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M E : AFM with chemical contrast and its application in lateral force

microscopy
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[2]T. Sato, T. Ishida, S. Nabeya, and S and H.Fujita, Journal of Physics: Conference

Series 258 012005 (2010)
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B H : Geometric Approach to Quantum Statistical Mechanics and

Application to Casimir Energy and Friction

A geometric approach to general quantum statistical systems (including the harmonic
oscillator) is presented. It is applied to Casimir energy and the dissipative system with
friction. We regard the (N+1)-dimensional Euclidean {it coordinate} system (X$7i$,$ au$)
as the quantum statistical system of N quantum (statistical) variables (X$*i$) and one it
Euclidean time} variable ($ au$). Introducing paths (lines or hypersurfaces) in this space
(X$71$,$ au$), we adopt the path-integral method to quantize the mechanical system. This
is a new view of (statistical) quantization of the {it mechanical} system. The system
Hamiltonian appears as the {it areaj. We show quantization is realized by the {it minimal
area principle} in the present geometric approach. When we take a {it line} as the path, the
path-integral expressions of the free energy are shown to be the ordinary ones (such as N
harmonic oscillators) or their simple variation. When we take a {it hyper-surface} as the
path, the system Hamiltonian is given by the {it area} of the {it hyper-surface} which is
defined as a {it closed-string configuration} in the bulk space. In this case, the system
becomes a O(N) non-linear model. We show the recently-proposed 5 dimensional Casimir
energy (ArXiv:0801.3064,0812.1263) is valid. We apply this approach to the visco-elastic
system, and present a new method using the path-integral for the calculation of the

dissipative properties.
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EL, Z0Nd, THRAINORET 2 2 L2 R Lz, ZHUTdARITOEE 5 Th 2 R\EE
MToHD, FIFEBOEFIEED depinningfii & 36 L Dabsorbing s O HFE TP I LD E &
FE—H L7, ZDZ &3, RIT, depinningfizf & absorbingfii g Al — D2 =N"—H U F 1 7 5
ZIZBT DL ZRERT H[6], &I, MEMIEIZER T2 &, ALRREEIIA R 112, &
AR REIIAS 1 R T KB 23364 LIIRIBIZ XIS 32 2 E B B 272 o 72[10], 2 D FEER
AEELX, JEHEEY 9 D S E R PSR U TS R BE 3 R AT g plastic motion % B X 5
W9, K0 AR 1] E — BT D,

3 REBKIZHES BIMMFIL LB FAMDEER

EEN OO EZ R TE 5E— ey 7 (MLR) HIBE[1,31& W5 JIE FiEE
F, S EEHE KIZAE 9 plastic flow”)» Helastic flow (SR #E 1) ~OBBORF LB L=, &
Z AT, E# T 5 AbrikosovEE T3 WA DREER AL A £ Dy kv S X, 197340
Shmidt-HeugerE i LAk, % < OBMFIC L - Tl SN CE B REIZ BT 2 RAFIH O
AREEMBEZERS, U E THETIEN 2o 72[12], BAIIMLRZ HV, 7 v —FEicxd
LGN 2 RE O E LT E 25, bOEmMNEE T =AFOLLN 7 2 — Il
B2 LB SATHAL (7 a— D i $s) ~Eisd 5 2 & 280 L72[13], BEERENZ &
(2, T & EiARMN 1K FEDL OIS DR © o 10 nst3FEFRIEREEC & 57200, ki
REPNENT G ~ER TR TRV X =R/ TH L7720, b LIEITT 2k OBz E
T DRNCHEBOMWAL T T 5 2 N TEIL, ZOEIC L0 R #BEOYAT I Z & 5,
DEY Wl TR OBIRE DS D R T FF & SRS D [13] ARBRIC LY, mdGER 5
A& TlE, 7 e —HROMABICIEEDNS 3@ < Z PN RoTe, —J5, £V
WEA RN D Z OB AP TE 5 ARt b & 5[14],

A#Ezm L, BEEmARS, MAER LN T VA LART vy Yy V2 Ed+ 5%
KR DIETHH A F 27 AREAREEE 2 ET 27 ODKIFOERR LD L, &5



(Z [ A Dplastic flow=CtearingFi G2 [11] (X D IK< X LA n U—RBEHIHS) %, kiEEDn I 7
B EN RIS E W R TIE L e D T L ERLIZ N,

[1] KAedT, kB3, ANVABRR A, [E{KFE44, 1 (2009): A. Maeda et al., Phys. Rev. Lett. 94, 077001
(2004): N. Hosomi, A. Tanabe, M. Suzuki, M. Hieda, Phys. Rev. B 75, 064513 (2007).

[2] M.C. Miguel, S. Zapperi, Nat. Mat. 2, 477 (2003): G.W. Crabtree, Nat Mat. 2, 435 (2003): SO et al.,
Phys. Rev. B 76, 172503 (2007): 77, 212505 (2008).

[3] SO, H. Imaizumi, N. Kokubo, Phys. Rev. B 83, 064520 (2011): 80, 132503 (2009): Y. Togawa et
al., Phys. Rev. Lett. 85, 3716 (2000). N. Kokubo ef al., Phys. Rev. Lett. 88, 247004 (2002).

[4] SO, M. Kobayashi,, M. Kamada, Phys. Rev. Lett. 94, 047003 (2005): E. Altshuler, T. H. Johansen,
Rev. Mod. Phys. 76, 471 (2004).

5] C. Reichhardt, C. J. Olson Reichhardt, Phys. Rev. Lett. 103, 168301 (2009).

6] SO, Y. Tsugawa, A. Motohashi, Phys. Rev. B 83, 012503 (2011).

71 SO, A. Motohashi, New J. Phys (2012), submitted.

8] D. J. Pine et al., Nature 438, 997 (2005): L. Corte et al., Nat. Phys. 4, 420 (2008).

9] N. Mangan, C. Reichhardt, C. J. Olson Reichhardt, Phys. Rev. Lett. 100, 187002 (2008): PNAS
108, 19099 (2011).

[10] SO, Y. Kawamura, Y. Tsugawa, J. Phys. Sos. Jpn. 81 (2012), in press.

[11] P. Moretti, M.C. Miguel, Phys. Rev. B 80, 224513 (2009): SO, Y. Yamazaki, N. Kokubo, Phys.
Rev. B 80, 230501(R)(2009).

[12] A. Schmid, W. Hauger, J. Low Temp. Phys. 11, 667 (1973): N. Nakai et al., Physica C 469, 1106
(2009).

[13] SO, D. Shimamoto, N. Kokubo,Phys. Rev. B 85, 064508 (2012).

[14] H. Matsukawa et al., J. Phys.: Conf. Ser. 89, 012007 (2007):

[
[
[
[
[



