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CopepraHue goknana

@ HucneHHble MeToabl U ANrOPUTMBbI A5 UCCELOBAHUS
HEJINHENMHbIX MapaMEeTPUYECKNX 3a4a4 PuUsnKm

@ YucneHHoe nccnegoBaHne AIMHHBIX A>XK03€)COHOBCKMX
KOHTaKTOB, ONUCbIBAEMbIX [ABOWHbLIM ypaBHEHNEM
sine-Gordon )

@ YucneHHoe nccnepgoeaHme ,ElByXCﬂOVIHbIX CMMMETPUYHbIX
,EI,)KOBEd)COHOBCKI/IX KOHTAKTOB
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Beepenne Yucnenubie metogbl u anroputmel  [K, onucsisaembix 2SG-ypasHenvem [Byxcnoiitbie cummeTtpusnsie JK

Yucnextble METOAbl N aNTOPUTMbI ANA NCCNEAOBAHWUA

HEJIMHERHbIX NapaMeTPUYecKnx 3agay Puanku

HenuuenHoctsb:

MpumMeHsieTcs HenpepbIBHLI aHanor metoaa Hiotona (HAMH)?2

?l.V. Puzynin, etc, Physics of Elementary Particles and Atomic Nuclei
(JINR, Dubna, 1999) v. 30, No 1, p. 97.

bl v, Puzynin, etc, Physics of Particles and Nuclei, 2007, Vol. 38, No. 1,
pp. 70-116.

MHoronapameTpu4HoOCTb:

N3nonb3yeTcs cxeMa Npoao/iKEHNs MO nNapamMeTpamM 4Yepes ToUKY

noeoporta ?

?E.V. Zemlyanaya and |.V. Barashenkov, Mat. Model. 16(10), 3(2004).
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Yucnextble METOAbl N aNTOPUTMbI ANA NCCNEAOBAHWUA

HEJIMHERHbIX NapaMeTPUYecKnx 3agay Puanku

YcTOoM4mnBOCTb:

[ns aHanunsa ycTonymMBOCTU KaXXAOMY pacnpefeneHnto CTaBUTCs B
COOTBETCTBUE CnekTpaibHas 3agadva LLTtypma-Jlnysunns, obpawerue B
HOJlb MUHMUMAJIbHOrO CODCTBEHHOMO 3HAaY€EHUSI KOTOPOUi OTBEYaEeT

budypkaLmsi No OZHOMY U3 NapameTpoB 3a4auqu.

Budypkayuu:
Wccnonbayetcs acbpekTMBHAs YMCNeHHasi cxeMa MOLENMpoBaHus
6udypKaLMOHHbIX 3aBUCUMOCTEN PAaBHOBECHBLIX PELUEHUTi LINPOKOrO

KJlacca ypaBHeHUIA pusnyecknx mMmogeneii. 2

“Bospxnes, T.J1. YucnenHoe nccnenoBaHne KPUTUHECKMX PEXUMOB B
HENIVHENHbIX NONEBbLIX MOAENsiX hn3nKku, Jucc. Ha COUCK. Y. CTeneHu
d.M.H., Jly6Ha, 2002.
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HYHANCJTEHHOE NCCJIEOOBAHUE

OJIMHHBIX OKO3E®PCOHOBCKUNX
KOHTAKTOB, ONMMNCbIBAEMBbIX
ABOVHbIM YPABHEHVEM

SINE-GORDON
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Beepgenve “Yucnenubie metopbl u anroputmbl K, onuceiBaeMeix 2SG-ypasHennem [syxcioiitbie cummertpusidsie JK

Statement of the physical problem

K additional layers
L N - normal metal

F - feromagnetic
e J— A

Z

Long Josephson junction scheme
S — superconductor, | - insulator;
N - normal metal; F - ferromagnetic
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Mathematical model

Double sine-Gordon equation for magnetic flux static
distributions in JJ

_SDH-I'JZ(SD)_’V:Oa XE(_/;/)a

@ function ¢ = ¢(x) — magnetic flux along x-axis;
o J,(p) — Josephson current density;
o when J;(¢) = sin ¢ — sine-Gordon equation — traditional case;

s when J,(¢) = a3 sin ¢ + az sin 2o — double sine-Gordon equation; J

o p=(/,he,7,a1,a) — problem parameters set.
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Statement of the physical problem

Dimensionless physical parameters )

@ |/ — halflength of the junction;
@ h. — external magnetic field;
@ 7 — external current;

@ ap, a, — parameters depending on the method of junction
preparing!-2.
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Beepenne “Yucnenusie metoaesl u anroputmel  JK, onuceiBaembix 2SG-ypasHeHvnem [lsyxcrioiitbie cummeTtpudbsbie OK

Mathematical model

Sturm-Liouville problem

— "+ q(x)y = M, (1)
P'(£) =0, (2)
where g(x) = aj cos ¢ + 2ap cos 2¢p — SLP potential.

Amin=Ao <A1 <A< ... A\, < ...

Stability condition: J

@ Apmin > 0 — solution ¢(x, p) is stable;

@ \pin < 0 — solution ¢(x, p) is unstable;

@ \min = 0 — corresponds to a bifurcation of the solution
o(x, p) at model parameters p variation.
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Results and discussion

Some solutions in the traditional case (only the first harmonic, i.e.
a) = 1, dy = 0)

Trivial solutions
When he =0and y =0 —sinp =0 =
@ ¢ = 0 — Meissner My — stable
® ¢ = m — m-Meissner M, — unstable
Fluxon solutions

@ (x) = 4arctan e — fluxon solution ®* or antifluxon

solution ®~ ! in finite interval at he = 0 and v = 0.

“Galpern, Yu.S., Filippov, A.T.: Joint solution states in inhomogeneous
Josephson junctions. Sov. Phys. JETP. vol. 59, p. 894 (in Russian) (1984)
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Results and discussion

Existence of new constant solutions My ,. —
@ = tarccos(—ay /2ap)

At he=0and vy=0

aisinp + axsin2p =0

= siny(a; +2axcosp) =0

@ ¢ = 0 — trivial Meissner solution Mp;

@ p = 1 — m-Meissner M;

@ o = tarccos(—ay/2ay) at |a1/az| <2 and ap # 0 — My .. J
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Results and discussion

Creation of stable states M, and M., at |a;| > 0
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Change of A\g(7y) for CS with increase a; > 0 and with decrease
a<0ath.=0, a =1, 2/ =10.
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Results and discussion

and small fluxons when a, < —0.5
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Left panel - fig. from Goldobin, E., Koelle, D., Kleiner, R., and
Buzdin, A. Phys. Rev. B. vol. 76, p. 224523 (2007)
Right panel - our numerical result
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Results and discussion

Deformation of the one-fluxon solution ®! by changing of
the parameter a,

Internal magnetic field ¢'(x)

Internal magnetic field ¢’ (x)
Internal magnetic field ¢ (x)

5 4 3 -2 1 2 3 4 5

40
Distance x

Internal magnetic field for the distribution ol at 2/ = 10, v =0,
he = 0 and a; = 1 when a; is changing.
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Results and discussion

The effect of the second harmonic on the one-fluxon
distribution ®! stability

Minimal eigenvalue A,

05 1 i3
External magnetic field he

Dependence A\g(he) for the one-fluxon solution ®! at v =0, a; = 1
with increase of a,.
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Results and discussion

The effect of the second harmonic on the one-fluxon
distribution ®! stability

Minimal eigenvalue A,

0 05 1 15
External magnetic field he

Dependence \o(he) for the one-fluxon solution ®! at v =10, a; = 1
with decrease of as.
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Results and discussion

Area of the one-fluxon distribution ®! stability
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Bifurcation points for the one-fluxon solution ®! dependence of a,
aty=0, a; =1.
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Results and discussion

The effect of the second harmonic on the two-fluxon
distribution ®? stability
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Dependence \o(he) for the two-fluxon solution ®2 at v =0, a; = 1
when a; is changing.
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Results and discussion

The effect of the second harmonic on the three-fluxon
distribution ®3 stability
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Dependence \o(he) for the three-fluxon solution ®3 at v =0,
a; = 1 when ay is changing.
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HYHACJTEHHOE NCCJIEOOBAHWE

ABYXCJIONHbIX CUMMETPUYHbIX
AOAMXO3EPCOHOBCKNX KOHTAKTOB
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Beepenne YucnenHbie metogbl n anropuTmbl

AK, onuceiBaembix 2SG-ypasHeHuem

Asyxcnoiiiblie cummerpudnsie K

Cxema pByxcnoiiHoro g><o3edCoOHOBCKOro
KOHTaKTa

(a)

©),
DS

1 I

(b)

E. Goldobin, A.V. Ustinov, Current locking in magnetically coupled
long Josephson junctions, Phys. Rev. B, 59 (17), 1999, pp.

11532-11538.
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MaTtemaTudeckasa mopesnb

Cucrtema ypaBHeHuii Tuna cuHyc—Gordon ?

S. Sakai, P. Bodin, N.F. Pedersen, Fluxons in thin-film
superconductor-insulator superlattices, J. Appl. Phys., v. 73, No. 5, 1993, pp.
2411 — 2418.

Gee + e — A(S) dxx + J2(¢) +T =0,
t>0, xe (-1

@ o(t,x)= (¢1,¢2)T — 2-BEKTOP MarHUTHLIX NOTOKOB B “HuKHeM' ¢1(t, X) n
“BepxHeM’ ¢(t, x) cnosix
@ J:(¢p)= (sin ¢1,sin qbz)T — BEKTOP NJIOTHOCTelW Toka [»ko3edpcoHa

@ =+~ (1,1)" - BHewHuii Tok

@ A(s)= L

1—s2
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Beepenne “ucnenubie metogbl u anroputmel K, onuceiBaembix 2SG-ypaBHeHvem

Asyxcnoiiiblie cummerpudnsie K

®usnyeckune napamMeTpbl 3a4a4u J

@ S — napaMeTp CBSI3NM MEXAY CJIoSAMU
® / — nonyganHa KoHTakTa
@ hp — BHelLHee MarHUTHOE noJe

@ 7 — BHELUHWUA TOK
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Cucrtema ypaBHeHuii Tuna cuiHyc—Gordon gns
CTaTN4YeCKUX peLleHnin

—Apux+ J(p)+T =0
ox(£)=H

p = (/,s,hg,7) — MHOXXeCTBO MapameTpoB 3aAaqn

@ ©(x) = (p1,p2)T — 2-BEKTOP MArHUTHBIX NOTOKOB B “HUKHEM' @1(x) n "BepxHem”
p2(x) cnosax
J=() = (sin @1, sin ©2)T — BekTOp NOTHOCTE ToKa [ko3edbcoHa
=~ (1,1)7 - sHewHni Tok

H = hg(1,1)T — BHewHee marHuTHoe none

@ A(s)= 1

1—s2
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YcTonuusBocTb ‘B uenom’ pacnpepenenuin 8 K

—Athx + Q)Y = Xp, Pu(£1) =0
]

/ [$2(x) + ¥3(x)] dx—1=0

—1

Amin = Ao <A1 < X< ... A< ...

@ Q(x) = diag(cos ¢1(x), cos p2(x)) — noTeHunan

Xo (hg,7) =0
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NapuynanbHas ycToiuMBOCTb pacnpeaesieHnin B

cnosax O0K

—anUi s+ qu(X)ur = prur, ux(£l)=0
I

/uf(x)dxlzo

—/

@ gi(x) = cos 1 — noTeHuman

pio (he,v) =0
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MeTO,EI,bI Bbl4dunciieHmns

—Apux + J2(0)+T =0
ox(£)=H
—Atu + Q(X)Y = M
Ux(£1) =0

/

/ [3(x) + ¥3(x)] dx—1=0

—/

napameTpsbl - v, hg, A
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MeTO,EI,bI Bbl4dunciieHmns

—AQu + J () +T =0
ox(£)=H

—a11U1 xx + qu(x) Uy = py Uy
unx(£l)=0
I

/uf(x)dx—lzo

—/

napameTpsbl - v, hg, i1
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Yucnextble pE3yNbTaThl

HekoTopble napumnansHbie budypkaLymoHHble KpuBbie B
cnydyae 2/ =7 un s=—0.5

= Partial Bifurcation
= 0.3 1 Case: 21=7,s=-0.5
=]
D) 4
5
O 0.2
< _
2
S 01 /\ p
W
0 T : I\‘t\ "‘A‘L’VLJ“_T
0 1 2 3 4

Boundary Magnetic Field (hp)
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Yucnextble pE3yNbTaThl

KpuTtunyeckas kpusas (orubarowias 6udypkaymoHHbIX
kpuebix) npu 2/ =7 n s = —0.5.

047
8 03 \
= ) Partial critical curve
q&) 1 : Case: 21=7,5s=-0.5
3 0.2 v
= i
L
< /\ e
0 T T T T T T 1

1 2 3 4
Boundary Magnetic Field (/1)
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Yucnextble pE3yNbTaThl

HapyuwieHns HenpepbIBHOCTU napuuasibHOW KPUTUYECKOWN
kpusoii ana 2/ =7 n s = —0.5.
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dkcnepumenTanbHas kputudeckas kpusas (E. Goldobin, A.V. Ustinov, Phys. Rev. B, 59 (17),
1999, pp. 11532-11538) «» Kputndeckas kpusasi B HUCIEHHOM 3KCNEPUMEHTE.
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AK, onuceisaembix 2SG-ypasHenvem [Byxcnoiinbie cummerpudnbsie K

Beepenne YucnenHbie metogbl n anropuTmbl

Yucnextble pE3yNbTaThl

Bnunsanune napameTpa CBA3N HA KPUTUYHECKYHO KPUBYHO.
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Yucnextble pE3yNbTaThl

BnnsiHue gnuvHbl KOHTAKTA HA KPUTUYECKYHO KPUBYIO.
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SkcnepumenTanbHas kputudeckas kpusas (S.N. Song, P.R. Auvil, M. Ulmer, and J.B. Ketterson, Phys.
Rev. B, v. 53, No 10 (1996), p. R6018.) <> KpuTudyeckasi kpuBasi B YNC/IEHHOM 3KCMEPUMEHTE

(FnobanbHble kpuTudeckne kpusbie npu 2/ =7, s = —0.5 n s = —0.3).

Masnuua Atanacosa Mnosausckuii ynusepcuter, Bonrapus

HUNCNEHHOE NCCJIEQOBAHUE HEJIMHEUHBLIX MOAENIEN B ®U3NKE OXXO3E®COHOBCKUX KOHTAKTOB



Beepenne “Yucnenusie metogel v anroputmel K, onucsiBaembix 2SG-ypasHenvem [ByxcnoiiHbie cuMmmeTpudtbie OK

CIMACMBO 3A
BHNMAHIWE!
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