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Resolving Unsolved Mechanism of Climate Variations
—Space Environment and the Earth’s Climate

Hiroko Miyahara

abstract: Paleoclimate studies have revealed that variations of Earth’s
climate may be under the control of solar activity, heliospheric environ-
ment, and the surrounding condition of our galaxy. One possibility is
that galactic cosmic rays are playing important role in climate change
by promoting chemical reactions in the atmosphere to produce cloud
condensation nuclei and change the albedo of the Earth. We suggest
that habitability of extra-solar planets may be also influenced by sur-

rounding space environment and the condition of stellarsphere.
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Nonlinear Dynamics of Active Matter

Takao Ohta

abstract: Recently, the dynamics of active matter has attracted much
attention from the view point of nonlinear and nonequilibrium physics.
In this article, we discuss the coupling between deformations and mi-
gration of an isolated self-propelled particle and the collective dynam-
ics of interacting particles. In the individual dynamics, we found four
basic motions, that is, rectilinear, circular, zig-zag and chaotic motions
in two dimensions. In the collective dynamics, Chate and his cowork-
ers found, by numerical simulations of the Vicsek model of self-pro-
pelled point particles, traveling band structures and giant density fluc-
tuations in a two-dimensional ordered state. The latter is consistent
with the theoretical results predicted by Toner and Tu in the coarse-
grained hydrodynamical approach. If deformability of particles is taken
into account, traveling bands are found to survive head-on collisions.
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Superconductivity and Majorana Fermions in Doped
Topological Insulators
Ai Yamakage, Keiji Yada, Masatoshi Sato and Yukio Tanaka
abstract: Doped topological insulators show a variety of superconduc-
tivity including topological ones due to their peculiar electronic states
and orbital degrees of freedom. We find a transition of energy disper-
sion of surface Andreev bound states on topological insulators, i.e.,
Lifshitz transition. This causes anomalous enhancement of tunneling
conductance in junction of a normal metal and superconducting topo-
logical insulator, which suggests that a recent discovered superconduct-
ing topological insulator Cu,Bi,Se; is a three-dimensional topological

superconductor.
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Superfluidity, Bose-Einstein Condensation and Density
Fluctuations

Yusuke Kato and Shohei Watabe

abstract: We discuss the underlying relation between superfluidity of

a Bose-Einstein condenstate and density fluctuations. In this broad

context, we focus on the Hess-Fairbank effect, the persistent current, as

well as the Josephson effect. We also show our recent results on the

instability of superfluidity in a Josephson system.
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L CT—HkIZ

wl A1) ) S (g (9)

ERERINT L TV K, ly) % TPQ state £ 2T T 5. 2
T, DEN>o IO N THEIKYT 52 & & EkL,
ASNIRIET BT v TV TH B,

COEFIE, THKELRNIZOWTTPQ state % 72 - 72
—OHETNE, ETONFERH L CHEHED S
HIERBERLTVA, LM%Y CHASRIZT RV
F—HNDT »FLRZ MV, cTPQ state b T DEFHZ%
W7z LTWwa, BEIZENTMZ, X7 MVOR S )5
NFEEGZ DLV RN REE > Twiz, 22T,
WHiDT A FTIM-T, X7 FVOESH»SMEI R
AEFE W HE 2 B 9 — D @ TPQ state, microcanonical TPQ
(mTPQ) state Z 3 A ¥ 2.9 7272 L, I @ mTPQ state i3,
FEH EOREDO LT 82 HMHT 5.

PG R 22 EOEBROGFHE T, HyERKILO D D
VL. EO L) RAEBRKICZERIZ, #EO LI, A
YU RRNN— MO L) RANETVE VS H, T
ANVE=IH Yy M TEREANNEESNS. T 25 LT
WTHh D, FYFTART My =Yl ZHET 5.7
4EITRZE ST, Ty FIREBEE g LIFFITHVT
WE =ik o 2R THFEIREETH 5. 22T, Zhic
hOBEZH#T, BEADOI IV F—BNIZT RN F =57
PHET SRR ESL. hOBEE L Tldkks Rl getkd
HoHA, ZOHT, RRNTEHRINLIRE D & THH)
KIIZEW T 5 2 LA TETHFITH S Y

k)= (1= lyey  (k=0,1,2,-), (10)

ZIT, NIz oRKEAEME] 22 TEOERTH 5.
Z DIREE [k) HXmTPQ state TH 5.

Z O mTPQ state IZPHT B4R ZUTHIETH L, 9
IV X — OV (L, we= kRl /klk) THRHONS.
L0 — 2, LEDONFERADOTEM D kAl k) /lk)
THoNs., TLTC, ZOMEPTANVTF—NydIZ70aA
JZHNT TNV NE, NP TIZ o TR
LTWL ZEARES Y DT, [k 13 TPQ state D& %
W72l TWwb0THAh T HMEIFYEEIZOVWTD,
) OESHLY bo¥—FEsw 2525.7 2%,

%m <k|k>—%1n(l—uk)is(uk) (11)

N IASR

*dim H, FHBRE L7285, RQ) DY & expl —pAR]IZKBTE S
X h 5.
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YLEo#ERIL, ¢TPQ state & [ABED#E R T %25, mTPQ
state DAY v MIT Y FAXRZ MUVIINI NV =T VEE
ha ON) BT S 5 2 TESICER TE L 1ICH 5.
COMWEEFHL, KO TIX cTPQ state #, mTPQ state
ErBERAELESL I ETHKT 5.

6. canonical TPQ state DfF
cTPQ state IZMRE A TFE L TWAH DT, ROMKIEOMEE-
ZRDEEIZAY v "B L. Z D cTPQ state & ZI=RAY I HE
W A7, RO X I Zexp NBUI-H) /2] %2714 T — )R
L, mTPQ state D E AL HIREIZHHT S ¢
| _ —NBI2 = M _ —NplI2 <
B N)=e Z:ﬁmm>e > Relywr.  (12)
k=0 : k=0
22T,y =10/l 13 BEAL S h7z mTPQ state T
. Re=Jklk) VBRI R EREGDEDBRMTH L.
NIZEERAICTH 205, BXZONITFELFL5 2T 5Lk0
BixHENLL 2L, R(50) PPIRKMEEINE DI, w, OfH
DB NIRIB, N IZHDIENL D) R kDK TH A Z LR
5.7 LT, MO kDFESE, FIET 5wt (B, NI N

PHEEINHIZON, HEBEEWISEEL TwL. 2%),

cTPQ state 13 % 5- D K & 7% D i O mTPQ state 3% D A &
o THEMICHELT 2L TEZDTH L. 3HTR
L7-BERHERR S, CoORIEDWTRIEEZIT- 72,

7. I2RATIVLAL B

TPQ A TIE IR % & THEIRE TR T DITH L
T v T VER TR FEIRE R X7 XK expl - pH1/Z
G EDORARETEYT. T LI ITEL R L - REDR
—DOHTHIREZ R TE B0, Wil hFoONL~ 2
OLPIETH Y, ROHMHEICHTERNIID 2L
D=7 OPYEEZ S 22 TIE, PERIRREDSHELIRRE DR
BIREZ O T 2 IFERSIEL R i n) 2k
CHRLTWS. MY Lal, REORTFIYY VLR
YhERLE, wrufjFRTiR R NERHEE RS 2
LilAhBDT, ThHEKHITE .Y

FOE[E, M21RT. 2L N=16D 1RIENHNA

0.50 ¢ energy low
0.20 ¢
S 010
|: j— .
0.05F = TPQstates high
V¥ Minimum Value
0.02} A Average Value for Random Vector
1072 : : - : :
1 2 3 4 5 6
q
X2 N=16TONA ¥ ¥ N)V 7 H O Purity vs. g DR H.
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£ RV O mTPQ state 7 2K, 164 b D9
ThgH% 4 bEFERL, IO A 2 ML—ZAT7 7 MLT
SN MR B EATH p, D, purity Trpg] %515 L 725 R
Th%.Y TPQ state I FHKRIEZR DT, D purity H°
LYY YTNVAYPORESEMBYELICRS. Wb,
purity /N E W IZ EmTPQ state I KX @ v ¥ 7
AV N ERFEO.

9, M2 OHTFI & =M purity O BEERT 7 i/
fEcdHsb. —F, EMEZMIBIE, TV FLX7 MUy
DF5O purity DFRNFIE I X N7 PETH L. 2o
2ODRERIFIZITZER S TBEY, lyo) PFITHRABRIZT ~
U TNLIZIRETH D EWGh 5. RIS, K2DEH
&, ENZENDP TRV F— D% 572 TPQ state T purity
DEAEFHERE R TH 5. Y TPQ state Tl fy B BT 5
purity 23FEHIT/AN S K, IBEBEBWICKRE ZE TV ¥~
VA LR, FRCERER TR A CRKBRICT
VEYTIVLTWEZ LWL, IRE RIS, ¥
TR HRER T 7NV A Y IR E AL
d. B2, REERK TR 7 OREBITESHE T 1
W%, ZF Y TNVA Y M=, Ty T
WA T, BB SO = F 0L ¥ —EAAIRE 2L
WRAETHDT, BTV I TIVAY MINEL DD
72, ZFIUTHK LT TPQ state Tld, ERRMEE O T 4L F—
EARELZERGDETCERRETFI VY VIV A Y M E
B2 LT, PO~ 7 a2 4 THE LTV
DTH5b.

BzE WHEOWS XX, 7rHrIuElTR =
TOLEEMERAICLIOOE (WbWwa [EW 5 X )
DM TH o 7275, TPQ state IZIFHEEZE DD S iz, L
MLEIX BFOLEL[HA®LE L, 252
FEMTEZETIERL, TOMBIPENTES. 0%
MENLZDEEDOKE SITDOWTIE, TPQstate b 7
YINVERER UM Z 5 2 4. TPQ state TlX, E K%
T NVA Y NEREDLZET, [AOSE] b ET
W5 XOHIZNY AATVWEDTH 5.

COXHIT, PERELZRT I/ 0RBE—-EWTlER
W, TPQ state IZAIRRBED M, 7 > ¥ ¥ TV TR AIREE
OMOMBIBI R BITH O, F 2 AL U PR % 225 5
D TPQ state 1T LI EITHRASH ST & T, [6 LR
BERIHPEOREZ NS THEL LD TE S, EB
TENPEIT 5 PIEEBITPEIREZ HET 520 /i1
i CAKAET 5. L LAMEIF M) VI TH L AHHIZ
CoTHELRDIZ, 7R DEL % 5T EDEDHE
T B £ ZREEDS, & CTH UBII2EN 2 Pk RE
ZRLTBY, TPQEATL 7T v 7 WVEXTYH, #
GO I VERLEM - TR Z 7L, ENTHROET)
FIEEEBRDL LN TED, LW HEES .
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Formulation of Statistical Mechanics Using Thermal Pure
Quantum State

Sho Sugiura and Akira Shimizu

abstract: We have established a new formulation of statistical me-
chanics based on a pure quantum state, which we call a thermal pure
quantum (TPQ) state. A single TPQ state gives all quantities of statis-
tical-mechanical interest. Namely, it gives equilibrium values of me-
chanical variables, such as the magnetization and correlation function,
and those of genuine thermodynamic variables and thermodynamic
functions, such as the entropy and free energy. In the TPQ formulation,
all thermal fluctuations are included in quantum-mechanical fluctua-
tions. As a consequence, TPQ states have much larger quantum entan-
glement than the equilibrium density operators of the ensemble formu-
lation. In addition to the foundamental interest of statistical mechanics,
we show that the TPQ formulation is very useful in practical computa-
tions. This is evidenced by applying the formulation to a frustrated

two-dimensional quantum spin system.
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JPS] DEEDFEBFHRID S

1 BOREZERKD

FEIEE  OPSIEEZEE )

ERBEFRE O CHEOBEE

PRAEEE - M FEM L LTI E2213 7'V T 7
AL EVH) BOREED A ZHETHH IR TS, T
ARHEZEEG L T OB HERIIE S ) T v e EoEAE,

FAXEY R EOMFR, & - M- 0&E»H 5.

WIZT Y F LR FBLA TS T ENT 7 ADREHNZ
#J A T&%. D. Shechtman flit: (20114 7 — N WALFHE)
12X o T1984 FITFE R S N7 [ RS 11k, B Cldk
w%%&ﬁ%(%ﬂ%i)~%ofﬁ%ﬁﬁAﬁl¢v@
. fim &R BIITR AN B A3, Z O Bl B A
FHRFENLVWDHOTH L. FERLIITH 3 OREME L IR
htﬁffnan LIAETIRIEFEOM N EEHR SN TS

T2 B TFIREBMBIA SN TS, Bz,
THIICHE - T F A FLEEETHMNTIE, WEEMA
BRETHET A 2 LIk Y, REEERSE O 125
FEERAEZEY L, EWEFRARRL R EBRE L &
AHBE W BIfR L7 S ik e B IRRE 2R D tH 9 2 & 28
TE5. —, EHERIIOVWTAL L, FOFRLETE
EORHEIZOWTOMIEIIRE CHERE L2225, #EENMEIC
FA BRI ISRERE S 2 W1 U500 REREER T 2 Bz
OB THORDVESII % 2 EHAME YL SIS
250) IRFIHOEETH 5.

A, A ERY, ALHERFORX 2 oN—=05 7% HH%%
IV—T1F, HIFILEYbE G Tai Blo % Hik 7 T A
7 —HEkE (K1) 28D Au-Ge-Yb &&= X, HEHE L, & &
a2k CYETH B MM IBIEEIC L2 L 2ITT
DT L. BIREZRT Au-Ge-Yb TP S 1213 iER

(a1)

@)
AGY (I) »
(a2)

Q)

AGY (Il
@oe o
Yb Au Ge Au/Ge

Ba

WEE T, A3 0.68 K D MMM E [LAF TIX AGY () & W&EL]
L 036 KOWMEWE [AGY (1D ] @2 020WEDFAEL, 7
I A5 —HUL DT O & FE O b FHhRENICE B
{3 - ﬁ?‘ﬁd);‘@”u\ﬁfﬁh% ZEDBHLEN R o7, TOMK
R\, HAYPY AT 5 JE 33 Journal of the Physi-
cm&mwdhmnm&D@mwﬁzﬁv_%ﬁént

F1IRT X, AGY(D 27 7 A% —HulZliEo
HIHEZ 2 AuDIE4THATH Y, AGYID D 5 A5 —
HuMEZ y M) Y ZOBHHEZFOR THE YR T TH 5.
2ODFRDORMED A 5, 1E20 Witk 2T 5 Yb 5T
FHESE— A ¥ P& Fied, PUOIChLiE 3 5 Yb T I
HrfobtEz 6Ns. AGY(D) & AGY (D) 2B} %R
BRI O\ b FATEE O & ZIUCBIGR L 22k

DR T B R, ST Tsai 7 5 A 57—
%L%ﬁowﬁﬁ#%%%kwgwf@%ﬁ g% T &
LZLERIETEHDTHY), KROEELEREE X
bNb. MAFZEZ NV — 7RI AGY (D) LML 2 T &
7 —fEE e L, K20 WK LD Yb B 2SEAE— X v b
ZFED Au-Al-Yb AT WA b & #ERE M 2 EIRT 5 L IR
L, SHEFEERZIT) 2 &1 & 0 R 250 & 3 o 2
GABRFHABHLZRTILEZRALL. AMRIZIZD
Au-Al-Yb #EE 5 - SE RS & ORI OVWTHE L ol
KREGIEfHFTw3

HEAE R OMBIRE I DWW T, Bergman 7 5 2 ¥ — Rk
% ¥ Al-Mg-Zn (T.=04K) & Al-Cu-Li (T,=1.5K) »%41
LTV A HHFIEA . Au-Ge-Yb AL L 5 {38
DL, WEON) -2 a3 YHPBELR Tl 7 5 2

(f)

M1 Tsai BOLERE 7 5 A 5 — LMo RS (al) AGY (D OlfED HHEZFH2 AudIE 410, (a2) AGYID) 5 v M) ¥ 7 OHMERFEO# 1
BFYbJET. (b) 2O 127K, () 453D LH YD ET-OIE 20 H K. (d) 445D 20- 1210, (e) 45 5SBDEN 30 AR, () A 1 Yb FEFDIE 20 i
RO H % FIR LI2ARONL T O 11 TS OR S fEE. B ARYEFAEE70 % 1 5 OBAMIEO [Tsai B 7 5 A 7 —HIEH | 238F 12745 [FHIEE @ HAYH
22453570 (2015) 4], MLZHOREBMIE HAYHALZHP O [ZREEMN ] R—=Y»5F Y va— Fulf§ETH 5.
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