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(University of Alaska, Fairbanks, Geophysical Institute) Donald L. Hampton,
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(University of Hawaii, Institute for Astronomy) Ff¥E—
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RO ELVTEENC K 2 IS CBLRY 72 DIZx L, #mE R KUV TUEE 2 ORI 23 BuE S 2170 Rz
TEE 22 K D FIEROS B D, KRR O A IR IS A E 2k CH D (V< 10" m”, P< 107
Nm?). & SIZEEH 1000 km BLEIZBWTIE, HEROFFSEARLE & KB 5K X AT 5 Bt
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WESIEEZT. 20X RERTHERT I RAFBENIELNA—m T THY, T72bb, +—m 7
ISR E KRR OB mE DA, KB 07T X~ Ok Kk O & g KN T o= x
NX—HKEREEZ)VE— b B T T 5 ETEERASTHIESEZD.
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Y MBI T &0 ERY R R R OTRIBIZITE o TR, & 2 TARMFSE TILREN A — 1
7 ORFZE MR RFIE O FEM 72 AT R OY, B RIS W T AR OIR B 21T > 72, fEFTICIZ A
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VX —5Hr e (ESA/ISA, T R/LEX—1 Y 10eV/g-12keV/q)Z## L THE Y, TN LN DR SR
REZN 8 Hz K TN40 ms L@V R E L THIT DD, WO WEEIE, IREA— 1 7 8IHIEE
(ZAEREIRF R 2548 100 ms Dbt — L > FRBETEFZMELTEY, ZOX ) RBETEFITHL
Miyoshi et al. [2010] THEME & #17- “whistler mode chorus > 23T /18R 7 AN AGHE LT & D ILg2 &
DB TFETZAERT D" EARE L7 Time-of-flight fi#AT % 29 HlDA X2 MZxt L TITo 72, BT D
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FERAT DB T O Y — AfEIEKIE whistler mode chorus @ (HEBLfEIE & L < —E L Tk Y, whistler
mode chorus |Z X DRENA — 1 T DR TEFAERE FFT /R o7, — /KT, EFTRHAIS
T80 100 ms FBREDBRPUIIIET 24— 7 OMEZEEIL, WWOWEEDA—1 T AT D5
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TH BB 21T >72. EMCCD U X 7 TR ONTET —F % 53 H DA X b &M L7 R, IREhA4
— 1 7 ORNIRENE L 225 TODHEFOMIC 3 Hz FREOETR S AR S iz, Z oZMidn
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mode chorus DIEFRIE ALK EBRGHIZIE D WG EMEMICFTRE CTH 5. RIRIIC, IREA—m 70
10 FORREE 0 B PRJE 1) & 5T EEIITARBIIE A T, BIUE 1 B 4K 1 whistler mode chorus (2 X %
TREANRLT LHRE L TNDH DT TIERW I & 28BS AR Lz, ZORKBRICHT 278 L
LT, KV Ar— L DOREBRBKIEEESICX 57T XA~vBEDOEN, EF L whistler mode
chorus DHBEMFEZFHIH L CHNDZ EREZLND.

HEMAFEDGHA

*LIREN A — 1 T RS ORI A —T VIROF—r T LITRR Y, RO HT THELT
LRy FIROA—m T, 10 BREOCHBITHKT 2 Z L08mbnTnD

*2 whistler mode chorus : 77 A< HIZ/F/EL 9 DB O —FET, 1 UL FOa—L 2 bz
vyrarE LTSNS, BMTEFOERICHEEHIN TWDL T I AVEEITH L.

*3 BERWLARNE - IR SIF OB RA R E~ 7 AT 2 VO R EMA S DD Z & TRial Al
RER T T A~ ok T 2WE). I AvHEOLEH 25 I J.

SE Xk

[1] Miyoshi et al., (2010), Time of flight analysis of pulsating aurora electrons, considering wave-particle interactions

with propagating whistler mode waves, J. Geophys. Res., 115, A10312, doi:10.1029/2009JA015127.
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BWOHIRRTH B, AIAKRTIE. WARICHET 2ZNRAE 7Y ROXAFRADSY — 7 /\O—DF%ZH
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REETIE, WA EY—7/\O—D—RWBRZELNICHBEL. RECBFOMRBUREZRRDFE
THh b,
b {w)ic] {0). Y
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[2] Springel et al. 2008, MNRAS, 391, 1685
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Coherent phonon spectroscopy of carbon nanotubes

A. R. T. Nugraha and R. Saito
Department of Physics, Graduate School of Science, Tohoku University

Atoms in solids are always in motion. In particular, the atomic motions in periodic structures (crystals) should
satisfy periodic boundary conditions and become collective. These collective motions are related to the
so-called phonons. Phonons do not live long and they typically have picosecond lifetime.

The atomic motions at different locations in a crystal are usually at random phase. It means that they are at
different stages of a periodic motion. However, when the atoms receive impulsive force they can keep step
with the neighbors and become in-phase in the crystal lattices. These lattice vibrations are called coherent
phonons.

Coherent phonon motions can be monitored using pump-probe technique. This technique consists of two short
pulses, either of light, electric field or particle beams. A pump pulse initiates the vibrations whose
time-evolution we would like to know. A probe pulse comes later with respect to the pump and shortly
illuminate the atoms so that their positions at the time can be recorded on the detector by measuring the
transmittance or reflectivity change between pump and probe.

probe light

Pump light /’\,

At

delay time

Photodetector

In a single wall carbon nanotube (SWNT) sample, ultrashort laser pulses (~10 fs) can induce photo-excited
carriers called excitons (electron-hole pairs bound by the Coulomb interaction) which appear at the same time
in the excited states of the SWNT [1]. Before recombination of the electron-hole pairs, the lattices start to
vibrate coherently by electron-phonon interaction in the same phase [2, 3].

The coherent phonon motions have been observed as oscillations of reflectivity in the probe pulse of the
pump-probe measurement. After making Fourier transform of the reflectivity with respect to time we obtain a
power spectrum as a function of phonon frequencies. The peaks in the power spectrum correspond to coherent
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phonon frequencies. Some important SWNT phonon modes can be observed from such a spectrum, such as the
radial breathing mode (RBM) with frequency of 100-200 cm™ and G mode with frequency of about 1580 cm™.

Here we present the dynamics of coherent phonons in SWNTs with different chiralities by solving a driven
oscillator equation obtained from the Heisenberg equation of motion [4]. We particularly examine coherent
RBM phonon amplitudes in semiconducting SWNTSs by changing excitation energies within 1.0-3.0 eV. We
find that the coherent amplitudes can change the sign depending on the pump excitation energy, and that the
phase of oscillations for each SWNT is strongly chirality dependent [5]. From this simulation, we can also
predict how the SWNT diameter changes in response to femtosecond laser excitation, especially to understand
whether the diameter of a given SWNT will initially increase or decrease.

Furthermore, we consider the effects of excitons on the generation of coherent phonons in SWNTs [6].
Exciton effects should give the Gaussian-like driving force in the real space instead of the constant driving
force considered previously. Therefore, we modify the coherent phonon equation motion by including the
spatial dependence based on a periodic Gaussian structure. The equation of motion for the coherent phonons
is modeled phenomenologically in terms of the Klein-Gordon equation, from which we can solve for the
oscillations amplitudes as a function of space and time.

By taking an average of the calculated amplitudes per nanotube length, we obtain time-dependent coherent
phonon amplitudes that resemble homogeneous oscillations observed in the pump-probe experiments. This
leads to a hypothesis that the pump-probe measurements are only able to see a spatial average of coherent
phonon oscillations over the wavelength of light in carbon nanotubes. We then calculate the time-dependent
absorption spectra as a result of macroscopic atomic displacements induced by the coherent phonon
oscillations and thus reproduce the oscillation feature of the transmission or reflectance in the pump-probe
spectroscopy experiments.
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KIFE 2 RE L 72\ 3IRGTFEZER TOFENE L TWD, JiE, JBIEZEME 3IRIEDA v 2T
XY o> CT, ¥ R0 ETORBBEBOMEERDD EWVIFHETH D, MR EELFHE TIX
ZD XD BFHBITBECER I TV AIZHE b b, MR S O TIXELER I TV,
3WILA v ¥ 2 L TOMXERA LRI R OEBZHie b O & LTRD 2 DORMENRET LD -

(1) variational collapse

(2) fermion doubling
(D) OFEE, FRHERERD D OIFE Th HADZRVX—REBOFIEIZ L 5, X FRI 2R TIE
TR F =AY MUZIFMT FRPFEL, BRI LR > TmR X —2i/MeT 52 &
WXV HEIRREBZ RO D Z LN TE 5, — ., iR R TET R F— 27 MU FERA R
WD, FFMRERORHEO L) I3 X —% h/MET 5 & ADZ RV — ORI
HIAATLUE W, W2 EEREIISG bRy, 2 OBI4IT variational collapse & Z 4L, 3 KT
FEZER R T O S E 2 RN LT\ b, (2) fermion doubling (& Dirac J7FE=IZ R A
DORETH 5, Dirac FERZET ETERT BRI, R+ DT 3L F — 5 BBIR A AR D 43
BIfRE> = pP+ m* 2228 kL, PHA TRV EEEN R - KT 3 X —ORENHN D, 3RO
BT Z O IREBORM B L R DT OFHREN 2 T, EHAYZR CPU KM CRHE L FT
THLZENHLLI 2D,

AT, AR 2 SO R EE A iRk L C Dirac HFER% 3 RITEZEZM TR < 720 O LW HUE
FEIEIZOWTHEKT D, (D)@ variational collapse ZiElT 572912, Fxld TWiNI L =7 ik
(inverse Hamiltonian method) | [1] ZBE% L7z, ZOHETIE, NIV b =7 » OHIFHEICH 9 58
HOEGFETII R NIV P =T COMEFE IR LT Y SLoZ S FBICE ST IV b=
7 O OMFHE A R KAbT 5, F£72. (2)? fermion doubling (25 L Cld, Zh A #ET 5 729 DAL
FFDOOEDTH S Wilson fermion [2] & KJiXN D HEEZMNND, ZDWiNI L F=7 1ELE Wilson
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fermion ZflAE 5 Z & T, Fex i Dirac TR A 3 RITTEEM THELS Z LITkDh Lz,

B P RE ORI

IS

G IR A OFH RIS A SN D HETH D, ZOHIEOFLATIE, 138 73 SO
TGN T 2 v A BUMTAHBI D72 SZ 7k - & U CIERY 975, £ NEE 5 85R
TR R - B R A R E OB AT TR 2L TRLNS, JRF-°
3 FOFHEICH IRSF S TN D,

BE 3
[1] K. Hagino and Y. Tanimura, Phys. Rev. C82, 057301 (2010).
[2] K. G. Wilson, Phys. Rev. D10, 2445 (1974).
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YA XEBEEZERLESHERFI SR Z—AF D OILZERIEDIARE
(RIARFAZEEEHRH CEER) OFWE— - NRE— - £FEHR

SAEI -7 7 A% — 1%, KAEEEEMFR (R SPHHE) O PRI E 3 A LR C, B E oy L ~L
TEFETLET NEZEZOLND, LDL, VTAY—DIRDERNTE DORERUT T DI (A R) oM 14K
7L, ¥R L IZ R DM E 2R T 2L DD D, T T, VTAX—OMWE NP A XfEEICE DL IR TF
T HMEVORTEN IR IEZITND, ZOMIRICHBITHEEIL, 7 T7AF—D VA XD REIRDLEZD
HEENSEELC, BIERNSZEAFAEL CLEIZETHD, RIEERDOIIFIL, 7725 — O E R E% N
HEICL, ROMEZRE OB IV E O BT 5, ZORBEIL, 772X —O BV IS
SEETDFRIETHLAA VBB E SHTEE VT, fRIRT 2L CED, AWFIED B BIE, YA XAk
DO 28R TOTAZ —DIGMEEZ T, #EZ EOMEE OEWEHLNIZTH2ETHD,

A A RGBSR, A4 SRR SR (He) O ALVE R ZF L CRE IS BAE R Z /3B 2 TikT
bb, AT, BLERNIZEZRY) 7 ML 2 CEBICE D INEE He L O/ 221 LA REIC L > T—
TEMHECHETe, ZOWF, A4 OREEIZE T He EOERMEE N RIRD T2\ EIZENAET T, B

ZBECED (fig.l) . BEVE OHHELRA TR E BOWNEEZ DL C, IRFEITAY— A4 C, DEEL
PARE S HELT RS R % £ig.2 1R, AKX n AY 10 FHECERO OB RARE ~Z(EL, &5Hi2n =30 fF
T CTT—L U AEENEEALTHZEDNHMON TRV, TOZLEFHEL QD ARFFETIE, REST
AFDITAR— AT DREE RN EATBELU T2 T, 289N E MR OGS o iRl SOG 2 8L L 7=, &5

I, KB INEREED SOHDH, TNHO—HOERRIZE ST, 77AX—OEET EO SGEDEN
DT HIENTE,

High

}L’é’fﬁﬁr—uﬁi(He Ty |[L£Y7E =
EEDE hn i E AR 2400
F P),E, = 300 s
© £
= 5
<
H
EERM G S ch -
(FoE 15057
AL AR IZ A S EILERCRITHT TOF/ us
fig.1 RV~ /LA X fig2 RFEITAL—AF L CF DY AX BRI EE
WICANRT NV, K (A A4 TRATIER) D3 A KNk
L L, #ieh (BERERD) 1310 A O W R R RS 5,
HFAED RS ) R

c 1y TGRS = TR IR~ EBES LT TE TV AL
C 2RU T ML BERADSEA S, A A AT AN S AT B A
SE X
[1] N. G. Gotts, G. von Helden, and M. T. Bowers, Int. J. Mass. Spectrom. lon Processes, 149, 217(1995).
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NIV N VERIZET A AEEOTNME, WNME O
ZEMIZDONWT

fEAR ARz CRAERZRZBH A SRR FEH L D2)

AHETIE, £23 NIV UEREEB/NEE] &3z, SMHEEOMSE R Z BN
Ot 5. 72, ZOMBICET 5T CHAE S OHFERRZ /N T 5.

9, RAPMNVNIZHDE ININVPUVER] i, HE3NIN S VAFRERNITH - 7222/
DEFKDODZ%2ES. MHZEHEEDOREE NIV VBB HIZHUTAHAIN MV ARERA
¢:%§y:~%§%%ita%,méﬁimﬁﬁp:cuw%m%@tbtni»b
v R OIIBUNE O#IPH T —EIICFAET 5. £ 2 Tl p O ¢ BB O E %
Phy(p) £95. ZoEE, HERD VLMK M ITHL ¢4y (M) 2 M OISV
B WS, MEDZ 2%, MZERZ —BIELZ T TV T 109 78RR LS5 2E
MTHEERLIENTES. UFTIE M ® ¢y(M) DRBEZEZ7Z0WDT, YT L7
T A v IERRED BT, MEORWVWEE (KEREZMARNE) 520N TWwWs 75—
T—%RIK) WO EDERZEMELTHEZS.

STININV M UHEBRNEE] 21, H5PENIN N UERDODL & TERBED RN
LD SIEE RO L, EWIBEDTHDL. Thbb, Pe2r—7—%K M %2ZD
WAL LTELE, P EOHSDBNIIL N VER ¢ 128 LT vol(M) < vol(¢(M))
DEONLDES M M EZROT L, LWH RETHS. TIT, vol(M) 13 M DIkEEE
. L, MBI WHER2E 7 152750 Vailngtiikl ® T4V raby 28
DNEREK] LW EDIZR->TEZD. (ZNS5DEFIZODWT DMRIITIENET 5. HiH
HUZ I 2B T2 FETH 5. )

NIV N UERBERNE T 7T Y a8 SR Of . UT, ZRICEKEN O KA H
%, KMIEEKEOMHEZ —F0T 5L WO IMHEZFEF->TWAM, KHDNIL N AR
ZOWBEEE-FEOERIIH5. 2F 0, REOHMEEZ —FH 3 2HiloT TR
IVRFREDOEDNRKHTHSD, WS THS.

— %Iz, NIV URBEB/NR R SR RO Z LT L WD, TITIEZED
B R BNV S VRN, HBEVENIN N VEEREDERDIIBRILE2EZS. T
mhb, EEONIV S VB H U, R ¢ OB vol(¢h, (M) O —Ra 2 t =0
TOWZ5 (N, MATREELSt =0 CTHAIZHRE (ZE) K5 M 2HT. Z
DZEIIZEALT, M W57 50T afnLhEOEGEIZIIMENPBA TN T WS —
HT, M WPV batEy 78RS REDEGEEIIXIZE A EMEVEALTHRY., £ T,
1YV va ¥y ZEOEFEDEGEIZDOWT, NIV M UVEREORDDIZ TREER] &\
IR NIV NVERDOAY buEY ZER) ZHAWVWTHEN, RO LhbhroT:.

Tl . PE2r—o7—%8IK, Q% PO r—7 =MoL iK, M% QD77
VAN SR TS (ZDE, MIFPDOAY MAEY JHNEZHIKL5.)
M CQM»NIVbUiNgSIX, M CPisEemhensd. 72, P HIEEOKHIL
KrEbb, M CQMPBNPONINV N VEERSIE, M CPREREELRS.
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Model simulated and observed variation in cloud properties and
surface precipitation of Mesoscale Convective System

(Department of Geophysics, Tohoku Univ.) OParichat Wetchayont, Tadahiro Hayasaka,

Toshiki lwasaki, Masahiro Sawada, Takehiko Satomura, Mayumi K. Yoshioka

1. Introduction

Quantitative comparisons of Mesoscale Convective System (MCS) characteristics have been made in the
past using models, observations, or a combination of the two (Figure 1). Vertical and horizontal velocity,
radar reflectivity, and rainfall rates have all been used to characterize MCSs as well as high-resolution radar
data [1]. The problem here is that the comparison was limited by spatial and temporal resolution between
observation and simulation. However, use of statistical method could help the comparison to be more
meaningful. In this study, we focus on statistical comparisons between observations and Non-hydrostatic
(JMA-NHM) model simulations to identify for what kind of model parameterizations are lacking for

physical understanding of MCSs.

T Cloud base
Radar echo

\ L New cell boundary
—0°C .
=—> Storm motion

Region of hea\ﬂ Oldj \Mature
stratiform rain cell cell Gust front

Region of trailing LReglon of heavy
stratiform rain convective showers

Fig. 1 Schematic vertical cross section of an idealized Mesoscale Convective System (MCS) [1]

2. Dataset and method

We carried out a 60-hour simulation of the MCSs from September 29th, 2009 to October 1st, 2009,
associated with Typhoon Ketsana, which overpassed Phimai radar station, Thailand. We conducted the fully
compressible numerical weather prediction (NWP), the Japan Meteorological Agency non-hydrostatic model
(JMA-NHM) with three domain nesting resolution at 20, 10 and 4 kilometers. The lateral boundary condition
data were referred to the Japanese 25-year reanalysis (JRA-25). We ran multiple simulations with different
initializations, grid layouts, and parameterizations, but selected the simulation whose evolution was
qualitatively consistent to the observed MCS (TRMM 3B42 V7) using time integration for the hold event
and areal coverage of precipitation regions. Tools employed to evaluate the simulations were the 2x2
Contingency table, scores for statistical evaluation and the contoured frequency by altitude diagram (CFAD)

for vertical structure of radar reflectivity (dBz) [2].
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3. Results

The results show delay time of JMA-NHM simulated precipitation from the observation about 12 hours. The
time integration for the event period can solve this problem, although the simulated precipitation was
overestimated by TRMM. We found that quantity and distribution of both rainfall and reflectivity were
different between observed and simulated. Figure 2 shows the comparisons between Merge-rain
gauge-MTSAT -ground based radar rainfall product (GMR) (a) and model simulation (b) with simulated
rainfall from NHM. It can be seen clearly overestimated rainfall of NHM from rain intensity higher than 2
mm/h. Time series of simulated reflectivity show high reflectivity below melting level around 20 to 30

time step (a) , which dominated by convective cloud fraction (b).

(a) Simulated Vs. GMR rainfall (b) Simulated Vs. TRMM rain
U .90 N — 2071x+055, N=484 '
= Z:g_;? E&Soégzoé_sl; 10625 | £ 6f :I: 0.32,):1;;55 =0.86 4
£ 6f baszoas g Bias = 0.66
€ st ‘ | 5 |
S £
A _ s 4 -
= 3 . E 3 ,
o 25 . N = 2 ]
£ S £
el . el ) i
0 o ’ 0 o i L !
012 3 45 6 01 2 3 45 6
Rain NHM (mm/h) Rain NHM (mm/h)

Fig. 2 Scatter plot of rainfall between Merge-rain gauge-MTSAT -ground based radar rainfall product
(GMR) (a) and model simulation (b) with simulated rainfall from NHM.

(a) Simulated reflectivity (b) Cloud type frequency
Simulated reflectivity (dbz)

20 60 ——Convective Mixed —Stratiform
40
50 X VAN
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. 30 B
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< 10 20 820
B = g
10 ¢15
5 0o 10
—-10 5
—_ n
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30Sep2009 Time 010c¢t2009 30Sep2009 010ct2009

Fig. 3 Time series of simulated reflectivity and cloud type frequency from 30 September to 1 October 2009.

4. References
[1] Houze, R. A. (1997). Stratiform Precipitation in Regions of Convection: A Meteorological Paradox?
Bulletin of the American Meteorological Society.
[2] Steiner, M., R.A. Houze, Jr., and S. E.Yuter, 1995: Climatological characterization of three-dimensional

storm structure from operational radar and rain gauge data. J.Appl. Meteor., 34, 1978-2007.
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THE STUDY OF THE COMPRESSIBLE NAVIER-STOKES SYSTEM
WITH A POTENTIAL TERM

Noboru Chikami

Mathematical Institute Tohoku University
Sendai 980-8578, JAPAN

1. %5

1. HROER

TR D IEBE T A D —D I M Navier-Stokes % (compressible Navier-Stokes sys-
tem, LT (cNS) &9 %) 235 %, (cNS) ldHFHioR, METRN, T3 —RENOTE
X, =V rtu b —RENDO B L E0 64555 TH D, MR RO EHE) % 5l 9 %
ETNTHSL., LoL, 2O (cNS) IFBANICHTT 2 1CI3EHIGRE 2 DT, VR
DM T ZIEEMSFD T C, BELREDAZ RAKE L TEETIVEEZ D550
%\, ZiudoNm ba vy 7R (barotropic viscous flow) % Etik 9 % filg{bE 7L
ELTHIENTWS, »Nu b v—iidzE 2 2 BBk LI N5 7217 T
%, L OBFEN LA ZEMNICER T2 2 itk b, £, e e E—iiklE, 5
227%5% (eNS) DA Z TR > 2 RSN T 5, LUN THAfME Navier-Stokes 5%
(cNS) L EI)Hh, Nubu bty ZHMEREZEER T 2ETLVEZERT 2D ET S, (cNS)
WCHIIE % 52, 422 BT 2 OIEREE 2T 5,

JEMEE Navier-Stokes 723 (eNS) I3EHISE RS 2 A T4UL, H 2 REE#IC K
DAZICRT-N S, ZOWEZTEADO REAZME LY, IEREREDEITIC B\ TE
PBEl 2z R T EBHoNTw 5, FEEE, JEEMTE Navier-Stokes 2 ITX LT,
Fujita-Kato OJFHE & FHEN 2 BEERHIDSAI S LT\ %, HRERE RNZITROREEHT /L L
AL L e D IR % RO BB & B AL 24 & WYX, Fujita-Kato (2 & % FEHEAEME Navier-
Stokes RDWZELIR, X DINWZERTHBEROEYIME: 2R LT, EAZER M0 THEE
ThHs I EBEI(HMENT RS, T “X DIRCEBZERICE W THEYMEZ RS 7 L)
gy HRGRO FEDO—2I LT, EEATRNREZ 5255 TH S, (cNS)IZBIL Tix
B4 R RBEET 208, T 2 TIRFHC, MAOEED “HRICR o 2w (IS %R
OIS B) REDTT, EARZEMEICE T 2WHIERNEZE%ET 5,

FFE L, MM Navier-Stokes & (cNS) IZBWT, FHZART Y 2 VD Mb>Tw» 5
Wz #E 2, ZOWIHEREOEY) %2 LR ORI Besov ZZRICEWTELZ L 7. B
DGR E % 5%1%, (cNS) OB RN, HERBZNNET2HEORT V> v )LIEH
DEENTIVERE, ZOXIBETNVZEET LHANERIE, T vy v L z2EHED
BIDBVICED D I EDVED L) IKBOHFERIEANE, ZEENCHET 2 2Ho TS 2
EWZH D, FRZA T v e VIHOMIT I Z 1E RO REAZ W2 BINICHT 720, oIk
HIPEIC S R 52500 E2 605, HBIET Vv LOBAET, MIkT 550
FREy 7z RTRICOVWTEEL .

2. FSNhiBER

BINRRT Y Y v LT E EfEYE Navier-Stokes & (NSY) OfEDEFE L BRHEE

(cNS) 13k 4 R 1 AAPRE Z BT 2 E TV TH 503, KRS, MEOEEIKET 55

NBD R T v VIDPMERA L TO2RILZEZ 5, ZHUIYBAIC BT 2 Bk o

FOELIE 7L & LT Ducomet 12 & D B I 4172, Euclid ZEH RY (N > 2) ic 8T/
1
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2 THE STUDY OF THE COMPRESSIBLE NAVIER-STOKES SYSTEM WITH A POTENTIAL TERM

BIR T v v )L E DI Navier-Stokes 2= (BAF, (NSY)) O#IHfERNE %2 REEES
RRDIEF K Besov ZZHICE W TEEL, HERKBDEEIL E (HIHHEEICKRSK») T
H O D OMERE T TERITED K EWIRED T, MEEDRHRGATAAE L —=RMEZ A L
7o, 51T, (NSY) OREEATEDS, W ORFEIRBRIVICIER TE 200 & ) 2 EZE L
7o, 2O &) BRTETIE UL LIRSz IE IS 2 5 2, oS KEEEIRZ Z2 i 2 <
IEIXE D0 E ) D RBEZD. OGNz B AE SR & WS,

2. B FGE

B (Wellposedness) — ER 2RI ITHEADBOFEE BIRIIAK LI 20D
22?), —REE GRIE—DIEX20?), WIHHEICNT 2@k E (D LEZTELSE
TSI LT, BHROZ DAL 200 ?), EHIE (BIZEBICM TEED ?) .
Fujita-Kato DFIE — REANZNZ R JERIERBI RO EE2 £ 2 % 1T, 7
BB AT 2 NIELEHT /) NV DA RG22 R 2 R OB ER 2 E AT 5 2 & T, K
KIR 72 f 2435 2 EDSATRRIC 72 5 &\ ) sl

B’RE — SRR 2N ZEIC” BR” 2030552 L, IR DBED,
HBLRFEMDKMTHITE R RB I L,
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AbOUARYMLUDERIZERITT ST ER EIUEKER
(R A ASEESHER tikmEYER) OJIIO=T

KPR BLGITIE, KUK A2 RIS DB IR K0, TG N — L& TR T D IRR IR K2 ED3 b
0, ZOIEE DO R K ORI R ERSHEMEDR DD, K DZERIEDOEREL T, ~7 ~NITE 4D
K72 E DFEFMERL Sy DZE BN EE 2R ENE RIL TS, v/ v NOKTERERA AL oTe~ /<108 &
DR Sy DI/ alg RN b~ s aip~ 7~ O 20 KB ET VOREERLE, ZOWF7ENTTH
AU, MK OB D Z AR O IELE K S DN SV TE T, Fiz, T4, PR By R iR CrE ok
AR IR K IO K FE T, WEKITHED KILERDZE B A3 i@ IR o R RE LA B TS D JDIT 7> T&
7o, 2T, AWFETIE, KIHKEE O~ 7~ DX AF IV ALME O AT — 2 DRREZB LN T 52
LEERIETD. EDTD, BT — 2% % BIHONHEIRUE K ZEZ 3K LE xR EL T, Bl RALkGE
ZBTD, v/~ ERAETVEMEL, KIENO Y~ EF MR HAZE ORI Z O BRETH~D. 36
2, BT LY \“C4'5’970)7\}\D‘/‘J‘\UJ<UJ@%E?ﬂr’jK@J?_?(Genco and Ripepe, 2010)DFEHNTZ1T.

AR TIIARD IR UM K &L 23K LD KB RO M~ 7~ 28 O b, 7 VLﬂ%JLMZ!KH 20
BReEN LT, ‘77‘77‘30)_\/7@J:7‘+ CEBIEHRBICERL, 20D TIVERELL. B, NI E
BBV EFRENZ B L, AU KB O INC D~ <77§>Lﬂﬁ“6>n¥’ﬂizﬁ%?ll/ N
RO KILN B IR KKV (T AAT 7Y EI20  HAAZ Y O _EF I ERFEINZ T T /MU LIZAZ 7T T
VTS, ZNEIUDWT, EHE FREORESREAZH O CTET MEE To7. ZRHDET MIHESE
KOOI~ EFITED KENE S ORZER AT DD, [IRE DR IZEA DO RHEE T T2, EDORER,
i EAET VT, BRI RIEEROBINCE ST, K[iad EA#HES KRERDI20, MEHIZ RN
v T~y RPN ESL, IWERZERBINERNEINT 52050 oTlz. AZ7ET VT, A7 0 ERAGE
X —ELe 7o, [id AT UEE, IEMIC~ 7 <~y RiZ EFL2RW. Fo, 2778 713 WmmfEH
T2ODNVEE LIS NSIRDTsD, AT T LRI, ZAF7 TOTREROD KIEIE, AT 7 EAFTE A TREL 2
5.2 DO~ ~ EFHET /L% Genco and Ripepe (2010) CREIZHE S TWD AR R K LD AR AU

MEE AT PEE RN R B 7 — 2T L, KT AT DR BB T — 2 2 CEDET NI A—F DOHEEE
1otz Abr RUK LD K ORI ESHTWD 5 SOBRZBEBIH R CBIIS B KITHEITI 21
(RIEZR ORI O ZE M 5347 LR ZZA L O FFEA KA LA CHEBLTE. 2oL, BT —X2 DR 22 M Z (b %
OESHMATLET NV ATA=ZT, PIHHIREEORILOTRS 550 m, KW HE 0.6 m, ¥/ <~y ROPES 160
m, KIEHEE S m, KIaH 100 HEleolz. AZ7FET IV TIE, K AD D VB CUEO BRI ZE LA EL
NDT20, AR TOROBERI 2] TE RN En o7z,

AN LT, WEKHTD LHRZETE 7 — 52 DIRFZERZEA L ORI G, WK ORI & D SR EE K L7322 f
FEMER Gy DIEFN BT 5/ 3T A= 2 DHEE DS P REIC IR D LA R LN TETL.

FMRAEOHRA : A bo AR YA AR OR < 7~ O RIYERIC L 28K A hry
R Y KIITIEESy 96 50 O R THRABITE K 24 0 IR L TW 5.

S 3@k : [1] Genco, R. and Maurizio, R. 2010, Inflation-deflation cycles revealed by tilt and seismic records at
Stromboli volcano, Geophys. Res. Lett., 37, L12302
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Last 750 ky Northwestern Pacific mixed water region paleoceanography based on

polycystine radiolarians

Tohoku University Graduate School of Science Dpt. of Earth Science: Kenji M. Matsuzaki
The Center for Academic Resources and Archives Tohoku University Museum: Hiroshi Nishi
Tohoku University Graduate School of Science Dpt. of Earth Science: Noritoshi Suzuki
GNS Science, New Zealand: Giuseppe Cortese

Abstract

The Northwestern Japanese Pacific Ocean margin is a region marked by mixing of
water masses, enhanced by the influences of three distinct currents, i.e., the Kuroshio Current,
the Tsugaru Current, and the Oyashio Current. The site studied here, the Shimokita region,
located in front of the Tsugaru Strait, is directly influenced by the Tsugaru Warm Current and
the Oyashio subarctic current. The C9001C core hole, drilled at a water depth of 1180 m on the
sea bottom (41° 10'38.28" N, 142° 12' 04.86" E) in the D/V Chikyu 2006 Mission, was used
here to retrace the paleoceanographic history of this region, focusing on the Mid-Brunhes Event
(MBE) and its consequences. This core provides a nearly continuous record from marine isotope
stage (MIS) 18 (750 ka) to the present. Due to the vertical distribution and their ecological
properties, polycystine radiolarian assemblages was carry on for revealed this site
Paleoceanographic changes. Based on the Tsugaru Current radiolarian fauna and radiolarian
based Sea Surface Temperature, six distinct paleoenvironmental intervals is established. The
defined intervals indicate the several steps in the establishment of the modern oceanic setting in
the Northwestern Pacific. Interval I1I (71 — 337 ka) is the most important in the establishment of
the modern oceanic setting in the Shimokita region. This interval corresponds to the end of the
MBE. Since this interval, there is increase cooling during glacial period and increase warming
during interglacial leading high sea surface temperature changes for interglacial/glacial period
boundary as the MIS 9/ MIS 10 boundary or the MIS 5/MIS 6 boundary. Such sea surface
temperature change is caused by Tsugaru and Oyashio Current intensity increase. Thus from the
end of the MBE under a high East Asian Monsoon intensity, Tsugaru Current and Oyahsio
Current radiolarian productivity increase at each interglacial, causing mixed water condition
well identified in this site by an increase in deep water taxa productivity. Such oceanic settings
are close to modern oceanic setting. The MBE appears to be the key events installing modern

oceanic conditions in Shimokita.
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Key word explanation:

MIS: Marine Isotopic Stage, are alternating warm and cool periods in the Earth's paleoclimate,
deduced from oxygen isotope data reflecting changes in temperature derived from data from

deep sea core samples.

Mid-Brunhes Event: The Mid-Brunhes Event (MBE) is a climatic shift evident in a number of
marine sediment and Antarctic ice cores. It corresponds to an increase in amplitude of

glacial-interglacial cycles.
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TRV IYDIZE TN ABABD KR IEEZE T HRERMTTRE
PARZ " PRETFE'
1 HAEKFRZREREFHRAE HFPER MRBEVEREH

EADETCEHERINEIL., SEARAAFEEENIZTL—MUERSHIHBELTEY. COLIBRETIX. A2
ST=EETLU— D ERNER R AR A TWBIZENDI DL T KILEBAERTHHZEANONTIND,
BRI, CONSRYIRERBCRELT. BRDRAEZE LT IFAIKINEETHIZENBHLMN o1z, ik
HRAGBFETLU—HMIEoTHELINEKEMFDIKIE RNy DRI DT IHEEET
BEINDEEZONTLA(ET), COMERBEZEZASLTEELGON, "IEHALKIENLEKIEYT
H5., BEIL—IhoREELTRYBEINEIKIF. BELEOIURLIZY D™ MALABRERKLT.
FICHRMAINSEIEREICEEIND, TKIFEHBEVSERICEEINDZET, IEAHRALTL—AD
BIEFYICK>TELITELKETHIESN . HAESTRAREICH>THERAKRERE TS, BERHLIZKRIAK
.UMy DEREBITEL, MIRICELETIIITIDMBIZDBEEZEZLNTND, THHE,
[K1ZREFE THIETEIMEDN . BEICEDRKESATIKETEHKLIBOEIND. YT YD TEEE
PIGEFHIFTHLT. FREICEEICHE->TDIDTHD, HlAIX. Iwamori (1998)I1F. fiKABEFESFETIC, 1t
WEDKIZEAFIL TLBAMNEIM T SEARAIRBIZBFBIKIOTTIDRTNRELLEHBHEELDLT-,
BERCE M KICEEFIT HMEIMIE. IBEILERIRT DBIEDIA LR T— LD KT HETDIA LR
—LIZHER RODEVDEREFTEELL, BEELEEERT H0E. KREDHIELLIIMAKRIET
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Molecular Magnetism Observed by Scanning Probe Microscope
(RAAXRZXRFREZHRR EFHER) Olie Liu - KHMFFE=E

Introduction] The application of the freedom of spin and charge of an electron to the quantum
process of information is called ‘spintronics’. Molecular spintronics is an emerging field that
combines the molecular electronics and the spintronics. In there, various types of spin blocks have
been proposed, which include organic radicals. In this study, we try to detect a spin in a stable
radical molecule adsorbed on a surface with an atomic scale resolution by observing Kondo state
using scanning tunneling microscope (STM). The detection of Kondo feature with scanning
tunneling spectroscopy (STS) has been studied mainly for the metal atoms adsorbed on the surface.

[Results and Discussion] We investigated spin states of stable neutral pure-organic radical
molecules of 1,3,5-triphenyl-6-oxoverdazyl (TOV) in Fig. 1a and 1,3,5-triphenyl-6-thioxoverdazly
(TTV) adsorbed on an Au(111) surface, which appears as a Kondo resonance due to spin-electron
interaction. There are two types’ configuration of TOV molecule, which are marked with 'A’ and 'B'
in TOV dimmer shown in Fig. 1b. By using scanning tunneling spectroscopy (STS), a clear
Kondo resonance was detected for the TOV type B molecule in Fig. 1c. However, no Kondo
resonance was detected for TOV molecules with protrusions in the occupied state image and for
TTV molecules. Spin-resolved DFT calculations showed that an unpaired = electron was
delocalized over the adsorbed TOV molecule, which was the origin of the Kondo resonance. For the
TOV molecules with protrusions, we proposed a model in which an additional H atom was attached
to the TOV molecule. Fig. 1d showed that, upon transfer of an electron to the verdazyl ring, the
unpaired z electron disappeared, accounting for the absence of a Kondo resonance in the STS
spectra. The absence of a Kondo resonance for the TTV molecule can be explained in a similar
manner. In other words, electron transfer to the verdazyl ring occurs due to Au-S bond formation[1].
(c)
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Fig. 1 (a) Model of TOV molecule. (b) STM image of TOV molecules; Size:2.0nm>2.0nm;
Setpoint:0.1nA,-0.8V. (c) Kondo resonance observed on type B molecule. (d) Simulation
image of type A molecule which formed “OH” bond by VASP calculation.
225 3R
[1] J. Liu, H. Isshiki, K.Katoh, T. Morita, B. K. Breedlove, M.Yamashita, and T.Komeda,
J. Am. Chem. Soc., 135 (2), pp 651-658,(2013).
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Electronic structure of graphene intercalation compounds studied by ARPES

James Kleeman', Toru Takahashi', Katsuaki Sugawara®, Takafumi Sato' Takashi Takahashi'?
Tohoku Univ. Dept. of Physics' and Tohoku Univ. WPI*

Graphite intercalation compounds (GICs) are a class of materials composed of inserted atomic
layers stacked between graphite sheets [1]. Extensive research has focused on the effects of intercalation on
graphite. Depending on the compound introduced, it is possible to induce metallic, as well as
superconducting behavior in graphite. Recently single atom thick graphite, known as graphene, has been
isolated [2]. This presents an excellent opportunity for the exploration of GIC materials at the ultrathin limit,
by stacking single graphene sheets and metal monolayers (Fig. 1a). Conversely, GICs present a new way to
examine graphene, whose excellent electrical properties have made it the study of intense scrutiny. Here, we
report on the creation of the single-layer GIC CgRbC; using alkali metal intercalated bilayer graphene. In this
research, we examine the electronic structure of this material, with special attention given to the effects of
intercalation on graphene’s electrical properties, and to the possibility of superconductivity.

Examination of the electronic structure was made using angle-resolved photoemission spectroscopy
(ARPES)(Fig 1b), which uses a UV source to excite electrons in the material, capturing them to directly map
their density as a function of their energy and momentum in the crystal lattice. This technique is extremely
useful, as the configuration of electrons determines features such as conductivity and heat capacity in the

sample. In this talk, we will discuss the importance of photoemission results from CzgRbCy. These include an

increase in conductivity inside the (a)

graphene sheets, as well as a folding Rb/K Bilayer

of graphene’s structure by the added Graphene
metal layer. In particular, we will

explain the observation of a special

“interlayer band” [3]. This band exists

only in GIC compounds, and is

created by interaction between the mm

graphene and metal sheets. The

SiESubstrate

interlayer band is believed to be

T I T
20 -1.0 00 10 20

critical to  superconductivity in ky (A

graphene and  graphite, and its Fig. 1: The physical (a) and the electronic structure (b) of CgRbCs. The

presence  here may point t0  electronic structure diagram illustrates the density of electrons as a
superconductivity in these unique function of momentum. High density indicates the presence of an
electron band. The original graphene crystal bands (black and white)
and the new CgRbC; crystal and electronic bands (red and pink) are
marked.

2-dimensional materials.
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