 GHz 1-oa) cavity LTE1-T, 4.2 K
A |1} Degas B Comell 1.3 GHz 1=cal cavity LTE1=6, 4 2 K
apd + . I | NN N RS | — — * LCLS-I specification adjusted Tor cryogenic plant efficiency al 4.2 K
W a0 OF D4 05 08 OF B 0B W Tt 12
Tima {Hreirs) Cl'n i
= B * .y e 1
T . — —— I E I B | ‘m -j. # L )
| R, =95n01 £ LRI N I O e ol f":""-' i
10 -..h‘ : ? e I -I-—'- .
10 T =92K T =n8k & . =
: = 1.3 GHz, 1-cell cavity
=
1 5
108 : © at 4.2 K (Cornell)
1
1
! 1
Il &”
B . I lh 1 ]
10 s Wb SnData W - T T T T T y y y
o Ju} F £ E H g [1] 7 14 L]
—MNb,Sn BLS Theary Accelerating gragient (My/m)
. M BCS Theory
10% 5 10 15 oo byS. Posen (FNAL)

TIK]

SC. Sci. Tecnol. 30 (2017) 033004

EIRILE—IRGERFEMS

Eiji Kako (KEK, Japan) 2018, October. 10

by T. Okada (SOKENDAI/KEK)
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FPOTICHBITHBIEEMERR &ETE (1)

AMP
thzg A g ® PADS HWR

S

i E E

P ER
4]
BEix

NS AR

(MER N ES

Eiji Kako (KEK, Japan)

s i A i)
Br:agngnnm-(
® HEPS ;
ey \IHEP JEiRes
LG
® pADS Spok
P poke A ® PLS (RI)
¥ =
" HE N )
CERC o s
Spokeff’v@pokez
SINAP

®::5hanghai-LS (RI)
"® S-XFEL/SHINE

_NSRRC

A TPS
i == (RI, MHI)
° @ CiADS o

®
Ay A

EIRILF—INRBEFZENE
2018, October, 10

FLOR

QOST/Rokkasho
® IFMIF HWR
® A-FNS HWR

ﬂu;:.“ "_C
RIKEN
5@ _SC-Linac QWR
KEK: °
® S-KEKB (MELCO/MHI)
® STF
cERL

SC Proton Driver
HWR, Spoke, Ellip.

PN
o]

®

®

JAEA
® J-ADS HWR, Spoke

@S NnfEEA ALRUT-IIESHEREEns

£8Mm 24

ALY GEBTRES



Vo d :ﬁlféﬂfﬁghﬂﬁii & 5T

SC-Linac (heavy ions) / RIKEN P

RILAC

<}

L\qmd Helium Transfer Line

Al '__,-;_‘_
[ ¥ Drﬁe;;;;i'ﬁiﬁp_i;;;wm -1
g T —
A1 [TAZ L
ol i i 4+4+2 QWR: 73M
Beam T g S z = n
Floor = - oz

°
Hauges

by N. Sakamoto (RIKEN) in LINAC18

Norm
RAON (heavy ions)/ IBS-RISP =
_? £Ro
<—— Injector —»= SC Linac ———»<— IF —>» wIBR
o o E%&
L)
«— sCL1 —>» <«— sSCl2 —> A o T8 R e
OSIMaY/G 18 MeV/u 200 MeV/u o it 2 g
‘ css [ sca1 | sciz2 [west [ 0F | oo
3a =%

(2)

IFMIF-LIPAc (deuterons) / QST-Rokkasho
lﬁ]‘%ﬁ §

9 MeV D-beam
125 mA

BfniEnhEesE (SRF)

_ | mERmEE
4 | NhEE (RFQ)

'y
\ AN AFiZE  RFQ BmEIEE

3. lﬂﬂkeV SMeV o "'._ 14.53_-1.: 2 o
al:ll

IFMIFE?LJJJ[IEEE' [
(125mA. OMeV) S I—

8+10+12+12 HWR: 175MHz
by A. Kasugai (QST) in 15t Kasokuki-Gakkai

SC Proton Driver (protons) / KEK-Tsukuba

69 SSR1:
325 MHz

28 QWR: 76 HWR:by D. Jeon (IBS) insrRF17 \| /| @]

81.25MHz 162.5MHz
Eiji Kako (KEK, Japan)

The proton driver in the KEKB Tunnel

BIRILEF—INRF
2018, October, 10

B=0.1 £=0.15 p=0.28 =051
50MeV  10.7MeV 39.1MeV 153 MeV

B=0.67
326 MeV/

B=0.9
1200 MeV

/=650 MHz

HWR: 325MHz

by T. Koseki (KEK)
in SRF17
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FPOTICEITHEBEEEMER &EHE (3)

ADS Injector-1 (protons) / IHEP High Energy Photon Source / HEPS

Layout of ADS injector |

5 x 166.6 MHz QWR
Os—_ 2 x 500 MHz 3 H Cavity
“ = Circular e-e+ Collider/ CEPC

ADS Injector-2 (proto

through on June 6.

B

A AT

e 9-cell cavity
336 x 650 MHz, 2-cell cavity

Shanghai X-FEL / SHINE
:=F¥’; ‘ Wl ke S

&

B=0.10 & 0.15, 162.5 MHz, HWR

Al %}“ =

. TP . KT8 - -_
by Y. He (IHEP) China initiative Accelerator Driven " "1 3 GHz, 9-cell cavity py . wang (SINAP)

in SRF2017 System (CiADS) at Huizhou (EE ) 75 cryomodules in TTC18/INFN

o . i R @@ (EHEEA BIRIUY—ERREARERS
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TRIUMF
® [SAC-Il QWR

N el

*'® ARIEL

EZLUP
Victoria®
R
Seattle” b

F i e 1
Portland
o

7 & N

SLAC |
HhEAT 59‘77‘!-CLS-I I

San Francisco
S
San Jose

247

SANHA
Las \-‘;egas

Ot IR
Los Aggeles

13 e e |
San Diego
Tkl

Eiji Kako (KEK, Japan)
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e Sl
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e : G o e ]
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an%am“s 71'5? 2 I S

5o ENAL 7" __ hﬁornellmwa N
MsSy, ., &° ‘CESR(R .
® PIP-Il .
HWR, Spoke, Ele-® FRIB @ CBETA
ANL QWR, HWR O_JJSSLS-II (R1)
FAYNSBE HvIRv7< (e ATLAS: QWR”' _ “New York

Kansas City

'l'
B3 M o ||. APSnéaallﬂJa;‘ts

0% K

A& e —
= gl 5o I:.'.JJ
LANL N(§I‘I‘¥NL T T —
A2 SHIH Charlotte ey R
® MaRIE o @ SNS, T @n J-EIC
AT &2 = Atlarta B
07 L h AR A HS R = 2L HOS A+
Phoenix . Dallas 7= 0% 7
THe= 28y :; - Ao, |
.?_o.) = o_El'PaSD S
Tucson——— T e e N
i= P B, e it FS ExsAES ot P Jacksonville
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FAAICHE T HBEEMERR &EHE (2)

LCLS-1l (XFEL)/ SLAC  FRIB (heavy ions) / MSU
Baan Devery by K. Saito (MSU) in TTC18/INFN

0.2-1.3 keV (<1 MHz)

2 Linacs, 2 FELs, 3 ¢ Dumps LCLS-I linac Systom To Target
LCLS-I Linac v -

3-15 GeV 0.1-10 laV® (120 Hz) {=0.085 Matching (#=0.085 Matching [=0.53 Matching  Superconducting

3 Cryomodule Cryomodule Cryomodule_  Folding Segment

LCLS-Il Linac

1-25+ keV (120 Hz)
1-5 keV (<1 MHz)

HTR BC1 BC2 4 GeV (<1 MHz)

* Cu-Linac to SXR is not in LCLS-1l baseline
280 x 1.3 GHz, 9-cell cavity
Roof Temperature  B=0.085 Matching 12 f=0.29 Cryomodules QW Riaﬁ =0.53 Cryomedules 10 m Vertical Drop from

30mOdU|EE - L ; ; 7 Fold@g Segment Cryomodule - QWR 104 lon Sources (above ground)
< E ' A1 Total cavities

Linac from

b= \ 3 3"‘\ _ . ngh -Q: N- dopd cavity 340

FAUNERE "I

) it - e
B,=0.041 B,=0.085 B,=0.29 B, =0.53
Quarter-Wave Resonators Half-Wave Resonators

BO.SMHz 322 MHz

by M. Ross (SLAC) in TTC18/INFN CBETA (ERL) / Cornell

Source fpatec Beam stop
PSR Maun ||nac cryomodule =
* Injector: 6 MeV  'nectr °W°m°°'“"i.?.;, Y = “nigens,
5 x 1.3 GHz, G iers Piaﬁ;gsﬂc Splter A ¥+,
2-cell Cavity Ay
*  Main LINAC: +36 MeV 58 woh | |
6 x 1.3 GHz,
7-cell Cavity N oSO st by G. Hoffstaetter (Cornell) in ERL17
%I*)[}#—ﬂDL *,l,'_l"'l—rﬁj]‘% ?@ DERAREEA %Iéig—ﬂﬂﬁ%ﬁﬂ?ﬂ%ﬁﬁﬂf s
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FAAIZE T HEEEMESR &ETE (3)

p|p I (proton) / ENAL byS Mlshra (FNAL) in HB2016 J-EIC (electron-ion Collider) / JLab
s A by V. Morozov (JLab) in NAPAC16

r ==
Em MEBT ‘0 11 IE:EI:E:IH- 61

DC 162.5 MHz 325 MHz 650 MHz
0.03 MeV  0.03 -10.3 MeV 10.3-185 MeV 185-800 MeV
= b

e Lower-Energy Linac

i {Pb) a0y
10KV g 5 paviu 100/200 MHz Stripper (“C) — 200 MK

ok pronens o SRS ‘L o s oz 100 MHz 200 MHz:
“L::wi? s » ; % ,’ iy lon Bean E RL COOIerQWR HWR

1TICIg

Chirper De-chirper

8 x 162.5 MHz SRELINAC

MaRIE (FEL) / LANL

= 16+35 X 325MHZ Magnetized Gun  Booster 50 MeV Linac
B '11' HR by JW. Lewellen (LANL) cromodte - Beamdump
' B =0.22,0.47 SPOk o IPACLS 11 78 360 x 1.3 GHz, 9-cell cavity
' | B i 5 RFG L1 BC1 L2 BC2 L3 DC BSY
/ o !_Hf H_l_\! ! V—l_l i
e i I]'-T N T.'*_T 8 béj
%, 2 L o B s
%, 8L G&!’ "’o@[’ -7081’ Sf

33x650 MHz 24 x 650 MHz
B =0.61, 5-cell cavity B = 0.92, 5-cell cavity

Total 460, 1.3 GHz, 9-cell cavity
at 31.5 MV/m
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A—OvNIZEITHBEEMNESS &&ETE (1)

IF 185 it ESS
Edingurgh SIAREAIN—A
e Kmbenhav. ESS ; i
. Spoke, Ellip. _
LHEA ' ENZaZ,
N TUFIRI— DESY.,, . HZB T ey Vllnlus 5
Manchester .
awsvr uASteC e O EXPEL e, BESSY Al
"® ALICE (RI)  Awgam o ® FLASH oé'mbERLmS'r o~ K
UK- NTS&F R +ss. Darmstadt HZDR ?wifi;i;;f
o DIAMOND ® ELBE
(RI) . MYER T
R 77/5?”'" Praha
wmz.ﬂjw i SA 3
owaRLE GSIJHIM . =#za e,
e SOLAL IPN-Orsay C Mayns Sy adiey
GANIL CEA- Sacla.yl::l el o o ;éf’d:}i}b
® SPIRAL-II \ L nom— *
QWRI S22 iERNm - INEN-LNL §c Req ™™ A
o EsrF o IS&WRE ® APFAWR -~ W—v=7
i INFN-ML 77777 & '---;')fe:rian'” FALR b
P et T Bucuresti
® FCC WITER, gy D £
Il AH5)FP Ezr*f;’n_ 2 Jc%:q?
Sl ) o/ IV 1]
b Tmtig!u;r e RE’EI?ETTRA et "?'.I’.r-b.;’ el '
P%I'!G .. ¥ b, ¢ F U i F an:g ona P #ﬁ@ i | .
Madrid FliiZ 7
: ] / TURKEY  ISRAEL
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LA e USIPARIA® SARAF
B Fo| ST o A @S NEMTEA ATRIUY - EBHEARERS
Eiji Kako (KEK, Japan) BT — RSB AR S =8 30

2018, October, 10 %ﬂgﬁ%ﬁ%
L (=,



SA—Ov/\[ZHITHBEEMNESS &ETE (2)

by J. Branlard (DESY) ESS (proton) / LUND .
E-XFEL/DESY i TIC18/INEN . (p / by R. Ruber (FREIA in Tc'li/ull‘\lFN
A : s : — 4

=)

CTOR  LINACT LINACZ
Y ovy

Yivvy vivy vDL!H::i
Warm linac Cold linac (T=2K)

R o
RF IIII e ;- # Earg e 704,42 Mz m——
gun 3.9GHz AZ AZ0 A21 A22 AZ3 AZ4 AZ5 AZE undul. YrPIF € 55Mm 3> £=TTM > & 170m —
5 MeV 130 MeV 17.6 GeV bhadi

iiiiii

— T T

D A 3252 Ml-iz 7'4 4MHz 704.4 MHz
e Spoke x 26 6-cell x36 5-cell x 84

e a7 5SS BERLinPro (ERL) /HZB
by J.Kuehn (HZB) in TTC18/RIKEN

800 x 1.3 GHz
9-cell cavity

i W—T=F
g L

g
& L8 Ty

4444444

Zhi=7

Future source et RFQ
ions lourds (A/q=6 2 7)

Mail Linac
3 x 1.3 GHz, 7-cell Cavity

d*: 20 MeV/n d
3—'/:,1/2.5({ HI:145Mev/n )

tﬂ_ﬂ \Accelérateur SPIRALZ P
Production (PhaseZ)

12 “e 2-cell Cavity {

88 MHz, QWR |

. | by R. Ferdinand (GANIL) 1.3 GHz, 1.4-cell
B = 0.07,0.12 K ’

, in IPAC17 SRF-Gun Cavity

. @S AEHEEA BRI IESREHRERS
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—OYNICHEITHEEEMESS &ETEH (3)

PERLE (ERL) /LAL-Orsay  MYRRHA (ADS) /SCK-CEN
2 Linacs (Four 5-Cell 801.58 MHz SC cavities) 48 X 352.2 MHZ’ 34 * 60 X 704.4 MHZ’

e Spoke Cavity 5-cell Cavity
e e —7 2 gap Spoke 5 cell Elliptical
= . 353 MH: 704 MHz ;?:;r
st >-|II}-;-|--J-;-|-- s
i i p=03s | p-047 | P-0.65 : oW
o b v v .
v 17 May 100MeV 200 MeV 600 MeV | Protons:

by C. Zhang (GSI) i
in IPAC14

Sustainable 1° Ruggedired

High-resolution fon source target:
¥ .8 Ta, UC/C
s | L mass separator e.8: Ta; UG/ |
"""""" fon & RFQ cocler
ys) & buncher MYRRHA reactor
_____ 5 —
AR 60kev 2
hosions RiBs
e
o ¢ e
? Yok
o

W e noa—

802 MHz,
- 5-cell Cavity *

by W. Kaabi (LAL-Orsay) FCC (Future hCler'EJlar Colllder) / CERN
in LINAC18

5

1 Schemailc of an
4§ 80-100 km
‘ long tunnel

by M. Benedikt (CERN) - : PO
in IPAC18 800 MHz, 1-cell Cavity 800 MHz, 5-cell Cavity ‘|
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SRFOFRTEET HHFANER: R 1 (1)

research

XFEL cavity manufacturing impressions @ instruments SU perCO N d UCting CaVity p rOd u Ct iO n

research
INstruments

Twin 1.3 GHz 9-cell cavity ELBE SRF Module

Order from 4 GLS (Daresbury in 04/2004)
2 modules delivered in January and June 2006

End tubes,
HOM couplers

Order from TARLA, Turkey in 2012 for 2

Wetrological el modules
inspection of
dumbbells

Michael Pekeler

Rl Research Instruments GmbH
Friedrich-Ebert-Str. 1

51429 Bergisch Gladbach
Germany

Target Values cw:

Eacc> 15 MV/m
@ Cavity Q> 1E10

Prf > 8 kW per Coupler

License Agreement on the Twin Cavity Module

research
XFEL cavities / subcomponents instruments
3 with HZDR/Rossendorf

We are now producing 16 cavities / month

400 cavities for E-XFEL, 140 cavities for LCLS-II Rl / HZDR-type 1.3GHz Cryomodule
@ SEMTEA ATRUY—DERBHEH

\ EIRLF—NRHFRZER £8M
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SRFDFRTEET HHFANER: R 1 (2)

Rl / Cornell-type 500 MHz Cryomodule Diamond LS Canad|an LS

° o

| Daresbury_

Cornell

2000: 2 SRF modules for CLS,

2 o3
¥ i\ - i
500 MHz SRF accelerator
ren o ,\’) K nrs
Technology transfer from Cornell University, L T r;*f?:w;r e e AL e 1
: Y Euar NV
2000: 2 SRF modules for NSRRC, e e - paunsgE
2000: 2 SRF modules for CORNELL, ﬁi,, ol 7:1: -.uu ] | ALK -
ML H-zsu T st
bz PsER FOIRE ':\:---
/ 5

2003: 3 SRF modules for DLS, tdl
2005: 3 SRF modules for SSRF, jice 2
2010: 3 SRF modules for PAL, %
2012: 1 SRF module for DLS -
_' IEHARN SR \
71
FHELFY

g\ Aee
“‘ Pohang LS

Shanghai LS

@S AEPEEA ALRIUE-ILESRPHARERS

BT E—IRBFHFZR= EoE

2018, October, 10 /ﬁ//g%:;%&\
£z [ =, P

34




[F LI
HBIEEZEE (SRF) EF DL

HRIZHE T DBIGENERS &ETIE

X AT

SRFOHEHRTRIETHSHARD]

HSHYIZ

= EREFEEEERDORIEDME

QRS N

Eiji Kako (KEK, Japan)

2018, October, 10

—_— » == Oa e 2452 SEAS ATt Tl
ESIRILE—IEBRFERHS ‘“ =8

-

LEBRHF RS

35



SRFOHFATERETSEEDEM (1): SHE=FT#H

ULTRA HIGH PURITY RARE METAL

TOKYO
DENKAI

ILC :
f 230 ton

by H. Umezawa (Tokyo Denkai)
in Lecture of ASSCA2017

?OO Sales Result for Major Project at Tokyo Denk/
P(293K) E-XFEL 1 [ s ooo-0n, oomrs e sipos2ien E-XFEL
600 = FRIB —a
93 : -m-TTF/FLASH, 2002-2006 297, 594, 100pcs 1.6ton
p(9.3K) SNS 1 2
500 I | Spiral2, 2006-2007 4.2 x 300 ¢, 3.2x200x290 etc 3.0ton
I | CEBAF-UG 2009-2010, 3.18x240x240mm, etc 2.5ton F Rl B
: 10
400 s I I -m-E-XFEL, 2011-2013, 7680pcs 13ton _i J _
é TR | STAN i : FRIB 2012-2014, 4x500x500mm etc, 9.6ton fﬂ,
8 -
a4 300 1 le I =8-LCLS-II 2014-2015, 301 Ipcs, 5.1ton ©
L)
ESS SPOKE 2017, 4.2x800x800mm etc, 3.8ton o
: I LLC 1) =
200 I : Maxi RRR 6 —RIKEN RIBF 2017, 3x300x1000 etc 0.6ton ."_\i"‘)-' '
' - aximum . ~#=LCLS-Il 2017-2018, 3758pcs+ @, 6.5ton
100 I @ Titanification SNS . -
—
| , -8 44
—
0 I 1
1980 1990 2000 2010 2020 —
?, 31793 10/28/95 1/24/98 41901 1714704 10510706 1/6/08 4112 12/2114 82217
Yo
car Date
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SRFOHATERET HEADEIM (2): BERMEEE
NOMURR PLATING

Electro-polishing Device 1993’ BrranHHES 1998’

L L A L A A Nt /8 N\ = ’:JmT‘L : & .4..»_’
by K. Saito (4t SRF-WS in 1989’) ' ' '

STF/KEK

o . @@ NGUTEA SIRUY—IEBHNEARERS
IR/ —IRFE RS £80
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SRFOHRTERET 5EADHEN (3): ANAyT5—

TOSHIBA ELECTRON
TUBES & DEVICES

Circulator . .
RF Transmission Lin
@ N\ ansmissio e
RF Power Source l High Power
Load

Input Coupler

972 MHz J-ADS 1.3 GHz cERL Injector

Beam — Input Coupler (KEK) Input Coupler (KEK)

= —

Cavity
1&5558@RF[§&:§EXV*HW’J‘E;T Originaldesigﬁrz

(KB TOHOEYBA D 508 MHz TRISTAN Input Coupler

: < z=m B . 1.3 GHz STF-1 1.3 GHz STF-2
1&3":”‘5%@0 (S4t|§§§l;fwéElgggo)' K. Kubo Input Coupler (KEK) Input Coupler (KEK)

SNS, 805 MHz

EIRLF—NRHFRZER £8M
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SRFDHATERIT SBERDEI (4):

— ’,_1__‘__I’_i3_.hlie_"___ o Muqrr::uic a -
03 KYOCERA =er == [Fl[[=
RF Transmission Line HOM Coupler ] :

HOM Coupler Load

He Vesse/l

- LY
r ‘ 5 Cavity Vacuum | 100 200 (mm)
. _ Beam Line /

Original design : Origi .
riginal design :
508 MHz TRISTAN HOM Coupler 508 MHz TRISTAN Monitor Coupler
S. Noguchi, E. Kako, K. Kubo S. Noguchi, E. Kako, K. Kubo
(4t SRF-WS, 1989 ) (4™ SRF-WS, 1989 )

Beam =——

Vacuum

HREA)ILRT

8 HOM feed-through
® for E-XFEL (DESY)

jector (KEK)

N R i - @ (TSN BIRUT— RSN HRERS
BIRILF—IIEBREFENE %8
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SRFOHARTEETHAAERDESM (5): HOMFA L /\—

TOSHIBA ERL FERIEEZAD HOM 4>/ S— DRSS
Laading Innovation 25> DEVELOPMENT OF HOM ABSORBERS FOR CW SUPERCONDUCTING CAVITIES IN
ENERGY RECOVERY LINAC

RF Transmission Line
T KEBTH, ERERSES LHAEMY, FREY, EiffEmy,

FRAEACER P, WEARRRAL ¥, BUFELE Y, N AR Y
| by T. Ota (Toshiba)
in 15t Kasokuki-Gakkai

HOM Coupler

j HOM Absorber

_ k) 2K --
S— (__)J |

\ / \7/H_eat)Load T

coty  RBERICEBEWALIT

{5 A PT sE - RF IR AN {2

Load

Beam

EIRLF—NRHFRZER £8M
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SRFOHRTEEIT SEFDES (6): EMES

BA2IT:-uls AsahiKASE! sewmsstan

» HOME » BAZSw K&l > BT r SEEE > ST > YUai—33> » ENGLISH

" BACLAD
“TRANSITION JOINTS
KRR FRECEN

ﬁﬁm&ﬁ?ﬁﬁt**&v&(

orld to the fut

CCJ® §
CRYOCOUP JOINT®
VACJOINT"

(Al/ SUS, T|/SUS)
K R 0 & CE AT REL B i
MEELDRBICLZIEMES

by S. Kai (Asahi KASEI)

I 5K He shield line
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SRFOHRATCEEITHAAARDOESM (7) :H—<IL7h—

HE - EAREH SEERS AT

RETF 464575 (2011)
A TR L A U2 & B (i )

x.

EWET LI M A —

A BT Em kA
B = FE OFEN

BRET VI 20 LOMWBEE | e
- SERE(L S R
C‘Z‘ﬁ?m%ﬁ 2o A

& FRE 0

Refining Technology and Low Temperature Sumitomo Chemical Co., Ltd.
Properties for High Purity Alumininm Basic Chemicals Research Laboratory

RER12500 (Calculation) )

o Sampled (Annealed in Sumitomo, 773K, 3h) RRE; 1 2.74x10-#m

— Fitting Curve for Sample4 (Below 30K)

= Sample3 (Annealed in KEK, 773K, 1h)
Fitting Curve for Sample3

‘ S o 4%
/ L

TTK Lig.N2

Resistivity (£m)

RRE; 10662
‘\ 0. H90%
"-\ RRE; 10ckxy
\ 10 20K Liq.H2
\ 9. 005k
b

resistivity factor due
to phonon

\ B TRT TR

BERTRMMEEREED

BHE7IVIH (RRR=1000710000) %t

@RS NHMEEA AIRIVT—ILEBHSARERS

BEIRLF—MRBEZERE %8 42
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SRFOEHRTERITHAAADEILM (8) : 9544 1—IL

4-2. TPS for NSRRC in Taiwan R ACHINERY Sy STEMEDUSTRIES MITSUBISHI
HEAVY INDUSTRIES, LTD,

Cryomodule for TPS MHI/ KEKB-type 500 MHz Cryomodule Our Technologies, Your Tomorrow

MHI/ KEKB-type
{ 500 MHz Cryomodule
3 installation and

EN

TPS / NSRRC
man (Taiwan Photon Source)
11

. . B
o

Installed in TPS Installed in |
Storage Ring " Horizontal Test =LY i
. Stand at NSRRC 2u  OAE
mam L oE
=10
(= 2]

Rl/ Cornell-type

by K. Sennyu (MHI-MS) 500 MHz Cryomodule
in Lecture of ASSCA2017 5 installation
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SRFDHFRTEET S HADES (9) : HFH)— 5l
o REETDRALLGLIBEFMLEF OG>/ —VRIEDRIE

Slow Venting/Pumping System Local Clean-Booth
S = Vacuum Particle Sensor

Open Clean Bench (KOACH)

- MROGFEVELET | N .3;\_{" ‘II : y e~
’"lllﬂn \J-.l BREUT LTy . B ARWE N 5 H
. @ EMTEA ST EENEREEnS
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mitECBEEsARZ RO
(Qo= oW /Po=G/R) BHET, HD

0 B
ﬁ)ﬂ ___________ s (Emmx) | EREORL MRS

| FEL/ERL .
(Iight/source) %bﬂﬁ%ﬁ
#

Iowﬂ CW operation

(heavy ion) Cryogenic Efficiency )
(proton) 1Wat2K > 45Wat4.2K, (1:4.5) (Izwscffts'?::f;'f:l%)
3Wat4.2K > AC1kw, (0.3%)

AC1.0 MW - 3kW@4.2K, 700 W@2K 5 [& eeeee 2

109 -----------------------------------------------------------
20 30 Eacc [MV/m]
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(1) EFRZWHE (Nitrogen Doping)

TEOAEEDZE Doplng Fromss

BOOC - =

s

2 min M2
E min B00C

e ]

Fisin of A 10
4 48 107" microrsfminin

5 7 T IR
|i—lnu"*s [ﬂf

[—Temmemtme

1011

LCLS-11FHHigh-Q
22RMEEELT
EHICTiITHh

TR -3

B

3 3
Fressure [ Torr]

(FNAL, JLab,
Cornell, KEK C%
BIRYEREEE. )

12 13 14

L\6ME5£O o 107 3

by A

. Grassellino

e
oy, A
°
ﬁl‘-.. ‘s

B TE1ACCO0S - typical electropolished FG

& TE1AES016 - nitrogen treated LG

@ TE1NROOS - nitragen treated FG
TE1AESQDO3 - nitregen treated FG

¥ TE1AESD0S - nitrogen freated FG

N\
\

109 | 1 ! . ] . | . 1 1
. . 0 5 10 15 20 25 30
Nitrogen doping
E_ (MV/m)
800°C x 3h, N,: 3 Pa x 2 min, 800°C x 6 min, EP S5um, HPR
%:
5um REFEERD f;ooquzzzm by K. Umemori
50 nm @ RF surface ..., :_;;;;g,;;]p.__ (KEK)
N '\—'I | ® I"T—I_i--J._‘ i B
b\Eg |o:...f:."-::.= 0 oo 00
s L1 g i (mp
Mtrides- Interstitial nitrogen in Nb aﬂﬁgﬂﬁun;—u_l_u_::rj _ = i -:.—~L_I Stop meas.
8 UMM oooooog = [ I_L; (No quench)
o 1.E+10 Quench O
oped 04
O 1.4K(reference) 1.6K(reference)
Yy e ! 0O 1.8K(reference) O 2.0K(reference)
bee o e 1.5K(N-dope) e 1.6K(N-dope) Quench
\ iorlooed ® 1.8K(N-dope) ® 2 0OK(N-dope)
\'Nw-, A A oo 1.E+09
0 10 20 30 40
DePth‘ (um) Eacc [MV/m]
o sz @ﬁﬁﬁﬁlﬁl?ﬁ)\ AILXIUVE—INEBHPMERRS
= 3 o ‘g5 BE Ey| 240 I < > =

2018, October, 10

P s



(2) ZEFFHIME (Nitrogen Infusion)

LOOE0L &= 0o 10” T T T T T T

SN o o 800C bTV AI (I;ria'SSIQQﬁinO
N 3 waten = |LCAHHigh-Q/High-G "2 (FNAL)
ERWLEELTHE |

i KO
o 2
ua’ 1 s00 g T%éb§ ﬁﬁﬁ@ OI 10" lzfcpma:‘{g%cd
() 400 A pay }I
Di: E ©  aesOl5 |'I
: 48h e g E%jﬁéﬂﬁ¢o ulocﬂGSOM |"
———— a0 o e FE limited
----------------------- 120C | s
\‘_H_ 10 0 5 10 15 20 25 30 35 40 45 50
- ° E_ [MV/m]
o lm.e o 2nd Trial N-infusion @J-PARC (R8¢ single cell)
Nitrogen infusion T — | ;
800°C x 3h, N,: 3 Pa at 120°C x 48h, no EP, HPR B
erence
FEMELZLTD
by K. Umemori
50 nm D RF surface % (KEK)
3 NoF.E.
WEE . .
" ILC Target
800 °C x 3h + 120 °C x 48h w/N2
- 107E 109 - :
. | 00 0z 04 06 08 10 12z 14 0 10 20 30 40 50
depth [um] Eace (MV/m)
I_JI*)[/i—\‘ IERFZEFES %8@ 48
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(3) BFRDOUVLSGEWNEILE (75°C Baking)

Anomaly found during the low T bake

F45_Di#1) Analog -nh'n T:Input Value[C]

F4S_D#1) Analog Input 3:Input Value[C]

FAS_Di#1) Analog fnput 2:Input Value[C]

1DE3 -

*

infusion,

the first 49 MV/m cavity

E

+ Results were pretty surprising/puzzling

‘f -' T T T T T T T T T T
100 " ": '}‘, 35::313 ey
Jiot 'y £y 28x10°F @ .
76 !,\ ; ! i . 26000k b ¢
0 5 — | 20 -.\"-\. .
el | i === 2.2x10% o te
25 P ———— e - @
\ 251010 ..
0 15 Tue Lﬁ Wed 17 Thu 18 Fri o 1.8x10" -..'l.. .
25 &) .
P L s ! 1.6x10" F - . E
1.4x10'° | " * i
L . e
~Athermocouple went faulty and oven wentto standby ___ 200 f :
5 . m 1DE3-120C 48 hrs
1 Cavity lingered around 75C for about 2 hours, then resumed (g | L@ 1DE3-7502hs + 1200 48hrs | I
the 1200 48 hours 6 é 1I0 1I5 2‘0 2I5 SIU 3I5 4ID 4‘5 5I0 55
ab E.... (MV/m)
Repeated on second cavity TE1AES AES, WC) 19 AnnaGras

10" ———r———T—T1—

T T T T T T T T T T T

EP+ 75C 4 hrs+ 120C 48 hours

Regular 120C

1

AES009: Modified

ACCQ03: EP+120C - regular
1DE3: Modified 120C bake
1DES3: Re-calbrate/check

AES009: coodown #2
AES009: cooldown #3

120C bake

109 I I L I

10 15 20

25 30 35 40 45 S50 55

E.cc MVIm)

A. Grassellino et al, https://arxiv.org/abs/l@._6'99824
F

009 (fine grain,

KEKCERED
HERAEREIT-T

LWBH, §DECH

RINBlIEEL .

ermilab

2018, October, 10

SIR/ILEX—IERSERE

1DE3 and 1DE20

» Cavity (fine grain) from DESY colleagues was prepared for baseline test before
P 60 microns + reqular 120C bake (no nitrogen, low T oven

TTC @ RIKEN,
2018, June 26
by A. Grassellino
(FNAL)

A. Grassellino et al,
https://arxiv.org/abs/1806.0
9824

75C/120C with regular oxide (low T oven) versus with N infusion (high T furnace)

exIQO T T T T T T T T T T T 1000
34x100 15480
x
3.2x10" ggx;g;‘
i X
2 axm: 3 J80s
26x10" L 326107
2.4x10" - 3x10™°
2.2x10" 'q..._."-o.,_ 2.8x107
210 \‘\ 26101
o w . 2.4x10%°
o oo n L & 22x10”
1ot ™ ! 2x1070
-
1axo” p " L 1.8x10
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= 1DE20 - modified 120C
® 1DE20-120C N infusion
. L

E,.. (MV/m)

[}

§ 10 15 20 25 30 35 40

By (MVIm)

45

Fine grain improved little in Q, less gradient (however had FE)
Large grain improved substantially in Q, but decreased Eacc
(which is typically seen for infusion on LG)

25 Fermilab
24 ANNa Grassellino g S 8172018
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Flux Expulsion in Original Material

i

S0 SLAG
{ N-Doped, 900°C
i 40 A * N-Doped. 800¢c "1 patafram ) 1
o +30 '“m EP 17 A Palczewski ° ° .. 171 3 ::3; :z‘: ‘
8 } VEP+120°C g'* ® e . ' 2% Y ke
o 30 1 Bake Eis) e o Ioonmre Ts 3
= 5 @ TD01,800°C S -]
K] %1.4 ™ & To-02, 00°C %14 ]
$ 85 @ Y Tﬂ;&’;ﬁ?.“limm s &
E Ew.z-' OQ{)o ¢ Q¢ . ©iaq vy
g e 6 © ol 111 =g : Data from
2 1 o [] . 1@'&)* ¢ S. Posen
é ’ ! i L?ls-tn-\nt. AT [If] ¢ ! ¢ ’ : ! Lrls-fn-\ns Ai K] "’ b " TTC @ RI KE N'
+ TD material shows poor +  NX material shows poor
flux expulsion after 3 hours flux expulsion after 3 hours 2018' June 26
at 800°C at800°C by D. Gonnella
15 + Improved to near perfect + 900°C did not significantly (SLAC)
when temperature raised to improve flux expulsion
Trapped Flux [MG] 900°C o
Q, by Material in VT
~1 A_f.!
o e VN

The technology has shown significant capabilities

beyond our initial consideration.

Cavity Q, Performance in VT Cavity Gradient Reach in VT R i
- 16 | TD/900 :
x10™ a0 ] [ /%00 ]
) = '. ® T4 - /9501975 L
<10 . a — - = - LCLS- =1a3
anl hh-:;.?'.: 25 ..#-..._‘-‘ .'._f‘ S " LCLSHI VT Spec
" ™ a | m -} [ ] 8 19 MVt -
S 310 - T ‘.‘ £ a0 L L 1 a2 *‘_ £ 10
E Spec N it —1eMvii | 3 TD/800*
= 210" L _‘
@ 500H40in 900/200 in w g ¢ TD/900
Lo B.ns 57 MG [=reeocow 5 e 4 NX/900*
I o i 2 NX/950/975
e 0 10 ’\T .EIn 40 5‘0 &0 -"I(' an ! C IIIJ ‘EICI ] 40 5‘3 6-\" 70 a0 0+
Cavity # Cavity # 1 1.5 2 2.5 3 3.5 4 4.5 5
Q16 MV/m, 2K)

Eiji Kako (KEK, Japan)

. N e B aer e KFAS)
SIRIILEF—ILRGBREFERHS i

2018, October, 10
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Large spread in Q; in
vertical test due to
differences in heat

treatments and material

| Material | <Q,> at 16 MV/im, 2K

2.5x10'0
3.3x10"0
2.6x1010
S5l

*TD/800 tested in lower
magnetic fields than NX/900
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ILC : International Linear Collider (1)

® Energy: 500 GeV > 250 GeV
® Llength: 30km > 20km

ILC250 Acc. Design Overview
by S. Michizono (KEK)

5 el " | ST
— ! Magnetic Shield

Damping Ring

[ He Jacket (Ti)
Main components for STF cavity system
developed at KEK

Superconducting RF Test Facility & —— C.M. Energy 250 GeV
STF2 Accelerator ’. Beam ;i:’: - Length 20km
I i i .
(Pulse, electrons) 1 . e- Main Linac Key Tech nologles Luminosity 1.35x10%** cm2s?
CM2a Cryomodule f
it Repetition SHz
. 1.3GHz, 9-cell Cavity i
Nano-beam Technology Beam Pulse Period 0.73ms
Beam Current 5.8 mA (in pulse)
damping extraction )

g Y, few { SRF Accelerating Technology .~ &dumn R

e e / = — N SRF Cavity G. 31.5MV/m

BN - ] S (35 MV/m)

™ bunch ~ main linac n 1P Q Qo=1x101

compressor collimation
Phowcgliieprcun: ® ~ 9000 x 1.3GHz, 9-cell cavities for 250 GeV
Beam operation of SRF-2 Accelerator ® ~ 850 Cryomodules
(2+12, 9-cell cavity) will be started in March, 2019.
£ 250 . N - @S (EHEEA ATV IERNERRERS
ST RILF—IERFPERHE "
Eiji Kako (KEK, Japan) B LA F—IE R F R = %80 52
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ILC : International Linear Collider (2)

ILC Time Line: Progress and Prospect

ICFA
ILCSC

Work Sharing

GDE/RD
RDR/DBD Activities

Site-dependent
design

2018’ July 04

ILCICETHFHERSE

ILCEHEID RELEZZIT1=
BROELDHDELAR

Eiji Kako (KEK, Japan)

by S. Michizono (KEK)

Internat’l Negotiation

f Joint Site Project Approval
SRR e | Site Decision

Project Proposal

(Pre-Prepa.ration) and ILC Organization
Preparation Phase (ILC Lab.)

Construction  Operation

Assuming (~2+) 4 year (9 year)
ﬁ We are here, BEEMICES| (EEEFTROLE)
2012 2018 BERH7 *ﬁgaﬁ%f g:%&%ﬁ)ﬁﬂl‘a‘l .
20185128 7 OHREBEMEE by M. Yamauchl (KEK)

2018’ Aug. — Oct. FEMMA W AL l 3 Bz R A
>

B =—7a54 5 —&HE
RELEICEAYTSREERES piF——— T T

@@ ABHEEA BIRIUT— SRS TAREnS

BEIR/ILF—MRBEFENE £8mE 53

2018, October, 10 /ﬁ_//ggt-}%&\
£z [ =, P




HRICHITAIXRYEBEEMESRS KEFTEDOFEED

1.3 GHz, 9-cell cavities (TESLA-type cavity)

E-XFEL DESY / EU X-FEL 17.5 GeV Operation
LCLS-II SLAC / USA X-FEL 4 GeV / CW 280 Construction
SHINE SINAP / China X-FEL 8 GeV / CW 600 Construction
MaRIE LANL / USA X-FEL 12 GeV 460 Plan

ILC International ee*Collider 250 GeV x2 9000 Plan

Low- S cavities (QWR, HWR, Spoke, Elliptical)

Spiral-2 GANIL /France Heavy ions 12+14 QWR Operation
FRIB MSU / USA Heavy ions 16+104 QWR, 72+148 HWR Construction
RAON IBS / Korea Heavyions 28 QWR, 76 HWR, 69+138 Spoke Construction
ESS Lund / EU Proton 26 Spoke, 36+84 Elliptical Construction
CiADS Huizhou/China Proton 12+5 HWR, 56 Spoke, 32+85 Ellip. Plan
PIP [! FNAL / USA Proton 8 HWR, 16+35 Spoke, 33+24 EIIip Plan

,,,,,,,,, T Wil 2018, October, 10 ALY BT
Ly — ="
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SRF-Gun, Deflecting, 3" Harmonics % & [L 2R

=Dt

WAZBRELT. AENETRTH S

B EZERZHMA R RIETEEYT HiR(zEMNE:S
&L T (E-XFEL, LCLS-II, SHINE, FRIB, RAON, ESS) M &%
NEREHMTIREETHRTHY ., ISITFERD AR
HBI{EENNEZSELT(CEPC, FCC, ILC)METEISN TLVA,

BIEEZERYAT LICEET SBEARD:

XTI

al’)

HARD

EIREIEFRICENWTEZREAEMZEL TS,

HEIEEZROMERERLED=6HIZ, SINEE

= 5% (High-G)

"=5Q{E (ngh Q) @Eﬁn%ﬁ%h\fﬁ%l‘ﬁbhfhé
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