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TOM TAT: Bdng phuong phdp mé phong déng hoc Langevin, chiing téi da
khdo sdt cdc hé siéu ddn mat trdt ty ¢é doi xitng tao cdp song s va séng d va ching 16
réng su phu thudc ciia dién trd sudt phi tuyén p, vao bién dé dong ngoai 1, tudn theo
qui ludt ham liy thita: p,(I,) « I;%. Su khdc bigt gida hai logi siéu ddn song s va song
d thé hién rdt ré qua gid tri ciia chi s&" a trong mién dong ngoai manh va dj tu cdm
nhé noi ma chi sé a cia siéu dén song d cao hon so vdi séng s. Su khdc bigt nay cé thé
xem nhit mot tiéu chi dé phan biét hai loai siéu dan ndi trén.

1. Dit van dé

D3 xitng cia ham séng cip Cooper trong siéu din nhiét d6 cao 1a vdn dé rdt quan trong
vi mang tinh nguyén tic trong vAt ly siéu din. Nhu dd biét, d6i véi cdc siéu din kinh dién
(siéu din nhiét do thap) khe ning lugng va him séng cip Cooper c6 ddi xitng séng s (s-
wave symmetry). Con d6i véi cdc siéu din nhiét d cao thi ngdy cang c6 nhiéu bing ching
thue nghiém va 1y thuy&t cho thdy déi xing tao cip trong nhitng hé nay 1a doi xiing séng d
(d-wave symmetry) [1]. Gid thuy&t nay cho phép g1a1 thich hi€u \ng Meissner thuén i [2- 4]
ma cdc nha thuc nghiém quan sdt dugc trong cdc gém siéu din [5].

Tim cdc tiéu chi cho phép phin biét siéu din séng d v6i siéu din séng s 1a van dé dugc
quan tim dic biét trong thdi gian gan ddy. Mt trong nhitng cdch phan biét hai loai siéu din
nay dua trén két qua do sy phu thudc clia hé s6 hip thu vi séng (microwave absorption) 2
vao tY trudng ngoai H [6,7]. Trong sidu din séng d, 2(H) c6 cyc dai tai H = 0, trong khi doi
v4i siéu din séng s thi tai d6 12 mét cuc ti€u. Gan day, Yamao va cdng su [8] da do cédc dién
trd suat tuyén tinh p, va phi tuyén p, cia YBa,CusOs khi cho qua miu mét dong xoay
chidu I, (t)=1,sin(w?). py va p; 1a cdc hé s trong khai trién cda hiéu dién th€ V(z) theo

I,(@:
V=pd,+p,I2+.. _ (1)
Ciing c6 thé biéu dién py vd p, qua cdc hoa Am (harmonics) bic nhat V’, va bic ba V'3, nhu
sau
_Va‘:/‘ro: Pr= '—41/3;;/13’ A (2)

o e [r©sin(rond(@r), n=1,3
2 -

Thuc nghiém cho thdy p, c6 mdt cuc tiéu sdu tai T=T, va tai ddy p, phu thudc vao bién
d6 dong ngoai [, theo quy ludt ham lay thira
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o (1) = |V, (T;) 1 13| < 15 ' {3)
véi a=~ 1.1. K&t qué thuc nghiém nay da dugc chiing t6i gidi thich [9,10] trén cd s8 miu siéu
dan s6ng d. Cau hoi datra § day 12 liéu c6 thé phan biét siéu din séng d vdi siéu din séng s
thdng qua viéc do p, va a ? Trong bai nay ching t6i chitng minh ring su khdc biét gilta hai
loai siéu dn trén thé hién rdt rd qua gi4 trj cda chi s6 @ trong mién dong ngoai manh va d6
tr cdm nhd ndi ma chi s& a cla siéu din séng d cao hon so v6i séng s. Vi thé cé thé xem sut
khéc biét ndy nhu mot tiéu chi d€ phan biét hai loai siéu din néi trén.

2. Cdc phudng trinh co bdn
Céc siéu din granular thudng duge md td nhu mdt mang gdm céc ddo siéu din, tuong tdc
vGi nhau thong qua cdc ciu Josephson (Josephson junctions)[11]. Hamiltonian ciia hé trong (ir
trudng ngoai ddng nha't hudng doc theo truc z ¢ dang [3,4]
H=-)"J,cos(6; -6, —Ag)+ﬁ2(¢p -, (4)
P

<if>

P o
>, B % 4, 4, =2 [4(7)ar 5
2n 5 b ;

trong d6 6, 1a pha clia thong s trat ty tai ddo siéu din thi i, 4 13 th€ thing gidng tai mdi
lién két, ¢, 1a lugng t tr thong, J; 12 ndng lugng tudng tdc Josephson gilta cdc ddo i va j.
Thong s6 L 12 d6 t¢ cdm clia mdi 6 cd s§ (c6 dién tich S) trong mang. Téng thi nhit dugc
14y theo cdc cdp 14n cdn gdn nhat. Tdng thit hai 18y theo tit cd cdc 6 cd s3 trong mang. Bién
1dy tOng 1a bi€n pha 6, tai m3i ddo va bién gauge A; tai mdi lién k&t. @, 1a tr thong toan
phin qua 6 cd sd thit p, cdn @7 1a tif thong do tlf trudng ngoai gifi qua & cd sd thit p: 5=
HS néu 6 cd sd nim trong mit phang truc xy va biing 0 néu theo cdc hudng khéc.

DGi véi siéu din soéng s, ndng lugng tuwong téc Josephson J; ludn lubn duong va nhin
_ céc gid tri ngdu nhién trong khodng tir 0 d&n 2J. BSi véi siéu ddn séng d dai lugng J; dugc
gid thi€t 1a c¢6 thé nhan mot trong hai gid tri J hodc —J v6i xdc sudt nhu nhau. Cdn nhin
manh ring Hamiltonian (4) cho phép mé t3 nhiéu hién twgng ddng hoc trong cic vit liéu
siéu din, ching han hiéu @ng nhd [12], hadp thu vi séng [7], dién trd sudt xoay chiéu [9,10],
hi&u ng b trif [13], chuyé&n pha sang trang thdi vortex glass [14].

Nhim mod td tinh din dién cda hé, ching t6i ding m6é hinh RSJ (resistively shunted
_ junction) [3,11]. Trong md hinh ndy ngoai dong Josephson cdn ¢6 sy déng gbp clia dong
dién binh thudng v6i dién trd R va dong nhi€u Langevin n;(¢) gilta cdc ddo siéu din:

2e h do;
I.=—J, sinf, + ——=+n,(t 6
0= g T 2
Dong nhi€u 7, (¢) thda hé thitc twong quan Gauss
' 2kT .
(ﬂ;j(t) ﬂg(r')> 0 Té‘;,i' aj_j"s(t_t') )

Pé tién ta dua vao mdt s8 ki hiéu nhu sau: vi tri cda mdi ddo dudc xdc dinh bdi véctd n =
(n,,n,,n,); véctd mang 1a p= %, y,Z; lién két giita hai ddo i va j dugc mo ta bdi véctd n + p;
vi trf 6 cd 53 thif p duge xdc dinh bdi vécto n va p. T (4) — (7) 6 thé thi€t 14p hé phudng
- trinh ddng hoc Langevin cho cdc bi€n 8; =6,-6, -4, [3,11]
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E'ZEE%T@ = —%J# (7)sin8, (7) = 8, e ~§~’ZZA; a6, (i) - &%,6, (@) -n, G0 ®)
Trong (8) ¢6 dua vao toan tif ti€n AL6, () = 6,(m + 4) - 0, (n) va todn t i A6, (n) =
6,(n)-6,(n- p). Pé tién sau diy sé tinh cdc dai lugng vat ly trong hé don vi quy udc: dong
dién theol, =2eJ/h, thdi gian theo 7 =4¢,/2m/R, hi¢u dién thé theo RIJ', nhiét d6 theo
J/ky va a5 te cdm theo @, /27 J .
3.K&t qua

Hé phuong trinh vi phin (8) dugc gidi bing thuit toin Runger-Kutta bic hai. Tay
thudc vao gid tri Jo va @ ma s6 miu ding cho viéc 1ay trung binh bi&n thién tit 5 d&€n 800. S&
budc chay tir 10° - 5% 10° v&i budc thoi gian Ar= 0.05. Chiing tdi thyc hién cac mo phéng
trén mang lap phuong kich thude IxIx[ v6il = 8 val2. Trong [10], k&t qud tinh todn cho
thdy d5i vdi c4 hai loai siéu din séng s va song d tai T =T, dién trd sudt phi tuyén p, déu
phu thudc vao bién dd dong ngodi I theo quy ludt ham liy thira (3) dédc trung bdi chi s6 «
Trong mién dong ngoai yéu (Ip < 0.1) ta €O &y, ® &, yme ~ 0.510.1. Sy khdc biét gilta
siéu din séng s va séng d chi thé hién qua chi s8 & trong mién dong ngoai manh (I > 0.1).
Hinh 1 md t4 su phu thudc cla p, tai T, vao o va 4o tf cdm L trong mién dong ngoai manh.
Ta nh4n thiy néu nhu chi s6 a ciia siéu dan séng s hiu nhu khong thay ddi khi ting L t
0.5 d&n 15, thi dGi v6i siéu din séng d gid tri o lai thay doi dédng ké.

Hinh 2 12 sy phu thudc ciia chi s8 & cho siéu dan séng s va séng d vao 5 tu cdm L
trong mién dong ngodi manh. Ta thdy trong mién I 16n, a,, va a@,, khdc nhau khong nhicu.
Thé nhung trong mién L nhé thi o, >, - NhU VaY, bing phép do dién trd p, clng
chi 6 ahoan toin c6 thé phén biét duge siéu din séng d vdi siéu din séng s.
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Hinh 1: Sy phu thudc ciia p; (hay lV;N (T)/1, | ) tai T, vao bién do dong ngoai Ip va dj 1 cdm

L trong mién dong ngoai manh. Cdc thong 56 dwgc chon nhu sau: do ty cam L=055va
15, kich thudce h¢ | = 8, tan s6' @ = 0.001.
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Hinh 2: Su phu thudc ciia chi s6 « cho siéu dén song s va séng d vao do tu cdm L trong mién
dong ngodi manh. Kich thudc hé | = 8, tdn s6" w = 0.001.

D€ gidi thich sy phu thudc néi trén, ta cin xét d&€n dnh hudng qua lai giita mot bén 13 cdc
thing gidng nhi¢t (thermal fluctuations) va bén kia la do phic tap, gb ghé ciia c&u tric ning
lugng hé (roughness of the energy landscape) [7]. V6i muc dich 4y, chiing t6i da khdo sdt su
phu thudc cla roughness of the energy landscape vao do ty cdm L (1a dai lugng dic trung
cho higu ing chdn). Do s cuc ti€u ning lugng dia phuong ting ra't nhanh theo quy ludt ham
mil khi ting s6 ddo siéu din (hay ting kich thuSc hé ) nén chung t6i chi mé phdng cho / di
nhd. Trén hinh 3 12 Iuge d6 ham phan b6 P(E) ciia cdc cuc tiu nidng lugng dia phudng cho
hai gid tri L =1 va 10 khi chon [ = 6. D& thdy s& cuc tidu trong trudng hop I = 1 nhidu hon
hén so véi khi L = 10.

DE md (4 do phifc tap, gé ghé ciia c4u tric ning lugng, chiing t6i dwa vao thdng s6 &

(B2)-(Eu )

d= )]
(En) |

v6i Ej, 1a ning lugng tai cuc ti€u dia phuong, ngoic () chi phép 14y trung binh theo cdc cuc
tiéu. BGi v6i cdc luge d trén hinh 3, § = 0.007khi L =10 va & =0.012khi Z = 1, nghia Ia
6 gidm 1.7 1dn khi I ting gdp mudi. Nhu vy I cang I6n (hay hiéu \tng chdn cang manh)
thi & cang nhd. @ gidi han I 16n, thang gidng nhiét tr§ nén 4p ddo, energy landscape trd
“bang phdng” hon, su khdc biét giita siéu din song d va soéng s do d6 s& cang it di, vi vay
 @yyme © O, - Ngudc lai, & gidi han I nhd (hiéu ttng chin y&u) d phic tap, gd ghé ciia

cdu tric nang lugng lai dong vai trd quan trong nén «,_,,, >
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T=1 T=10
L =2.14 ~
-1.8 —— Rt
E Syimmee— -2.18
s Pt I
—— et~ - i oo
m.:.._1___._.1....._&MJ ........ | TSI M
0.00 0.04 0.08 0 0.05 0.1
P(E) P(E)

Hinh 3: Lugc dé ham phan bé P(E) ciia cdc cuc ti€u nang luong dia phuong cho L =1va lo0.
Gid tri tuong ving ciia § la 0.007 va 0.012. Kich thude hé I = 6.
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4. K&t ludn

Bang phuong phdp md phéng dong hoc Langevin, chung t6i da khdo sdt cdc hé siéu din
mét trit e c6 doi xitng séng s va séng d va chiing té rang sif phu thudc cla dién trd suat phi
tuy€n p, vao bién do dong ngoai I, tuin theo qui ludt ham 1dy thira: p, (/) < I, “. Sy khdc
biét giita hai loai siéu din séng s va séng d thé hién rdt rd qua gid tri cla chi s§ & trong
mién dong ngoai manh va do tr cdm nhd noi ma chi s6 @ ciia siéu dan séng d cao hon so
v6i séng s. Su khdc biét nay c6 thé xem nhy mot tiéu chi d€ phén biét hai loai siéu dan néi
trén.

Chiing t6i chdn thanh cdm on TS. Hoang Lé Minh va NCLAB, TS. Duong Anh Dic va b
moén Cong nghé phdn mém da cho phép sit dung mdy tinh trong thoi gian dai dé thuc hién
céng trinh nay.

A POSSIBILITY OF DISCRIMINATION BETWEEN SUPERCONDUCTORS
WITH s- AND d-WAVE PAIRING SYMMETRY
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ABSTRACT: The superconductors with s- and d-wave pairing symmetries are studied
by the Langevin dynamics simulations. The current amplitude dependence of nonlinear
resistivity at the peak position is found to be a power law: p,(I,) < 1;*. The pronounced
difference between s- and d-wave superconductors is clearly seen in the strong current and
weak screening regime where the value of « for d-wave superconductors is higher than that for
the s-wave systems. This difference may be considered as a criteria for discrimination between
superconductors with s- and d-wave pairing symmetries.
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