B {5 2 e F T — 1
HBInEZE R —2

F120EMERGFFEEE BT ES
20154 8H 6,7 (&HE)

BIRILX—INRESVFITHEAE
NN 23E 25 B 25 1 5%
m4 KA



IS 28 R AT — 1
201545 8H 6H (15:10 ~ 16:10)
® [FL&HIC
=T [ TERMS
@ THOLEDIEND

Qll



HBinE 28 R fiT—2

20154 8 A 7H (9:00 ~ 10:00)

FToLEDIEMNS ()
MNEYRTD ZEM S
T D EEREN D

FEH




18 2R T —

® (FLMHIC



T C & IZ

BAAMNSTCHECEZRDOHERAFEDEKRAIHR T.
EEMIEECEOIAMER -ERZBIELT.,
HBIZEZERICET AERNLGRTZERLET,

ZATHMHORARENOE —LINHEEELFE T

Eiji Kako (KEK, Japan) F12ENE AR ¥ FE S 2015, Aug. 6-7 5



DY

::
.

[ZLUHIZ(2): 35FEMTHDRBIGEZE;

Participants of SRF Workshop/Conference
500'!!'!!!!!!!!!!!!

~1400A

400 [T ]

(N
o
o

SRF 2015

Participants

1 2 3 4 5 6 7 8 9 10111213 1415 16 17
1980’ 1991’ 20071’ 20171’ 2015’
Karlsruhe DESY KEK FNAL TRIUMF

Eiji Kako (KEK, Japan) F12RIESS 4 2015, Aug. 6-7 6



[ZLHIZ(I): 25F B TOHMBIES

%108 [T. Furuya, SRF’'89]
4 L S ! oo oy —
3 ......................................... — -
. [Y. Yamamoto, NIM-A (2013)]
2 Qe .\\— vopen st Results of 9-cell Cavity Performance aﬁgg
S Eacc=6 MV/m — - (7 OKEK-L3
8 ' EK-15
Qo 2 x 10 OKEK-16
1 — S e m e 1 1 ] A]\il’:l\t—l?
0.8 XXX #ﬁa—lst KB 19
08 6a—2nd 0, OKEK-20
0.7 I~ o00 # a=<n . 1.0E+10 A OKEK-21
%6 [T 44+ #6a-3rd S v
oz 4 6 8 10 12 — A T
Bace MV/m) | o Qo 1x1010 i
Figure 7: Qo and Eace of TRISTAN #6a cavity. LOE+09 ! : : : ;
‘ 0 5 10 15 20 25 30 35 40 45 50

TRISTAN 508 MHz 5- ceII CaV|tv E,o. [MV/m]

Figure 1: Best Q, vs. E, . curves obtained from performance tests
for KEK-12 through KEK-22.

STF 1.3GHz 9-cell Cavity

He temperature at 2.0 K
1 ms, 5 Hz pulsed operation

He temperature | =
at4.2 K
CW operation

g

Eiji Kako (KEK, Japan) 200 N g 2F s E 4 2015, Aug. 6-7 7



[ZLHIZ(4): KEKTHRINT-BEEZER

X \
™

et -

(I

|

'

N

éﬂﬁﬂﬁﬂ

. j ' J-ADS 972MHz |
. AL 9-cell Cavity

it 5

W™ KEKB 508MHz 1-cell Cavity ~ (8=0.73)

Kil

cERL Injector
1.3GHz 2-cell Cavity

Eiji Kako (KEK, Japan) 12 E A4 2015, Aug. 6-7 8



ZLHIZ(B): KEK'CFaﬁ%éirLT—’774T=E‘):L —JL

CERL13GHz  CERLL.3GHz
~ Injector Cryomodule ML Cryomodule STF 1.3GHz Cryomodule

Eiji Kako (KEK, Japan) F120E N A 2E S E S 2015, Aug. 6-7 9



[FLHIZ(6):
)

RF Power Source

Circulator

\‘/
o d

Beam ——

RF Transmission Line

Cavity
Circulator . .
f @ N\ RF Transmission Line
RF\
(AL)
RF Power Source _ =
Load High Power
Input Coupler
Cavity

Beam =——p fo

Tuner

BB Fai—F—

Eiji Kako (KEK, Japan)

iRy

_l High Power Input Coupler
ANfEEH

BEILRZODEEFRRER

RF Transmission Line

| \

HOM Coupler ‘ Load

7N\ E') HOM Absorber
Beam ——

HaH

i}
i

A

[ )

\ / \ymmad
Cavity
9744 ED 12—V (REZERICIH)
He Tank
HOM Coupler

Monitor Coupler

HOM Coupler Magnetic

9-cell Superconducting Cavity Shield

12BN g% f e RS

|
Frequency Tuner /

Input Coupler

2015, Aug. 6-7 10



ZCHIZ(7): BInEIMZESS:
;r w b 00 ¥R

‘-“4‘.;:‘

L

1.3 GHz, 9-cel™\b Cavity

=" ———faBmm>  Magnetic Shield
Cold-mass 5 Slide-Jack Tuner He Jacket (Ti)

Eiji Kako (KEK, Japan) 12N A 22 2 E S 2015, Aug. 6-7 11




[FLHIZ(8): EFEE=AT 4+ #

- Suppliers of high purity Nb in the world
o L

B """"""""'N"ingkiaﬁ
y e OTIGS

: sy

G .:
| o _PLANSEE
’r FRRGEWRHERAS Y
s 'B'r OKYO
DENKAI
=i il et 2

Eiji Kako (KEK, Japan) 1200 N gs A4 2015, Aug. 6-7 12



AN — Ll - I s —
FCHIZ(9): HAPDEBIEEZE R EIT
Suoml
Baiard Sverige
Norge
Pavac (Canada) ¥
united R| (Germany)
Canada Kingdom Paolska
Nlowave (USA) DE&GHI&M vepalMa
% AES (USA) ' i Kazakhsian
F
J ; / rance €=—=—7anon (Italy)
United | Espafia Ay
States North e "
Al ki
et 39 iran Alghantstan
(- Palkcistan
. o 8 Lbya | 0 o
México i o : Arabla Indi
U Haxon LR
LS = Mirar L,
E h, i J research @ ZANON...
All'l'if":':";-;:ml ( apan) iﬂStFumentS Ens 38015 Schio (VI )
;2— i chstal = o 30 {m%?ﬁé -
NIOWAVE e - S
www.niowaveinc.com F. _0_0 F;}‘;I ﬁom EEE Ec:'.‘?‘ H . h' |HI‘T;1\ICI!I-"t
*ﬂ. u-l o IEOE ﬁom L ;‘:E&D o I ta C I nspire the iNex
o o MITSUBISHI
. E5 oﬁ} . To s H I BA Our Technologies. Your Tomorrow
ﬁﬂx@:ﬁg e B MHI TOStha Leading Innovation >33
Eiji Kako (KEK, Japan) FL2EIE 8 P4y 2015, Aug. 6-7 13



JL
X

an

FLHIZ(10): BAR(EE) OBEREMZERE
, e s JAEA/Rokkasho

<«— SCL1 —>» <«— 8CL2 —>»

<—— Injector —» =«

0.5 MeV/u 18 MeV/u 200 MeV/u
[Ecr IIE.E@- MEBT_ css | scla1 [ sczz [HesT [ IF | I F M I F
g i ) = ‘§
p E-W) € ) IBEES

IBS/Dajeon .
RISP-RAON .ﬂ"% -
SAFVINERH

[QWR| [HWR|]

A

o

: o
@@Q

RIKEN/Wako

SC-Linac vk TTOO
0 i 1 BT = 73MHz

F12[E IR s E 4 2015, Aug. 6-7

KEK/Tsukuba
KEKB, STF, cERL

B F IR 2s
(Low-f3 cavity)

IIm

Eiji Kako (KEK, Japan) 14



ZLHIZ(11): BIEEZERIZEST.,

® it{K% *ﬁw_{l/ﬂns _I;J_H/Fi ﬁ't_l_lw:l:s %EE!I:% |£I:|_s PN
—> [LELREICHE K SKNEE A S R Bl

®E —> BEEXER + B

°
=]
(et
K

® ZEFEE —> FEHEMEDSL. HEF-TED
LY T WVEBIGEZERATLDFE



[FCHIZ(12): REZEXADEFAMDER

S
e e
; 38 -

i~ IL—BRTOS TF 2
M1 4= hESIEROTT
2 2013 July 17

Eiji Kako (KEK, Japan) F120m ik dR 224 2015, Aug. 6-7




KRR ZE R AT — 1

FT(FEERMNS




EIEEZERDER): RFNZA—Z

Summary of cavity RF parameters;
[/2

E,. jE o ryC0s(k-z)dz=E, T
—l/2
p R (| Glaa,  wo=to(|F] av==o(|E
=Sl we= | =3
—2
HH dv
o, W. G
Q: O}DS:R_, G:a)OILIO A_>2
D HH dA
Vazcc chc 2 R chcc 2
Rsh = p T p cavity ? A cavity
d d 0 oW

2
dV



HEIEEZE TR D:
N oWy G
QO QO_ Pd _RS

= A (2):

R

Qo — Eacc

Ideal (Constant Q = Constant R, )

y

Quench
(HCRF))

uench
additional loss .

Eacc,max

Quench T AINLEER

Eacc [MV/m]
MEREFR

Eiji Kako (KEK, Japan)

E .

128 NIk g 2o

/2
jE (c. ,,O)cos(k z)dz E,-T

—1/2

4> 2015, Aug. 6-7 19



BIEEZEROER(3): sRKREKREEM(RS)

Normal-conducting Cavity; f=1.3GHz, G=270

0 . - 8
® Surface resistance; R [()] Cu ) ; 0=0.58x 10° [1/2m]
Rc=9.4m() (5=1.8um)

W U 1
Ro=\7-=—% ¥ Q=G/Rg=2.9x 10°

Superconducting Cavity; f=1.3GHz, G=270 2
NDb (2K) ; Rgcs o) = 7 €2, R,s =10 L2

® Surface resistance; R [()]
Rc=17n() (A, = 44nm)

R. =R + R
S BCS (T) res Q=G/R5=1.6X1010

2
0, A
_ R.~.: BCS resistance
RBCS = A —exp (— —j BCS *

T k .T R... : Residual surface resistance
B kg : Bo/tzmann constant
g
A: Gap energy of Cooper pair

Eiji Kako (KEK, Japan) F12[n AR HE 4 2015, Aug. 6-7 20



Db.

L{ ”0)«_1-_2':(4) :

Superconductmg CaV|tv

RSCDdM1

ZIRFE

Py
|
Q)
N\
@)
S

=

=

=

-\.]

t
2 4
-
-
E'

Shield-Ohtama

4.2K

[ag. Shield-Tokin

“7th. V.T. Eace=3.4MV/m
FWith Cryo. Mag. Shield-Tokm -
Without Car. ‘\‘ifig Shield-Tokin

et b

W |t]|

=4}

EE e e -, CADCAKTIIRISS
E o Value Error
== A[DK] 0.00011559

= 109] A 17.82 20795 |
Eﬂrl‘: | Rres[Q] 14.927e09 57945610 |
s Chisg. 0.26119 NA |-
S U R 099391 NA
S

)

Value

A[DE] 0.00011076

A [K] 17.757

T Rres[R] 11.471e-09
] Chisg.  0.25151
099409

sagTes | NG h-a

Without Crye. Mag
Rs=A%(LT)* ﬂ] 2 OK

11th. V.T. Eacc=3.5MV/m
Vith Cav, Magnetic Shield-Ohtama 2
fith Cryo. Magnetic Shield-Tokin

Rs=A% LTy exp(-A KT HRres ||
Error

9,2232e-05
2.1316

6.5478¢-10 [

NA H

~7 Rres=18.TnQ2

“ Rres<14.9nQ
Rres=13.0n}
~— Rres=11.5nQ

107 Rs=A=(LT)*exp-ALT+Rres
H Value Error
] A[@KE] 00001181  0.00010086 || A [QK] -).-)-)-)119:4 0.0001085 [ B
AK[K] 18.117 27256 || AK[KE] 17.793 2.3829 BN B
|Rres[Q] 13.046e-09 2.0463e-09 || Rres[Q] 28.663e-09 1.1553e-09 N
Chisg. 0.13752 NA || Chisg. 0.38429 NA 1 7K "
1070 R 0.99633 NA R 0.98933 NA °
0.2 0.3 0.4 0.5 0.6
1/Temp. [1/K]
2

R

Eiji Kako (KEK, Japan) 5512[8] fii ik

:RMMD+R

res o BCS
| 28 R £
‘ ¥ A VAN

Q

= A —exp

T

2015, Aug. 6-7

k,-T

21



SRR

==
=

HEIZEZE R D:

<K (5): ERBHMADS

Normal Core  Magnetic Fleld Lines
-~

WA

i —ILRIZE&D
RBHIZDERNE
IR NBDEER

(0.3 n2/ mGauss)

S CORER. A TD
S REIREITKEURET 5.

superconductor

Supercurrents

BRBHMA L. — A T ERNEBIEEIRREIZER
B HEZIZ. TDBNEGEDHEREF

ELTHSYT NS0, BREBEREERD
FERADVED LTS,

Eiji Kako (KEK, Japan) F12[E N A e E 4 2015, Aug. 6-7 22



S
Hi
i
i
O
B
°
1

L
ot
Y
R
=

Cavity unit with Jacket
at 1.25 times of design pressure
(test with He gas : 0.25 MPa)

Nb Cavity
at 1.5 times of design pressure

_ (test with water : 0.3MPa)
W R 2

[ Cd

_"jvemﬁgﬁgxﬁﬁﬁxﬁﬁm>

o A THOEIRES #=ATHDO. 2%iit 7 M=FTHOL vV E— R
 [icic
TEm— :j:g;g'{;;”mm] by H. Nakai (KEK)
= _ 80D - . 1 & . o
£ 1om | £ 2
ﬁ 500 =—‘“"’—L~\‘ 2
£ ﬁ& w? § - ¢ E /.
i ; 300 MPa :
360 MPa " ) °
120 MPa===== | .
% 50 100 50 200 250 300 o5 0 100 P 0 50 100 150 200 250 300
Test Temgerature [K] Test Temperature (K] Test Temperature [K]
Fig. (5)a Tensile strength of Nb. Fig. (5)b  0.2% proof stress of Nb. Fig. 5(b) Charpy impact value of Nb (10 mm wide).

Eiji Kako (KEK, Japan) F12BINE RS A S 2015, Aug. 6-7 23



HBInEZROERN(7): BEET LB - ®N5H
—A T # ¥ (Fine-grain, Large-grain)
AR (RIE. RIRY . RE=27)
& H T (EBW, TIG, LBW, Brazing, ....)

F AT L2 E., EEEME. ....)
K- /AL AT (BBfK. &EKZE. ...)
1) —2 IIL—LIRIR

HH Il




HBIGEZROEARN(8): FEET S5l #H
® —AJ## (Fine-grain, Large-grain)

AR (RIE . FR®RY . REZ2 )

b= & H T (EBW, TIG, LBW, Brazing, ....)

= E NI it (EFHE . EFEME. ...

K- B BT (BAK, SEKE. ...)

2V)—2 I —LIRLE

—'—:: ”;' gﬂ?#éh-t[l\éb\:t}l/miﬁhb‘\\
LB sren st ALY L Ao,




un
T
0

|DEZR(9) IHFEMEILL TLVHAL: T

Inspection of © Pre-EP + EP-l (5+100 um)
inner surface e ‘

Hot bath rinsing
by ultra-sonic agitation
with ultra-pure water

Vertical Test

HPR Assembly (Class 10) Baking (120°C, 48h) Hanging stand with T-map

(Class 1000)
Eiji Kako (KEK, Japan) F120E N A 2E S E S 2015, Aug. 6-7 26




HBIGEZTRIOEAN(10): 80FKIZIX.

Inspection of © Pre-EP + EP-l (5+100 um)

inner surface EP-II
(5~20 um)

ERMHEFOHH
o HBFIKEF

Hot bath rinsing
by ultra-sonic agitation

S 'with ultra-pure water

* . . ) " , Vertical Test
HPR Assembly (Class 10) | Baking (120°C, 48h) Hanging stand with T-map

(Class T000)
Eiji Kako (KEK, Japan) F120E N A 2E S E S 2015, Aug. 6-7 27




id

Inspection of
inner surface

b1 ) X
_ e
el ol |

Pre-EP + EP-I (5+100 pm)

Hot bath rinsing
by ultra-sonic agitation
with ultra-pure water

Eiji Kako (KEK, Japan)

28




KRR ZE R AT — 1

@ THOLEENDIENS



T HEFEDIEMND:

255

RKILEER

40 Bl . f f —@— C-1
: —A— C-2
= | —0—cC-3
S 30| —
S O o
5 —0— M-3
g 20 —o— M4
2 5w
H _ -4 MK-0
i ——K-2
: O K-3
0 = fll__flEEK-4

0 10 20 30 40 50 60 70

X fe
|91' 92! 93' 94' |95' July
1.3GHz-EtJLZER13EIZD2LWT70EIDAIE#FR

Eiji Kako (KEK, Japan)

F12[A AR 2 F 42 2015, Aug. 6-7

30




[IZDULNTOHZE

¥
F
i

KEKT®M1.3GHz-E

P

- ; ‘\.
& %-:w 2
3

7 ‘ iy
g

1990’ July 23-26, Cornell Univ.
[TESLA : TeV Energy Superconducting Linear Accelerator]

Eiji Kako (KEK, Japan) 1208 N g8 442 2015, Aug. 6-7 31



Eacc,max [MV/m]

40

[a——
-

TOLEDIEMD (1)

(U S)
-

(|
-
T T T T T




1.3GHz-B)LZER (1-1): ZRRF

CEBAF -KEK
Co”llbo‘r'afion

£3GHs No Cavities

Eiji Kako (KEK, Japan) 2R AR 2 F 2 2015, Aug. 6-7
iji ,




1.3GHz-E+t)LZER(1-2): REWIBEE

ENOMURA PLATING

#HIIRE

Eiji Kako (KEK, Japan) F12E A 2 E 2 2015, Aug. 6-7 34




MH(1-3): =TEIZAFTRAZYE

I;—E' L
A
1
| e
under ground
Lig. Mz line %
Vacuum vessel— — | |

e

H“\far_'uum duct

i sl S

Thermal shield (N2j--_} |

™Y acuum vessel
(He vessel { 508 MHz cavity)
He vessel—{ |

“Monitor cable

1.3 GHz ruvi[y__j_

1
Heater ]|
! Wacuum valve
| | i
Lt i
Moter |l
E_j il . Input power cable
Tnsulation vacuwm \’QL g
i
M i jehd -
agnetic shield \l _ o 40 [em] 80
\rh —— .. -"'"-'
S I

M)REVRYISAARBYFDREIZHRE Vertical Cryostat

Eiji Kako (KEK, Japan) F1R2A AR S ES 2015, Aug. 6-7 35



1.3GHz-BJLZER (1-4): =THTEDHER

10“” .

10&6 o i SRR TSSO

1100 nC2

8

0 3 6 9 1215 18
Eacc [MV/m]

Fig. 6 Qo - Eacc plots for three niobium Fig. 7 Temperature dependence of the rf
cavities measured at 2.1K. surface resistance (Rs).
[ 0; C.P- CEBAF/KEK, e ;E.P- CEBAF/KEK, A;E.P-IHM/KEK ]

Eiji Kako (KEK, Japan) 2[R RS 22 2015, Aug. 6-7 36



1.3GHz-E+)LZE R (1-5): EBHIEAIE

He vessel To pumping system 150

1 Thermal J
shield ‘ o 100
{Lig. N2} .
~ E 50
= 0
ot | s I . 50 ' :
resisfers -
40 80 120 160 200
2000 . T —
Heater-]
.-!"f .
Thermometer -
(PT*Cu)
-Au-Fe ||
Ge P!
I 200
.. [em]
Motor coupler
[_ cavity ] 2, hﬂ-ﬂ-f
= Insulotion yocuum Cryostat (helium vessel)
\P\ oo L,“:L 400" _' 600 Figure 4. Distribution of the residual magnetic fields inside
: e — the helium vessel of the cryostat. B// and [B<l are the
AMagnetic shield Vocuum vessel (He vessel/ 508 Mz covityl | magnetic fields in the direction parallel and perpendicular to
8 L0 VALV AL L1 1 - ' - .
VocRUm wEml_‘ﬁ“ﬁﬁﬁ:s:*’a" the beam axis, respectively. (Initial- [*] ; Improved magnetic

shield- [o]).

Eiji Kako (KEK, Japan) 12N A 22 2 E S 2015, Aug. 6-7 37



\ Y 4

1.3GHz-E

+7 )L 2%;

H

1 (1-6):

BELQIEDHER

AT RATIEEL, kBl f=o1-

E—=5—Sx/ryk

- )
B e e ” ! (
| e el =

EiRE<D
o LFERERICIER A
[—ILFZERE

E—5—tAU LERER

N
He vessel
— 7 r"—

RIS

Magnetic shield

3
STFCHEEFH

Eiji Kako (KEK, Japan)

FL2E AR A2 F 2 2015, Aug. 6-7

38



1.3GHz-Et)LZER (1-7): ﬁi‘;” EiniE

1000 -G e, ""JT"T '

Rres |
°
X Mian

100 I 00000
 OlRres= ] B kEESRA

-Y10~2OnQ. ............................................................................................. O O_ _7 7 * ‘J I\

10.1..|....’.?..1.1.11

order of tests

Eiji Kako (KEK, Japan) 2 AR 24 2015, Aug. 6-7 39



Eacc,max [MV/m]

40

FToEEHEDIENS (2)

(U S)
-

(\®)
-

[a——
-




= i3 [ o hia

-.._'_'_'f_'.'_'.'_'_'_':_'Iﬁ_'::_f::f_ifﬁffﬁﬁfffﬁﬁﬁﬁ'.f.fﬁﬁ:fffffffj.fﬁ:éﬁ: 5., —o— During deterioration

|
0 5 10 15 20 25 30
Eacc [MV/m]

25MV/mIZEIEZ % . & #)DQuench/Breakdown/Discharge?? h 4
ZTNDE.QEMNEE LA EEL T, xBAIIZIXField EmissionT
T REREMNELQEIZTHIESNBIRZR Y. BLERAIEN S,

Eiji Kako (KEK, Japan) 2[RI A 2 2015, Aug. 6-7 41



1.3GHz-EtJLZER(2-2): REEEINEREE

19 carbon sensors x 36 boards _
= total 684 sensors

—_

—_
-
e
—

Eiji Kako (KEK, Japan) 2RI AR 2 2 FE 4 2015, Aug. 6-7




1.3GHz-BE)LZER (2-3): REREAEDHER

10" e I — — . 101
F - C2(VD -- C.P-II (35um) ]
Q,

1010 L

et T

B#)® Quench/Break-Q, [ C1IV) -~ CPIT@5um)
down/Discharge?? 10 | SSeRReRER ot s
@&—Gs ﬁ?ﬁ\ﬁﬁd) :’*1 = v -
Field Emission®Source 10> [ % |
} MRELTNDIEMN, | o
ol ot o

5 10 15 20 25 ] Fl ] 12 6 20
Eacc [MV/m] Eace [MV/m)]

10°

(C) Eacc = 9.3 MV/m
{A) Eace = 20.2 MV/m . 1 |
1 Qo = 74x 108 s 1 v | - )
“ Q = 90x 107 - Pp - 154 W = 1 (A)Eacc =75 MVjm « | 1) Enoxc =85 MVim
- Pp = 59W " ' s 1 On = 2.0x109 e | Qp = LEx10
i Pp = 37W T Pp= 3IW
m |
L] j

1 3 W
4 1 —— ey
EL 0 1 1 —_ —_——————
L e —— el e —
e e i S
we l 13 ] 1 — Camazer
7 1 = -
Lowsr [riz (£l o— T ﬁ ==
-

ey L It ; et | =
i eerbeerat F 3 o + 1

L ise 2 250 @ 158 58 12 150 “.“ 250 e e :_;: = - I
a
Fnguiar povition {degress! L fnguise pexition (dagrens) I .;,- A A
(D) Eacc = 9.8 MV:; - o |
(B) Eacc = 8.5 MV/m . Qo = 40x1 = [ {BiEac= T8 M"‘ré"m = | (D Enace =59 MVim
= Qo = 15x10° » Pp = 320 W s | Q0 = ﬁ.;ﬂ&. “_% 0n = 2axlnf
am Pp = 65W we L Py = 115 !
l - |
4 wm =) 1
A *
Fi—r—— - i
208 200 L ——F———~ 1
— 1
i Equutar S ———
of i - reii— -
_— — ’JL Lawer [riw
LA - ; - ; 7 l.?nnr Ilrlr L i " : N : . .
9 130 @M 3@ T I 58 1 /Ae zm]A e I5R
Angular pomition [degraes) 3 Prgular ponition’(degrass)

Eiji Kako (KEK, Japan) F12RINE S F 2 2015, Aug. 6-7 43



1.3GHz-E&/)LZER (2-4): REREANEDHER

1

S S R el i) e R ——

MZ(TV)-E.P-1{100 [1m),1400°C,C.P-TT{60 um) |

............. RS R TR R B

R 10"
C2(VID) - C.P-IG0um) +Anodise | FLIFE R
. 0

0 5 10 15 200 25 0 4 b 12 16 20
Eace [MV/m] Eacc [MV/m]
- ™1 (A)Eace = 11,0 M¥im 1 (0 Eace = 100 MV/m

G
(A} Esoc = 8.2 MYim -1 (03 Eace = 10.0 MV/m = op = 1.510% - 44x100
) = |.9'K]'|'.|g' 1 Qo = 1.4x108 - L Pp = 9.3W |I| - % = é?.g W

i Py = 46W el i Py o= 425W
f | e [

] . el ) \ = 4%
e — L — e

(LS
—

¥
—‘I_r' Luwar [rim
T T T T +

‘ i J
E" BT BRNET R B R

L
{I1) Esec = 111 MW/m w 1 (BlEacc= 11.0MV/m

on = Lixlo?
- By - 134w ||

zaaa f
(B} Ence = 1L MY m .

| = 5.1x108 !
-} = A5 W -
— oon | . L 4
e | 7 — - ra [ L
F",’l ,’I_'_ - .'I CyanLar
[ B e el

e iy

- }/,E./.;.}za..i.z; B

Eiji Kako (KEK, Japan) F12FEIMESRE S 2015, Aug. 6-7 44



1.3GHz-E

TILER(2-5): =4 T DDCRERER

E%iﬁiﬁ THEHRZR
BEKRKFE I
EE'/:LI%ﬂ'
INA TR Z=E

lon-gun X-ray Impulse

\N soyrce cenerator
Entrance

Transfer
rod Turbo - Sputter Sputter =
moleculer ion pump ion pump
pump
11
Rotary Sample electrode
pump

Chamber 1 Chawber 2 Chamber 3 Machining EP CP
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13GHZ-__t)l/ /l_] (2 6)
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7 )LZER (2-7): QIEEFRIEDIRE
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Nb antenna _L# = | Ceramic disk
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Eiji Kako (KEK, Japan)

E12[E Nk g F 4 FE 4 2015, Aug. 6-7 47



1.3GHz-BE )L ZE

10 T L) I I 1 T

7 (2-8):

10!

I | E=
- without ceramic (since 1994) . Q
8 8| @ with ceramic (until 1993) i 0 [ragsgecs
Ell e 1 10°L....
{3 6 - EEE:::::
S F mmme - et
4 | [
.E u 4 10° - ' g
5 —o— C1 cavity
Z 2r 7 F —o—C3 cavity [
~ T - —a— K1 cavity
,D y By | BRERR | SN, e | P o e g | n 103
4 8 12 16 20 24 28 32 36 40 0 5 10

Eacc, max [MV/m]

Fig. 3 Distribution of the maximum accelerating gradient

before and after removing the ceramic disk.
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Lo EREJICHE

E&§1ﬁd)/ | EHER

1

______

i i ! i
15 20 25 30 35 40

Eacc [MV/m]

Fig. 4 Qg - Eacc plots for three single-cell cavities

after removing the ceramic disk.
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1.3GHz-B)LZER (3-1): NEEBERDFE

M - 1 Cavity ; Quench Location WKL, St Mtes, |
(EBW seam at Equator) LG LN

86,0409
WH,

0 { 2 3 4[mm]

FFEDEOERICIL., BERMENAZL, 1 Cavity ; iris EBW (0= 30°)
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1.3GHz-BEJLZER (3-2): Q-RAYF

M - 5 Cavity ; Quench Location

Q - SW|tCh EBW seam at lower Iris

Sputtering balls / welding imperfections
M-5 Cavity

IIIII l Ll I T T I I L LI | l' L. T T T T T T

o1 o Msmmi
10 L e M5 (||) — _
0 5 10 15
Eacc [MV/m]

2ENMIL=REEH TOEGCEEBICILIRERNREA
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1.3GHz-BEEJ)LZEFE(3-3): —ATDHHIHE

CURveE  Neeaks, MATERIAL TEST RESULTS
M ) A — ek B AN T AR B ﬁ & EE ﬁ ﬁ Ro. 28378
TOKYOD DENKAI CO., LTD.
surveyor . _ '
i =
s W Date Bff Hp25FEiH4H wOEE H‘HE =& #
Material #HHE Article &% Quantity ! mechanical properties L
e Dise it T.8 ¥.5 Elongation| Hardness N
: FliRshs wh Itk Hfex
Specification Ho. fikt sy Eﬁs N /mm* H/mm® % Hv
ar Spec min 120 a4 35 -—
Lot No. Size =i mm vy = /‘
Longitudingl ) ¥ ., An (Y ==
. . —— =8 rns 1ot ; 4 3 |
4378 2Bt X258 ¢-56 ¢ 58 pes RaslTen 162 47 -:35 508 ‘
171 51 54
| |
Element Chemical Composition (in Wti) {E RS
T W Ti Fea Si [V i
Lot No. 2 — 0 2 = ! L - x :"t'
o~ ik | max 0,15 0.02 0.005 0,005 0,005 0.005 0,005 0.01
Test \
Results 0.0115 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 halance
4378 AR Ta w iV i
Element Chemical Compoeitien (in Wti) (b5 oy 1 &y I J
Jiitead 0 ] H C
Spec | min
max 0.015 .01 0.002 0.01
\;&\ €0.001 0,001 <0.0005 <0.001 /
Remark 45 Starting [ngot Lot No, NC-1830 Inspection Section
RRR Value of Sheet: 208 Manager pgE
Crain size ASTM #6
RRR = 298 i - *
- 198 ULTRA HIGH PURITY RANE unn
Engineer % TOKYO
T.S5.=Tensile Strength Y.S5.=Yield Strength E.V.=Erichsen Value DENKAI
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Thermal conductivity ( W/cm K)

1.3GHz-BEE)LZER(3-4): AT DRRER

T DEBEEE () ppp — P(300K)
as received RRR=228 | ] 10 (9 . 2K)

CEBAF welded p~1e-5 torr RRR=198 7]
Heraus welded p~1e-4 torr RRR=158
production weld heat treated RRR=596

i heat treated RRR-816 ‘ 1
10"k 5__RRR= 596, 816 K (12x) ® RRR /4

107

GahwWnNn =

1 [wim-K]

4.2 K
- 200wW/mK |/ A

RRR= 228, 198, 158

£1 I(.(ZZ; __.jﬁékz)
CZ'Izakjéct

10":

quench

107" a: defect size
10° ok 102 ( f )

Temperature (K) (R: resistance of defect)

—A7OEMEL=SMMEBERLEF. ZXMEERZ LTS,
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1.3GHz-BE+)LZE R (3-5): =HEHUE

Titan

Nb cavity

1400°C Heat Treatment
with Titan for purification

ERENEBIZLE=ATDEHEIL |
(BE2MeEZRb., BfEa1t) 1.
—ATDHREETIT, oD,
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RRR= 100/200
™ hefore/after H.T.
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1.3GHz-2&/)LZE ,I_l(3 7) FE &£ ZE [l

" RRR= 800 after H.T.
(Cornell 2-cell cavity)

47 1) AEBD5ED &
B B! (Stiffening Ring)

. PILOWHRIER

S R MR DL N2 ,nymvkﬁw)u
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ZTDHE., BN DO EFTIE
® TRISTAN at KEK : £ — LB > I~77)V‘Jﬁ%

(32, 508 MHz 5-cell cavity)

® HERA at DESY :

(16, 500MHz 4-cell cavity)
JREAFBHD %R dﬁ:Tﬁ% [SRF'91 at DESY]

® LEP at CERN : noz@sns . no/cuzeima
(204160, 352MHz 4-cell cavity)

® CEBAFatJLAB: [
(350, 1500MHz 5-cell cavity) [Fr= et
2= e = AR~
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BN DIFZEFT (DESY): Q - disease

(40+90um BCP)

5 \P——“‘* I
S First cooldowTI
S = NS e | 1 Suc;é;sive cooldownsli
o, ® Eace CMV/mI]
HERA cavities and cryomodule (DESY) [SRF’91 at DESY]
DSAFED1—ILTIH MBENKEL\D T, S S m rrr— i |
FCREROISICERSANEETHS ) ] B R A
CEMBFIBALT:, b AR
HERA cavities (DESY) : 5 | 2*"1:%; i_lst normalcoo,mg
BCP + no Anneal i - 5 N Y. 3“‘ fast coollng |
TRISTAN cavities (KEK) : b%«\,‘*{ " 'f’% . slow coohng

EP + 800°C Anneal = no Q-disease T

Facc (MV/m)
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BN DOHFZEFF (DESY): Q -disease

4-109 e A% AS=aameasannns e a8 LARALmEer S oat
d. o .
SV 3'9 : stop gt 150K for 20h  Cool-down condition in Cryomodule
| e [T 5! : stop gt 150K for 20h 00 e
_OD, 10 E/ls% 2rd n-_.__E-_.____-—B‘* =
"IstTicoolFdown for 24h / slow cool-dgwn 300
4th
= th { : * 200
o8 %243;st04at 1006!“0'?202910 y - NEQ'_(_
0 1 s - U RN tpo_ 1
Eace L MV/m ) LS LTI INT LT LT
Fig. 3: Measured Q vs E,., curves for different cooldown conditions D A e L EEAEE AL B ebb kot DD il o
1st: continous Cooldown from 300 K to 4.2 K in 24 h 90 K~ 140 K
2nd (3rd, 4th, 5th): stop during cooldown at 180 K (150 K, r T
100 K, 150 K) for 20 h; afterwards fast cooldown to 1h
4.2 K in about 1.5 h (1.8 h, 1.5 h, 1.3 h) OOH'*-"-’-101!"-"”20"* H'BO*-"—"’L";O
TIME Chl
[SRF’91 at DESY]

Fig. 4: Cooldown conditions to reduce the effect of the Q desease.

DESY T Q-disease| ZfH 9§ A EER$ELER -
fEfE 4B (90K~ 140K) DEFESHZ KL A [E]E
(ZATRIZABLTWAKELN. REABICHHELT=ATOKFILEMERBT S, )

\Ol
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BN DIFZE T (Saclay): Q - disease

~4e

Thermal cycles
on the 1.5 GHz Cavity

---------------

300__.:' P B L. S -
- FFast cool-down 11 [SRF’91 at DESY]
259:_ ) P 2 R X _:'
oy 5 . 1 | b) 0=f (Eacc)
£ 500 Co. S PR N P N after thermal cycles
@ C - _ : 70n B o . .
43 LTl SR U B e . 3n 1 IR I S A :_: E : E
c - .
a = .' - L x c
g wol: L] i L Fast cool-down o d
- - : D » % W X X X *x  x
C o : : 1E10 * - o 3
50:- . Ll ................... - : U:uu ‘- fast
:. (=] : ul:ln
L : a 0o o
of ;. Halb. Ua le lUa. . d_'i"J‘?“':"'."“.';,;;“'.‘Ud. L?_‘J % T,
0 20 40 60 120 1E9 - or XX x x -
Time (hours) : %% XXy X xx 9}
@ ° o ~
_ ° ° 3.70 h
1.5 GHz Nb 1-cell Cavity at Saclay sl |
1 " L 1 4 N 1 L : 1 x " 1 I " 1
0 3 6 9 12 15
Eacc (MeV/m)

Saclay TN Q-disease|ZBH I HEERFE R
KZFRRH XD WHEM (800°C Anneal)
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ANDLT

Fr(CERN): HPR

The Evolution of Silicon Wafer Cleaning Technology

Werner Kern*

Lam Research Corporation, Advanced Research Center, San Diego, California 92126

J. Electrochem. Soc., Vol. 137, No. 6, June 1990 © The Electrochemical Saciety, Inc.

High-pressure fluid jet cleaning| consists of a high-
veloeity Jet of liguid sweeping over the surface at pres-

[EPAC’92 at Berlin]
Superconducting Niobium Sputter-Uoated Copper Uaviiies at 1500 MHz

sures of up to 4000 psi (55, 56). The liquid can be DI water

or organic solvents. The shear forces effectively dislodge
submicron particles and penetrate into dense topography,
but damage to the wafer can result with improperly ad-

’\G)FB%

justed pressure (18).

FEREENODMNZE

Eiji Kako (KEK, Japan)

Ph. Bermard, [ Blozss, T. Flvon, C. Hawviller ond W, Weingarien
{"FRK

CH-1211 Gengwvn 23

F. Bosland and J. Martignac
{EM Saclay
F-91191 Gif-sur-Yvete, Codex

.:;“. T = b Rl
1.5GHz, Nb/Cu cavity
at CERN w] T0reg after HPR
1
before HPR T R
wl L I i i E B 4 TN 1 l k 3 I 3 } I
it 2 L b k| [ | 4 14 |4 { 2 i f E | m 12 It L]
Lo T By MW ]
Figure 1. (ovalue vs accelerating field for the Pesadamenial aeddds al 4.2 K {(awer] and 1.6 K Lupperi, al Fafiore amd b)) &l

high-[wessiFe wmer NESmg,.

SE 12 [F] i 25
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Figure 1 : Schemalic of High Pressure Rinsing System

P. Kneisel K : BBHFI/KBEELFIZLD
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EADHEAT(KEK): HPR

o [SRF’93 at JLab]

Particle size Count

0.30-1.20 pum 5825

i 1.20-2.01 um 405

| S0 | 2.01-3.00 pm 2720
N | > 3.00 um 1069
S . ' Total 10019

0.29 ERT

IR T 78

Fig. 6 Residual particles on a wafer surface after the TRISTAN final rinsing.

Fig. 4 A half divisible cavity to set silicon o
wafers inside. I\ I) X@p-—ca)

L SR S R T

1- i _ Particle size Count

0.30-1.20 pm 646

1.20-2.01 pm 52

2.01-3,00 um 282

g > 3.00 pm 37
. - Total 1017

After HP
Fig. 7 Residual particle on a wafer surface after HPR.

Fig. 5 High pressure ultrapure water

Cell s bendsingle K Saito B BBIK B TR FIZESNRDIEEE
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1.3GHz-BE )L ZE

[ (4-1): QO&?]DEEiﬁ

KEK - 1.3 GHz, Single-cell Nb Cavities

20 25 30 35 40
Eacc [MV/m]
HEDEEI)LZER

iH T, TESLAD BREZ B A S ZREREZ ER ST,
Eiji Kako (KEK, Japan)
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1.3GHz-BE )L ZE R (4-2): |mRIMEER

DL, BHRERICEL 40 MV/m AEREh D,

! K-14 Cavity
10 ==

Q, oo

10

10 -

11 M 1 Cawty

chongerms O 1.8 K s
SO 4.2 Ko

E quench (T) Eacc [MV/m]
E-rf limit

10 I I II 517 K 5']_? JE %BO)EBWE_P . HTY 7‘5#
P U B S DHEEHE RSN, 1.8K~4.2K T,
0 10 20 30 40 50 Bl— DG TH-T-GBERME) .
Eacc [MV/m]

BRAIMEER (Eacc, max) DBEKEENTFARONT-,
DI FREFDFEEIGZFTIL. A-pointDFIERTZEIEL. 42K TIX 18 MV/m NMET 9 5,
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1.3GHz-Et)LZE

] (4-3):

~0
=

mEIRTFE

Quench Location (C-3 Cavity)

~ !
L

1.5 2 2.5 3 3.5 4
He - Temperature [K]

He-Il TIZBREIANY D LIZKY ., He-l TIEIZHBIZLY
MEIINSD, BRGEGRIEIZKY ., [EHEANEERL.
AHNENELLELL., BEERENEIS,

Eiji Kako (KEK, Japan) 12 E A4 2015, Aug. 6-7

: L} I IDI L] k-I1I4-I L] ID EI Ir“lqu-ID: He-ll i 1. K
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= - 0 o -

O o o PQ000 ]
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3 i 15.6 MV/m, 6 = 250°
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b0 THeatifiux -Quendn k. 1'4 Cavity ] g4
E P Heatlflux {:i 5’5’;”31’, C(;BB MHZE At 4.2 K
; 0.3 e DR o2 wemel = —non
— i : 5- OZW/ 4 ® 508 MHz
5 0.2 _&ggfw“’m“ °oo00ce g { Eacc =22 MV/m
2 0 : Ennﬁ /)ILEE o ® 1.3GHz
LF} D -
T S Eacc =18 MV/m
e’ . _
0 .......... PR S T S T (N T S T i il L1 L s
2.2 2 8 3.4 4 4.6 0 5 10 15 20 25
He - Temperature [K] Eacc [MV/m]
4. 7TCFREICE T IHAROBEKESE 5. IEEREIC & 322 RMERR
. ]]- ..................................... | S A S S ) [SPPY S S desadunndhns dusadensdessnden
Global Heating : (defect free) '
rf outer
surface surface
Q heat flux niobium ' Liq.
Hs M HK (M ' He =
Rs(m) A (T | N 2k |-
T« ———>Tsg<— —TpB . H{c 004wfcmzx"'f"""""“"""E_" """"" ISl
B i 107 A= 13 (WimK | 1
Q = Rs;qHs?/2  ATNb ATHe 0 10 20 30 40 50

A (T) : Thermal conductivity of Nb
H, (T): Kapitza conductivity of He-lI
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BIZEZROMEEERPKR(): ZTOEBES T,
HPR OZRIZEKY. > 25 MV/m OEIEREFRNZERINDKIITHEo1=H. | .
Q- Slope without x-rays at > 25 MV/m

1E+11

KEK - 1.3 GHz, Single-cell Nb Cavities
10" T Eem——t
1TE+10 ¥ Q, [ ﬁ"*‘*“"“’”’ﬂﬂ«ywowo -
[ 1010 Lass = SoLUBRNEN Saasa Aa- e
o (Noe -, NoX-rays | —— === -
o s
i Goal of TESLA
TE+09
N l 108 | | 1 1 | I 1
0 5 10 15 20 25 30 35 40
Eacc [MV/m]
[ ( QUENCH )
No observation at KEK
1 E+{' B 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30

Eacc (MV/m)

1.3 GHz Nb 1-cell Cavity at Saclay  [by H. Safa : SRF’97 at Padova]

Figure 8 - Example of anomalous losses obtained at high fields with no field emission. The Q-
degradation is observed above 20 MV/m.(Cavity C105, F = 1300 MHz,T = 1.7 K).
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I]d “5 ‘ l{] ‘15 ‘E‘ﬂ 25 3.'[} i5
Eacc [MV/im]

2. Saclay TORIFEHER

5. C1-10ZROREEE S Fh(Eacc=29MV/m)

Eiji Kako (KEK, Japan)

Ae il fR (2)

Q- Slope without x-ray

BIRERE NS,
RERETRIICEKY,
ZERREEARTORRN
Eﬁﬂlb\éhf:o

(No Field Emission)

S12[0] Nk 2 4

Q- Slope

[by E Kako SRF’ 97 at Padova]

1 —— kit
I KEK Cavities:
i Mt S e S at 5“;3? ]

Q, St I S :

o u._‘g_tau-g_ '
N
1 : ; o
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ZRDMEREFRIFR(3): CP/EP

Proceedings of the 1997 Workshop on RF Superconductivity, Abano Terme (Padova). Italy

[by K. Saito: SRF’97 at Padova]

Superiority of Electropolishing over Chemical Polishing

on High Gradients

Kenji SAITO, Hitoshi INOUE, E1j1 KAKO., Takeo FUJINO.,
Shuich1 NOGUCHI. Masaaki ONO and Toshio SHISHIDO

f ] I T 4
EP>CP
E
= 30 ;
- ?
> ;
- — N
E 20 I SRS S——— 2 S = b ;........
o
S
= i o E EP |
3 ] Emaatﬁ3 E T
L0 Emax P)
£ Emax. [CP+EP)
| : : ¥ Emax (1400 An+BP+EP)
0 bt b dec g g deae e bl Ba
0 50 100 150 200 250 300 350 400
Material Removal at Equator Section [[Lm]
Fig.10 Relationship between a material removal at equator section and

Eiji Kako (KEK, Japan)

the maximum field gradient.
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SaclayéDEE)LZERIZEET 5

1.3 GHz,
1-cell Cavity
from Saclay

iull}

Eiji Kako (KEK, Japan)
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#l R (4) -

%e

Three Saclay Cavities

CP/EP

[by E. Kako : SRF’99 at

1. Saclay results
2. HPR (KEK)

3. CP+HPR (KEK)
4. EP+HPR (KEK)

U no aeray

Ly
10 e s Saclay
- ® KEK1 (HPR)
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I S e cerened R T10606%¢
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i S nox:ray

N

o 2 KEK1 [HPR} o Saclay

E e B 1

S : O KeK2 (cpsaum, Hem) |} "I B REks Epam, HiR [

...... L T # KEK3 (EPB0um, HPR) i . . ] @ KEK3 (EPSOum, HPA) |1
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HBIEZ RO gEHIE(5): CP/EP

T

SaclaytDE R ILERIZEET A%
EPIZ KA ZE RERENE

[by E. Kako : SRF'99 at Santa Fe]

el

1012
—— Q, at KEK
dat oaclay | at 1.5 K
after EP 50um
e ¢ : 298 6¢ o
noHT U %
1010 RRR=230, e 10'° |
1300 °C HT ' 1000 °C HT Quench
o RRR=320 RRR=200 9 no x-ray
10 : 10
O s-1/C114 | O S-1(13000C HT, RRR=320)
® S-2/C109 ! ® S-2(10000C HT, RRR=200)
¢ S-3/C103 H ¢ S3 (no HT, RRR=230)
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35

Eacc [MV/m] Eacc [MV/m]

22 @ Saclay EP @ KEK
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HIEZROMEREHIR (6): CPEP

SaclayéDEEILZERIZEET S

L
EPDAEZN
Q, S-3-Cavity [CP after EP]
1o at1.5K no HT, RRR=230]
10'° E”ﬁ ?
Quench
10° no x-ray
® KEK3 (EP50um, HPR)
¢ KEK4 (EP+70um, HPR)
O KEKS5 (CP60um, HPR)
. O KEK6 (CP+70um, HPR) [
10

0 5 10 15 20 25 30 35 40
Eacc [MV/m]

EPZMDCPIZLAEREIET

Eiji Kako (KEK, Japan) 12 [E i s

-

L1

AN
APAN

%

L = —

- 0) ﬁ%z =X

- C ALy

10" e

Qo -3-Cavity [re-EP-after CP}

o L2t 1.5K no HT, RRR=230]
R LIS vesi

<—4¢

Quench
no x-ra
10° y
O KEK6 (CP+70um, HPR)
® KEK7 (EP100um, HPR)
¢ KEKS8 (EP+50um, HPR)
108 P P

0 5 10 15 20 25 30
Eacc [MV/m]

BEPICXAMERERE

35 40

&

[by E. Kako : SRF’99 at Santa Fe]
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HIGEZROMEERIR(7): CP/EP

g M) R

1 mm ) +90pm EP +30ym EP

+——

100 pm

[by E. Kako : SRF’99 at Santa Fe]
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SaclayEMDE 7 JLZE R ZEE

1012
Q

0

10" L

10°

108

>30 MV/m ZER 9 51=6I1Z1%. EP + 120°C Baking "L EF B R TH S,

Eiji Kako (KEK, Japan) 80

IS ZROMERERIR (8) -

120°C N—

I HH%E:
2 KOLIE:

Eacc [MV/m]

CPZE R+ B REZIE @ Saclay

55 12[0] 115 2% 2 o4

1012
'S-2 Cavity at Saclay Q,
at 1.5 K
[1000 °C HT, RRR=200]
L2 %S
O:‘ o=
R Y after baking o
{ﬁ - nﬂl\lllg.‘
o Quench
no Quench no.x-ray
no x-ray 9
10
® Saclay3 (CP10um, HPR /no Baking)
<& Saclay4 (after Baking at 1000C for 48h)
ey, ——,—,—€—,,—_—€—,—€——€—— 108
0 10 20 30 40

F&s
A

Q - Slope

S-3 Cavit

t 4+ L.
YAt ACN\

1011

[no HT, RRR=230]
oneome: o080 atter-bak
00
<><><>Q 000
) no-baking?
no Quench
no x-ray. Quench
no x-ray

@® KEK9 (EP+30um, HPR /no Baking)
<& KEK10 (after Baking at 1000C for 30h)

20 3

Eacc [MV/m]

EPER+EZEXIR—F 5
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HBInE

\II
p=

ZZRDTEREFIPE (9) 0 Q - Slope

APPLIED PHYSICS LETTERS 89, 022507 (2006) fﬁ' "(

Improved oxygen diffusion model to explain the effect of low-temperature

baking on high field losses in niobium superconducting cavities
Gianluigi Ciovati®

Thomas Jefferson National Accelerator Facility, Newport News, Virginia 23606
and Department of Physics, OQld Dominion University, Norfolk, Virginia 23529

(Received 18 August 2005; accepted 1 June 2006; published online 13 July 2006)

By heating niobium in ultrahigh vacuum between 100

and 400 °C, the niobium penmxidg decomposes according to L2

the following reduction sequence; - «(0. 48 )
0.35 T T T T T $ 1k _—— u(oz A48 hj u
ijDc‘ — NbD'- —* NbD.. —_ E --v(0,48 h)
o - & 03 ® Data . = -
¥ —— o(x, 45 1) 8 os| -
E’ 0.25 L -= ll(x._, 45 ]l) - E
g -—vix, 45 h) g 06 L i
= 02+ - =
g 3
3] 0.4 | _
g 015 + . g v
o &
g &
§ 01 § 0.2 | .
0.05 + . 0 - .
0 —— 100 120 140 160 180 200
] 50 100 150 200 250 300 T(°C)
X (tun) _ . .
FIG. 3. Oxygen concentration at the niobium-oxide interface (x=0) as func-
FIG. 2. Oxygen concentration as function of depth obtained from BCS tion of baking temperature. The functions v and u represent the contribution
surface resistance measurements (Ref. 2) and calculated with Eq. (10) with due to the interstitial oxygen originally present and as a result of the oxide
T=145 °C and =45 h. decomposition, respectively.
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id

Inspection of
inner surface

Eiji Kako (KEK, Japan)

Pre-EP + EP-I (5+100 pm)

Hot bath rinsing
with ultra-sonic




ELEZEROERZFIRT SRR (1)

A

Ideal (Constant Q = Constant R,)

Multipacting v
(HCke)

/ with no x-ray 5

Q- Switch ~a v Global Heating

-\ Field Emission N\

Hydrogen with x-ray V
Q - Disease

>
Eacc [MV/m]
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HIGEZERDME

RF Critical Magnetic fie

d

F_‘_zsu)'.........‘J...l,
E _‘ T . 1 — _Hc (thermodynamic)
% 200 HC(O)'—ZOO mT ____E:hlﬂl?my
E ;é 0 Experiment
o] + -~ T
E 150 R
%ﬂ L
= 100 |
o2
(7} I
¥ s
o [ -
A [ =
P S AR R ,
0 0.2 0.4 0.6 0.8 1
( /T)
Theoretlcal L|m|t
bu _ -!- -.-!..--!-.||
e ; Hec (0) = 2000 De
Sn .....71'||-|_p:-\..\‘._..._.L.-..:...I;..-..........-Jg\--{ --—-H_sh =I3m{k :I -.E

L
]

Eacc,max [MV/m]
. I
S =)

EHL{T]I—:H::{D] ":[ l- [Tﬂ‘c] ]

—

i Hsp/Eace = 44, Oe/MV/m

1 2 3 = 5 6 7
T- (st surface) [K]

E1. HREAmEAMETHOEE&KFN

o o

Eiji Kako (KEK, Japan) 5512[8] ik

HIRTHDER (2)

Multipacting

Multlpactmg is usually processed-out by

RF conditioning.

- Secondary Emission Coefficient

>

Ei Em E; Electron enelgy'

~100eV ~1000eV

PRy

- ime [hotir]
$2/9 Ta/9  sz04mo "/
o6x/0

ol cicraviey fFf

MHI-07 cavity, 2nd VT (2009. Oct)

0l 2 A/

ﬁﬁ'l pA

AN
VAN

L¥]

L

f L i
Fam ."n iy

dectron activity [ml |

time [howr|
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BIZEZEROEREZHIIRI HIREK (3)
A
Ideal (Constant Q = Constant R,)
Qo Multipacting v

(RF conditioning) (Hcgp)
RF

. (
v ¥ 7 QSlops (Hc =~ 2000 Oe)
with no x-ray
/ (120°C baking) :

Q- Switeh~~ v Global Heating

0 (defect free)
_\(1400 CHT, removal)  riold Emission

(high A, high H,)
Hydrogen Q - Disease with x-ray
(800°C anneal, fast cool-down) (HPR, clean room) ¥

>
Eacc [MV/m]
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Eiji Kako (KEK, Japan)

KEKTEPZ 1T 21:
Bt 1 55 MDDESY9t )L ZE
» (2000” — 2002’)

Cavity Date of EP

1. P-1 1400HT 1999, May ~

2. A16  1400HT 2000, July 04
3. 249 1400HT 2000, Aug. 22
4, AC63 800HT 2000, Oct. 24
5. 835 1400HT 2001, Feb. 20
6. 250 1400HT 2001, Feb. 28
7. AC70 800HT 2001, May 08
8. AC71 800HT 2001, May 15
9. AC70 800HT 2001, Nov.14
10. AC74  800HT 2001, Nov.16
11. AC72 1400HT 2001, Nov. 20
12, AC73 1400HT 2002, Apr. 19
13._ AC76  800HT 2002, Apr 23
14. AC75 1400HT 2002, Apr. 25

15 ACZ8 1400HT 2002 Apr 30

BranBFIHES

9-cell HPR
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DESYEMDOEILZERIZEAT HHFE (2)

. - - } . . - - . "=
Achievement of 35 MV_/ m in the superconducting nine-cell '":::‘m““‘w
cavities for TESLA [by L. Lilie, NIM-A (2004)] N PHYSICS
el
L. Liljie™*, E. Kako”, D. Kostin®, A. Matheisen®, W.-D. Méller®, D. Proch?, S ——
D. Reschke®, K. Saito”. P. Schmiiser®, S. Simrock®, T. Suzuki?, K. Twarowski®
1.0E+11 40.0
::E;; 280 # single—call cavibes l:
WACTE » single-call 106
4 ACTE| 250 L 4 average EP (= 0 ym BCF)
"*"* ¥ e o i # nine-cell cavities
) R i s gl
G 10Es10 #7° ' [ S 2SN VB> 0 2 320 %
% - i « “  30MV/m
|- w390 -
35 =] ‘ '
26.0 - §
1.0E=02 - ' ' - ' - MV/m 54 . . i . . i i
] 5 10 15 20 25 )] 35 40 @ 5 10 45 20 25 30 35 40 45 S0 55 60 &5 7O
Ezoo [MV/m] 5GP [ur]
Fig. 2. Exatation curves of the 4 best electropolished nine-cell Fig. 7. Performance degradation of electropolished niobium

cavities after the EP at Nomura Plating. Plotted is the quality cavities due to subsequent etching with a removal of 565 pm.
factor Jy as a function of the accelerating field. The tests have

been performed at 2 K. i ‘ , B g .
35MV/m ZERLT= 428 EPf%g)PC<F>1faoté|$Oﬁ£>ﬁT
EP @ KEK pHm,
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DESYEDOt)LZERIZRET S8 (3)

) H Afier BCP Average
BHT 1400 3rd poduciion 35 289 +i- 1.1 Wim

Afier EP Awerage
3E.6 +- 2.3 M\VIm

T 20

CHT 800 anly
1400°C HT

[

CP

25

20

EP

15 +

# of cavities
[ ]
Number of cells

10 -

800°C 51

2 30 35 40 25 a0 a5 40
Egee [MVim] Eea[MVim]

=] —
|
[}

Fig. 4. Maximum accelerating field achieved in electropolished  Fig 5. Distribution of accelerating gradients in individual cells.

nine-cell cavities. Grey bars: cavities with 800°C annealing,  The smgle-cell statistics derived from the coupled mode

black bars: cavities with 800°C and 1400°C annealings in  measurements are compared for chemically etched (grey) and

sequence. This is an indication that the annealing at 1400°C can  electropolished (black) nine-cell cavities. The average maximum

be avorded for EP cavities; see Section 3.4.2. gradient 18 289 MV/m for BCP-treated cavities and
356 MV/m for EP-treated cavities.

800°CHT &1400°CHTT®D

EAIEE kB CPZEREEPZERT®
e FlEsai T ILEDEEMMEREFR DL
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DESY:DO1t7)L2E;

A

R3S (4)

® Two schemes for the final surface treatment:

HEERIE H

=R EHEE by EP
£ 8E{KET by CP
CP<10umlEOK
1400°CHTD A&
EP DA

N

il

b

Construction of E-XFEL (DESY)

Eiji Kako (KEK, Japan) HE12[0] 115 28 2 A 4

- R.I.: Final EP

EP-I (140 um)

EP-I (110 um)

Final EP
(40 um)

\120°C baking
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International Technology Recommendation Panel (ITRP): 2004’ Aug. 20

JLLIDER =N

Y C
HEP SONRERENZE 2004 BEIJING

=

COLLIDER TECHNOLOGY cHEEEEES

EP £O0OMEEREMZE 2004 REIJING

(Tt W <
DN AN
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STFIZHITAZERTEEEEEM (2005-2015)

H
=

W
o

Eacc,max [MV/m]
N

: vt T T T T T T T T T T L LT L ] 23 cavities tested.
B 3rdVT <r — ~.>Total 65 VTs.
B 4t |

| —m—strer ! =" 35 MV/m
B 6thVT o o A (ILc target)

111 cavities

for STF2
1>30 MV/m, 100%
{>32MV/m, 91%
1>35 MV/Im. 82%

ave. Eacc,max
36.4 MV/m

MHI-01 MHI-03 MHI-05 MHI-07 MHI-09 MHI-11 MHI-12 MHI-14 MHI-16 MHI-12 MHI-20 MHI-22 1011 T ; —r—— T
MHI-02 MHI-04 MHI-06 MHI-08 MHI-10 MHI-A MHI-13 MHI-15 MHI-17 MHI-19 MHI-21 35-MV/m

(ILC target) -

"STF1 1.6 S0 QB STF2 | jegea ‘

MHI-12 2nd VT E Dt o |
MHI-13 1st VT

MHI-14 3rd VT

4 cavities achieved
>35 MVfm in 15t VT.

H th

MHI-17 1st VT
MHI-19 2nd VT e Other6{cavitles
MHI-20 3rd VT [ achieved >35 MVIm
MHI-21 1st VT [& after local grinding
MHI-22 2nd VT and additional EP.

100 10 20 30 40 50
Eacc [MV/m]

10°F

e mR OO )ornmne

Y2
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STFIZEITBI954AEF 21— )L ER (2005-2015)

STF Phase-1 S1-Global
Four 9-cell cavities (2008 ) (4+4)9 cellcaV|t|es (2010 )
TP 0 e i N W\ FRiE e

STF2 - Capture Cryomodule STF2 — CM1+2a Cryomodule
Two 9 ceII caV|t|es (2011 ) Twelve 9-cell cavities (2015" )
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cERLMDEER-E—LEEL (2008-2015)

Mam Linac Cr module
i gl === Injector Cryomodule

T !p_ 500kV CG

SF6 Tank v VPower \upply l
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BRI DEEREMN 5 (1)
QO (Q,= oW, /P,)

. for cost reduction
10 High Qo

ERL

1010 _________________________________________

CW operation

Pulsed operation
(low duty factor < 1%)

10 20 30 Eacc [MV/m]
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High-Q Z# Bt L=t R HE

® Minimize a residual magnetic field
® Cool-down speed / Thermal current

® Nitrogen doping



BITDEERE NS (3)

F. Furuta (Cornell)

e o [& | [ERL2015 at BNL]
D PG, I
; m‘#%,} _____ -
AR 3y 1

Eace [MV/m] Cornell

HTC has much better mag. shielding than VT dewar.
R... was reduced from 11nOhm (VT) to 3.2nOhm (HTC-1)
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SEEMNS (4)

* Different Seebeck coefficients for Nb and Ti

]
<
S

Titanium tank (S,) —> thermocurrent
® @magneticheld @ @ _ o @ 8 DR - 2@ e .8
® ® ) ® ® ’y ® 3
T T
G Rotational symmetry «— Niobium cavity {S'\'l;}
& [c] (o] 2] ® & © e
& & @ & & lo]o] 6 & & ® @ ool lofc] Lo]

U =S -AT
1.8K Arrhenius pIDt: thermmo { Niohium ~ ||1|nn|rn)

Residual resistance || :M' : ' "Cycle 3|
from asymptote fmlL,fx  AT=90K

25

o ¥ | -
w 7% 20 40 60 timnl
15} ~ Initial cooldown
Q,=1.6x10""@ 1.8K
—_ 11.7 n
% B B0 Cycle 8]
o 10} ) f_"fg xl‘\ B
20
% 0 401 min]
x Cooldown 7.2nQ | .# _ e
O Cycle 2 < = yele N
O Cycle 3 gwk _ | AT="6K
O Cycle6 Eacc =4 MV/m 56nQ (- | Am——D——
5 Cycle 8 % 2 1 & timinl &
0.5 0.55 0.6 0.65

1T[K™]
Qliver Kugeler, HZB F. Furuta (COFHE”)
TTC high-Q werking

group 17 Feb 2014 : sppares . [ERL2015 at BNL]

dT over cavity need to be minimized to avoid any increase of R ...
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BITDEERE NS (5)

2 .
G 3
] 0 ;
g =
e -
o 400 -
= ot g
B o,
5 00 .
= 2
200 105 2
1040 =
L1l
(7] 7] 4 [ B 10 12
Time, hours

N2-dope parameter (FNAL)
N2 2min. ~20mTorr / 6min. Vac.

F. Furuta (Cornell)
[ERL2015 at BNL]

1011 i T ¥ T ¥ T ' T v T L T ¥ T
' op"s N we,
|-YF§' s & .“Nl
* ; :“‘
LCLS-Il spec
Fll-_llll-l.....f.... ':t

[

Qﬂ'
S
d

TETACC005 - typical electropolished FG 1
TE1AES016 - nitrogen treated LG

TETNROOS - nitrogen treated FG u
TE1AES003 - nitrogen treated FG t
TE1AES005 - nitrogen treated FG 5
TE1AES013 - nitrogen treated FG T=2K
TE1AES011 - nitrogen treated FG

TE1CATOO3 - argon treated FG

TE1AES008 - nitrogen treated FG

109 I TR T . .
5 10 15 20 25 30
FNAL E,.. (MV/m)

A. Grassellino et al, 2013 Supercond. Sci. Technol. 26
102001 (Rapid Communication) — selected for highlights of
2013

CFeptavreen
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ITDEERE NS (6)

—
N F. Furuta (Cornell)
o doped: S wm EP B =3R8&+555
b # Comel MW-doped: 12 m EF e
1 . o R #3140+ 248
so]| ¥ Sormtsees e T Dm0 [ERL2015 at BNL]
1| B ComebN-goped: 20 pm EF —— R, 22160415
1| m e R = 1ATE+ 143
'@ | ® 13O Boked pl— Nz-dﬂpe
£ 40
m 4
s} ]
= -
R.. 3 :
w304
res 2
T -
= 4
2 20
o ]
o= 4

} Un-dope

Dan Gonnella , TTC Meeting,
KEK, December 2014

15
Cornell
Trapped flux contributes stronger to R, in N2-doped cavities than

un-doped cavities. R, in N-doped is sensitive on flux trapping.

Trapped Flux [mG]
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EH(2): BIZEZERBRMICDONT

‘ @® Particle Physics
Accelerator ® Material Science
- ® Medical Application

® Transmutation
® Material Irradiation

, High Power RF
Refrigerator
Source
Low Level RF
Cryomodule ot

Cavity Fabrication Input Coupler
(Forming, EBW) HOM Coupler
Surface Preparation Frequency Tuner

Qll
VAl

-

Superconducting Cavity
System




L (3): RAFEZEREAIZONT

Qll

¢ RIZEMEHE. EEENSEBOMKICE
MEBVTEBL. TORRITRBNISED DL
NEETHS,

@ HBIEELERVATLIZ. 9FA4AFDA—ILESE
OT. ERARAKREE DREZIMN AT LERELTER
FDENT-BATHAENREWIZEETH S,

® L‘fﬁﬁ:”'&ﬂ/R?A@ﬁﬁ%li RHEIMIZEST
*J*L%;r‘_’jém_ﬁf %L\—C E@féﬁﬁnﬁﬁﬁ'—ﬁf
’_5’\3‘13736
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