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Stability of square vortex lattice in cubic and tetragonal superconductors

P. Miranovic* and K. Machida
Department of Physics, Okayama University, 700 - 8530 Okayama, Japan

Till recently there was a wide spread belief that hexagonal vortex lattice is the most stable
configuration of vortices in type-II superconductors. It eventually becomes rhombic (distorted
hexagonal) in anisotropic superconductors to adjust the anisotropy of the effective electron
masses. In the early 70’s the exotic square vortex lattice has been detected only in low « ( £ =
1//5) cubic superconductors Nb and PbT1. Stability of square lattice has been attributed to the
peculiar behavior of low - £ superconductors where attraction between vortices might occur.
However, nowdays square VL in tetragonal (SrpRuQy,(Re)Ni:B,C; Re=Lu, Y, Er, Tm) and

cubic (V3Si) superconductors appears to be a rule rather than exception; all of them except



SryRuOqare high - £ materials. Two different scenarios have been offered as an explanation for
the stability of the square VL. One takes into account the anisotropy of the Fermi surface and
neglects possible gap anisotropy. The other one assumes pure dj:, -wave order parameter
symmetry but neglects the anisotropy of the Fermi surface. Model with anisotropic Fermi
surface was successful in explaining complex vortex lattice phase diagram in borocarbides at
low magnetic fields: hexagonal lattice which forms immediately above theHe, gradually
evolves toward square lattice which is stabilized at some critical field H (7). Besides this
structural, in low fields, there is another one reorientational vortex lattice phase tranisition.
Within the Ginzburg - Landau model near 7. both scenarios, model with anisotropic Fermi
surface and d,2_, - model, predict that rhombic to square transition line Hp(T) will intersect
H,, (T) line at some temperature close to 7.. This contradicts the experimental data in
LuNi,B,C where H (T) line bend away from H, (T) and become two-valued at 7'<0.67%.
Extrapolation of data up to H,, shows that rhombic lattice is again stable near the upper critical
field. The similar behaviour has been observed in TmNi,B,C, though this is a magnetic
member of the borocarbide family.

In this work the vortex state in anisotropic superconductors is analyzed within the
Eilenberger equations of superconductivity. A simple model that accounts for the Fermi
surface anisotropy and gap anisotropy has been used. Appropriate expressions for the free
energy in the low field region (modified London model) and near H,, (7) has been obtained.
We focused on the stability of the square vortex lattice. It has been shown that combined effect
of gap and Fermi surface anisotropy may lead to reentrant behavior of rhombic vortex lattice.
[t is also shown that the same parameter controls the stability of the square vortex lattice at low

temperatures and fields (H || ¢) and anisotropy of H,, near 7. for fields (HLc).

PACS numbers: 74. 60. Ec, 74. 70. Ge, 74. 70. Dd

JEREB AL AR DA & AR

THEAKFMETLYSR M %
The vortex - liquid and vortex - solid phases in single crystals of Bi,Sr,CaCu,0Og s placed in
tilted magnetic fields are studied by in- plane resistivity measurements using the Corbino
geometry to avoid spurious surface barrier effects. It was found that the anisotropy of the
vortex - solid phase increases with temperature and exhibits a maximum at 7~0.977,. In
contrast, the anisotropy of the vortex - liquid rises monotonically across the whole measured
temperature range. The observed behavior is discussed in the context of dimensional crossover
and thermal fluctuations of vortices in the strongly layered system.
In order to better understand the anomalous resistivity behavior at angles near ab - plane we
have simultaneously measured ab - plane and c - axes resistivity in the Corbino geometry. It is

shown that both the in - plane and out - of - plane resistivity measurements give the very close



close values of the vortex -lattice melting field in a wide angular range, while the drastic
difference of the resistivity onsets of 0,, and p, has been found near the ab - plane. The
observed behavior is discussed in the context of the complex vortex- lattice - - vortex - smectic - -
vortex - liquid phase transition. We also show preliminary results of the small ac-coil
measurement, which can provide sensitive information on the transitions in the liquid phase
as well as in the solid phase of the vortex state with sufficiently high sensitivity even in a [ield
exactly parallel to the ab - plane. This technique clearly demonstrates the transition form tilted

lattice to crossing lattice at a tilted angle of about 16 degree from the ¢ - axis for the first time.
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Vortex states in the tilted fields probed by properties of intrinsic Josephson junctions
National Institute for Materials Science S.0o0i, T. Mochiku, and K. Hirata
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Fig.1. Estimated p and 7, and the observed Tc. Fig.2. Temperature dependence of Bon.

Table I Observed values(Tc, Bo, AM and c)and evaluated vortex - depinning

temperature(T*)and the disorder parameter( A )for the theory.

Sample Tc/K Bo/G AM/G c v T™/K A

#PT700R 87.0 500 1190 0.7 100 43 0. 47
#P420S 70.0 1420 1590 1.5 55 57 0.34
#P400R 68. 2 1100 2000 1.6 50 67 0.45
#P350S 61.8 830 840 2.5 35 105 0. 83
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Shapiro Step Response in the Coherent Josephson Flux Flow State of Bi:2212

M. B. Gaifullin!, Yu. I. Latyshev??®, T. Yamashita?, M. Machida*, and Yuji Matsuda®
nstitute for Solid State Physics, University of Tokyo, Kashiwanoha 5 -1 -5,
Kashiwa, Chiba 277 - 8581, Japan
2Research Institute of Electrical Communications, Tohoku University, 2-1-1,
Katahira, Aoba - ku, Sendai 980 -8577, Japan
3Institute of Radio - Engineering and Electronics, Russian Academy of Sciences,
Mokhavaya 11, Moscow 103907, Russia
4Center for Promotion of Computational Science and Engineering, Japan
Atomic Energy Research Institute, 2-2-54
Nakameguro, Meguro - ku, Tokyo 153 - 0061, Japan

We report the first observation of the Shapiro step response in the Josephson flux flow
(JVFF) state of Bi:2212 in high magnetic field ( H= 17T ). Stacked intrinsic long Josephson
junctions with length L=30zm and width of W=2.0um were fabricated by double- sided
processing of high quality whiskers by using focusing ion beam technique, which were
irradiated by microwave at frequencies ranging from 45 GHz to 142 GHz. Steps were observed
in JVFF branch on the /— V characteristic at voltage V,=pNhv/2e, where p is integer, N is the
whole number of the junctions in the stack. In the present case Shapiro response is markedly
different from conventional one because dc voltage appears due to flux - flow. The existence of
Shapiro steps is strong evidence that the Josephson vortices move at the same speed over the
whole stack of junctions keeping the high spatial regularity. We also provided measurements
at the different orientations of the magnetic field and studied how coherence survives at the

various densities of pancake vortices.
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Wave - vector dependence of the Josephson plasma in high - 7, superconductors
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Vortex State and Flux Pinning in MgBg

Z.X.Shia*, A. K. Pradhana, M. Tokunaga?, T. Tamegai?,

Y. Takanob.¢, K. Toganob.¢, H. Kitod and H. Tharad
aDept. of Appl. Phys., The University of Tokyo, 7-3-1 Hongo, Bunkyo -ku, Tokyo 113 - 8656, Japan
bNational Institute for Materials Science, 1-2-1, Sengen, Tsukuba 305 - 0047, Japan

cCREST Japan Science and Technology corporation

dNational Institute of Advanced Industrial Science and Technology, Umezono, Tsukuba
305- 8568, Japan.

We have measured the temperature and angle dependence of resistivity at a fixed magnetic
field (R-T, I-V, R-angle curves) on single crystals. There is a sudden change of resistivity
at some points (T, B, angle) as shown in Fig.1, which can be explained by vortex melting or
two - gap model. The effect of field sweep rate on M - H loop has been studied and a shrink of
M - H loop at a higher sweep rate has been found as shown in Fig.2, which may be resulted from
the heat effect of viscous force on vortex. The scaling behavior of flux pinning force has also
been investigated and two pinning force peaks have been found, which is different from the

poly - crystal sample. The near - zero peak may be due to the surface pinning or the change of

vortex pinning from single vortex to small bundle.
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MWL TE®NIC, o bEo DA VIR RGP HERNER T 5 LifFIh a0, ERHEEIIZ D
BoTWBWEIITRZ B, BEMICYBCOTIE, BAMAKE (ELNADHROZE DK K —TETH
WTF w7 RART y ¥ 2 il E IR AR DROR LT v 7 ZEN RO TEELO[1]. 70 —
RBIRO A B AR AFIERE OB TH 5 1 IREEHHR Hm(T)DEEMICRoNs—4H T, L0 3T
MTENDIVE F— 74 > 7 TiREE L TERIEAOREE B E0 6, LELEIRMERR O T H*
EDGEIEET B ENNDA->TWB, NG 2HOHE., HICTHERMIEIBSCCO EIZIIR 6N
WAS, FiRoiE b MR IE—o2 DT, 1HEBSCCO DRI RS LBift/S Dh%E E L WEEG T
HTXxB3PFThHb, EBE, O XPE= L7 OMINSYBCORT T v 77T RMDIFAEN TR
XN 7-NbSe2 &BSCCO OHfilicfiziBd 2METH 5723, YBCODFHK % LT B G Y EEfF & i
BBEDNELWHTH B, DA THED SNIRIES v ¥ 7 EALERIC L AGLE R Z, O
MO T ISR SDEELHRYTE 5 (BUATR) HE—DHRTHS L LEHTHML, Fx DX
B9 A BRI R A HIA L 7. [2].

MRS, H T D Bouquet © D @IS IS B 5 iRl A - KT ORZE[3] 3. YBCOL
BSCCO it BT 1AL IS EDTe i TORES TORNRICH T 2 GAENERICESWT, BB TH 5
CEAEERL. O UALLL EUTRBIREKRE/ ST A 7 DIRIBORE S BT 5585 M ERIRT 5
ONREKRTH B EER L2, S50, FTESToMROMEIC W T bith, YBCOTIZRLRx
Bld 1K & ->THED (5], COERFELRL OEHROANHML TS I 2B L7[6].
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#E 2 oTHI TS A MR MBS R 1B W T FERIA D 5, TLRETIER, @WEBRE T, L@
ICEWEE RIS B, 269 AMgB,R2Th. HEIKEBICRITETY O EFOMAN GRS NEE LD
TW3[2]e LML, BEHEOMBMRY . KRS CTHIEZBOEET HIEM & £ OFEE VIR L 72%E
LA

bhbhid. I 7oBiEhe —HEEEE O EVWTEILT 7 Z(a- )Mo,Si; _, IE(IE/E100nm,
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W—REIHED LD BIRBEVNERT LD 720 (i) DA ABgy,(0)[ =B,5(0) —Bg(0) 113
R EA BT /¥R L - B TRSREER(QVLETH 5 EEZ oMb, i) TROWEh,
HEHUAVEE B AN I BREROR SN RERT LB SNV, ThhoEBIT=0ICEF 5
SRHOEEATET S ERTERV, LALIOBRE, BEOETE L bIC, ToEHIciW
5 XK FHED S B TW 5 X0 KM SHEEICEL L TWA I LERKELTWAS, — ., Him
NC VAT ICRIFTRBTFW S ERENOMEEEE L oKD T MRRAICIL- 72
MR 61T EA LT,

HL. Fit()6) TRELEZEZAEBFOWOLXICERTAbDEETEE, IodHRI 7ol
NOFEAZFE3TTHbS. £ TAMETIE. Elh GIHOEBEE T, itk 2 {E
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BIEEETH 5, BIEEBEETIKEE LBV, EbD THEZEEENGONE 2D
D=2V Iy MI/E>I0)ICHEL. DDORKERA(A/E~10)2HFLTWS, FcmNIE—L
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CDEHBT ) —UFRTIR, EKETHRALBETHENENS, HERRIIHLTEDETFOS X
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L AHSETIRBHE (F—2X 77077y (dHVA)RIR, ¥ 27 =37 K/)v—Z(SAI %)
R) OB FIREICIEA I ETH 5,

AREEEAE £- (BEDT-TTF)2Cu(NCS)2 icBWT, I THRERBLENS DHEFDS
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1\,

4l £ -(BEDT-TTF),Cu(NCS)z icBWVWTIKLI FOEE TOR TRk (AIRAE & dTIvA ,SdTT
SR OBARAE SN, ERIERET%T 5 &

1) AMRSIKHUIKETDH 5 A AIKAET SAH W A8 L 720 SdH #hR1c b dHv A %) 6 Bk 73
IMEEE DB X N 505, HEBAIKEER T SdH B ICO AR ICHE (& 518 5HE)
NRLNB,

2) 1KLUF OEIR TR AR 2 D DRI (KBRS M O IR AR, i S s o
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C DM HEHOIR BBV YBCOTHMINT VAT, <T<T,THEINn 7 “vortex
slush” KEITUTWVWS, DX S B HFZD short range lattice order - liquid DIKAEZAL & #EF
FARREDZE AL (HEKL FIhie & HLEL) D BIfRAY SAH ZhRICEHN 5 BH (dHvA FFRITIFINZ W) IS
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W L7\,

[1] T. Sasaki et al. Phys. Rev. B 57, 10889 (1998)
[2] For recent review, see T. Maniv et al. Rev. Mod. Phys. 73, 867 (2001) and T. J. B. M.
Janssen et al. Phys. Rev. B 57, 11698 (1998).
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[1] N. Morozov et al., Phys. Rev. Lett. 84, 1784 (2000).
[2] T. Shibauchi et al., Phys. Rev. Lett. 86, 5763 (2001).
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(Hohenberg ®EH) LA L. BlET 3L F —REED BRI S HIRRETSH 5 £ 5 10IFE—HRITHRT
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Pseudogap and Phase Diagramin the High-T¢ Cuprate Superconductors

Akito Kobayashi, Atsushi Tsuruta, Tamifusa Matsuura
and Yoshihiro Kuroda
Department of Physics, Nagoya University

In the high- 7. cuprate superconductors, the superconducting (SC) states with dxzye-
symmetry appear as holes or electrons are doped into the antiferromagnetic (ATF) insulator.
Various anomalous properties such as the pseudogap phenomena have been observed at higher

temperatures than 7.



First we obtain the ingap state (the quasi- particle band) with superexchange interaction /s
by including the effects of strong on-site repulsion at Cu-sites. The ingap state and /s induce
strong AF fluctuations and SC fluctuations with the help of the two-dimensional characteristic
of the system. We treat effects of the AF fluctuations in the FLEX approximation and those of

the SC fluctuations in the self-consistent t-matrix approximation.

Obtained phase diagrams both in the electron- and hole-doped systems have common
features including the AF state, the SC state with dxz-y2-symmetry and the pseudogap
phenomena. These are consistent with results observed in experiments. Doping-dependences
of TN, Te and Tsg (spin gap temperature) in the electron-doped systems are, however, different
with those in the hole-doped systems. These differences are due to the intrinsic nature of the
ingap states which are intimately related with the Zhang-Rice singlets in the hole-doped

systems and are correlated d-electrons in the electron- doped systems, respectively.

A. Kobayashi et al.: cond-mat/0202116 (submitted to J. Phys. Soc. Jpn.)
A. Kobayashiet al.: J. Phys. Soc. Jpn. 70 (2001) 1214
http://slabat2. phys. nagoya-u.ac.jp/~akito/
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Electronic phases related to superconductivity in two- dimensional organics

K. Kanoda
Department of Applied Physics, University of Tokyo

A family of two-dimensional organic systems, & - (BEDT-TTF) 2X, with half- filled bands
span the phase diagram of the Mott transition between the superconducting and
antiferromagnetic phases as a function of U/W. I presented two peculiar behaviors of the
superconducting phase near the antiferromagnetic insulator. The first is the pseudogap
behavior, by which I mean that the NMR 1/(717T) shows anomalous depression with
temperature decreased in the metallic state well above Tc. The behavior quite resembles the
underdoped cuprate’s. Its field-dependence including the angular dependence imply
involvement of the orbital motion in this phenomenon. The second is the field-induced
superconductor-to-insulator transition. The hysteresis of the resistivity against field and
temperature and large NMR shift evidence that the transition is of the first order and
antiferromagnetic.

Finally, I reported the observation of the quantum critical spin fluctuations (QCSF) in &
-(BEDT-TTF)4Hgs-s Cls, a possible doped Mott insulator, by the *C-NMR spectrum and
relaxation - rate measurements down to 30 mK. This is the first observation of QCSF in
organics and has a surprising contrast to the widely studied case of x-(BEDT-TTF)2X with
fixed band-filling.

Novel Optical Responses in Mott Insulators
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Materials exhibiting negative thermal expansion are technologically important as these are
used for synthesizing composites with zero thermal expansion coefficient or those with other
desired values. However, many such materials often have anisotropic expansion coefficients,
which are also strongly temperature dependent. In this context zirconium tungstate is partic-
ularly interesting in view of its large andisotropic negative thermal expansion over a wide
range of temperatures. Thermal expansion of a material is determined by the Gruneisenpa-
rameter of phonons. High-pressure Raman spectroscopy was used forobtaining the Gruneisen
parameter of all the optical phonons. In contrast to earlier models and belief, phonons of ener -
gy much higher than 10 meV were found to contribute significantly to the negative thermal ex-
pansion in this material. The present data suggests that in addition to the low frequency
rigid-unit modes the bending distortions of the tungstate tetrahedra are also important. In ad-
dition to these results the talk will also discuss the pressure-induced cubic to orthorhombic

structural phase transition and subsequent amorphization in this material.
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