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Electron-electron interaction through

lattice In superconducting state
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Thermal conductivity comparison

with NC and SC
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Calculation of thermal conductivity
based on Quantum mechanics

#
N
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Linear relationship between k . (2K, 4.25K) and RRR
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Impurity
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Umezawa’s calculation.

1 O

N

= + + + + +
RRR 5800 2273 16322 8911 604690 1249

C Ta 1

~ _ R(300K)
- R(9.5K)

K.Saito

Correlation of Measured and Calculated RRR

« .
\
N

(2]
o

o [15

RRRRRRRRRRRR




St - BEXER=ATDRRRZAELTHLS
EAfER=AT

TROSER—4J (L XEE)

= WEDM slicin
| k. - gl ;




HEmEl (RETRR)

AEBEEFELTLOT—ZFEDS, TOHRKBRELSUWV/IMTH D,
AT DLEHA17.0E-6Qcm(20°C) T#H 5. RRRMI00DH T
IWEEB=HOIZIEHUTILOKRESZESIRONIELINE R L,
FIZCABZATDEHE25mmEE &, F- BAIETRIERD
KESZIALE &,

EEEE2 (CNIFRRROBIEDEDZFEFCTCEATTEILY,)
RRRODBIETESLTCZATHDHENSEETETHDMN?
EVM ERIBERMZERDBANALIZEALBERHINEZ K.

EEMEES (LR—MER D=0 DE/BTEZATTIL, )
RRREZMEEXRDEZRZZER T L, EF:Wiedemann-Franz law

K.Saito BB ZRA=A T O # 5 17




HE2: VA AT —3hR

A A

Hext Hext

v
[
v

[

He Hel! Hc2
M M

meREE@Hext<He | [ 1 1 1 1t STEEREM @ Hext<Hcl
=0 | R Vortex state @ Hcl < Hext< Hc2

M -

1 =0

B @ Hext > Hc
BaE I HEHE @ Hext > Hc2
H HinE
\v/
K.Saito 18
Hext H = Hext + M



Vortex State
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d limitation of vortex line nucleation

Superconductor Effectlve field strength
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BLER D XTI 3= 1

Cable | Cable Name Comment To where

No
M | Pickup coil Z=i8+ XY R. +
@ | Pickup coil Z=7t; - @- @ short
® | Pickup coil Nb + @- @ short
@ | Pickup coil Nb - XY R. -
® Top T current lead + C.source +
® | Top T current lead - ®- @ short
@ | Top T voltage + Voltage M+
Top T voltage - Voltage M-
@ | Bottom T current lead + ®- @ short
Bottom T current lead - C.source -
a Bottom T voltage + Voltage M+
({) Bottom T voltage - Voltage M-
(B) RRR current lead + C.source +
RRR current lead - C.source -
) RRR voltage + Recorder +
RRR voltage - Recorder -
a Top heater current lead + C.source +
Top heater current lead - C.source -
Bottom heater current lead + C.source +
Q) Bottom heater current lead - C.source -

Top heater

\ 4

A

A

% Bottom heater

7D

\ 4
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FCHR X G 2R 2

Cable no.

Cable name

To where

RRR current lead +

Current source +

RRR current lead -

Current source -

RRR-1 Voltage +

RRR-1 Voltage -

3P-Recorder 1 +
@

3P-Recorder 1 -

RRR-2 Voltage +

RRR-1
| RRR-2
C}——— RRR-3

3P-Recorder 2 + @

RRR-2 Voltage -

3P-Recorder 2 - @

RRR-3 Voltage +

3P-Recorder 3 +

RRR-3 Voltage -

3P-Recorder 3 -

Heater current lead +

Current source +

ERPEROBEE®E®®

Heater current lead -

Current source -
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Magnet Specification

Rated Central Filed @ 4.2K | 50KG
Rated Curremt 76.5 Amperes
Maximum Test Field @ 4.2K 60KG
Homogeneity over 1 cm DSV + 0.1%
Inductance 5.5 Henries
Charging Voltage (Used in test) 1 Volt
Clear Bore 88.9 mm
Overall Length (Outside flange) 209.55 mm
Maximum Qutside Diameter 133.35 mm
Weight 7.248 kg
Persistent Switch Heater Current 48 mA
Persistent Switch Heater resistance 5750
Total Magnet $ Switch Resistance 22.2 Q)
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Measurement results with H-~,, H~, H

Lab Nb material

8000 g g !
7000k{ 7 He1(T)=1789.8[1-(T/Tc) 7], Tc=9.031 K
[ ~O "Hc(T)=1934.2[1-(T/Tc) 7
6000F-{ “® Hc2(T)=4111.5[1-(T/Tc) 2)/[1+(T/Tc) ]
—. 5000 RRR >2000 = ;
a Lab Nb material by A.French 1
8 4000 -
S, o
T 3000
2000 sz o=ovoNTs
: ! L"
1000f
O~ 2 4 6 g 10
T [K]

T
He(T) = Hc(o)'[l_(?

K.Saito

C

| T® He2(T)=4921.0[1-(T/Tc) “Y[1+(T/Tc)*]
— ] |
)
\-\\\
....... ~gé;;;=§34:;= -
el
0 2 4 s 8
Temperature : T[K]
: 1
. ch = 2
j 1, Fa—Fs =, % MdH _ZuHC
33

Industrial produced Nb materia\l

HoH H [Gauss]

8000

7000 |-

al (o))
o o
o o
o o

X Hcl(T)=1948.6[1-(T/Tc) °], Tc=8.8274K
=0 " He(T)=2057.8[1-(T/Tc) *]
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Abrikosov Theory: Type-11 SCOE

H K #C kK (hc/2) &g
“Ta242e* A2 2md2  2m 2k

oo & b0 o

02 - aznﬁxg 2 7iE 2

Hep = bo In( +0.08)
4mA2 O E

o =hc/ 2 =2.0678 x10” 'Gauss -cm*

=20678 x10° T -m?
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T-dependence of A, §, K

Abrikosov theory

&: _(1)0_ }\‘: (I)O'HCZ
2n-H, 4m-H 2
2 (0) T
—75. EHR/EBROMTE, SAMT). He(T)IX MN= my ’Hc”):Hc“’)‘ll‘(ﬁ”
1-|—
T

47\(T)? H(T)2 = 4mA(0)°-H(0)* [1—(T/Tc)2T
¢ o oo 1-(T/T)*

B 1-(T/T.)?
E; _HCZ(O)'1+(T/TC)2
1+ (TIT)® 1+ (T/T.)?
&(T) = Jzn H ¢ (0) \/1 (T/T,)? _&(O)'\/l—(T/TC)Z
}V(T) K(T) = 1 HCZ(T) 02(0) _ 1 _ x(0)
M) V2 H(M 2-H,0) 1+(T/T)? 14(T/T.)?

H(T)=
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Principle of 50MV/m

Cavity shape designs with low Hp/Eacc

TTF: TESLA shape
Reentrant (RE): Cornell Univ.

Low Loss(LL): JLAB/DESY
Ichiro—Single (IS): KEK

from J.Sekutowicz lecture Not

TESLA LL RE IS
Diameter [mm] 70 60 66 61
Ep/Eacc 2.0 2.36 2.21 2.02
Hp/Eacc [Oe/MV/m] 42.6 36.1 37.6 35.6
R/Q [W] 113.8 133.7 126.8 138
G[W] 271 284 277 285
Eacc max 41.1 48.5 46.5 49.2
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© LEP @ CERN

LEP&&27km Zo factory

Taf—TEE

LHC - B CERN
Sl ote = A ALICE
i . Point1 =g Point 2

point 5 2= |

March 27 2001 Luciano MAIANLCERN 4
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ILDEET (RDR)
1%t Stage: 500 GeV

=31 Km
Mot to Scale
£
e-le+ DR ~6.7 Km
RTML RTML
Hm radius 1 —— . . - — B radius
&= Linac
~1.33 Km 113 Km + ~1.25 Km ~4.45 Km 11.3 Km ~1.33 Kmi

Schematic Layout of the 5300 GeV Maching

K.Saito BInEZRA=A T O HEHE 59



|LC SRF Cavity

BCD Cavity shape : TESLA _
I ) 17000 caV|t1|es

ACD cavity shape :
?\/"\Mﬁ“ ﬁ fc v

-ﬁé ii ‘ l‘ﬂ * fiid “ !lli # ilﬂ “ b ‘. i ‘1 m‘ i ‘H

s At /L
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TTF Cryostat Cross-section

8 K return

—
cool down'

Warmmip

Figure 3.3.2:  Cross section of cryomodule.
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©  Cryomodule in the ILC Tunnel
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ILC500 Gradient dependence with tunnel length and cost

ILC500 L =500E3/(0.7*Eacc)+7 ] 1.18
L Fill factor=0.7, BDS=7km
45 L J 1.16
—_ i 1 1.14
g 40 TESLA
= AN 1 1.12
= i T o
& : \ 18 11
a 35 N (&)
= \|LC BC o 108
g >
= —
= 30 NG ILC AC(acteptance) T 106
i \ ] n“:’ 1.04
25 | \ 1 1
I \: L
ol v ooy Y 0.9
20 25 30 35 40 45 50 20

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

Total cost = Tunnel(1/Eacc)+Cryomodul(1/Eacc )+RF(Eacc)+Cryoplant(Eacc?) + Cryo-Operation(Eacc’) + Beampower(const)

2
Cryoop]'EaC’C + CBeampower

1
:[CT +CCM]'@ + CRF -Eacc + [('\’Cryplant +C
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Where and What is CBMM

Araxa In Brazil

40hr travel from Tokyo!

K.Saito

< =] C
MOZAMBIQUE ETHIOPIA MONGOLLA
BRATIL
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Nb Ore
Pyrochlore

Aluminum Termitt Reduction

ATR

K.Saito

m _Process of Niobium Refining

Crashing ——

7
'
/7

Concentration
Float-selection

/1Bur

ning @ 700,1100°C
(Evaporate S) \
Melting !

(Isolation)
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Process flow of the industrial Nb

roduction

1. Mother Material

TELEDYNE WAH CHANG
ALBANY

Nb Grade 1 powder
-60 +200 Mesh

2. Pressing

65x80x380 [mm)]
Weight:
12.5 Kg / block

3. EB Melting(1st)

The material is
supplied from

5. EB Melting
(2nd, 3rd)

5. Cutting

== Forging

Test Piece
=—> RRR,X-Ray, ICP

- Base plate:
Use for next Ingot

6. Forging

9. Annealing

Cold Forging

This process is
done at another
company.

7. Mechanical
grinding

Side bar feeder.

The material is
supplied from
electrode.

s

Remove a scale
35%x 195 xL [mm]

8. Rolling

720C x 120min

< 1E-5 Torr

10. Ralling

4.0 xwx L [mm]

11. Cutting

13. Chemical Polishing

- HF:HNO,:H3PO,

=1:1:1

14 Annealing

720TC x 120 min

< 1E-5Torr

4.0xWxL [mm]

12. Polishing

‘ 14 xwx L [mm] I
% Emery Paper
—

15. Testing

Hardness
Gas content
RRR

Grain size
Tensile test

16. Packing

R B ()
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Electron Beam Meltino

First melting

Electron Electron

Gun Gun |
Electron / Nb Powder block
Beam Nb Molten pool
Feedstock
Multi- g
Molten melting
Pool —3~ c o e
Water
Cnuled
Crumhle

Ingnt




High purity Nb

BfRE 51 ERRROE
300 .
250 : 1.4E-05 \\ Y &
S \ ! *180¢ 3%
— | — 2E- AR gl . 5230 3 —
200 A E m \\ A ll\\ zigzgi
- \ \ \
1 50 /“ 1.0E-05 ‘.\ v’\ N I—\l—.;\ S |
/ .OE- ‘\ ot .\—%. L“ﬁ
8.0E-06 * ~ R _
100 AR af~ -
{ 6.0E-06 —I—\?“—‘—Q—‘—-— —y - T~
< o 0
50 4.0E-06 ‘—‘\ ~"_¢' =-¢
0 2.0E-06
0 1 2 3 4 5 6
Me|t|ng t”_ ' 150 170 190 210 230 - 250 270 290 310 330
Effect of the multi-melting Effect of the vacuum

HREMR (k)

EHEILLDO=E%
1) BEEE, 2) ZEHMR. 3) XKAMEHE: KO&FE/A>dv b
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Impurity

80

o ¢ C
70 \ .0
60 i

\ N
20 \ X H
40

30 - BN
20 \

10 y ik a
0 R ¢ xx x\
0 90 100 190 200 250 300
1 Cy  Cc Cy Co Gy RRF

RRR ~ 1500 ' 4100 © 3900 ' 5000 ' ' 550000

Example : Cy =1ppm,Cc =5ppm,Cy =5ppm,Co = 7ppm, Ta = 400ppm (purity:99.9582%o)
1 1 5 5 7 400

RRR 15600 4100 T 3900 ' 5000 1BEOBEEMA=F 3 OO It 73

Theoretical limit : Ta = 100ppm, RRR = 5500




Effect of Ingot diameter

REERE (&%)

230¢ ingot 3[Emeltin

30000l/secDEZER > THEHE

3 RRR=3

390 180¢ ingot 5[EImeltin
300 /" A
o0 g ° A
250 'A‘c.“ I AA‘?.A/“AA‘ M +3rd1806 |
200 Laala cart Y ny | ® 15t 2300
A 53‘ / A 2nd 230 ¢
150 i A 3rd 230 B |
100 8 / " 4th 2306 |
- /;» ¢ 5th 230 ¢
50 ] ) Build more 30,000 I/Se
0
0 20 40 60 80 100 120
Number of Ingot
K.Saito BIEEZ R A=A J O# F 5T
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Material evaluations

EE S

N,DIHE
Sample Flow ﬁgﬂs 70 A 't’ Z

H ARG ERE

Al AR A

high-temperatur¢ "o, NO,HO | | €02, N2H20

g
x

N2, A,
oxidizing reagent
! (CuO) ! 1
' ; v ! |
R e 5 AR ! |
. ; $ i
extraction | \ I |
fumace | : i | H (%gi‘or
. SRR | L2 : By
c:r:ser “'i * P oy 1 "~ - -I * /a""'"""‘"‘:;-:.'_‘:.: ; ..... S%%?ﬁﬁ)n e 2 ey
) / -] = E= / 4
He @ j":} % cI l 1 ] _— T ’f g W — - —
3 L - - £ J - o ]
“ dust filter b | coexisisting gas - — | : flow rate ’
J i normal decarbrizer |  dehydrator | flow meter
4 compensation tempereture 1 yd | : | controller
grap! blle mechanism oxidizing 1 s
- —_ [ I nechanism
@ linechangeover (manual) I I
# linechangeover (automatic/manual) Nz,Hz Nz,H:
shows existing gas. Nz H:0 Nz

Gas analysis (Hydrogen, Oxygen, Nitrogen) : HORIBA



Carbon analysis

cCoiEa TSIy O ILYR., BREMER

Induction furnace

Carrier gas purification unit \

(@} (@}

g = @) @)

Carri ol |o —— @) @)

arrier gas o| |o CcO ehy I

T | [ | rator B 8 8
O O O
2 o o
(@} (@}

< < Ceramic Crucible
O, HC O, CO, H,O O, H,O 0O, O, H,O 0O,

CO, CO SO,| |CO, CO SO,
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Other

gas analysis systems

HAXEATEE

MO X

(B X )

¥ B e

A5 X

K@

L il = # a1 F — .

Kﬂﬂ}ﬁl A

AR=A47 OH 4 FHE
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EBM furnace and Nb Ingots

400kw EBM RREME (%)
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RRR measurement in Tokyo Denkal

K.Saito

Date B
Test—-1D:88/12/08

r T T T T T T T T T

(Oem)

m;
oo
me

Sample Resistivity

‘__
]
o
o

HBInE 2R A= 7 O ¥ a4

Vacuum Metal lurgical Co.,l

5:13 Sample: 1.Nb=240-3
2.Nb—240—4

3.Nb-254-3

4.Nb—-255-4

S(1):3.00E-5
Al1):12.5000
Lt11: BO.O

RR(1): B5.
St2):3.00E-5
A(2):12.5000
Lt21: BO.O

RAR(2): B5.
S131:3.00E-5
A(3):12.5000
Lt31: B80.0

RAR(3): 82.
S(4):3.00E-5
Al4):12.5000
L(4): BO.0

RAR(4): 101.

79
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Rolling

RAER (B)

Intermediate rolling

K.Saito

rolline
Ml

33 ZAMAAFETLZNES

HBInE 2R A= 7 O ¥ a4 80



Fermi Lab SMTFF
HBIEEZRA=AT#

R B (R)
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Nb<& /&8 8
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Vacuum annealing system

RRER (¥
1400°C Max,
~1x10° Torr

Effective working zone
1000¢ x 1800L
Ta heater
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Hardness and Mechanical properties

TRISTAN |

TILDBEERED
f=&IZ1E H,, < 45,
C D

RRR > 120
Elongation > 45%

o
o
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( ¢, Yuolyebuo)3
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1 lllllll

-
-— -
= = -
e -

10

\
/Y
/
|

TRISTAN&RE R &
=EET (K)

Hy ro formmg
Verﬂde Fracture

= ::>—-:::

I llllll'
I
N <
—~
N
o
O
lD
\-/
<
n

I T

]
%
3

Tensile strength(kg/mm?2)
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Tensile Test Machine
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Mechanical Property (Well annealed case)

Close

IR TR

| >|| Print ||‘||j|:|95 vl
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B {i] mm i M
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AR 02% 04 1T kN
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Mechanical Property (Non annealed case)

1 i | Primt 100 % >

Nb 53R ERFER
Kot B
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RRR[A]_E DS

600
Vacuum pump increased
from 50,000 L/sec to 80,000 L/sec
500 AN
400 0 \\4
300 300kW EB\I\/IF Installed L
200 y .
EB power increased
from 300kW to 400kW
100 V
Maximum RRR
M Titanification
0 |
1980 1985 2000 2005 2010

LI R VY R R

1990Y e a9,995

N A F 277 1
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Large grain niobium cavity R&D in Jlab

Large Grain TESLA Cavity Shape SC, WC_Heraeus Nb

& T=2K after 120C 12hbake

m T=2K after 600C 10h heat treatment

1.00E+11

1.00E+10 -

“““‘00‘
ml g D mE g

’l’ :“‘l" AN YN

Test #2baked

o8 Jge S 0enq,

&

1.00E+09

A\

v Quench

10

15

20

Eoce [MVIM]

25

35

Large grain Nb sheet production can bring a cost down.
BCP could produce 35MV/m gradient and it brings further cost down.

K.Saito

HBInE 2R A= 7 O ¥ a4
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Single Crystal / Large Grain Nb Production

Fabrication process of Nb sheets for

Superconducting Cavities
Tokyo Denkai Co., Ltd.

H.Umezawsa

1. Mother Haterial 5. EB Melting
4 (2nd, 3rd)

6. Cutting

8. Mechanicgl
grindjsf

13. Annealigg

10. Poli ng

14. Testing

16. Packing

Mote:

2 A SF /MY —7) 7 VZ17) TTAT I
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ICHIRO Cavity(1300MHz 9-cell structure)

| djy@f N T f‘j(‘x_ﬁ ST TN T
LT T T T ﬁ\ﬁ* P LT s

A LALAININAD

A5, 15.384 1 115.384 | 115.384 ]

]

130 e . 0385 @ B . e 1056

274,058

!

Rass i > e & - ’ B 2T |
vy f'ii'(lf. ' X 1.'||14 ;.'nu:n YR A # ' ﬂ‘m Q b -
_— | ’ 1\, \ J.;" N .

7
p »"f
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. )

N o
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_ Realcavitydesign

Meshing

Driving point

200
AOO

—0 0O OO0
++» 00000
o

= ¢ O 0

'

All calculated values below refer to the mesh geometry only.
Field normalization (NORM = 0):  EZERO = 1.00000 MV/m
Length used for EO normalization = 10.76000 cm
Frequency (starting value = 1300.000) = 1293.77430 MHz
Particle rest mass energy = 0.510999 MeV
Beta = 1.0000000
Normalization factor for E0 = 1.000 MV/m = 7048.913
Transit-time factor Abs(T+S) = 0.5454664
Stored energy = 0.0038869 Joules 2000 :
Using standard room-temperature copper. g\ |
Surface resistance = 9.38405 milliOhm g 1000k
Normal-conductor resistivity = 1.72410 microOhm-cm »
Operating temperature = 20.0000 C 2 I
Power dissipation = 1118.1851 W 0
Q = 282576 Shunt impedance = 96.230 MOhm/m
Rs*Q = 265.171 Ohm Z¥T*T = 28.632 MOhm/m e O.é 2 '
r/Q = 109.024 Ohm Wake loss parameter = 0.22157 V/pC > 0.6
Average magnetic field on the outer wall = 1729.9 A/m, 1.40411 W/cm™2 3 0.4EF
Maximum H (at ZR = 3.32643,8.55466) =  1753.44 A/m, 1.44258 W/cm"2 o 0.2F
Maximum E (at Z,R = 4.75232,4.24425) = 0946176 MV/m, 0.02953 Kilp. 0
Ratio of peak fields Bmax/Emax = 2.3288 mT/(MV/m)
Peak-to—average ratio Emax/EOQ = 0.9462
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Fabrication Flow: IR}k

|[BEAM TUBE FABRICATION| [ ASSEMBLE CAVITY |

(D CLEANING OF THE PARTS
CHEMICAL POLISHING(C.P)

Nb FLAMNGES

#O2XPTEXL 15 12.5%280%280%3shaelsn

RRR=%0

supPtied by Tok¥o Denkai, Lid.

RRR=180
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CEK In-house experience with 9-cell cavity (Ichiro 9-ce
Fabrication of half cell

Pressing Nb plate 56 half-cells were pressed in a few hours

. - 1
41'-' S mpT

After trimming £ After pressing



Deep Drawing

80t 7' L Xfor 2.5t Nb half cell (1300MHz)

Press

4t

=47E

fR2 Y2

BT
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Fabrication of Dumbbell with stiffener

Electron Beam Welding ( )
In KUROKI corporation

e

e S -
oy - E

8 1 April2005

Pull - Stiffener
-» uf' | ﬁfﬂing__ Jig
' U Jdig 3 T ek
: : = ., L, H
- a Jig L b ) - '2' | G N
16@pril 2005 _ B
Insert
Dumbbell with Pull and extend into the iris part of
stiffener-ring to insert

after EBW. =>



EBW Assembly of Cavity

EBW of EBW of with

Four 9-cell ICHIRO high-gradient

LL Cavities were successfully
delivered to KEK ! (4 July 2005)

EBW of
and
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Limitation of 1750 Oe

1011 " T ¢+r¢v1ryrrrrrrroo Ty | T
50 —— — - 1300MHz, p=0.45 low beta cavity
i WE [ 9 o Hp,max=1749 Gauss -+
N A1) o o) 0 e90 00 0o Ll |||
20 —— * A d LK BPFYEH o L
I O 101 a X 1F
£ C - Yo
S 30 prreT i 5% O N O
= I
é : ..... /// ..... e S B e s
E 20 A Saclay(HT,CP) 1 L
G B CEBAF(TCP) I 9 Hp/Eacc=133 Gauss/MV/m
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8 e S ekt Z Ep/Eacc=5.1 | | s
10 F . o o, Pt I Hp/Ep=26.1 Gauss/MV/m ﬂ;; :Iﬁ s
. B DESYALAB (Nb/Cuclad ca vity, CP.HPR) i 4 I
@  INFN -LNL/KEK(Nb spun cavity, EP,HPR) |
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RF Fiel

d limitation of vortex line nucleation

Superconductor Effectlve field strength

Vacuum .
L s 1 a7 e ED) 7 . Y2H@) S HO) ( ]
- = C C
zuH A —zuHc?; =0/ AM) k(T) x(0) Te
HLine _& 1 _He / 3000 —— , , !
¢ C K 9 I | | B Hcr Nb Cornell ]
—— TESLA-like KEK singl
2500 | O LLsingle cgll R &
/7 L o0 | 4 cnirosingle ol
Vortex line |~ T i ~
@ g 1500 [~ ol TR IS e . S e i
7 * BLAERON
1000 [ P S ]
Hcr (Oe) 1750+ 150>< [1 t ] ‘ :\
1 2, .2 25 - ]
——uH:(nE")-L 0 e e — !\ rrrrrrrr .
2 : : : g N,
/ S ‘ S
22 "oz 04 os o8 1
t(=T/Tc
2 H2(m0)2 : o
2 1) Hp=1750%=50 Oe with Nb cavity— Eacc ~ 40MV/m
2) The SRF technology is meeting the theoretical limit.
K.Saito 3) Nb;Sn cavity has a very larger k(0), therefore the critical field i
so small.
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Principle of 50MV/m

Cavity shape designs with low Hp/Eacc

TTF: TESLA shape
Reentrant (RE): Cornell Univ.

Low Loss(LL): JLAB/DESY
Ichiro—Single (IS): KEK

from J.Sekutowicz lecture Not

TESLA LL RE IS
Diameter [mm] 70 60 66 61
Ep/Eacc 2.0 2.36 2.21 2.02
Hp/Eacc [Oe/MV/m] 42.6 36.1 37.6 35.6
R/Q [W] 113.8 133.7 126.8 138
G[W] 271 284 277 285
Eacc max 41.1 48.5 46.5 49.2




€ __ICHIRO Cavity program in KEK for ILC

I2.269—C102
1.70e-002
2

Eacc,max = 51.4MV/m_|
@ Qo =0.777E10




Eacc vs.

Year e Breakthrough'
N e 1 Breakthrough! ' TrrTr T
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+EP(20um)HEP(3um, fresh, closed) +(HF*or No HF)i+HPR+Baking

57 A
ar S SRR | W S
53 f ———————————————————————————————————————————————————————————————— =
Q2 | .
E [ i
> | s
] S NE=
L R (1] \ . :
0 10 20 30 40 50 60 —_
Eacc[MV/m] 0 10 20 30

Eacc [MV/m]

HF rinsing Is no effective. Light EP +EP(3) is effective for

both high gradient and narrow scatter.

Ave. Eacc=46.7x1.9MV/m
Scattering:4%, Acceptability@40MV/m(ACD):100%

| S#2 | S#3 IS#H4 | S#6 IS#7 | CLG#1

+EP(20+3) Eacc 47.07 44.67* 47.82 48.60* 43.93* 47.90*
+HF* Qo | 1.06e10 | 0.98e10 | 0.78e10 | 0.80e10 | 1.17e10 | 1.0el0




ILC500 Gradient dependence with tunnel length and cost

ILC500 L =500E3/(0.7*Eacc)+7 ] 1.18
L Fill factor=0.7, BDS=7km
45 L J 1.16
— I i 1.14
g 40 TESLA
= AN 1 1.12
- i o
& : \ 18 11
N
& 35 O
= \|LC BC o 1.08
g >
= —
= 30 NG ILC AC(acteptance) T 106
i \ ] n“:’ 1.04
25 [ \ 1 10
I \: L
poJ) A A0 IV B S AU AN AN
20 25 30 35 40 45 50 20

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

Total cost = Tunnel(1/Eacc)+Cryomodul(1/Eacc )+RF(Eacc)+Cryoplant(Eacc?) + Cryo-Operation(Eacc’) + Beampower(const)

2
Cryoop]'EaC’C + CBeampower

1
:[CT +CCM]'@ + CRF -Eacc + [('\’Cryplant +C
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