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Electric field 7 I Magnetic field

S5 L > THRI NS
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22 1E8E

1E+11

> 1E+10

1E+09

X Z2HOWo 7

v N EED Z & T

02K (1st)

Cvery low (1st)

® 2K (2nd)
1.8K (2nd)
1.7K (2nd)

®* 1.6K (2nd)

20

Ell:l:

30 40 50
(MV/m)
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( ILC ]

TSRS

Fabricatio
n

Electropolishing

(1)
(100-200 y m)

Annealing
(750-900°C, 2-
3hours)

Electropolishin
g(2)

(several um)

High
pressure
rinsing

Assembli
ng

Low-
temperature
baking
(100-140°C,
48t irs)

Test

\ cavity /

CCTCIIEIMNRAEZE NG NIBAETH S
~ o
ILClL v kE
3 %88Nhd 5,
1990FERICHFEED > T-AIBFETH S
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/ ILC recipe )

Fabrication

Electropolishing(1)
(100-200pm)

Annealing
(750-900°C, 2-3hours)

Electropolishing(2)
(several pm)

High pressure
rinsing

Assembling

Low-temperature
baking
(100-140°C, 48hours)

Test cavity

\_ J

Nb771
- YN

See also articles written by Nb vendors (in Japanese)
H. Umezawa, ;2T %, 52, 79,(2017) 19
T. Nagata, {£;R2 T3, 52, 85,(2017)
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Nb LG Slice Disc
Lot No.4339-1
3.18x2708(mm) 1 pe
1,556gr
EERWALEH
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LC recipe

Materials

Electropolishing(1)
(100-200pm)

Annealing
(750-900°C, 2-3hours)

Electropolishing(2)
(several pm)

High pressure
rinsing

Assembling

Low-temperature
baking
(100-140°C, 48hours)

Test cavity




([ILC recipe]

Materials
Fabrication

Electropolishing(1)
(100-200pm)

Annealing
(750-900°C, 2-3hours)

Electropolishing(2)
(several pm)

High pressure
rinsing

Assembling

Low-temperature
baking
(100-140°C, 48hours)

Test cavity

\_ J

XNbZ SR, #7izbzfE@me L TEREZMRT ., BRAICIE (9+1) OWHMEE . 7 vtkEBROES
BRERWS, BERONbIZER S NNDb,Os& 4%, Z DERLIZITERRF DHF, HFSO,IC & V) 5/
LETEE N5,

DROZTTRAILC hkss - ¥EERMEE (May.10,2013) |
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ILC recipe

Electropolishing(1)

(100-200pm)




Materials

Fabrication

Annealing
(750-900°C, 2-3hours)

Electropolishing(2)
(several pm)

High pressure
rinsing

Assembling

Low-temperature
baking
(100-140°C, 48hours)

Test cavity




/[ILC recipe]

Materials

Fabrication

Electropolishing(1)
(100-200pm)

Electropolishing(2)
(several pm)

High pressure
rinsing

Assembling

Low-temperature
baking
(100-140°C, 48hours)

Annealing
(750-900°C, 2-3hours)

Test cavity

\_ J

i\ \
NS
'_Q ‘\‘\
NA
S5 :
‘\ < --J‘ .
SN
.
3 9 s
‘» A A
)
3
F. Barkow, A. Romanenko, I&}nd A. Grassellino, RO
 Phys. Revs ST Accel. And Beams 15, 122001 (2012) 1 um
L » b

FIG. 3. Lenslike structures after 77 K hold on mechanically
polished (a) fine grain sample: (b) single grain sample

KEZIEBEWHT

KEDITHDRE & BN 50ME
BUEKRPMONTWS, 600-
900°CORMIE T TP - inETE %,

J. Knoblock, “The Q disease in Superconducting Niobium RF
Cavities,”
AIP Conference Proceedings 671, 133 (2003)
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Materials

Fabrication

Electropolishing(1)
(100-200pm)

Annealing
(750-900°C, 2-3hours)

Electropolishing(2)
(several pm)

High pressure
rinsing

Assembling

Low-temperature
baking
(100-140°C, 48hours)

Test cavity

\_ J
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Materials

Fabrication

Electropolishing(1)
(100-200pm)

Annealing
(750-900°C, 2-3hours)

Electropolishing(2)
(several pm)

High pressure H. Sakai et al.,
rinsing Phys. Rev. Accel.‘Beams 22,022002 (2019)
(a) 100 &
. P. Bernard et al., In proceedings
Assembling of EPAC1992, Berlin, Germany
10 1o Lo (1992)

Low-temperature
baking
(100-140°C, 48hours)

Test cavity 0 2 4 6 8 10 12 W 16
\ / Courtesy of Mathieu Omet (KEK) Eq (MV/m]




K[ILCrecipe] ~

Materials

Fabrication

Electropolishing(1)
(100-200pm)

Annealing
(750-900°C, 2-3hours)

Electropolishing(2)
(several pm)

High pressure
rinsing

Assembling

Low-temperature
baking
(100-140°C, 48hours)

Test cavity

"\, Courtesy of Mathieu Omet (KEK)

Courtesy of Mathieu Omet
(KEK)

Courtesy of Mathieu Omet
(KEK)

120°C—48K5fHE]
N—F% >




/[ILC recipe] ) 1.00E+11

L. Lilje et al., in Proceedings of SRF1999, Santa Fe, New Mexico, USA (1999), p. 74, TUA0O1.
Materials WLLe 0 40
Ad
‘b o 4 o A &k 7
L] &3 e g - ¢ * s A
B "= ] & A
P R 1.00E+10 - . .
Fabrication wl tha u t s O\
* A
Q, * A
4 L
Electropolishing(1) %
(100-200pm) 1.00E+09 _

120E A8
Q&E —acc VIR [E Qﬂ&
T“% HZ %ﬂ‘\ﬂ—ﬁzﬂﬂ
With Y

Assembling g

baking

1,00E+409 High field @-drop disappears
Low-tem perature < 100 um EP half cell (CERN) + 100 um EP (KEK) + bake
(100 lroil((‘,mtlgSh ) ® 100 um EP he (CERN) + 32 um BCP+100um EP (KEK) + bake
- , ours
A 100 um EP hc (CERN) + 50 um BCP +220 um EP (KEK) + bake
1,00E+08 + T T T T T T T :

Eacc [MV/m]
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Materials

Fabrication

Electropolishing(1)
(100-200pm)

Annealing
(750-900°C, 2-3hours)
| 02K (1st)
Electropolishing(2) | overy low (1st)
(several pm) | 2K (2nd)
| *1.BK (2nd)
1.7K (2nd)
High pressure | *1.6K (2nd)
rinsing ® 1.4K (2nd)
1E+09 i
0 10 20 30 40 S0
Assembling E,. (MV/m)

Low-temperature
baking
(100-140°C, 48hours)

\_ J
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1E+11
S SR S S
80 ¢ 52 e, %0,
I | S s OODcDO
Pe¥eBeBe3.2 0 o ' ® 2+ T,
."....{2 Q 00 o % o ® o
o e o o pd Q0 o ® -
< 1E+10 ¢ 02K (1st) * o P I ———
| overy low (1st) i
| 2K (2nd) .3
| »1.8K (2na) °
1.7E (2nd) b
| *1.6K (2nd)
® 1.4K (2nd)
1E+09 t—rfcdfiioeoteoeoo——
0 10 20 30 40 T S0
E, .. (MV/m)

Z DZERIIIMRAECE,, ., = 45 MV/m, ZZRANED < A 7 DRSS OIRIEIC
L TBy =190 mTIZZEL TWB A, N (~50MV/m) HIREDBELEEZLR
DT TERETZ %R,
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Z A TR SRR DNFE DS
D By =190 — 200 mTAEZEE CTHEITHIZH > TWBH EWHI D, T D
BIEBEEOE RN EI WHEKRLAHZDH ?
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Z ATE R DNEDS,

D By =190 =200 mTIZEE THEITHICHE -2 TWVWBH EWVHI D, T D
EBIEIBTEEDERAN L EIWVWSEBRLH D DN ?

Q ZF TEROMEEDE R DM EIZRAIBER D H ?
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Z ATE R DNEDS,

D By =190 =200 mTIZEE THEITHICHE -2 TWVWBH EWVHI D, T D
EBIEIBTEEDERAN L EIWVWSEBRLH D DN ?

Q ZF TEROMEEDE R DM EIZRAIBER D H ?

B ZFTLNDOME EE > THIERMREIZALELRWLDD ?
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Z ATE R DNEDS,

D By =190 =200 mTIZEE THEITHICHE -2 TWVWBH EWVHI D, T D
EBIEIBTEEDERAN L EIWVWSEBRLH D DN ?

Q ZF TEROMEEDE R DM EIZRAIBER D H ?

B ZFTLNDOME EE > THIERMREIZALELRWLDD ?

@’P@@ REICX L TEELESDEES . DUBEEDEEZHVWI S E2HB4 L, 4l
Z X, TERER RIS B, IR IG B, TH B,
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Il

IZ. AOANDEIZHA X IICEESEREESDETHY ., AEBZROFELOTH EH
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BN 5,

RETRHBLEOEAREZ, BREDFRAM#HZEELTIC. REEHMTEIZLICTS
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3194 RF—HR

ik

T>T

w5

T>T

C
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. Kubo, ASSCA2018
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HORBIBREHRELO (RL2EH) ZRETIIIHATESZH
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BLEOTLYy LY XIE 7 —R"—WThHb, 77—/ =&, BFHEIC (ERBEOBELETIE, BEFERTFOEAEER%Z
ML) BlANEBLCZETEHEL D, BFITTZ—NN—ZHKTHI LT, HEEIZRILT—A~ kT, (BCSERmIZHWL
TIEA = 1.76kgT,) 72T TR F—Z2LZFEIE, 7 —/X—WORBIEFHR A~ & 5&E L TUL <,

\ 5 | ne: 7 — /X=X DOERE
7 —/X—=IFORBEEIT Y = nge? EEIFT D, |n =2n, BEEEFEE
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BLEDODI vy R E 7 —/"—WTH2D, 77—/ 3=, BFHEIC (EREDBEETIL, %?c\ﬂ&%UM‘EEﬁE%%

MLT) Bl &ETELD, BFIFZ—/X—XW%Z2FEKT ST & T, BEITRILT—A~ kT, (BCSE:H

ZHEW

TIEA = 1.76kgT,) ZITTRILF—ZLRTEALIE, 7 —/X—OFRBEFEA~ L& ME L TUL <,

\ . | ne: 7 —/N—XYDERE
g —R=OREFERIE ¢ = yne? EE(TB, ng = 2n, : BILEEFEE
ZITIENAEDEIA—ETHLIHEEEZD [W|2 =n, =28
€ 2
\E E\\Ekh— 2 — = — t En QI_ZI\ ——
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MNLT) 5lAVEICZETEHEL D, BFIF7—/N"—X=FEMdT 5T, &EE
TIEA = 1.76kgT,) 72T TR F—Z2LZFEIE, 7 —/X—WORBIEFHR A~ & 5&E L TUL <,
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B EBTFEE
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7 —/X=WDKEBEEIL P = g
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rot Z{ER S5 [

ZZT
rotA =B
rotgrad = 0
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] ! (A hVQ)
j=- - o
HoA? q -
rot z/EB I % rotA =B
1 rotgrad =0
tj=— B
ot HoA?
Maxwell eq.
1 jzlrotB
rotroth—A—ZB Ko

London equation



3.2AvFryAER

] ! (A hVH)
j=- - o
Mo)lz q Z ZTC
rot z/EB I % rotA =B
1 rotgrad =0
tj=— B
ot HoA?
Maxwell eq.
1 jzlrotB
rotroth—A—ZB Ko

London equation
Z ZTCrotrot=—-A+graddiv& divB=0 715

1
AB = —B
A% | London equation

A DRTTIFEEICF v 7 TZ 3, [Laplacian] = m™2 7255 [1] = m.
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sewBe, |AB=—B| 27l 20 1RTH |l = L

. |AB =3 B| 7ol €D R TThIR o2 = 2B
=0 FYARERN &M, —
CZICBENIERESDRITEFOEAVZAY F Y REFS, A= [~ —

XOr FryRETRICIKET S

Table 1. Superconducting parameters for some candidate materials considered for SRF applications.

TC Pn Hc: (0) Hc] (0) HCZ (0) A A €
(K)  (uf2cm) (T) (T) (T) (nm) (meV)  (nm)

Nb 9.23 2 0.2 0.18 0.28 40 1.5 35
NbN 16.2 70 0.23 0.02 15 | 200-350 | 2.6 3-5
NbTiN 17.3 35 0.03 15 150200 | 2.8 5
Nb;Sn 18 820  0.54 0.05 28 80100 3.1 4
V,Si 17 4 0.72 0072 245 179 2.5 3.5
Nbs;Al 18.7 54 33 210 3

MosRe 15 10-30  0.43 0.03 3.5 140

MgB, 40  0.1-10 043 0.03  3.5-60 140 p3/72 5
Pnictides | 30-55 05-09 30  50-135] 200 1020 2

Anne-Marie Valente-Feliciano, Supercond. Sci. Technol. 29, 113002 (2016)
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I8 s 5 s \
HIrRe Ll En kY% %5EZ2 %, x>0, HHO0FrEA

Z DBEERICZARMOHEIGHAENIMEINT WS &

Superconductor

EROBTEARTHOONTWS, x=0hFKMAE, ®
B

o Bx 0
B, B(x)

\ \ d*B 1
corE avEyERRAE,  oel=sB)  EE5.

MOy Ry ARXAEBNT B OFEINHEERD L&,
(2) 7 _R—=IILDEF] rot B = uoj =AW T, BEWRERD D« KD £,



3.20v FryAER

o TN NN N N N N R R R,

HE1 (F%)

4

0
(2) Calculate j = — rotB. Then you get j= (j(x)) jlx) = ﬁe—x//’l

KBIEEEZRONETHLRILZEAEI > TWT, R
NEBICEI CIASD b 2 f-~ A 7 O KRES & BRIE 2 RN EE
DOFRED HSAMEE E+nmHh S5EENmM) TRET S, L
> T, BIEEZERDHMEGERDHE Y OERHREDE
HMr1OONMBBEDEATRESZ LICK S,

MBIz h. NEEDREENBEA L KATIMCEABECH B,

Uo

(1) The solutionis B = Ce */* 4+ DeX/4

We impose
B(x) =finite: D=0 — B =Ce ¥/

B(0)=B,: C=B,— | B = Bye */*

0 Lo/
_____________________________________________________________________________ v]
RN A Superconductor
@ |l
o n%
T p

ZOEWKRTEME=_4 7O BIZwE, /

————————————————————————————————————————————————————————————————————————————



| Ay FrpEta @eNELELELCBE, ERBRIECLY
IR | @, BESOWENEL. O FVEAECA D, BEIZL->TERD

BINELH Do, BEERIEOREELEIIKEL, AV FVyEHESIC
KET 3, LoTHEVWEETTCIX. Ay KB TClEa<{BCSES#AHWLT
(BRICLEDWHEEDOHRAZEY WNT) SAETEINELDH S,

1.15
0.7 Iy (a) S (b)
o 0-6° B 1 TR
AR
BIEEX+v v 7
0.0 - - . - .85 , . ‘ ‘
0.0 05 1.0 15 2.0 25 0.0 05 1.0 15 20 25

X[ Ao x[Ag

Figure 3. Spatial distributions of (a) H, js, (b) A, and A obtained
from the self-consistent solutions of the coupled Maxwell-Usadel
equations (equations (5)—(11)). For Hy ~ H. (red), the non-linear

Meissner effect manifests itself in the vicinity of the surface.
T. Kubo, Supercond. Sci. Technol. 34, 045006 (2021)
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EXD LD BINOHW-BLEEEFEETEZ, TOH
IZ “BRIEC"HETED D, 7L, CEREOIEEEIX A
FVEMNMIRKREWET S, TOEE, YA XF—
MEICEYCETIEFEBBRIZIERTH 5,

CDEE, j=-— A——waaﬁﬁ&ﬁ%i\ctz?A=ﬁwatﬁ%o
Molz q
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EXD LD BINOHW-BLEEEFEETEZ, TOH
IZ “BRIEC"HETED D, 7L, CEREOIEEEIX A
FVEMNMIRKREWET S, TOEE, YA XF—
MEICEYCETIEFEBBRIZIERTH 5,

TOLE, j=-— (A——WOGMﬁEﬁﬁi\CiT?AzSW?tﬁ%o

toA*

h
CNERECISN - THEANT S & ?é dl = qfve-dz

= A
fB . dS 2rn (n=41,+2,43,..)
~

CI)/

61
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Table 1. Superconducting parameters for some candidate materials considered for SRF applications.

Material TC Pn Hc] (0) HCZ (U) A
(K)  (uf2cm) (T) (T) (nm)
Nb 9.23 2 0.18 0.28 40
NbN 16.2 70 0.02 15 200-350
NbTIN 17.3 35 0.03 15 150-200
Nb;Sn 18 8—20 0.05 28 80-100
V;Si 17 4 0.072 24.5 179
Nb;Al 18.7 54 33 210
MosRe 15 10-30 0.03 3.5 140

0.03 3.5-60 140
30 50-135 200

MgB, 40 0.1-10
Pnictides | 30-55

Anne-Marie Valente-Feliciano, Supercond. Sci. Technol. 29, 113002 (2016)
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Table 1. Superconducting parameters for some candidate materials considered for SRF applications.
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T SN O AO J.R. Clem and V. G. Kogan, Phys. Rev. B 86, 174521 (2012):

T. Kubo, Phys. Rev. Research 2, 013302 (2020);
T. Kubo, Phys. Rev. Research 2, 033203 (2020).

H.(T) V. L. Ginzburg, Dokl. Akad. Nauk SSSR, 118, 464
A(T) T=T, 1958) See also Tinkham'’s book

T ~T, (1) ‘TZT — 0.544

M. Yu Kupriyanov and V. F. Lukichev,
Sov. J. Low Temp. Phys. 6, 210 (1980)

2

(icficto]
06

See also

J. Romijn et al., Phys. Rev. B 26, 3648 (1982), Figure 4
T. Kubo, Phys. Rev. Research 2, 013302 (2020), Figure 4
T. Kubo, Phys. Rev. Research 2, 033203 (2020), Figure 8

o) — e
Effects of ot
% oe R T. Kubo, Phys. Rev. Research 2, 013302
Subgap = (2020);
states T. Kubo, Phys. Rev. Research 2, 033203
00 (2020).
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3.7 18&35 (superheating field)

@ JTICR7/7-tBY ., BEEMRIFO<B < B, TYAARFT—IRREIZH S H. B> B, TIEiE
HRIRREDNLZTEICTR D,

@ LN L. B>B, THoTHBRRIREEIZE D LIFROA W, EFLrIicantks, BET>
100°CER>THBT LHBELTRE (RERE) ST, Bk CERTEIRE) TREF SN 5E LR,

® BLE(RIIB > B, CH. TELBARKRETIEIA L, ELTERETHE VA XF—IK
REICEREYRITD2ZENAIEETH D, V1 AT —RENBEICRLTERINEE & 75 2135
ZBEVMSS (superheating field) By, EFER, TNIEH 2 A LFTETZEHETH D,




3.7 18&35 (superheating field)

BUOHHEROBTEARZE X L5 [MELISR], #i5
B, % ENINY % & B350 |EB = By e /A, BRNH] =
Joe Xt OFEWMERDAND (T TL Jo=Bo/tol) o

[FELl]Zz B Z 5

B(X) — lgoe_x/}l
ﬂe_x//l

i@ =

A Superconductor

> nﬁ

o A




3.7 18&35 (superheating field)

BUOHFERBEOBLERFREZEZ L O [HELISE ]o 18 (1A BVHZ S
Bo% EINY % L M350 1B = By e/, RN =
Jo e */* DERMERNTRND (T T Jo=Bo/thod) o B(x) = Boe—x/ﬂ
F%@%/)IL%%E&E]@ — Bo/ﬂoﬂf) S(]Lﬁﬁi% EE,/)H_,]dp ](x) = m —x/)l
B./uoMEEICh D& T8/ bb, Bp~B. b5 & 0
= BIEEAREIIEICRETEICHS, INL Y. ¥
S d
B., ~ B, AA uperconductor
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3.7 18&35 (superheating field)

BUOHEROBIEEGXRAEZ L [FELISR], W5
xX/A

B, ENINT % L Wim D Hh 1EB = By e ¥/, RN =
Joe Xt OFEWMERDAND (T TL Jo=Bo/tol) o

Fi‘%@%/)llﬂh% IjlE?,/)l;:f,]o = Bo/ﬂoﬂﬁ S(]LE& KEE,/)IL]dp
B.JugM2EICmBEE, 97ahb, Bp~B.L745&
S, BEEFAKEEBEICANLEICED, INLY,

Bsh ~ Bc

O FEBHICBITARES Y X (Bean-
Livingstone/N 7 & WS HDEZEZ BT & T)
B, = B, = Po_ _ LB, = 0718,
AAéE V2

[FELl]Zz B Z 5

B(X) — Boe_x/l

J(x)—— ~x/4
HoA
o
A Superconductor
® |
Sl
o A v




Lower Critical Field H,,

When H, < H.,, we have
G(0) < G(). This means
that a superconductor
containing a vortex is
unstable.

Vortex state is unstable.
Meissner state is stable.

When H, = H.,, we have
G(0) = G(). This means
that a superconductor
containing a vortex is as
stable as that without a
vortex.

Vortex state is as stable
as Meissner state.

0.035
0.030
0.025F
© ook
O
£ 0015)

0.010

0.005

0.035
0.030 |
0.025

w :

= 0.020}

Cha

S 0015}
0.010f
0.005
0.000 L.

H _Hcl
0= —
2
] 1 IS

Vo%tex posﬁtion
xo A

A=100nm, & =5nm

Hy = H

V(%rtex ogition
xg)
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Superheating Field H,

Let us consider H, > H,4, o0zt

:l[\ HO — 15 HCl
I

superconductor containing as o/

where we have G(0) > G().

This means a L

vortex is more stable than 2
that without a vortex.

A=100nm, £ = 5nm

~0.01}

Vortex state is more stable —onzf
than Meissner state. 0 1 2 3 1 5
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Superheating Field H,,

Let us consider H, > H,4, o0zt

:l[\ HO — 15 HCl
I

superconductor containing as o/

where we have G(0) > G().

This means a L

vortex is more stable than 2
that without a vortex.

Vortex state is more stable  -voz} ]
than Meissner state. 01 2 3 1 s
xp fA
Meissner state is still “metastable”.

It is not the global minimum but a local minimum.

Energy barrier

A=100nm, £ = 5nm

~0.01}

There is an “energy barrier”.
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Superheating Field H,,

ThiEH<ETAY RVERICESCRELY, brA BT 2I1C1ZGLABCSA NE

When does the Meissner state become completely unstable?

It is when H, exceeds the superheating field Hg, at which the
energy barrier disappears: G(x,) is flat at x, = 0.

Note here our formulation is not applicable to the vicinity of the
vortex core: we have a short distance cutoff ~ &. So we
examine the condition G(x,) is flat at x, = ¢ instead of x, = 0.

Then ,
G =0 or 0.0 [T
(§) T~ Meissner state 4=100nm, ¢ =>5nm
B 7 08 ~0.05 Is completely unstable
h = Hollsh = _oaof
y ST amAE .o
1 ;‘% —[I.IS: HO — HSh
= ﬁBc = 0.71B, = —0.20f
Here the GL result B, = 2\/%‘;% is used -025} —
_“_3“: ........................
0 1 2 3 4 5



3.7 18&35 (superheating field)

A > 1 and clean limit

&+ O S o -
% 1 AE (e.g., clean-limit Nb,Sn, clean-limit NbN etc.)
* clean limit Nb has % ~ 1. So, these formulas are not applicable to Nb
T - 0 Hsh (0) — 0_84HC(0) E/l.gFggalaiko, Sov. Phys. JETP 23, 475

G. Catelani and J. P. Sethna,
Phys. Rev. B 78, 224509 (2008)

F. Pei-Jen Lin and A. Gurevich,
Phys. Rev. B 85, 054513 (2012)

<

. P. Galaiko, Sov. Phys. JETP 23, 475

196@. Kramer, Phys. Rev. 170, 475
(1968)

P. V. Christiansen,
Solid State Commun. 7, 727 (1969)

M. K. Transtrum, G. Catelani, and J. P.
Sethna,

l
8

Phys-Rev B 83_09150'?('??%‘1‘)—, A



3.7 BEMEI5 (superheating field) Dirty limit

e (e.g., dirty NbsSn, dirty NbN, dirty Nb etc.)
* These results are applicable to dirty Nb (e.g., doped Nb)
T — O HSh (O) — 0795HC (O) T. Kubo, Phys. Rev. Research 2, 033203 (2020)
0.9
0.8
I\»O.7'
< 0.6
T 0.5
0<T< TC HSh (T) Iéo.4~ T. Kubo, Phys. Rev. Research 2, 033203 (2020)
3257 * Effects of Dynes Gamma are also studied in this paper
T .21
0.11
%00 02 04 06 08 1.0
T/T.
~ \/g L. Kramer, Phys. Rev. 170, 475 (1968)
T=T, | HaD|_ =FHM| =07450.T)| - Kramer, ’
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3.7 18&35 (superheating field)

F2E 8

Estimate By, (T « T.) of Nb,ySn in the clean limit
Nb,SNnDIZE. 2> E72H BB, (0) = 0.84B,.(0)ZfE > TR L

You can use B, =540 mT.



3.7 :iBENELI5 (superheating field)

HES (f%)

ST B, (0) = 0.84B,(0) ICTRA LT
0.84 X 540 mT = 450 mT

X|#IC, & 1;:17“0)15,— A= Ef—‘ﬁ\ﬂ;\ N B, (0) = 0.84B.(0) X1 2 ALy,
A=EDima. T =T, 57 5GLBRICED AR
B,,(T) ‘ = 1.26B (T)‘ (1c =

MEZX D, T KT T%%Wi%# 6MTm@m LA L. (BETHREREKRDEZR
@T%i%ﬂ%tﬁmﬁét

B.,(0) ~ 1.2B.(0) = 240mT

=1)

A
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3.8 ZRDOIMZEIERE DR

&-E curve

1E+11 T o
- E...:O:O .: * e 4 ‘t}@m% 1 -3G HZ
A e 0888000 ® 9 " 5 . .
EL l IRSEEE P N elliptical
i ! 8 .
g@-gogogq%.q.g.e.g 3200060 ) * % N b CaV|ty
5 1E+10 02K (1st) 1., O" c: ..o%__
o engy %
1.8K (2nd) °
1.7K (2nd) e
| 16K (2nd)
#1.4K (2nd)
1E+09 :
0 10 20 30 44 50
E,.. (MV/m)
l l l l 1 > UoHy
OmT 85mT 170mT  210mT ugHgp,
= HOHCl Of Nb
of Nb

Our cavities can regularly exceed B, but have never achieved
Bg;,. The ultimate limit of cavities made from bulk material is

considered as

Bey = B(Tax < Bsn
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" Magnetic field

I'Jd)hu |_&,_ @BEE'? Electric field

Fﬁ%ﬁ9 4

vV IERDEIZIZERRNED YA 7 O KBS ICEE T2 (FoT) .
v F7-. INEFTIZRTERLZLSIS0 Nb Sn)PNbOD_F*BE’nE??Exx%’Pﬂ A5 1.

BYP ~ 170 mT, BNP ~ 240 mT . Bévlb35" ~50mT. B, *" ~450mT THZ 5

N5,

® (alculate the corresponding value of E, . for Tesla
shape cavity. You can use the relation between the
surface magnetic field and gradient: B, = gE,.. and
g =426mT/(MV/m).

® Compare it with the record field of Nb cavity, E .. =
50 MV/m

119
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H7E9 (F7)

Supercond. Sci. Technol. 30 (2017) 023001

Nb;3 Sn 100MV/m
NbN
Nb
By (mT)
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_ o BCSEMmICE D <FFfli
BCSTERR (BT < whAl BRI THO R g £ B
ETERRIEIB6EHDORICE EDHT

Y
3 8 Supercond. Sci. Technol. 30 (2017) 023001
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EESRESE
Nb,Sn, NbN, NbTiN, MgB, etc

@ +tEEHEABNILIDBIEER(Z)D LI
o HEWEEE () =HAT Nb
o EAJDBIZEEE (S)

HEE RS (SIZES)TH B,

RBEENEREROARRICCDEEZEA
T3 Z & TINERERED KIE7 M LA AIEE
15 EHAFENTWLWS,

FEATRRDERLI-ELTH, fE&E&ET—BIH

ZTCANBT=, BERHDVRKRERBELERZETLHWVLE
LD DA D —D,
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S, O FYARXABL T LT, WA - BROHEBAAN
THEDe TNHA, COZROEBIZERET 5 —FEDLETDH D,

I TIBEDIO, BEEDEMIEMT 5,
A FAEHIEB" =B /27 (i=s,2) D2KTH B,

%%Eiﬁﬁwﬁﬂai%rgt /\\\7 I\}l/}j—sj_—\/:/’\q}l/cj:u—lrd)—ﬁﬁﬁ
TET 5%, _
TRELS B(x) = C,e*/*s + C,e~*/%s
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~ () 0
B=( 0 A= (A(x)>
B(x) 0

B =rotAor B =0,A




4.1 Ay FVARRDE
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Supercond. Sci. Technol. 30 (2017) 023001 Topical Review
1&“ (a) Magnetic field (b) Current density
1.0 mia 1.0 i=|=i :t
2 B8, JIL
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Figure 7. Examples of the magnetic field and current density distributions in a SIS structure, where the magnetic field is normalized by B and
the current density is normalized by that at the interface J;. Assumed parameters are ds = 60 nm, dy = 4 nm, \; = 120 nm and \, = 40 nm.

Supercond. Sci. Technol. 30, 023001 (2017)
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Figure 4. Spatial distributions of (a) H, js, (b) A, and A in a layered

superconductor calculated for d = O.S/\ém, raA = rg = 1, and
ro = 0.25. The penetration depth of the S layer in the zero-current

: . ':S) _ (E) _ (E) Table 1. Parameters of the layered structure.
state is given by \y” = Ay’ /\/rare =2);"".

S layer thickness d,
T. Kubo, Supercond. Sci. Technol. 34, 045006 (2021) S
Pair-potential ratio ra=AL /A,
Critical-field ratio = HS JHY,

Normal-conductivity ratio ro = oy / oi.
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Figure 8. v, !and

I'as functions of the S-layer thickness dg/\;.
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Figure 8. ,),]—l and v, I'as functions of the S-layer thickness dg/\;.
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Figure 16. Theoretical field limit of an SS bilayer structure that
consists of a dirty Nb layer and a clean Nb substrate as a function of
surface layer thickness. The assumed parameters are \; = 180 nm,
B® = 0.84B® = 170 mT, X\, = 40 nm and B"™ = 240 mT.
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Figure 17. Theoretical field limit of an SS bilayer structure that
consists of a Nb3Sn layer and a clean Nb substrate as a function of
the surface layer thickness. The assumed parameters are

At = 120 nm, B = 0.84B = 450 mT, A\, = 40 nm

and B®" = 240 mT.
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Table 1. Parameters of the layered structure.

S layer thickness d,

Pair-potential ratio ra =AY/ A((}E),
Critical-field ratio rm=HS/H,
Normal-conductivity ratio Yo = On ) / ai.

(B) Nbz5n—Nb

1.10 {a) Nb— Nb 2.50
1.0% s 2.25
1.00 / 2,00
EG ..E,
E.T:u 0.95 "5:0“ 1.75
= 0.90 5 1.50
= 0.85 1.25
0.80 1.00
0.75 0.75 - v :
0.0 0.5 1.0 1.5 2.0 0 1 2 3 4 5
d‘rll]‘g\.lﬂl d IABNb:I
NbN — Nb d) NbTiN — Nb
13 {c) 1.3 (d) i

d/Ag™ d /g

Figure 5. Superheating field of layered structures as functions of d.
The solid curves are obtained from the self-consistent solutions of
the coupled Maxwell-Usadel equations at T — 0

(equations (5)—(11)). The dashed curves are calculated from the
approximate formula (equation (21)). (a) Nb-Nb structure modeled
by the parameter set (ra,ry, 7o) = (1,1,0.25). (b) Nb3Sn-Nb
structure modeled by (ra,ru,rs) = (2,2.7,0.1). (c) NbN-Nb
structure modeled by (ra,ru,re) = (1.7,1.15,0.03). (d) NbTiN-Nb
structure modeled by (ra,ri,re) = (1.8,1.15,0.02). In these cases,
the penetration depths of the S layer in the zero-current state are

given by () ALY = A/ rars = 22087 () AN =2 20N
(© AN = 4.4}\3"“), and (d) Ay = 5.3}3‘”‘],

T. Kubo, Supercond. Sci. Technol. 34, 045006 (2021)
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Fig. 3. Copper stage setup for third-harmonic measurement. The upper photograph
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Fig. 11. Temperature dependence of H, of two bulk Nb samples. (For interpretation
of the references to color in this figure legend, the reader is referred to the web version
of this article.)

H. Ito, Vortex penetration field measurement system based on third-harmonic method for superconducting RF materials, Nuclear Instruments and
Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment, 955, 163284 (2020)
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Figure 6: measurement result of the temperature depend-
ence of the effective H,; for NbN-Si10,-Nb multilayer and
comparison with the result of bulk Nb sample.

A comparison of the value of the effective Hei of each
NbN-8i0;-Nb multilayer sample at 0 K with the theoreti-
cal prediction [11] is shown in Fig. 7. The open circle
represents the measurement values of the effective He for
the 200 nm sample during the development stage of the
measurement setup. The measurement error for the 200
nm sample was 18 mT because the lower limit of the
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Figure 7: Effective H.; of NbN-S10,-Nb multilayer sam-
ples vs. thickness of NbN layer and comparison with
theoretical prediction. The open circle represents the
measurement values of the effective H,, for the 200 nm
sample during the development stage of the measurement
setup. The closed circles represent the measurement val-
ues of the effective He for each NbN-Si02-Nb multilayer
sample after final tuning of the setup.

R. Katayama et al., “Evaluation of the
Superconducting Characteristics of Multi-Layer
Thin-Film Structures of NbN and SiO2 on Pure
Nb Substrate, ”

Proceedings, 19th International Conference on
RF Superconductivity, SRF2019 : Dresden,
Germany, June 30-July 5, 2019, 807-809
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Figure 3: Dependence of the effective Hcl of
NbN/SiO2/Nb multilayer samples on the thickness of
the NbN layer. The theoretical calculation is superimposed
for comparison. Black triangles represent the measure-
ment values of the effective H-; for each NbN/SiO,/Nb
multilayer sample.
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