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AC Susceptibilities in Multifilamentary Wire and Grained Bean Model
Wataru YUMOTO, Tadahiro AKUNE, Nobuyoshi SAKAMOTO

Abstract: Proximity-currents between filaments in a multifilamentary wire show a close resem-
blance with the inter-grain current in a high-T,. superconductor. The critical current densities of
the proximity-induced superconducting matrix J.,, can be estimated from measured twist-pitch
dependence of magnetization and have been shown to follow the well-known scaling law of the
pinning strength. In the grained Bean model, the filaments are immersed in the proximity-induced
superconducting matrix. Difference of the superconducting characteristics of the filament, the ma-
trix and the filament content factor give a variety of deformation on the AC susceptibility curves.
The computed AC susceptibility curves of multifilamentary wires using the grained Bean model
are favorably compared with the experimental results.
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Fig. 1 Change of the absolute value of the order pa-
rameter |¥| in the vicinity of an S (Superconducting
metal)-N (Normal metal) interface.
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Fig. 2 Schematic diagram of |¥| in a multifilamentary
wire.

2. BHIZEROAENRELY

IEERIBEEDEANERTIRF/NT A—F (or-
der parameter) WHEREBEANIE— L ARBEBA
THHERKTH S, 4. BEEES EHEEEN 25
EREET D, ZOXOKRETEIEFIIEHIZSON
METERTESZDT, SHADOETFHRHIHEETN
BCHEEL D B, ZOXDRBREALEREERDRE
BITBNWT. BEAEFOETHIBEET S EREHE
DOFIZLAE L THERERICFOBLEENERE N
%, Fig. 1 CBEEALEZEEORTICH T IRF
NIA—FDREE |¥| DEILERT. NUANOET

MOLBELOEEEI T TS MO |¥| BERFMET
BAOL, NUITRBLEEREERDOIE—L A &y
TRIZAMD I, ZOROECREEDREMTIRAED
RiZEo THVWBREEZRTIOCES. BLEEE
FRNU A THEEL. BENME EREADORHY
BESERBOREBDPEVIEEEL RS, Bkl
FEEEEOEMAE THABETHOBELNDRNEE
LAHTBEREETFORERIE<2%. B EEE
HRIIRFIESTEZAALTHEINSZDICT4 5
A P DNELRBIZDONT, 74 A2 MEIRG
dy B/NEL725TL %, Fig. 21TRT LD ITHIB LA
HEATTI A TAY MEMIK 25 LBEEE TN

M) w7 ZANUHELUEESRNEL 3,

4. VL AMEYF ¢, OB EROTRY v 7
AMEESRIC X > THWBEEEICEZ->TWT, %
BROEICEEICEAVHMNINA TS LTS, Th
Dy Ah2Hn3BREEROBEAEBREE Jn I
K> THU BRL M, 1%

1
My % =5 pododmJembo )

72389, LHRIETERTRRAZLIIZ. NbTi
ZHEGBENA TRICANERLT 220 EREE &
ZTONEDONNA TEEN 52> THD., 2 DOEHER
BEDLDNTWS, BIb. A\, IBCERESEICHTEE
SHEBOEEETH D, )\, BETRERICBITZ
MU w7 ZDOEERT, ThTh

Am = A(1=Ap)
Ao = 1—(n/2v3)d}/(ds + dn)?

ERB. 0T WL M, DV R NE Yy FEEED
HENST M)y I ZAOBEEEREREE Jn, 2R
b2 ENTES,

Jem(B) DHFARFHIIRRDOZAr—Y) 2 VAITIRE

&=E 5,
() ()]

ZZT. vy ERESZUT T A—H, By, 3558
HEI M)y 7 ADOLBERBRTH 3.

Jom DREEENSBONSD Boyp 13, RET. dy
I U TR EEEMIcBA L. KRR TREI NS,

Bc2p = Dc¢2N exp(_KNdN) (3)



BIZEBREE RO FHEREE IV, v - BV ETN 79

ZZT. Kyt BT ——xt DR AKERE (Cooper pair
penetration length) T CuMn ¥ b U v 7 A& RO
BRATRINS,

Ky' = p/T/? 4)

ZoOREX 3) TRALTHELZEROBEE N SR
D7z IR T < 4 K DIREFRR TEHADHEEINNE
2o TWT, B (KY? um) I3RS Table 1 D&
B A BBEUCIZMLTENENO0.126. 0.172 B X
'0.282 TH5B. T > 4 K DIREFEETIX. SHEITA
$A & BIZHLTENZTN0.062 & 0.086 TH 5 12),

3. 4> -E—=2FEFI
3.1 AEMREBCEEI LAY - E-VEFN

ZITH, SEEET M) Y I ZOPICHEIZET ¢
FALY ST IBEEZEEL. EVIEDRMEDR
25 BEEFEENEEL 2P AT AICBT BRI,
B, RWFRBICOWVTRINZED S, Fig. 317
FTEORKRIITBEEY M) v AEBE@EBL.
Fig FORBRTCRIWONRDHEEZA D, TN
EZROLPOLBERRE By, £ 5. TOFITERT
RT XS RFLEERSR By DREVRERD T 4 5
A2 NABBRIERDBDHT DI LI/ d. T4 TAY
FMRA; ZDD i BBDT7 4 A NONE X; ITBIT
35745 A2 FDORARR B, ENFBER Br 13 Bom
By LE—EFINERAVTRATREINS,

Ba=Bo=Bom (50) 74 TAX A ()

x
Bf = B — Bpf (Zf:)

ZT. B, BNRBER. D, BEB#ELZEROBE. =
Piﬁl FigiTRLTWBEDIBELXDT 4 TA MK
H»SDNETHD. 74 A2 Ml dy 25D
ML HROBBRRIC BT 2 EEHREEIIXARO X
225,

(B) =B, - Bom |, ( fi
e 2 = dn; + dg;

ZZT o ngld74 A bOEK, My XiBBDT 4
FRAPDOBMLEERT ., 74 T A2 ML M 3B 4
D74 TA FOBRALERIZL =N TEBICEHET

L 7452 HE (6)

) My (7)

3, BB EOEEHB TR, TRTOIIHLT,
T4 SA MEde(=dp)s T4 T A MR dn(= dy;)
THD, LEN>TR(6) 1ZKRDELI IS,

(B) =B, — E;—m-f-ffZMﬁ (8)
i=1

CZT fi(=d/(dn+df)) BT 4 T A FOERS
ARERT. L5 T, SEGREHINVEBS B, &
Uiz & ZDRME M &

=(B) - Bo (9)
&%,

\\\\\\\

Fig. 3 Field distribution outside the filament and
distribution inside the filament. Penetration fields are
B, and By for matrix and filament, respectively.
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Fig. 4 AC susceptibilities x’ and x" for several values
of By of 2 ~ 10 mT as a function of temperature T
reduced by the critical temperature T, of wire, where
interfilamentary spacing dy = 0.050 pm, a filament
content of ff = 0.32 and ns = 2.
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Fig. 5 AC susceptibilities x' and x" for several values
of dn of 0.047 ~ 0.051 um as a function of tempera-~
ture T reduced by the critical temperature T, of wire,
where B¢ =4 mT, f; = 0.32 and ng = 2.
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Fig. 6 AC susceptibilities x' and x" for several values
of fr of 0.1 ~ 0.5 as a function of temperature T
reduced by the critical temperature T, of wire, where
By =4 mT, dy = 0.050 pm and n¢ = 2.
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Fig. 7 AC susceptibilities x' and x” for several values
of ng of 2 ~ 6 as a function of temperature T reduced
by the critical temperature T of wire, where Byr = 4
mT, dy = 0.050 ym and f; = 0.32.
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Fig. 8 AC susceptibilities x' and x” at various mag-
netic fields of Bgc of 0.005 ~ 0.010 T as a function
of temperature 7" reduced by the critical temperature
T. of wire, where Bys = 4 mT, dx = 0.047 pm and
Jo =9 x 107 A/m?.
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Fig. 9 AC susceptibilities x’ and X" at various mag-
netic fields of By, of 0.005 ~ 0.010 T as a function
of temperature T reduced by the critical temperature
T of wire, where By = 4 mT, dy = 0.050 ym and
Jo =9 x 107 A/m?2.
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filament

Fig. 10 Schematic illustration of filamentary struc-
ture in the multifilamentary wire. Dy,, df and dy are
wire diameter, filament diameter and interfilamentary
spacing, respectively.

Table 1 Sample specifications.

sample Dy(mm) df(pm) dn(pm) €,(mm)
A 0.102 0.324 0.050 4.7
B 0.145 0.461 0.072 5.7
C 0.260 0.827 0.129 9.2
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Fig. 11 Temperature dependence of the real and
imaginary parts of AC susceptibility for sample C
with twist-pitch £, = 5.7 mm at various fields of
01~08T.
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Fig. 12 Temperature dependence of the real and
imaginary parts of AC susceptibility for sample C
with twist-pitch £, = 9.2 mm at various fields of
01~10T.
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Fig. 13 Numerically computed AC susceptibilities
for sample B as a function of temperature at various
fields of 0.1 ~ 0.8 T.
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Fig. 14 Numerically computed AC susceptibilities
for sample C as a function of temperature at various
fields of 0.1 ~ 1.0 T.

Table 2 Fit parameters for sample B.

By (T) B ¥ 8 Jom(A/m?)
0.1 012 04 1.0  2.4x107
0.4 02 04 1.0 1.3x107
0.6 0.2 04 10  87x10°
0.8 02 04 10 6.4x10°

Table 3 Fit parameters for sample C.

Bs. (T) 8 % §  Jem (A/m3)
0.1 0.11 04 1.0 1.7x107
0.4 02 04 1.0 8.2x108
0.6 02 04 1.0 7.2x108
0.8 02 04 1.0 5.7%108
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Fig. 15 Field dependence of the critical current densi-
ties of the proximity-induced superconducting matrix
Jem for sample B. Symbols of open circle and solid
circle present Jer, estimated from the twist-pitch £,
dependence of the magnetization and that obtained
from simulation using the grained Bean model, re-
spectively.
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Fig. 16 Field dependence of the critical current densi-
ties of the proximity-induced superconducting matrix
Jem for sample C.
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